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ABSTRACT

Enantiomerically pure (S)- or (R)-3-(E-enoyl)-4-phenyl-1,3-oxazolidin-2-ones were found to serve as ideal Michael acceptors in addition reactions
with achiral Ni(II) complexes of glycine Schiff bases. Virtually complete control of simple and face diastereoselectivity, observed in these
reactions, combined with quantitative chemical yields renders this methodology synthetically superior to the previous methods.

The asymmetric Michael addition is among the most power-
ful reactions in synthetic organic chemistry.1 In particular,
the additions between glycine equivalents andR,â-unsatur-
ated carboxylic acid derivatives, which provide the most
straightforward and generalized approach toâ-substituted
glutamic and pyroglutamic acids, glutamines, and prolines,
have been extensively studied over the past 15 years.2,3

Analysis of the relevant literature2-4 reveals that thus far only
one strategy to control the stereochemical outcome in these

reactions has been explored. In this approach additions of
various chiral glycine equivalents withR,â-unsaturated
carboxylic acid derivatives were studied and, in some cases,
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reasonably high levels of asymmetric induction at both the
R- andâ-positions of the resultant glutamic acid derivatives
were obtained.2-4 Surprisingly, the alternative strategy, an
application of chiral derivatives ofR,â-unsaturated carboxylic
acids in the reactions with achiral glycine equivalents,
remains virtually unexplored so far.5 We wish to report that
the enantiomerically pure 3-(E-enoyl)-4-phenyl-1,3-oxa-
zolidin-2-ones serve as ideal chiral Michael acceptors to
afford virtually complete control of simple and face diaste-
reoselectivity in the corresponding addition reactions with
Ni(II) complexes of glycine Schiff bases. Extraordinarily high
chemical and optical yields, combined with the extreme
simplicity of the experimental procedure, render this new
strategy synthetically superior over the previously reported
approaches.

Recently we discovered that the Ni(II) complex of the
chiral Schiff base of glycine with (S)-o-[N-(N-benzylprolyl)-
amino]benzophenone1 and chiral 3-(E-enoyl)-4-phenyl-1,3-
oxazolidin-2-ones2 (Scheme 1) represent a unique combi-

nation of nucleophilic glycine equivalent and Michael
acceptor, respectively, to afford virtually complete control
of simple and face diastereoselectivity in the corresponding
addition reactions.6 A distinguishing feature of these reac-
tions, as compared with the previously reported methods, is
that they proceeded at room temperature in the presence of
catalytic amounts of DBU, giving rise to the sole diastere-
omeric products in quantitative chemical yield. However, a
most unexpected observation was the fact that the stereo-
chemical outcome in these reactions was overwhelmingly
controlled by the chirality of Michael acceptor2. Thus, the
additions of (S)-1with (S)-2gave rise to (S)-(2S,3S)-3(R )
Alk) while application of (R)-2 furnished (S)-(2R,3R)-3(R
) Alk) derivatives. The slower reaction rates in the former
case were the only noticeable effect of complex (S)-1
chirality on the addition process. Since DBU, used as a base

in our reactions, cannot be considered as a chelating agent,
such a powerful stereocontrolling effect of the 4-phenyl-1,3-
oxazolidin-2-one moiety on the Michael acceptors2 was
rather surprising.7 In addition to our interest in the origin of
stereoselectivity in these reactions,10 the results obtained
offered a pleasant bonus of further improving of synthetic
efficacy of our method by employing achiral Ni(II) com-
plexes in place of chiral (S)-1.

First we studied the reaction between the Ni(II) complex
of the Schiff base of glycine witho-[N-R-pycolylamino]-
benzophenone4a, the achiral analogue of (S)-1, and (R)-3-
(E-crotonyl)-4-phenyl-1,3-oxazolidin-2-one (2a) (Scheme 2).

