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Antagonists of the N-methyl-D-aspartate (NMDA)
subtype of excitatory amino acid receptor have demon-
strated promising potential for the treatment of a variety
of neurological and neurodegenerative disorders.! Con-
siderable attention has focused recently on the strychnine-
insensitive glycine site present on the NMDA receptor,
where glycine acts as an essential “coagonist” in the
presence of the probable neurotransmitter, glutamic acid.2
Current knowledge of the in vivo consequences of glycine-
site blockade rests with studies of the low efficacy partial
agonists (+)-HA-966 (1)3and L-687,414 (2),4 which, despite
having only micromolar affinities in vitro, are active in
vivo after systemic administration and readily penetrate
the blood-brain barrier. Experiments with these com-
pounds have led to the important finding that the
beneficial neuroprotective,® anticonvulsant.® and anti-
psychotic? activities mediated via glycine-site antagonism
are not necessarily associated with the adverse side
effects®? of other types of NMDA receptor antagonists,
particularly channel blockers such as dizocilpine (MK-
801).10

Although several classes of glycine antagonists possess-
ing highreceptor affinity and selectivity have been found,?
these compounds, exemplified by 5-iodo-7-chlorokynurenic
acid (8),1! L-689,560 (4),2 and MDL 29,951 (5),1% are
severely compromised by a lack of activity in vivo following
intraperitoneal or intravenous administration. Since
effects on the central nervous system are seen following
intracerebroventricular administration of 414 and 5,15 it
seems likely that these compounds, which contain highly
polar carboxylic acid groups, do not readily cross the blood—
brain barrier. In order to exploit the considerable
therapeutic promise shown by the prototype partial
agonists 1 and 2, glycine antagonists with appreciable brain
penetration are urgently needed. Herein, we disclose a
new class of 3-substituted 4-hydroxyquinolin-2(1H)-
ones,!8-18 which we show are selective glycine antagonists
possessing potent in vivo activity following oral admin-
istration.

Our search for glycine antagonists with improved ability
tocross the blood-brain barrier has focused!€ on a strategy
of bioisosteric replacement of the 2-carboxylic acid group
in 3 and 4. This led to the synthesis of 3-substituted
4-hydroxyquinolin-2(1H)-ones 6-8!618 as potent non-
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carboxylic glycine antagonists, with the 3-acyl series,
exemplified by cyclopropyl ketone 7, being the first glycine
antagnists displaying significant in vivo activity after
systemic administration.!® These results showed that the
enolic §-dicarbonyl moiety, within the 4-hydroxy-2-quin-
olone framework, may act as a brain-penetrating carboxyl
bioisostere. Since affinity for the glycine site in this series
is wholly dependent on the 3-substituent, the potent
3-phenyl derivative 6, where the introduction of the phenyl
group uniquely improves binding by >10°%-fold,!8 became
anobvious lead for further optimisation. Although activity
may be improved by 4’-substitution of the 3-phenyl with
electron-releasing groups,!” our extensive studies!® with
the 3-acyl series, leading to the optimal arylpropargyl ester
8, suggested an alternative approach. The 3-phenyl
derivative 6 and the arylpropargyl ester 8 have equal in
vitro affinities for the glycine site, with the arylpropargyl
group in 8 improving affinity by 40-fold relative to the
parent methyl ester.!® Simple superimpositions of the
3-substituents in 6 and 8 (see Figure 1) imply that the
activity of 6 might be improved by the introduction of
3’-hydrophobic substituents to mimic the bulky phenyl-
propargyl moiety of 8. Several types of hydrophobic 8'-
substituents were explored, and the optimal class which
emerged possess 3’-arylmethyl and -aryloxy substituents,

as illustrated by compounds 9-14.
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Figure 1. Phenylpropargyl ester 8 suggests substitution of the
¥’-position of 6.

Compounds 9-11 were prepared from 3-methylphenyl-
acetic acid (15) (Scheme 1). Bromination of 15, followed
by conversion to the corresponding acid chloride and
coupling with methyl 4-chloroanthranilate, provided the
intermediate amide 16. Displacement of the bromide from
16 with the appropriate (substituted phenyl) propylethynyl
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4 Reagents: (a) NBS, AIBN, CCl, 80 °C; (b) (COCl), CH,Cl;, 25
°C; (¢) methyl 4-chloroanthranilate, CH,CICH:C], 80 °C; (d)
[RCuC=CPr]Li, THF, -78 °C; (e) 2 equiv of KHMDS, THF, 25 °C,
then TFA.

