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DERIVATIVES OF 1-HYDROXY-3-AMINOPYRROLIDIN-2-ONE (HA-966).
PARTIAL AGONISTS AT THE GLYCINE SITE OF THE NMDA RECEPTOR
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Abstract: The in vitro activities of 4-substituted and bicyclic analogues of the glycine-site NMDA partial agonist HA-966
(1) reveal strict structure-activity requirements reflecting subtle conformational and steric requirements for receptor
binding. The most active compounds have cis-4-methyl or hydroxyl substituents and it is suggested that the in vivo
anticonvulsant activity and good brain penetration of the optimal compound (+) 2 (L-687,414) result from the high
fraction of (+) 2 which is not ionised at physiological pH.

There have been intensive efforts to identify antagonists of the N-methyl-D-aspartate (NMDA)
subtype of excitatory amino acid receptor for the treatment of cerebral ischaemia and epilepsy.1
However currently available compounds, acting as blockers of the associated cation channel or as
competitive antagonists at the neurotransmitter recognition site, are limited by side-effects® and
poor brain penetration3 respectively. Recently thers has been considerable interest in developing
antagonists acting at the glycine modulatory or "coagonist" site of the NMDA receptor. Amongst the
available leads, we considered the a-amino hydroxamate R-(+)-HA-966 ((+) 1)4 to be particularly
important, since its in vivo activity5 suggests adequate CNS bioavailability. In contrast, alternative
carboxyl-containing antagonists based on kynurenic acid® have poor systemic activity.7

Hac,\ HN
o
N . N
H,NY “OH H,N* “~OH <
o o “OH
(+)1 (+)2 3

Derivatives of (+) 1, including the more potent cis-4-methy! derivative L-687,414 ((+) 2) and the
racemic bicyclic analogue (3)8 act as low-efficacy partial agonists at the glycine site.9 Significantly,
(+) 1510 gpg {+) 211 have improved side-effect profiles relative to other classes of NMDA receptor
antagonists, raising the possibility that in vivo advantages may be associated with partial agonist
effects. We report here details of structure-activity relationships in a wider group of derivatives of 1
(Table 1) and 3 (Table 2).
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Derivatives of HA-966

The syntheses of compounds 1, (+) 1, (-) 1,122, (+) 2, () 2, 3, 4, 12 and 138 and 5, 7, 10, 11 and
1713 have been reported. The propyl derivative (6) was made by the method described for 5.13
The 4-hydroxy derivatives (8 and 8) were obtained from the epoxide mixture (18)14 (Scheme 1).
Treatment with O-benzylhydroxylamine, followed by base-induced cyclization, gave a separable
mixture of the diasterecisomers (19 and 20), which were individually hydrogenolysed to give 8 and
9, isolated as their tosylate salts. The [2.2.1] bicyclic derivative (14) was synthesised from the 2-f-
ketone (21)1 5 (Scheme 2). Reduction of the oxime gave a separable mixture of the hydroxylamines
(22 and 23). The cis-isomer was separated, cyclised and deprotected to give 14, which as its
tosylate salt proved to be unstable to hydrolysis, opaning of the hydroxamate occurring in aqueous
solution (t4,o approximately 30 minutes at pH 7.4). The stable higher homologue (15) was prepared
from the racemic aldehyde (25, Scheme 3), which was made from olefin (24)15 by successive
hydroboration and oxidation. The [3.3.1}] bicycle (16) was similarly prepared from the ketone (26)8
{Scheme 4). Displacement of [3H}-g!ycine binding to rat cortical membranes (ICgq values) and
inhibition of glycine-stimulated NMDA currents in isolated cultured cortical neurones (K; values)
were determined in vitro for compounds 1 - 17 (Tables 1 and 2) using established procedures.“'5

Table 1. 4-Substituted derivatives.

R
H,NY" “OH
(o)

No? R IC50 ()P K (uM)°

Hl-glycine cortical neurone
1 H 27.2 6.3
(+)1(R) H 12.5 2.5
() 1(8) H 339
2 muCHs 29 1.3
(#)2(R,A) wnCHg 1.4 0.65
(-)2(S,5) mnCHg 86
4 <CHgq >100
5 mGHoCHg 15 15.4
6 '““CHQCHQCHs >100 39% inh. @ 300
7 nmCsH5 >100 0% inh. @ 300
8 weQH 1.3 0.75
9 ~OH 313 30% inh. @ 300
10 muCHo0H >100 63% inh. @ 300
11 nmCH2CH20H >100 59% inh. @ 300

&  All compounds displayed spectral properties (1 H NMR and MS} consistent with their
proposed structures.

b Concentration giving 50% inhibition of [3H]-glycine binding to rat cortical membranes. 45

€ Inhibition of glycine (0.3 uM) potentiated NMDA (30 uM) responses.4v5
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Table 2. Bicyclic Analogues.

