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Resolution and Synthesis of the Individual Enantiomers of the Glycine Antagonist 
3-Amino-I -hydroxypyrrolidin-2-one (HA-966) 
Brian J. Williams, Paul D. Leeson, Graeme Hannah, and Raymond Baker 
Merck Sharp and Dohme Research Laboratories, Neuroscience Research Centre, Terlings Park, Eastwick Road, 
Harlow, Essex CM20 ZQR, U.K. 

The individual enantiomers of the glycine antagonist HA-966 (1) have been obtained by resolution via the 
bis-Boc-L-Phe (Boc = t-butoxycarbonyl) derivatives (2a and 2b) and by synthesis from D- and L-methionine. 

Increases in extracellular concentrations of excitatory amino 
acids, notably glutamic acid, have been implicated in neuronal 
cell death following periods of anoxia such as stroke or cardiac 
arrest. 1 Potential for therapeutic intervention has been shown 
since protection against cell damage in animal models of 
cerebral ischaemia can be conferred by excitatory amino acid 
antagonists which are selective against the sub-type of 
post-synaptic receptor sensitive to N-methyl-D-aspartate 
(NMDA) .2 Opening of the cation-selective ion channel 
controlled by the NMDA receptor has been shown to be 
modulated by a glycine binding site3 and antagonists which act 
at this site have neuroprotective proper tie^.^ The increasing 
importance of this area of neurobiology5 has stimulated an 
intensive search for compounds having glycine antagonist 

activity.6 Of these, 3-amino-1-hydroxypyrrolidin-2-one (HA- 
966, 1)6a is probably of the greatest significance, since it has 
the highest activity in vivo as a result of its ability to penetrate 
the blood-brain barrier. However racemic (1) is known to 
display varied pharmacological actions7 and consequently we 
undertook the synthesis of its individual enantiomers to allow 
separate evaluation of their biological properties. 

The known synthetic procedure*>9 can be used to provide 
substantial quantities of racemic HA-966 (1). a-Amino 
hydroxamates do not appear to have been resolved previ- 
ously, and the use of classical derivatisation methods (acyla- 
tion or sulphonylation) in the case of (1) is inappropriate since 
acidic hydrolysis to remove the chiral auxiliary would be 
accompanied by ring opening of the cyclic hydroxamate.10 A 
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Scheme 1. Reagents and conditions: i ,  Boc-L-Phe-OH (2 equiv.)/DCC 
(2 equiv.); ii, separate diastereoisomers; iii, Me2NCH2CH2NH2/ 
MeOH; iv, CF3C02H; v, Ph-NCS/Et,N; vi, Dowex (SOW-XS, H+). 

modification which is likely to have growing importance for 
the resolution of hydrolytically unstable compounds is the use 
of Edman degradation methods.11 This technique was applied 
successfully to the aminohydroxamate (1) (Scheme 1). Acyla- 
tion of (1) using a two-fold excess of N-t-butoxycarbonyl-L- 
phenylalanine (Boc-L-Phe) and dicyclohexylcarbodiimide 
(DCC) gave the N,O-diacyl derivative as a mixture of the 
( S , R , S ) -  and (S,S,S)-diastereoisomers (2a) and (2b). 
Attempts to separate the mixture of (2a) and (2b) by 
chromatography were hampered by facile deacylation of the 
labile 0-acylhydroxamate functionality, which gave insepar- 
able mixtures of the N-acylated diastereoisomers (3a) and 
(3b). However, fractional crystallisation of the mixture of (2a) 
and (2b) from diethyl ether gave (2a)T (m.p. 174-175 "C) and 
(2b) in >95% diastereoisomeric excess (d.e.) as shown by 1H 
NMR. Aminolysis of the separated diastereoisomers (2a) and 
(2b) with N,N-dimethyldiaminoethane smoothly gave (3a) 
(m.p. 155-156.5 "C) and (3b) (m.p. 185-186 "C) and 
allowed removal of the by-product (4) by extraction with 

t All new compounds exhibited spectral data consistent with their 
proposed structures and were characterised by elemental analyses 
and/or high resolution mass spectra. 
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Scheme 2. Reagents: i, Boc20/Na2C03; ii, BuiOCOCYN-methylmor- 
pholine/NH20Bn-HC1; iii, BnBr/LiOH; iv, CF33COZH; v: H2/Pd-C. 