The reaction conducted at room temperature in DMF in the
presence of 15 mol % of DBU was completed in 50 min,
giving rise to only one detectable diastereomer,5, by NMR
(500 MHz) in quantitative chemical yield (Table 1, entry
1). Despite the excellent diastereoselectivity obtained, the
reaction rate was unsatisfactory slow,11 as compared with
the 5 min reaction of chiral (S)-1 with 2a.6 Therefore, we
examined, under the same reaction conditions, the addition
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1996, 52, 271. A correction for the absolute configuration of products
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Taguchi, T.Bioorg. Med. Chem. Lett. 1998, 8, 1979. (c) Ezquerra, J.;
Pedregal, C.; Merino, I.; Flórez, J.; Barluenga, J.; Garcı́a-Granda, S.; Llorca,
M.-A. J. Org. Chem.1999,64, 6554.

(6) Soloshonok, V. A.; Cai, C.; Hruby, V. J.Angew. Chem., Int. Ed., in
press.

Scheme 2

Table 1. Addition Reactions of Ni(II) Complexes4a,b with
(S)- or (R)-3-(E-Enoyl)-4-phenyl-3-oxazolidin-2-ones2a-ha

products 5, 6a-h

entry 4a,b 2a-h time yield,b % de,c % confignd

1 a (R)-a 50 min 99 >98 (2R,3R)-5
2 b (R)-a 20 min 99 >94 (2R,3R)-6a
3 b (S)-a 20 min 99 >94 (2S,3S)-6a
4 b (R)-b 20 min 99 >94 (2R,3R)-6b
5 b (R)-c 20 min 99 >94 (2R,3R)-6c
6 b (R)-d 4 he 15f >99g (2R,3R)-6d
7 b (R)-e 10 min 98 >94 (2R,3S)-6e
8 b (R)-f 10 min 96 >94 (2R,3S)-6f
9 b (S)-g 5 min 98 >94 (2S,3R)-6g

10 b (S)-h 30 min 99 >94 (2S,3R)-6h

a All reactions were run in DMF in the presence of 15 mol % of DBU
at ambient temperature. Ratio4a,b/(S)-or (R)-2 1/1.05-1.1. b Isolated yield
of crude product.c Determined by NMR (500 MHz) analysis of the crude
reaction mixtures.d The absolute configuration of the products was
determined on the basis of chiroptical properties of the Ni complexes5
and 6a-h, as well as by comparison of the optical rotation of the
corresponding pyroglutamic acids9 isolated from the corresponding
complexes with literature data; see also the text.e Less then 30% conversion
of the starting materials.f Isolated yield (column chromatography) of the
diastereomerically pure compound.g Diastereo- and enantiomerically pure
compound isolated by chromatography of the reaction mixture. Since the
reaction was incomplete and accompanied by formation of some byproducts,
the original stereochemical outcome could not be determined using NMR
analysis of the crude reaction mixture. See also text.
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748 Org. Lett., Vol. 2, No. 6, 2000



between oxazolidinone (R)-2aand a Ni(II) complex of the
Schiff base of glycine witho-[N-R-pycolylamino]acetophe-
none 4b (Scheme 3). To our satisfaction, the reaction

occurred at a substantially higher rate (20 min) with the same
perfect stereochemical outcome: the only diastereomeric
product6awas obtained (entry 2). These results suggest that
the substituent at the ketimine carbon in complexes4a,b (Ph
or Me, respectively) influences only the reaction rate, while
both simple and face selectivity in the addition reaction are
controlled by the Michael acceptor used. To assign the
absolute stereochemistry of products5 and6a, we decom-
posed these complexes to afford pyroglutamic acid9, along
with a 95-97% recovery of ligand8, and the chiral auxiliary
10 (Scheme 4). Comparison of the spectroscopic and

chiroptical properties of acid9 with the literature data
revealed its (2R,3R) absolute configuration. Application of
the (S)-configured 3-(E-crotonyl)-4-phenyl-3-oxazolidin-2-
one (2a) in the addition with complex4b mirrored the results
obtained in the reaction of (R)-2a, giving rise to only the
diastereomeric product (2S,3S)-6a, in quantitative chemical

yield (entry 3). The crude compound (2S,3S)-6a was
decomposed without any purification to afford the corre-
sponding enantiomerically pure pyroglutamic acid (2S,3S)-
9. Synthesis of (2S,3S)-9was performed on a 10 g scale,
demonstrating the preparative efficiency of the method.12

