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Conjugate addition of lithium amides to (S)-N-acryloyl- or
(S)-N-2’-alkylacryloyloxazolidinones and alkylation or
protonation of the resulting enolates with 2-pyridone
respectively provides a highly stereoselective and product
complementary route to a range of (R)- and (S)-2-alkyl-3-
aminopropionic acids in good yield and in high ee.

a-Substituted b-amino acids (2-alkyl-3-aminopropionic acids, b2-
amino acids) occur naturally within pseudopeptides,1 while short
chain oligomers containing this motif show well-defined secondary
structural characteristics.2 A variety of asymmetric syntheses have
been developed for the preparation of these desirable compounds
in enantiomerically enriched form,3 with the most popular
involving the stereoselective alkylation of chiral b-alanine enolate
equivalents,4 asymmetric Mannich reactions,5 the conjugate
addition of nitrogen nucleophiles6 or the addition of carbon
nucleophiles to a-methylene b-alanine derivatives.7 We report
herein our preliminary findings concerning the conjugate addition
of lithium amides to N-acryloyloxazolidinones, and the utility of
this methodology for the asymmetric synthesis of a range of
a-substituted-b-amino acid derivatives.

Although amines add in a conjugate fashion to acrylate
derivatives,8 the conjugate addition of metallated amides to
acrylates is rare,9 presumably due to facile polymerisation of the
activated olefin. To test the susceptibility of N-acryloyloxazolidi-
nones toward conjugate addition, lithium dibenzylamide was
added to (S)-N-acryloyl-5,5-dimethyloxazolidinone 1, giving
b-alanine derivative 3 as the sole reaction product in 92% isolated
yield (Scheme 1). The utility of this methodology for the
asymmetric synthesis of b2-amino acid derivatives was next studied,
via the in situ elaboration of the enolate arising from conjugate
addition by alkylation with an activated alkyl halide. Conjugate

addition of lithium dibenzylamide to (S)-1, followed by addition of
methyl iodide gave (4S,2’S)-2’-methyl 4 in 96% de and in 88%
isolated yield. The generality of this conjugate addition/alkylation
protocol was explored further with the use of ethyl iodide and
benzyl bromide as alkylating agents, giving the (4S,2’S)-a-alkyl
oxazolidinones 5 and 6 with high diastereoselectivity (w95% de)
and in good yield (62–85%). Extension of this protocol to
alkylation with isopropyl iodide proceeded to only low conversion
(y10%), giving the a-isopropyl oxazolidinone 7 in w95% de but in
only 8% isolated yield. The observed diastereoselectivity is
consistent with conjugate addition of lithium dibenzylamide to
oxazolidinone 1 in the anti-s-cis conformation,10 with alkylation
occurring preferentially upon the unhindered face of the resultant
chelated syn-(Z)-enolate 2. The (4S,2’S)-configuration within b-
amino oxazolidinones 4–6 (w95% de) was confirmed by successive
treatment with LiOMe, hydrogenolysis and ester hydrolysis,
furnishing the known (S)-2-alkyl-3-aminopropanoic acids 8–10 in
w95% ee after ion exchange chromatography.

An alternative conjugate addition/protonation strategy was next
investigated. As a model substrate, conjugate addition of lithium
dibenzylamide to a-methylacrylate oxazolidinone 11 and addition
of NH4Cl(aq) gave a 66 : 34 mixture in favour of (4S,2’R)-2’-
methyloxazolidinone 14. However, conjugate addition of lithium
dibenzylamide to 11 and addition of a solution of 2-pyridone11,12 in
THF gave (4S,2’R)-14 in w96% de and 87% isolated yield.
Repetition of this protocol for 12 (R ~ Et) gave (4S,2’R)-15 in 79%
yield and in 94% de, confirming that this protocol proceeds with the
opposite sense of stereoselectivity to the conjugate addition/
alkylation strategy. This protocol was also predicted to be suitable
for the incorporation of substituents (R ~ iPr, Ph) incompatible
with the alternative conjugate addition/alkylation strategy. Con-
jugate addition of lithium dibenzylamide to 2’-isopropyl-13 and
addition of 2-pyridone gave an inseparable 95 : 5 mixture of
diastereoisomers with (4S,2’R)-16 predominating (90% de), while
the same procedure with 2’-phenyl-18 gave an inseparable 88 : 12
mixture of diastereoisomers with (4S,2’S)-19 predominating
(76% de). In order to improve the diastereoselectivity in these
latter two cases, the conjugate addition of homochiral lithium
amides to the oxazolidinones 13 and 18 and subsequent
protonation was investigated. Conjugate addition of lithium
(S)-N-benzyl-N-a-methylbenzylamide to 2’-isopropyl-13 and addi-
tion of 2-pyridone gave a 97 : 3 mixture of diastereoisomers, giving
(4S,2’R)-17 in 85% yield (94% de). Similarly, conjugate addition of
lithium (R)-N-benzyl-N-a-methylbenzylamide to 2’-phenyl-18 and
protonation with 2-pyridone gave a 93 : 7 mixture of diastereoi-
somers, with purification by chromatography enhancing the
diastereoselectivity of the product, giving (4S,2’S)-20 as a 98 : 2
mixture of diastereoisomers (96% de) in 73% yield (Scheme 2).