Scheme 22
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o Reagents: (a) NBS, AIBN, CCl,, 80 °C; (b) HC], MeOH, 0 °C;
(c) MesN*0O-, DMSO, 0 °C; (d) 3-lithiothiophene, THF, ~78 °C; (e)
Et;SiH, TFA, CH,Cly, 0 °C; (f) LiOH, THF, 25 °C, then H;0+; (g)
(COC))g, CHCly, 25 °C; (h) methyl 4-chloroanthranilate, CH,CICH,C},
80 °C; (i) 2 equiv of KHMDS, THF, 25 °C, then TFA.

Scheme 3¢
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o Reagents: (a) 3-bromothiophene, KoCO3, CuO, pyridine, 115°C;
(by LiOH, MeOH, H.0, 25 °C, then H;0*; (¢) (COCl)s, CH,Cly, 25
°C; (d) methyl 4-chloroanthranilate, CH;CICH,C}, 80 °C; (e) 2 equiv
of KHMDS, THF, 25 °C, then TFA.
cuprate!? formed benzyl derivatives 17-19. Subsequent
cyclization using potassium hexamethyldisilazide afforded
the desired 3-aryl-4-hydroxyquinolin-2(1H)-ones. The
efficient cyclization of 17-19 required 2 equiv of base to
effect successive deprotonation of the amide NH and
arylacetyl methylene groups. A modified sequence was
used for the synthesis of the 3-thienyl derivative 12
(Scheme 2). The benzyl bromide derived from 15 was
esterified and oxidized to aldehyde 20. Reaction of 20
with 3-lithiothiophene, followed by deoxygenation of the
resulting alcohol using ionic reduction, and then saponi-
fication, formed the carboxylic acid 21 which was converted
to 12. Diphenyl ether 13 was prepared from commercially
available 3-phenoxyphenylaceticacid. The carboxylicacid
23, used to prepare thienyl ether 14, was synthesized by
Ullmann coupling? of phenol 22 with 3-bromothiophene
(Scheme 3).

Affinity for the glycine site in vitro was measured by
displacement of [3H]-L-689,560 ([3H]-4) binding to rat
brain membranes (ICs values).2! In vitro functional
antagonist potencies were determined from blockade of
NMDA-induced depolarizations on rat cortical slices (K,
values).22 The primary in vivo test used was protection
from audiogenic seizure in the DBA/2 mouse,'%1¢ where
compounds were administered intraperitoneally (ip) and
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Table 1. NMDA Receptor Activities of 3’-Substituted
3-Phenyl-4-hydroxy-2-quinolones

EDg (mg/kg)*

1050 (nM)b Kb (nM)c DBA/ 2 mouse
no.? R [*H])-L-689,560 NMDA ip po
6 H 170 880 45 176
9 CHyPh 4.1 87 1.3¢ 3.9
10 CH PhOMe-4 4.5 25 07 09
11 CH;PhOCH,OMe-4 2.2 3.2 05 09
12 CHj(3-thienyl) 2.3 19 1.5 5.1
13 OPh 2.0 28 09 09
14 O(3-thienyl) 14 5.0 08 08
3 14 410 >250
4 4.0 110 >100
5 69 1320 >100

a All compounds were characterized by proton NMR and mass
spectra and provided satisfactory elemental analyses. ¢ Inhibition of
the binding of [#H]-4 to the strychnine-insensitive glycine site on rat
brain membranes (ref 21). Values are the means from at least three
experiments. ¢ Block of NMDA-induced depolarizations on rat
cortical slices (ref 22). Values are the means from at least three
experiments. 4 Protection from audiogenic seizure in DBA/2 mice
(21-23 days old, weighing 5-9 g); the end point was tonic seizure
within 30s (refs 10and 14). Dosingsolutions were 10% poly(ethylene
glycol) 300 or 600, with the pH adjusted to 9-10 using 1 N sodium
hydroxide. Potencies were measured 30 min after intraperitoneal
(ip) or oral (po) administration. ¢ Potency measured 10 min after
administration.

orally (po) and EDs values were determined 30 min after
dosing. Other classes of NMDA receptor antagonists are
effective in this model $1° and activity in this test is
considered to be the most sensitive available predictor of
in vivo NMDA receptor antagonism. The results for
compounds 9-14, together with reference compounds 3-6,
are shown in Table 1.