aqueous citric acid. The conversion of (3a) and (3b) to (la) 
and (lb) , respectively, was accomplished by successive 
treatments with trifluoroacetic acid (WA),  phenyl isothio- 
cyanatehriethylamine, and TFA. Purification of the inter- 
mediates was unnecessary and the pure enantiomers (la) and 
(lb) were isolated by ion-exchange chromatography on 
Dowex 50W-X8 and crystallised from ethanol in overall yields 

- 106", c 1, H20),  respectively. 
Comparison of the IH NMR spectral data of the intermedi- 

ates (5a) and (Sb) suggested12 that the absolute configuration 
of these intermediates at the 3-position was ( R )  and ( S ) ,  
respectively. In order to confirm the stereochemical assign- 
ment unambiguously, a short route to (la) and (lb) from 
enantiomerically pure starting materials was developed. 
Aldehydes derived from homoserine derivatives10 have poten- 
tial for the synthesis of (1) but preparation of the required 
~-precursorsl3J4 makes the overall procedure lengthy. Alter- 
native cyclisation reactions of readily available S-alkylated 
methionines and methionine amides have been shown to form 
y-lactones15 and, depending on the conditions employed, 
y-lactams16 or imino ethers. 17 Corresponding cyclisations of 
hydroxamate derivatives of methionine have not been investi- 
gated previously. Protection of both D- and L-methionine as 
the corresponding Boc derivatives (Scheme 2 )  followed by 

[from (I)] Of 38% ([a]~ +101", C 1, H20) and 14% ( [ a ] ~  
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mixed anhydride coupling with 0-benzylhydroxylamine gave 
the protected hydroxamates (6a) {96.8%, m.p. 92-93 "C, 
[@ID +38.6" (c 1, MeOH)}, and (6b) (96%). Ring closures of 
(6a) and (6b) by in situ S-alkylation with benzyl bromide in the 
presence of 1 mol. equiv. of lithium hydroxide gave mixtures 
of the N- and 0-alkylated products (7) and (S), respectively, 
which were separated by chromatography. Use of alternative 
alkylating agents and bases did not improve the overall yield 
of (7), which was 3 0 4 0 %  after recrystallisation ((7a): m.p. 
113--114"C, [@ID +56.8", (c 1, MeOH); (7b): m.p. 113- 
114"C, [a], -54.2" (c 1, MeOH)}. Deprotection with TFA 
gave (9a) and (9b) as their crystalline TFA salts, which upon 
catalytic hydrogenolysis gave (la) {m.p. 166 "C, [a]D +104.5" 

respectively in overall yields of 83 and 79%. The syntheses 
proceeded without significant racemisation, since the Mosch- 
er's amide derivatives of (9a) and (9b) were optically pure 
within the limits of NMR detection, and (la) and (lb) were 
shown to >99.9% enantiomerically pure by chiral HPLC 
analysis. The described procedures not only allow a conve- 
nient and practical synthesis but also an unambiguous 
assignment of the absolute stereochemistry of (+)-HA-966 
(la) as (3R) and (-)-HA-966 (lb) as (3s). 

The enantiomers of (1) proved to be crucial in separating 
the varied biological effects of racemic (1).18 The glycine 
antagonist activity of HA-966 was shown to reside exclusively 
in the (+)-enantiomer (la), which has the D-configuration in 
common with other glycine site ligands, for example D-serine, 
D-alanine,bb and D-cycloserine .6h Surprisingly, the (-)-enan- 
tiomer displays some of the in vivo biological effects of 
racemic (1). 

We thank Dr. R. Herbert for NMR and mass spectra, Mr. 
R. Barnaby for chiral HPLC and our colleagues in the Biology 
Department at Terlings Park for permission to disclose the 
preliminary biological results, full details of which will be 
reported elsewhere. 
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(C I ,  HzO)} and (lb) {m.p. 166"C, [&ID -106.1", (C I ,  HzO)}, 
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