Finally, to find out the origin of the observed stereochemical
outcome, we subjected the diastereomerically pure product
(2R,3R)-6ato the original reaction conditions, except that
50 mol % of DBU was used. Analysis of the reaction mixture
(4 days) revealed some trace amounts of starting complexes
4b as well as up to 2% of decomposition products, and
compound (2R,3R)-6awas isolated in 95% chemical yield
and was stereochemically intact. The data obtained allow
us to conclude that the addition reaction under study is
virtually irreversible and the observed stereochemical out-
come is likely kinetically controlled.

With these results in hand we studied next the generality
of the method. Since the acetophenone-derived complex4b,
designed and introduced for the first time by our group,13

was found to be superior over the benzophenone derivative
4a, we used the former glycine complex in the rest of the
study. First we investigated the addition reactions between
the Ni(II) complex 4b and (R)-3-(E-enoyl)-4-phenyl-3-
oxazolidin-2-ones2b-d bearing an alkyl substituent R on
the C,C double bond using the standard reaction conditions:
DMF solution, 15 mol % of DBU, ambient temperature
(Scheme 2). Under these conditions, ethyl- andn-propyl-
containing oxazolidin-2-ones (R)-2band (R)-2c readily
reacted with complex4b to afford the corresponding dia-
stereomers (2R,3R)-6b and (2R,3R)-6c, respectively, as major
reaction products in excellent isolated yield (Table 1, entries
4 and 5). NMR (500 MHz) analysis of the crude reaction
mixture revealed that two more diastereoisomers, or byprod-

(7) Despite the fact that chiral 4-substituted 1,3-oxazolidin-2-ones
represent a group of one of the most studied and useful auxiliaries in organic
chemistry,8 their use in controling the face selectivity of Michael acceptors
in the DBU-catalyzed reactions under study was not straightforward. To
the best of our knowledge, a successful application of chiral oxazolidines
in asymmetric synthesis requires the use of a chelating agent to ensure a
stereocontrolling effect of the substituent at the C-4 stereogenic carbon of
the oxazolidine ring. In particular,N-(E-enoyl)-4-phenyl-1,3-oxazolidin-2-
ones (2) exist exclusively in thes-cisconformation9 with the phenyl on the
oxazolidine ring being pointed away from the C,C double bond to exercise
effective control of the face selectivity of the latter.

(8) Evans, D. A.Aldrichimica Acta1982,15, 23.
(9) Evans, D. A.; Chapman, K. T.; Bisaha, J.J. Am. Chem. Soc. 1988,

110, 1238.
(10) The corresponding mechanistic studies are currently in progress.
(11) The reactions of complex4awith more sterically demanding Michael

acceptors2, such asN-cinnamyl derivative2e, containing a phenyl group,
require even longer reaction times and thus were accompanied by formation
of some byproducts.

