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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(ll) 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- reactions has been explored. In this approach additions of

ful reactions in synthetic organic chemistryn particular,
the additions between glycine equivalents ang-unsatur-

ated carboxylic acid derivatives, which provide the most

straightforward and generalized approachstsubstituted

glutamic and pyroglutamic acids, glutamines, and prolines

have been extensively studied over the past 15 years.
Analysis of the relevant literatuie reveals that thus far only

one strategy to control the stereochemical outcome in thes
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various chiral glycine equivalents witl,5-unsaturated
carboxylic acid derivatives were studied and, in some cases,
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reasonably high levels of asymmetric induction at both the in our reactions, cannot be considered as a chelating agent,
o- andg-positions of the resultant glutamic acid derivatives such a powerful stereocontrolling effect of the 4-phenyl-1,3-
were obtained.* Surprisingly, the alternative strategy, an oxazolidin-2-one moiety on the Michael accept@svas
application of chiral derivatives af,5-unsaturated carboxylic  rather surprising.In addition to our interest in the origin of
acids in the reactions with achiral glycine equivalents, stereoselectivity in these reactiofisthe results obtained
remains virtually unexplored so falVe wish to report that  offered a pleasant bonus of further improving of synthetic
the enantiomerically pure F{enoyl)-4-phenyl-1,3-oxa-  efficacy of our method by employing achiral Ni(ll) com-
zolidin-2-ones serve as ideal chiral Michael acceptors to plexes in place of chiral (S)-1.

afford virtually complete control of simple and face diaste-  First we studied the reaction between the Ni(ll) complex
reoselectivity in the corresponding addition reactions with of the Schiff base of glycine witlo-[N-o-pycolylamino]-
Ni(Il) complexes of glycine Schiff bases. Extraordinarily high benzophenonda, the achiral analogue 08j)-1, and R)-3-
chemical and optical yields, combined with the extreme (E-crotonyl)-4-phenyl-1,3-oxazolidin-2-on2d) (Scheme 2).
simplicity of the experimental procedure, render this new

strategy synthetically superior over the previously reported _

approaches.
Recently we discovered that the Ni(ll) complex of the SChime 2
chiral Schiff base of glycine withSj-o-[N-(N-benzylprolyl)- 0 ﬁ’? *Ol
amino]benzophenorieand chiral 3-E-enoyl)-4-phenyl-1,3- Pjg Mo~ ON Ph OMe_ am
oxazolidin-2-one® (Scheme 1) represent a uniqgue combi- @’:]NM; PhW\::NpFN H °
' /' _J>Ph
| - RARIRS
Scheme 1
R ON$ o R F?ﬂiz The reaction conducted at room temperature in DMF in the
R2 & Ph 07K A, Ph presence of 15 mol % of DBU was completed in 50 min,
N < —— \T,Ni*NH'jh giving rise to only one d_etectable_ d|ast_ere0n5erby NMR
< 9)3 ' R = Alkyl (S)2R3R)(R)-3 (500 MHz) in quantitative chemical yield (Table 1, entry
@;/N"N‘ Ph R=Anyl (S)2R3SKR)-3 1). Despite the excellent diastereoselectivity obtained, the
o é oﬁ'& o<°_7 reaction rate was unsatisfactory sléas compared with
(Sy1 R~ N~ O RH N—= the 5 min reaction of chiral)-1with 2a® Therefore, we
S20 Ph O3 o examined, under the same reaction conditions, the addition

oev.owe g

R = Alkyl (S)(2S,35)(S)-3
Table 1. Addition Reactions of Ni(Il) Complexeda,b with
(S)- or R)-3-(E-Enoyl)-4-phenyl-3-oxazolidin-2-on@a—h?

nation of nucleophilic glycine equivalent and Michael
acceptor, respectively, to afford virtually complete control
of simple and face diastereoselectivity in the corresponding entry 4ab 2a—h  time yield?% de°%  confign

products 5, 6a—h

addition reaction$§.A distinguishing feature of these reac- 1 a (Rra 50min 99 >98  (2R3R)-5

tions, as compared with the previously reported methods, is 2 b (R-a 20min 99 >94  (2R,3R)-6a
that they proceeded at room temperature in the presence of 3 b (S)a 20min 99 >94  (2S,3S)-6a
catalytic amounts of DBU, giving rise to the sole diastere- 4 b (R-b 20min 99 >94  (2R,3R)-6b
omeric products in quantitative chemical yield. However,a 5 b (R-c20min 99 >94  (2R3R)-6¢
most unexpected observation was the fact that the stereo- 3 E Eg:g 13 'r:in ;: zgig gg'gg_’gs
chemical outcome in these reactions was overwhelmingly ¢ b (R 10min 96 ~94 (2R13S)_6f
controlled by the chirality of Michael accept@r Thus, the 9 b (S)}g 5min 08 ~94  (25,3R)-6g
additions of (S)-Wwith (S)-2gave rise to (S)-(2S,3S)(B = 10 b (S)-h 30min 99 >94  (2S,3R)-6h