No? Structure  ICsg (uM® K (uM)® HN-CH-C=0
BHl-glycine  cortical neurone dihedral (©d

OH
HN7Z o
12 < 48 8.2
H3C N
“OH
HN7 o
13 -‘?N >100 >80
“OH
CH,
HN
14 40 5-158 109
ﬂ—N
“OH
HN. o
15 -&N >100 16% inh. @ 300 102
“OH
HN7 o
16 -4N >100 28% inh. @ 300 85
“OH
NH o
17 % >100 52% inh. @ 300 65
“OH
abC  gge Table 1.
d Geometries determined using OPTIMOL (Molecular Systems Group, MSDRL, Rahway).
Axial 1 and equatorial 120 have dihedrals of 82° and 44° respectively.
e Approximation due to instability (see text).

-

Geometry found in the X-ray crystal structure.



Derivatives of HA-966

Synthesis and testing of each of the seven possible monomethy! derivatives of racemic 1 showed
that only the cis 4-position aliowed substitution. The results in Table 1 additionally suggest a strict
tolerance to substituent size at the preferred cis-4-position. Thus whilst the ethyl derivative (5} is
equipotent with 1, further methylene homologation (6) or pheny! substitution (7) results in a large
loss of activity. The hydroxyl derivatives 8 and 9 proved to have similar activities to the
corresponding methy! derivatives (2 and 4 respectively). However homologation of the cis-4-
hydroxy! in the potent derivative 8 to hydroxymethyl (10) or hydroxyethyi (11) abolishes activity.

We have suggested previously that the axial amino conformation of the pyrrolidinone ring of 1 is
required for recognition by the glycine site and the role of the cis-4-methyl substitutent in 2 is to
enhance the population of the active conformer.8 The [3.2.1] bicycle (3) mimics this conformation
and is equiactive with 1 (Table 2). The relative affinities of the methy! stereoisomers (12 and 13)
parallel the corresponding monocyclic compounds (2 and 4) but in contrast to 2, the methyl in 12
does not enhance binding, a finding supporting the conformational hypothesis. Reducing the N - C5
ethylene bridge in 3 to methylene to give 14 retains activity, but the instability of 14 in aqueous
solution did not allow determination of an accurate K; or of an IC5 value. Comparisons of the
geometries of 3 and 14 with the stable ring expanded homologues (15 and 16) show that all these
compounds can act as mimics of the axial amino conformation of 1, as shown by their comparable
NH-CH-C=0 dihedral angles (Table 2). Howaver both 15 and 16 are one hundred fold less potent
than 3 and 14. The lack of activity of the bicycle 17, which is substituted in the preferred cis-4-
position, appears surprising, but conformational analysis suggests that the geometry of 17 is
intermediate between the axial and equatorial conformers of 1.

Overall, the results show subtle steric and conformational requirements for activity in this class of
compounds. The evidence that the axial amino conformations of (+) 1 and (+) 2 are required for
activity rests with compounds 3 and 12, but the receptor clearly exhibits a high degree of steric
congestion in the vicinity of the amino group and 4-substituent binding region. These findings
contrast with glycine-site full antagonists, where recent studies suggest that considerably greater
structural diversity is allowable.16:17 The discovery that both ¢is 4-methyl and hydroxyl groups
enhance activity equally is significant and although this may be a conssquence of similar
conformational effects of substitution, the hydroxyl group in 8 could act as a mimic of the hydroxyl
present in the full agonist R-serine and form a hydrogen bond with the receptor.18 In this respect, it
is notable that 8 has higher efficacy than 1 in the cortical neurone test. The rank order of efficacies
found was 8 > (+) 1 (10% of the maximal response induced by glycineg) >(+)2>3.

In vivo tests show that (+) 1 and {(+} 2 have anticonvulsant and neuroprotective actions, with {+) 2
the most potent systemically effective glycine-site NMDA antagonist yet found, being active at i.p.
and i.v. doses of 5-20 mg/kg.9 The low octanol-water partition coefficients of 1 and 2 [log P (pH 7.4)
-3.52 and -3.42 respectively] would suggest poor CNS penetration but following i.v. administration to
rats, the concentration of (+) 2 in CSF reaches approximately 25% of biood levels.'9 The pKa
values of 2 (8.0 and 6.1) and 1 and its O-benzy! derivative (8.1, 6.2 and 6.6 respectively) show that
these molecules exist to the extent of approximately 30% as the non-ionised protomers at
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physiological pH. This high fraction of the uncharged species probably accounts for the observed
brain penetration and in vivo activity of (+) 2.

Acknowledgements. We thank Dr M. Chambers, I. Mawer, J. McKenna, M. Ridgill and S. Cross
for synthesis, Dr R. Herbert for NMR, mass spectra, log P and pKa measurements, A. Watt for
HPLC, S. Grimwood for radioligand binding and Dr K. Hoogsteen for X-ray crystallography.

10.
11.
12.
13.
14,

15.
16.

17.

18.
19.
20.

