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Development of new methods for the synthesigfedmino
acids in enantiomerically pure form continues to attract intérest.
Recently, wé and othershave shown that nitrogen nucleophiles
add with high enantioselectivity to enoates to provide access to
B-amino acid derivatives in a straightforward manner. However,
there are drawbacks to this process: (1) the variation in the
nucleophile is generally limited to hydroxylamines and azides,
(2) addition to aryl-substituted enoates is generally inefficient,
and (3) 1,2-addition to the starting material or the product by the
amine nucleophile sometimes interferes.

An alternate and potentially a more general method is shown
in Scheme 1. The process involves the conjugate addition of
readily available carbon nucleophiles to a substrate in which the
nitrogen is pre-installed, as in the enamidomalondtel was
hypothesized that addition of an organometallic reagehttould
produce the amino acid derivati2ewhich after decarboxylation
under Krapcho conditionsyould provide thgs-amino acid esters
3. The substrate choice was attractive for several reasons (1)
doubly activated substrate for efficient conjugate addition, (2) no
E,Z-isomers, and (3) an electron-withdrawing acyl group on the
nitrogen for increased reactivity in conjugate addition. In principle,
introduction of asymmetry in the conversion dfto 2 could
require either the acceptor or the nucleophile to be chiral or both.
The addition of chiral nucleophiles td in good chemical
efficiency as well as enantioselectivity is detailed in this work.
Additionally, a convenient and interesting way to control the
absolute stereochemistry @fis also presented.

Our experiments began with the establishment of reaction
conditions for the conversioi to 2. Grignard reagents were
chosen as the nucleophile. Addition of 1.1 equiv of EtMgCI to
the trifluoroacetamide derivativé® at —78 °C furnished the
conjugate addition produ@a in 46% yield (entry 1, Table 17.
This indicated that deprotonation was competitive with addition.
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entry conditions product % yield % ee
1 1.1 equiv EtMgCI 6aR = Et 46 -
2 2.1equiv EtMgCI 6aR =Et 91 -
3 5R=Et 2.2 equiv 6aR=Et 76 79
4 4, LiH, then add 1.1 equi® R = Et 6aR=Et 86 83
5 5R=i-Pr, then 1.1 equiv EtMgClI 6aR = Et 22 28
6bR=1Pr 62 78
6 4, LiH, 5R=Br, then 1.1 equiv EtMgCl 6aR=Et 39 22
7 4, LiH, 5R=Br, then 1.3 equib R = Et 6aR=Et 39 86
8 4, LiH, Ent5R=Br, then 1.3 equib R = Et 6aR = Et 34 89
9 4, LiH, add Mgk, then 1.3 equib R = Et 6aR = Et 79 78

aFor experimental details see Supporting Information.

alncreasing the amount of EtMgCI to 2.1 equiv, gave a high yield

of 6a (entry 2). Recently, Nakamura has shown idtound zinc
reagents derived from bisoxazolines are good chiral nucleophiles.
The chiral organomagnesium amiflevas prepared similarly by
the treatment of 4,4diphenyldihydrobisoxazoline with 1 equiv

of n-BuLi followed by the addition of the Grignard reagént.
Addition of 4 to 2.1 equiv of5 gave6a in excellent chemical
yield and high selectivity (79% ee, entry 3). This established that
the conjugate addition indeed proceeds enantioselectively using
chiral organomagnesium amides. The next experiment was
designed to explore the necessity for a chiral nucleophile. Addition
of 1 equiv of LiH to 4 generated the corresponding lithium salt
to which 5 (R = Et) was added. The high enantioselectivity in
this experiment suggests that the chiral donor is important (entry
4) and that only a stoichiometric amount of the chiral ligand is
needed. The need for a chiral acceptor was investigated next.
Compound4 was treated with 1.1 equiv & (R = iPr) followed

by another 1.1 equiv of EtMgCI (entry 5). The ee &xin entry

5 is much lower than in entry 4, suggesting that the chiral
nucleophile is the primary determinant of product stereochemistry.
The formation of6b implied that deprotonation is marginally
competitive with conjugate addition. A more unambiguous
experiment to ascertain the role of chiral acceptor is shown in

(7) The choice of the methyl group for an ester substituent and the
trifluoroacetyl group for nitrogen protection was based on ease of preparation.
The benzamide analogue reacted similarly (entry 3, Table 1) with 85% yield
and 79% ee. A full account will discuss the effect of variations of these groups
on chemical as well as selectivity efficiency.

(8) (a) Nakamura, M.; Hirai, A.; Sogi, M.; Nakamura, & Am. Chem.
Soc.1998 120, 5846. (b) Nakamura, M.; Hirai, A.; Nakamura, E. Am.
Chem. Soc1996 118 8489. (c) Schulze, V. V.; Hoffmann, R. WChem.
Europ. J.1999 5, 337. (d) Hanessian, S.; Yang, R.-Wetrahedron Lett1996
37, 8997. (e) Bandini, M.; Cozzi, P. G.; Negro, L. Umani-Ronchi,Ghem.
Commun.1999 39.