élk) while _app_llcatlon of R)-2 fumISh.ed 6)-(2R’3R)-3R 2 All reactions were run in DMF in the presence of 15 mol % of DBU
= Alk) derivatives. The slower reaction rates in the former 5t ambient temperature. Ratlap/(9-or (R)-2 1/1.05-1.1. Isolated yield

case were the only noticeable effect of complék)—ﬂ. of crude product® Determined by NMR (500 MHz) analysis of the crude

T Lo . reaction mixturesd The absolute configuration of the products was
Ch'ral'ty on the addition process. Since DBU, usedas a ba'Sedetermined on the basis of chiroptical properties of the Ni compléxes

and 6a—h, as well as by comparison of the optical rotation of the
(4) Seebach, D.; Hoffman, Meur. J. Org. Chem1998, 1337. corresponding pyroglutamic acid8 isolated from the corresponding
(5) (@) Shibuya, A.; Kurishita, M.; Ago, C.; Taguchi, Tetrahedron complexes with literature data; see also the tekess then 30% conversion
1996, 52, 271. A correction for the absolute configuration of products of the starting materiald.Isolated yield (column chromatography) of the
reported in the paper was subsequently made: (b) Shibuya, A.; Sato, A.; diastereomerically pure compourftDiastereo- and enantiomerically pure
Taguchi, T.Bioorg. Med. Chem. Lett1998, 8, 1979. (c) Ezquerra, J.; compound isolated by chromatography of the reaction mixture. Since the
Pedregal, C.; Merino, |.; Florez, J.; Barluenga, J.; Garcia-Granda, S.; Llorca, reaction was incomplete and accompanied by formation of some byproducts,

M.-A. J. Org. Chem1999,64, 6554. the original stereochemical outcome could not be determined using NMR
(6) Soloshonok, V. A.; Cai, C.; Hruby, V. Angew. Chem., Int. Edin analysis of the crude reaction mixture. See also text.
press.
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between oxazolidinone (R)-Zand a Ni(ll) complex of the
Schiff base of glycine witlo-[N-a-pycolylamino]acetophe-
none 4b (Scheme 3). To our satisfaction, the reaction

Scheme 3
R N\g O R H N—Z
(R)Z ®2 § P OW

\/ i Me

o/g DBU, DMF

R = Alkyl (2R,3R)(R)-6a-c
@( N Me R = Aryli-Pr (2R,3S)(R)-6d-h

Oy O, [e)

0 Y D, Oy

ab R\/\H/N ! O R H N

S22 o Ph O oPh
DBU, DMF \\ ) FMe

R = Me (a), Et (b), n-Pr (c),
i-Pr (d), Ph (e), 2-Naphthyl (f),
4-CF3-CgHg (@), 4-MeO-CgHg (h)

R = Alkyl (2S,3S)(S)-6a-¢
R = Aryl,i-Pr (2S,3R)(S)-6d-h

yield (entry 3). The crude compound §39-6a was
decomposed without any purification to afford the corre-
sponding enantiomerically pure pyroglutamic aci& (2S)-

9. Synthesis of (8,3S)-9was performed on a 10 g scale,
demonstrating the preparative efficiency of the metkod.
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)-6was 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 coniiex
designed and introduced for the first time by our grétip,
was found to be superior over the benzophenone derivative

occurred at a substantially higher rate (20 min) with the same 4, we used the former glycine complex in the rest of the
perfect stereochemical outcome: the only diastereomericstudy. First we investigated the addition reactions between
product6awas obtained (entry 2). These results suggest thatthe Ni(ll) complex 4b and (R)-3-(E-enoyl)-4-phenyl-3-

the substituent at the ketimine carbon in complekeb (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 produétand6a, we decom-
posed these complexes to afford pyroglutamic &gidlong
with a 95-97% recovery of ligan®, and the chiral auxiliary

10 (Scheme 4). Comparison of the spectroscopic and

Scheme 4
0 [0)
0 *NJ.
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Qf é R = Me (25,35)(S)-6a
R = Ph (2S,3R)(S)-6e
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H
R = Me (2S,35)-9a
R = Ph (2S,3R)-9¢

(S) 10 Ph

chiroptical properties of aci® with the literature data
revealed its (R,3R) absolute configuration. Application of
the (S)-configured 3H-crotonyl)-4-phenyl-3-oxazolidin-2-
one (2a) in the addition with completb mirrored the results
obtained in the reaction oR)-2a, giving rise to only the

oxazolidin-2-one2b—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- angropyl-
containing oxazolidin-2-ones (R)-2Bnd (R)-2c readily
reacted with complexb to afford the corresponding dia-
stereomers ([®,3R)-6b and (2R3R-6¢, 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
chemistry8 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 particulaN-(E-enoyl)-4-phenyl-1,3-oxazolidin-2-
ones (2) exist exclusively in thecisconformatiof 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 Actal982,15, 23.