2-Pyridone was chosen for the protonation step in order to
facilitate C- rather than O-protonation through a relay mechanism
with concomitant high stereoselectivity. Binding of the pyridone
carbonyl (anti to the stereodirecting iPr group) to the lithium
enolate derived from conjugate addition directs the regio- and
facial-selectivity of C-protonation. The change in the sense of
stereoselectivity at C(2’) observed in the aryl (R ~ Ph) to the alkyl
(R ~ Me, Et, iPr) cases presumably arises from preferential

Scheme 1 Reagents and Conditions: (i) lithium dibenzylamide, THF,
278 uC; (ii) NH4Cl (aq), 278 uC to rt; (iii) RX, 278 uC to rt; (iv) LiOMe,
0 uC; (v) Pd/C, H2 (1 atm), MeOH, rt; (vi) LiOH, THF, H2O, D; (vii) HCl
(aq); (viii) Dowex 50W-X8.D
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protonation from either the anti-conformer 21 (giving rise to 2’S) or
the chelated (CLO to OLi) syn-conformer 22 (giving rise to 2’R). In
the alkyl series, the syn-conformer 22 is preferred, leading to the
(2’R)-configuration upon protonation, while with the 2’-phenylox-
azolidinone, the syn-conformer is precluded due to steric interac-
tions between the oxazolidinone and the C(2’)-aryl ring, and
protonation from the anti-conformer 21 is preferred (Fig. 1).
Furthermore, the configuration of the N-a-methylbenzyl stereo-
centre also has a beneficial effect upon the observed stereoselectivity
of the reaction.

With b-amino oxazolidinones 15, 16 and 20 in hand (94%, 90%
and 96% de respectively), their deprotection to the corresponding
b-amino acid was investigated. Deprotection was readily achieved
via standard procedures to give the known (R)-2-ethyl- and (R)-2-
isopropyl-3-aminopropanoic acids 9 and 21 and (S)-2-phenyl-3-
aminopropanoic acid 22 in high yield and in 94%, 88% and w95%
ee respectively after ion exchange chromatography (Scheme 3).

In conclusion, conjugate addition of lithium amides to (S)-N-
acryloyloxazolidinone 1 and alkylation with alkyl halides, or
addition to (S)-N-2-alkylacryloyloxazolidinones 11–13 and stereo-
selective protonation with 2-pyridone allows the asymmetric
synthesis of a range of b2 amino acids in high ee.
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Scheme 2 Reagents and Conditions: (i) lithium dibenzylamide, THF,
278 uC; (ii) 2-pyridone, THF, 278 uC to rt; (iii) lithium (S)-N-benzyl-N-a-
methylbenzylamide, THF, 278 uC; (iv) lithium (R)-N-benzyl-N-a-
methylbenzylamide, THF, 278 uC.

Fig. 1 Model for stereoselective protonation with 2-pyridone.

Scheme 3 Reagents and Conditions: (i) LiOMe, 0 uC; (ii) H2 (1 atm), Pd/C,
MeOH, AcOH, H2O, rt, 24 h; (iii) LiOH, THF, H2O, rt, 15 h; (iv) HCl
(aq); (v) Dowex 50W-X8; (vi) LiOH, THF, H2O, H2O2, rt, 24 h.
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