Introduction of the 3’-arylmethyl and 3’-aryloxy sub-
stituents in compounds 9-14 results in up to 100-fold
improved affinity for the glycine site relative to the
unsubstituted derivative 6, supporting the design hy-
pothesis in Figure 1. Testing of homologues showed that
a single atom methylene or oxygen spacer between the
3’-position and the aryl ring proved to be optimal (data
not shown) and the aryl ring may be phenyl or 3-thienyl.
Substitution of the 3’-phenyl ring is allowed, and 4-
derivatives such as 10 and 11 maintain high receptor
affinity and functional antagonism in vitro. The most
significant finding of thisstudy is the potent in vivo activity
of this series, with compounds 10 (L-703,717), 11 (L-708,
541), 13 (L-701,324), and 14 (L-705,022) showing activity
in the DBA/2 mouse model with EDj values of below 1
mg/kg. The equivalent activities resulting from ip and po
dosing of these compounds indicate high oral bioavail-
ability. In addition, the behavioral stimulant and motor
deficit properties seen with NMDA receptor channel
blockers such as dizocilpinel® were, as anticipated from
earlier studies with 1 and 2,3 absent at anticonvulsant
doses. For example, the minimum effective oral doses of
12 and 13 for inducing motor deficits in mice, using the
rotarod test,®® are 100 and 30 mg/kg, respectively,
demonstrating markedly improved therapeutic ratios
relative to dizocilpine.

The pK, values of the 3-aryl-4-hydroxyquinolin-2(1H)-
ones (10 is typical with a pK, of 5.5) show that, in common
with the carboxylic acids 8 and 4, these molecules will be
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highly (~99%) deprotonated at physiological pH. The
enolic 8-dicarbonyl system in 9-14 is therefore a bioiso-
steric, vinylogous carbozxylic acid having improved oral
absorption and blood-brain barrier permeability. The
changed molecular properties which may underlie the
improved systemic in vivo activity of the 4-hydroxy-2-
quinolones relative to the carboxylic acids deserve com-
ment in the context of current physicochemical models of
blood-brain transfer. The activity of drugs in the central
nervlous system is usually associated with optimal hy-
drophobicity as estimated by 1-octanol/water partition
coefficients (log Poot).23 Although quinolones 9-14 are more
hydrophobic than acid 4 (e.g., 10, log Poct,pr7.4 = 2.9; 4, log
Poctpura = 1.1), many derivatives of 4 with increased
hydrophobicity retain affinity for the receptor!? but are
not active in vivo.!4 In general, we have found no obvious
dependence of anticonvulsant activity on log P, in several
classes of glycine antagonists derived from 3, 4,4 7,8 and
6.24 The presence of hydrogen bonding and dipolar groups
has been proposed to reduce penetration of the blood-
brain barrier,25 and this model can qualitatively account
for some of our results. Thus carboxylic acid 4, which
does not penetrate the brain, can form seven hydrogen
bonds?® to water (three amide NH donors, one hydroxyl
donor + acceptor, and two carbonyl oxygen acceptors),
whereas quinolone 9 penetrates the brain and can form
four hydrogen bonds to water (one amide NH donor, one
hydroxyl donor + acceptor, and one carbonyl oxygen
acceptor), the fewest of any of the known classes of glycine
antagonists. In addition, the polar 2- and 4-oxy groups of
9-14 are partially masked by the adjacent hydrophobic
3-phenyl. The ether oxygen atoms present in 10, 11, 13,
and 14 are relatively weak hydrogen-bond acceptors?” and
do not significantly influence in vivo activity. An ad-
ditional factor is the ability of the 3-phenyl-4-hydroxy-
quinolin-2(1H)-one system to form an anion which is
delocalized over five atoms. This may be relevant to brain
penetration, since a related class of glycine antagonists
which form similarly delocalized anions, the 3-nitro-3,4-
dihydroquinolin-2(1H)-ones,? also possess in vivo activity.
Finally, these non-carboxyl glycine antagonists may not
readily efflux from the brain via carboxylic acid trans-
porters.?

Compounds 10-14 proved to be highly selective for the
glycine site, having no activity at amino acid receptors
labeled by {3BH]JAMPA, [3H]kainate, and [3H]strychnine
at concentrations up to 100 uM. The class of 3’-
(arylmethyl)- and 8'-(aryloxy)-3-phenyl-4-hydroxyquino-
lin-2(1H)-ones described here comprise the most potent
glycine-site NMDA receptor antagonists yet described,
bothin vitro and in vivo, and are the first such compounds
with significant activity in the central nervous system
following oral dosing.
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