(9) Evans, D. A.; Chapman, K. T.; Bisaha,JJ.Am. Chem. Sod 988,

110, 1238.

(10) The corresponding mechanistic studies are currently in progress.

(11) The reactions of compledawith more sterically demanding Michael
acceptor®, such adN-cinnamyl derivative?e, containing a phenyl group,
require even longer reaction times and thus were accompanied by formation
of some byproducts.

(12) A solution of diastereomerically pure complexS(3S)(S)-6415
mmol) in MeOH (50 mL) was slowly added with stirring to a mixture of
aqueous 3 N HCI and MeOH (90 mL, ratio 1/1) at 7C. 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 concentrategDNHand extracted
with CHCI; (3 x 100 mL). The CHJ extracts were dried over MgSO
and evaporated in vacuo to afford a 1:1 mixture (99%) of lig&rahd
chiral auxiliary §)-10. The aqueous solution was evaporated in vacuo,
dissolved in a minimum amount of water, and loaded on cation-exchange
resin Dowex 50x 2 100. The column was washed with water, and the
acidic fraction was collected to give, after evaporation in vacuo, pyro-
glutamic acid (&,39)-9a(96%). An analytically pure sample of the product
was obtained by crystallization of the compound from TiHRéxane.

(13) Soloshonok, V. A.; Cai, C.; Hruby, V. Jetrahedron Lett2000,

diastereomeric product (2S,3S)-6a, in quantitative chemical41(2), 135.
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ucts*were present in the mixture but in amounts not greater that for the reaction of the phenyl-containirig)¢2e(entry
than 2—3%. In contrast, the addition of complél with 7 vs 8), despite the fact that the 2-naphthyl group might be
oxazolidin-2-one (R)-2d, containing the bulky isopropyl considered to be more sterically demanding than the phenyl
group, proceeded at a very slow rate (entry 6). After 4 h of group. On the other hand, substra®-@g, with enhanced
reaction, conversion of the starting materials was not higher electrophilicity of the C,C double bond due to the electron-
than 30% and substantial amounts of byproducts were withdrawing effect of the trifluoromethyl group, reacted
detected by TLC. Though we isolated the target proéact  almost instantly with complexb, affording the product
in 15% vyield (flash chromatography), these results suggestdiastereomer (2S,3R)-6g excellent chemical yield and
that the present method could not be extended to substratesptical purity (entry 9). In this case the reaction went to
containing tertiary alkyl R groups. completion even when a 1/1 ratio of the starting compounds

To examine the applicability of the method to aromatic was used. As expected, the addition of the methoxy-
series, which would lead to the synthesis of the correspondingcontaining derivative§)-2hwith complex4b occurred at a
3-aryl-substituted amino acids, we chose substrates containsubstantially lower reaction rate but with the same syntheti-
ing classical phenyl and naphthyl groupsand?2f, as well cally excellent stereochemical outcome (entry 10). These data
as derivatives bearing a phenyl ring with electron-withdraw- clearly suggest that the pattern of the substitution (steric or
ing and electron-donatin@g and 2h substituents. The electronic) on the phenyl ring in Michael accept@s—h
addition of Ni(Il) complex4b with N-cinnamy! derivative influences only the rate of the addition and does not affect
(R)-2e(entry 7) occurred at a high reaction rate, similar to the stereochemical outcome of the reaction. As one can see
the rates observed in the aliphatic series (entri€s)2giving from Table 1, in all cases studied, the major diastereomers
rise to the corresponding produgt in excellent chemical  (2R,3S)-6e,for (2S,3R)-6g,hwere obtained in excellent
yield and diastereomeric purity. Analysis of the crude chemical yields and in, at least, 94% diastereomeric excess
reaction mixture (NMR) showed that the content of the major (entries 7—10).
diastereome6e was at least 97%, while three other theoreti-  In summary, we have demonstrated that the new strategy
cally possible diastereomeric products and/or byprodticts for controlling the stereochemical outcome of the asymmetric
were formed in an amount not greater than 3%. To determineMichael addition reactions developed in this work is
the absolute configuration of produg#, it was decomposed methodologically superior to the previous methods, most
using our standard procedure to afford the correspondingnotably in terms of generality and synthetic efficiency.
pyroglutamic acid9e which gave spectral and chiroptical Excellent chemical yields and diastereoselectivity, combined
properties consistent with its RR3S) absolute stereochem- with the simplicity of the experimental procedures, render
istry.1> These data allowed us to conclude that in both the the present method of immediate use for preparing various
aliphatic and aromatic series the sense of stereochemicaB-substituted pyroglutamic acids and related amino acids
preferences is the same, giving rise almost exclusively to available via conventional transformations of the former. The
the products (with combination of the trigonal centers) with full scope of the method and mechanism of these Michael
relative topicitylike.t” addition reactions are currently under study.

The addition of complexdb with 2-naphthyl derivative
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