(12) A solution of diastereomerically pure complex (2S,3S)(S)-6a(15
mmol) in MeOH (50 mL) was slowly added with stirring to a mixture of
aqueous 3 N HCl and MeOH (90 mL, ratio 1/1) at 70°C. Upon
disappearance of the red color of the starting complex, the reaction mixture
was evaporated in vacuo to dryness. Water (80 mL) was added, and the
resultant mixture was treated with excess concentrated NH4OH and extracted
with CHCl3 (3 × 100 mL). The CHCl3 extracts were dried over MgSO4
and evaporated in vacuo to afford a 1:1 mixture (99%) of ligand8 and
chiral auxiliary (S)-10. The aqueous solution was evaporated in vacuo,
dissolved in a minimum amount of water, and loaded on cation-exchange
resin Dowex 50× 2 100. The column was washed with water, and the
acidic fraction was collected to give, after evaporation in vacuo, pyro-
glutamic acid (2S,3S)-9a (96%). An analytically pure sample of the product
was obtained by crystallization of the compound from THF/n-hexane.
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ucts,14 were present in the mixture but in amounts not greater
than 2-3%. In contrast, the addition of complex4b with
oxazolidin-2-one (R)-2d, containing the bulky isopropyl
group, proceeded at a very slow rate (entry 6). After 4 h of
reaction, conversion of the starting materials was not higher
than 30% and substantial amounts of byproducts were
detected by TLC. Though we isolated the target product6d
in 15% yield (flash chromatography), these results suggest
that the present method could not be extended to substrates
containing tertiary alkyl R groups.

To examine the applicability of the method to aromatic
series, which would lead to the synthesis of the corresponding
3-aryl-substituted amino acids, we chose substrates contain-
ing classical phenyl and naphthyl groups2eand2f, as well
as derivatives bearing a phenyl ring with electron-withdraw-
ing and electron-donating2g and 2h substituents. The
addition of Ni(II) complex4b with N-cinnamyl derivative
(R)-2e(entry 7) occurred at a high reaction rate, similar to
the rates observed in the aliphatic series (entries 2-5), giving
rise to the corresponding product6e in excellent chemical
yield and diastereomeric purity. Analysis of the crude
reaction mixture (NMR) showed that the content of the major
diastereomer6ewas at least 97%, while three other theoreti-
cally possible diastereomeric products and/or byproducts14

were formed in an amount not greater than 3%. To determine
the absolute configuration of product6e, it was decomposed
using our standard procedure to afford the corresponding
pyroglutamic acid9e which gave spectral and chiroptical
properties consistent with its (2R,3S) absolute stereochem-
istry.15 These data allowed us to conclude that in both the
aliphatic and aromatic series the sense of stereochemical
preferences is the same, giving rise almost exclusively to
the products (with combination of the trigonal centers) with
relative topicitylike.17

The addition of complex4b with 2-naphthyl derivative
(R)-2f (entry 8) occurred unexpectedly at the same rate as

that for the reaction of the phenyl-containing (R)-2e(entry
7 vs 8), despite the fact that the 2-naphthyl group might be
considered to be more sterically demanding than the phenyl
group. On the other hand, substrate (S)-2g, with enhanced
electrophilicity of the C,C double bond due to the electron-
withdrawing effect of the trifluoromethyl group, reacted
almost instantly with complex4b, affording the product
diastereomer (2S,3R)-6gin excellent chemical yield and
optical purity (entry 9). In this case the reaction went to
completion even when a 1/1 ratio of the starting compounds
was used. As expected, the addition of the methoxy-
containing derivative (S)-2hwith complex4b occurred at a
substantially lower reaction rate but with the same syntheti-
cally excellent stereochemical outcome (entry 10). These data
clearly suggest that the pattern of the substitution (steric or
electronic) on the phenyl ring in Michael acceptors2e-h
influences only the rate of the addition and does not affect
the stereochemical outcome of the reaction. As one can see
from Table 1, in all cases studied, the major diastereomers
(2R,3S)-6e,for (2S,3R)-6g,hwere obtained in excellent
chemical yields and in, at least, 94% diastereomeric excess
(entries 7-10).

In summary, we have demonstrated that the new strategy
for controlling the stereochemical outcome of the asymmetric
Michael addition reactions developed in this work is
methodologically superior to the previous methods, most
notably in terms of generality and synthetic efficiency.
Excellent chemical yields and diastereoselectivity, combined
with the simplicity of the experimental procedures, render
the present method of immediate use for preparing various
3-substituted pyroglutamic acids and related amino acids
available via conventional transformations of the former. The
full scope of the method and mechanism of these Michael
addition reactions are currently under study.
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