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The svnthesis of natural or unnatural pyvrrolidine and
pyvrrolidinone derivatives has recently attracted considerable
interest due to their wide range of biological properties.’ A
large number of pvrrolidine alkaloids and ¥amino acids
have been prepared by using structurally unique 2-
pyvrrolidinones, which could be utilized as common synthetic
subumits and/or chiral templates of biologically active
compounds.” In the course of our investigations concerning
the svnthesis of »aminobutyric acid derivatives which are
important in neurobiology.’ we have been interested in the
svnthesis of both enantiomers of 4-hvdroxy-2-pyvrrolidinone
(1), a useful synthetic precursor of a vanety of y-amino acids
(GABA) and pvrrolidinone alkaloids.* A few reports of the
synthesis of the enantiopure pvrrolidinone 1 have been
found in literature.**° The reported stereoselective syntheses
of 1 were mostly involved in the svnthetic methods of (S)-
enantiomer of 1 starting from ethyl (S)-4-chloro-3-hydroxy-
butanoate” obtained enzvmetically from ethyl 4-chloro-3-
oxobutanoate, from (S)-4-amino-3-hydroxvbutanoic acids.’
and from (S)-malic acid.? We wish to report herein a
practical svnthesis of enantiomencally pure (R)- and (S)-
1somers of 1 in multigram scale.

Our synthetic approach involved the preparation of the
enantiomeric malonamide derivatives 4 bearing a chiral N-
phenvlethy]l moiety for a facile cvclization and the easy
separation of the corresponding sec-alcoholic diastereomers

6. followed by deblocking of the chiral moiety as shown on
Scheme 1. In order to exanune the most appropriate precursor
of 1. two enantiomeric malonanudes 4 were prepared from
readily available starting materials.

Thus. condensation of half acid of t-butyl malonate 2 and
glvcine esters 3a. b using 1, 1'-carbonyldimidazole (CDI) as
an activating agent afforded the N-phenylethyl-protected
anudes 4a. b in respective vields of 91 and 90%. Cyclization
of malonamides 4a and 4b was readily effected with 1.1
equiv of potassium ferf-butoxide in toluene (rt, 5-6 h),
followed by acdification with | N HCI to afford white solids
of the corresponding 4-oxoanudes 3a and Sb in excellent
vields (>92%). It 1s worth noting that the reaction of 4a. b
with potassium ferf-butoxide in toluene at room temperature
gave directly the decarboxylated 4-oxopyrrolidinones 3a. b
without further treatment of the cychized pyrrolidinones
having the f-butoxycarbonyl group at C-3. Subsequent
reduction of the carbonyvl group of Sa, b with NaBH:
produced nearly 1 : 1 diastereomeric mixtures of 4-hydroxy-
pyrrolidinones 6a. a' and 6b, b’ in respective vields of 79%
and 78%. In the courses of several attempted 1solations of
the diastereomeric mixtures 6a, a’ and 6b, b', we found that
one of the diastereomers had a relatively low solubility in
acetonitrile and could be isolated by recrystallization from
this solvent. Thus. the diastereomeric mixture 6a. a' was
readily separated by recrystallization in acetonitrile to give a
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Scheme 1. Reagents and conditions: (1) CDI, CH:CN, 1t, 3 h (4a 91%, 4b 90%:); (ii) ~BuOK, toluene, rt, 5-6 h: (iii) | N HCI, rt (5a 92%, 5h
90%); (iv) NaHBH.,, CH3OH, 0 "C, 2 h (6a 38%, 6a' 39%, 6b 38%, 6b' 33%). (v) CHaSOsH, toluene, reflux, 6-10 h (1a 92% trom 6a, 1b

84% from 6a*).
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white solid (38%) of (1'R.48)-4-hvdroxy-1-(1'-phenylethy])-
2-pvrrolidinone (6a): (1'R.4R)-py¥rrolidinone 6a' was obtain-
ed in 39% vield after chromatographic separation on silica
gel of the remaining residue” Under nearly identical
condition, (1'S.4S)-pvrrolidinone 6b was also obtained in
38% wield; chromatographic separation on silica gel of the
remaining residue vielded (1'S4R)-pvrrolidinone 6b' in
35% vield.” In the final step. deprotection of the N-phenyl-
ethy] blocking group of pvrrolidinones 6 was required. It has
been generally known that N-(1-phenylethvl)amines and N-
{1-phenylethy)amides are less susceptible to catalvtic hvdro-
genolyvsis than benzyl ether and benzyl esters, and hydro-
genolvsis of benzylamines and benzylamides can be facillitated
by acid.” Moreover. Frahm and co-workers recently reported
N-(1-phenvlethy])-protected o-aminonitriles were readily
converted to the corresponding carboxanudes with conc.
HASO; at 25 °C resulting in a total loss of the 1-phenylethy]
moiety.® Based on this information about the sensitivity of
the N-phenylethyv] moiety of amines and amides under acidic
conditions, deprotection of the 1-phenylethyl moiety n 6a
and 6b was surpnsingly accomplished through use of
methanesulfonic acid in toluene. Thus, treatment of 6a and
6a’ in refluxing toluene in the presence of 3 equiv of
methanesulfonic acid for 5-6 h afforded the final enantiopure
la and 1b in respective vields of 92 and R4% after
chromatographic separation on silica gel. To our knowledge.
this 15 the first example of highly efficient removal of the N-
phenylethy] group on anudes using metanesulfonic acid.

In summary. we have descnbed a practical route of the
preparation of both (R)- and (S)-4-hvdroxy-2-py¥rrolidinone
from a single precusor 4a or 4b through use of N-
phenvlethvl-mediated resolution of pvrrolidinones 6 in
respective overall vields of 32 and 30% starting from 4a via
6a. a'.
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