REFERENCES AND NOTES

Meldrum, B.S. (ed), Excitatory Amino Acid Antagonists, Blackwell Scientific Publications,
1991.

e.g. MK-801: Trickiebank, M.D.; Singh, L.; Oles, R.J.; Preston, C.; Iversen, S.D. Eur. J.
Pharmacol., 1989, 167, 127.

e.g. CGS 19755: Hogan, M.J.; Gjedde, A.; Hakim, A.M. J. Neurochem., 1992, 58, 186.

Foster, A.C.; Kemp, J.A. J. Neurosci. 1989, 9, 2191.

Singh, L.; Donald, A.E.; Foster, A.C.; Hutson, P.H.; Iversen, L.L.; lversen, S.; Kemp, J.A.;
Leeson, P.D.; Marshall, G.R.; Oles, R.J.; Priestley, T.; Thorn, L.; Tricklebank, M.D.; Vass,
C.A.; Williams, B.J. Proc. Nat. Acad. Sci. USA 1990, 87, 347.

Leeson, P.D.; Baker, R.; Carling, R.W.; Curtis, N.R.; Moore, K.W.; Williams, B.J.; Foster, A.C.;
Donald, A.E.; Kemp, J.A.; Marshall, G.R. J. Med. Chem. 1991, 34, 1243.

(a) Moore, K.W.; Leeson, P.D.; Carling, R.W.; Tricklebank, M.D.; Singh, L. Bioorg. Med.
Chem. Lett., this issue. (b) Carling, R.W.; Leeson, P.D.; Moseley, A.M.; Smith, J.D.; Saywell,
K.; Tricklebank, M.D., et. al., Bioorg. Med. Chem. Lett., this issue.

Leeson, P.D.; Williams, B.J.; Baker, R.; Ladduwahetty, T.; Moore, KW.; Rowley, M. J. Chem.
Soc., Chem. Commun. 1990, 1578.

(a) Foster, A.C.; Donald, A.E.; Grimwood, S.; Leeson, P.D.; Williams, B.J. Br. J. Pharmacol.
1991, 102, 64P. (b) Kemp, J.A.; Priestley, T.; Marshall, G.R.; Leeson, P.D.; Williams, B.J. Br.
J. Pharmacol. 1991,102, 65P. (c) Saywell, K.; Singh, L.; Oles, R.J.; Vass, C.A.; Leeson, P.D.;
Williams, B.J.; Tricklebank, M.D. Br. J. Pharmacol. 1991, 102, 66P. {(d) Gill, R.; Hargreaves,
R.J.; Kemp, J.A. J. Cereb. Blood Flow Metab., 1991, 11 (Suppl. 2), S304.

Singh, L.; Menzies, R.; Tricklebank, M.D. Eur. J. Pharmacol. 1990, 186, 129.

(a) Bourson, A_; Tricklebank, M.D. Fundam. Clin. Pharmacol. 1991, 5, 443. (b) Hargreaves,
R.J.; Rigby, M.; Smith, D.; Foster, A.; Hurley, C.J.; Hill, R.G. J. Cereb. Blood Flow Metab.,
1991, 17 (Suppl. 2}, S301. (c) Smith, S.E.; Meldrum, B.S. Eur. J. Pharmacol. 1992, 211, 109.
Williams, B.J.; Leeson, P.D.; Hannah, G.; Baker, R. J. Chem. Soc., Chem. Commun. 1989,
1740.

Rowley, M.; Leeson, P.D.; Williams, B.J.; Moore, K.W.; Baker, R. Tetrahedron, 1992, 48,
3557.

Shaw, K.J.; Luly, J.R.; Rapoport, H. J. Org. Chem. 1985, 50, 4515.

Bethell, M; Kenner, G.W. J. Chem. Soc. 1965, 3850.

(a) Carling, R.W.; Leeson, P.D.; Moseley, A.M.; Baker, R.; Foster, A.C.; Grimwood, S.; Kemp,
J.A.; Marshall, G.R. J. Med. Chem. 1992, 35, 1942. (b) Leeson, P.D.; Carling, R.W.; Moore,
K.W.; Moseley. A.M.; Smith, J.D.; Stevenson, G.; Chan, T.; Baker, R.; Foster, A.C.; Grimwood,
S.; Kemp, J.A.; Marshall, G.R.; Hoogsteen, K. J. Med. Chem. 1992, 35, 1954.

Salituro, F.G.; Tomliinson, R.C.; Baron, B.M.; Demeter, D.A.; Weintraub, H.J.R.; MacDonald,
I.A. Bioorg. Med. Chem. Lett. 1991, 1, 455,

McBain, C.J.; Kleckner, N.W.; Wyrick, S.; Dingledine, R. Mol. Pharmacol. 1989, 36, 556.

A.C. Foster, C.L. Willis and A. Watt, unpublished results.

Derricott, C. Acta. Cryst. B 1980, 36, 1969.