(9) See Supporting Information for experimental details. For formation of
organomagnesium amides from lithium amides and Grignard reagents see:
Henderson, K. W.; Molvey, R. E.; Clegg, W.; O'Neil, P. A. Organomet.
Chem.1992 439 237.
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Table 2. Conjugate Addition of Different Nucleophiles #

Li Salt Mg Salt Mg Salt
Entry Comp. R %yield (%ee) Poyield (Toee) YDoyield (Joee)

1 6a Et 86 (83) 79 (78) 65 (-78)
2 6b i-Pr 78 (86) 72 (83) 62 (-80)
3 6¢ n-Bu 94 (81) 72 (81) 65 (-70)
4 6d -(CH,),,CH, 85 (87) 71 (83) 68 (-70)
5 6e Cyclohexyl 82 (94) 69 (93) 64 (-74)
6 6f Vinyl 80 (82) 65 (86) 58 (-59)
7 6g Phenyl 88 (71) 70 (81) 65 (-56)

aFor experimental details see Supporting Information.

entry 6. Formation of a magnesium diamide by treatme#tbif
with 5 (R = Br) followed by the addition of EtMgCI gavéain

low yield and ee (entry 6), suggesting that a chiral nucleophile is
required for high selectivity. Further corroboration for this
requirement is shown in entry 7, where additiorbdR = Et) to

a chiral acceptor gave high selectivity 8. The next experiment
used enantiomeri6 (R = Br) to prepare the chiral acceptor and
addition of 5 (R = Et) (entry 8). The sense of stereoinduction
for 6a suggests that the chirality in the nucleophile controls the

stereochemical outcome. The last control experiment involved Figure 1.

conjugate addition to the NMg salt of 4. Treatment o#4 with outcome from reactions with was that product$a—g had the

LiH followed by addition of Mgh gave the N-Mg salt (entry 9). opposite configuration as compared to reactions wbthThus
Addition of 5 (R = Et) furnished6a with similar levels of enantiomeric series of products are available with a simple change
selectivity as the Li salt (compare entry 4 with 9). It should be of the chiral ligand.

noted that the ligand could be recovered80%) after the A working model for the sense of stereoinduction is presented
experiment. Compoun@i(R = Et) could be monodecarboxylated  in Figure 1. The absolute stereochemistry Gar(entry 3, Table

to the corresponding amino acid ester uneventfuBlyR = Et, 1) was determined to b&k by converting it to a known

Ry = CF;, R; = Me)® compound! The control experiments suggest that deprotonation

Having established that conjugate addition of chiral donors to s not required and thus the chiral nucleopHils the stereo-
4is feasible, we then undertook a brief study on the variation of determining factor. Coordination of the ester carbonyl to the
its structure as well as the chiral ligand. Results from these magnesium allows for alkyl transfer through a six-membered
experiments are tabulated in Table 2. Addition of a variety of transition state (Figure 1). However, the inversion of stereochem-
nucleophiles derived frorb to 4 either using the Li or Mg salt stry with 7 is not easily rationalized using this model.
gave product$a—g in very good yield and selectivity (entries In conclusion, a general methodology for the preparation of
1—_7). There was very little var_iatic_)n in the yield or s_electivity B-amino acid esters has been developed. Experiments to gain a
using the two methods. Examination of Table 2 indicates that hetter understanding of the structure for the reactive complex,
alkyl, vinyl, and aryl nucleophiles are all compatible in this geyelopment of catalytic variants, and evaluation of copper and
method. , ) ) zinc nucleophiles in conjugate additions are underway.

We have shown previousithat bisoxazolines prepared from
aminoindanol and phenylglycinol possessing the same sense of Acknowledgment. This work was supported by a grant from the
stereochemistry provide enantiomeric products in conjugate radical yztional Science Foundation (CHE-9983680).
additions. On the basis of this precedence, we evaluated nucleo-

phileg 7in _conjugat_e addition_'_’eaCtio_nS . In contrast to Supporting Information Available: Characterization data for com-
reactions with5, conjugate addition using (R = Et) was not pounds3—6 and experimental procedures (PDF). This material is available
very efficient (1.3 equiv 15% yield, 68% ee; 2.1 equiv, 35% yield, free of charge via the Internet at http://pubs.acs.org.

63% ee). Addition of7 (R = Et) to 4-Li was also not possible.

However,7 added with good efficiency to the corresponding Mg JA016492C
Sl,?lt (4h_Mg|) IThE?g reSUItS”are alslo Sho-wnfén Iab-le 2.1n general, (11) Foubelo, F.; Yus, MTetrahedron: Asymmetr§996 7, 2911.

the chemical yield as well as selectivity 16a—g In reactions (12) For structural characterization of a bis-isopropyl-derived EtMg complex
with 7 were slightly lower than using. The most interesting see: Singh, R. FSpectrochim. Acta, Part A997, 53, 1713. Also see Gibson,

V. C.; Segal, J. C.; White, A. J. P.; Williams, D.J.Am. Chem. So2000Q
(20) Sibi, M. P.; Ji, JJ. Org. Chem1997, 62, 3800. 122, 7120.




