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The Henry (nitro aldol) reaction,1 and its aza analogue,2 are
fundamental C-C bond-forming reactions in organic chemistry.
Compared with the development of catalytic enantioselective aldol
reactions, there are astonishingly few examples on asymmetric
catalytic nitro aldol reactions. Only the chiral heterobimetallic
catalysts reported by Shibasaki et al. have proven to be effective
for asymmetric Henry reactions.3 In extension of this work, they
have developed a catalytic asymmetric aza-Henry reaction (nitro-
Mannich reaction).3c When nitromethane was used as the substrate,
high enantioselectivities were obtained for this reaction using
N-phosphinoylimines. However, 60 mol % of the chiral ligand
in the chiral ytterbium catalyst was required, and successful
reactions were reported for only nitromethane.

This communication presents the first catalytic highly diastereo-
and enantioselective aza-Henry reaction that proceeds in the
absence of a base and with lower catalyst loading. In this reaction,
the presence of a base is avoided by the application of silyl
nitronates1a-d instead of nitro compounds for the reaction with
R-imino esters2a-c in the presence of a chiral Lewis acid. It
should be noted that a racemic fluoride-induced reaction of silyl
nitronates with aldehydes has been described by Seebach et al.,4

and very recently another racemic version of this reaction using
Sc(OTf)3 was reported.5

The reaction of the trimethylsilyl nitronate1a6 with N-protected
R-imino esters2a-c in the presence of various Lewis acids was
investigated first (eq 1). Application ofN-(p-tosyl)-R-imino ester
2agave unstable products that underwent retro aza-Henry reaction,
or elimination of the nitro group, in the reaction with1acatalyzed
by a Lewis acid. However, when the more electron-richN-phenyl-
R-imino-ester2b andN-(p-methoxyphenyl)-R-imino ester2cwere
applied in the reaction catalyzed by various copper Lewis acids,
the aza-Henry products were obtained as stable compounds in
satisfactory yields. Application of theN-(p-methoxyphenyl) (PMP)
group for protection of the imine functionality also has the impor-
tant advantage that it can be easily removed from the product,2,7

and we have therefore used2c for the present development.
The reaction of1a with 2c proceeds to some extent in the

absence of a catalyst even at-78 °C. Thus, the catalytic reactions
(eq 1) were performed at-100°C to avoid the racemic reaction.
Various chiral Lewis acid complexes such as BINOL-AlMe,
TADDOLate-TiCl2, DBFOX-Ni(ClO4)2,8 DBFOX-Mg(ClO4)2,
and DBFOX-Zn(OTf)2 were initially tested as catalysts, but very
low enantioselectivities were obtained. Much more promising
results were obtained when the chiral copper catalysts4-7 were
used (Table 1). Application of catalyst (R)-Tol-BINAP-CuClO4

49 for the reaction of1a with 2c led to a high yield of3a in a 1:3

ratio of the erythro:threo-isomers; however, only 16% ee of
erythro-3a (entry 1) (threo-3a, 55% ee) was obtained. The use
of (S)-tBu-BOX-copper complexes10 5a,b as the catalyst also
gave low to medium enantiomeric excess; however, these catalysts
improved and reversed the diastereoselectivity to 11:1 and 7:1,
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Table 1. Enantioselective Aza-Henry Reactions of Nitronates
1a-d with N-(p-Methoxyphenyl)-R-Imino Ester2c Catalyzed by a
Series of Chiral Copper Complexes4-7

entrya nitronate catalyst product
yieldb

(%)
erythro:
threo

eeerythrod

(%)
config.
(C2,C3)

1 1a (R)-4 3a 99 1:3 16 (R,R)
2 1a (R)-5a 3a 99 11:1 12 (S,S)
3 1a (R)-5b 3a 58 7:1 56 (R,R)
4 1a (S)-6a 3a 90 3:1 90 (S,S)
5 1a (S)-6b 3a 63 5:1 56 (S,S)
6 1a (S)-6c 3a 67 18:1 89 (S,S)
7 1a (S)-6de 3a 92 6:1 70 (S,S)
8 1a (4R,5S)-7a 3a 52 6:1 96 (R,R)
9 1a (4R,5S)-7b 3a 68 10:1 97 (R,R)

10 1a (4R,5S)-7c 3a 54 9:1 26 (R,R)
11 1a (4R,5S)-7de 3a 94 25:1 95 (R,R)
12 1b (S)-6a 3b 67 5:1 >98 (S,S)f

13 1c (4R,5S)-7de 3c 87 39:1 83 (R,R)f

14 1d (4R,5S)-7a 3d 93 32:1 88 (R,R)f

a The reactions were performed in THF by adding 1.5 equiv of1
during a period of 1 h, to a mixture of the catalyst (20 mol %) and2c
at -100 °C. b Isolated yield of a mixture of the diastereomers of3.
c The diastereomeric ratio was determined using1H NMR. d The
enantiomeric excess was determined by chiral HPLC analysis.e CH2Cl2
was used as the solvent.f Proposed absolute configuration obtained by
comparing the absolute configuration induced by the respective catalysts
for 3a.
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respectively (entry 2,3). Much better results were obtained when
turning to the (S)-Ph-BOX-copper catalysts6a-d. The reaction
between1aand2c catalyzed by6agave theN-protectedâ-nitro-
R-amino ester3a in an excellent yield and with 90% ee of the
threo-isomer (entry 4). It is notable that similar high enantio-
selectivity of the major diastereomer was obtained when using
the chiral copper(II) catalyst6c, and, additionally the diastereo-
selectivity was significantly improved (entry 6). For the reaction
between1a and 2c, the cis-DiPh-BOX-copper catalysts7a-d
turned out to be superior.11 The chiral copper(I) catalysts7a,b
induced good diastereoselectivities and remarkably high enantio-
selectivities of up to 97% ee (entry 8,9). Very high yield and
diastereoselectivity of 25:1 were also obtained using the chiral
copper(II) catalyst7d, and furthermore,erythro-3a was obtained
with 95% ee (entry 11).

To show the potential of this new reaction, it is demonstrated
that the catalytic approach can be applied to other trimethylsilyl
nitronates. The choice of catalyst was optimized for the reactions
of silyl nitronates1b-d with imine 2c to give 3b-d, and the
best results of these reactions are presented in Table 1 as entries
12-14. For the reaction of the nitroethane-derived nitronate1b
with 2c catalyzed by6a, an excellent enantioselectivity>98%
ee was obtained (entry 12), and furthermore, this reaction also
proceeds with a satisfactory diastereoselectivity. The analogous
reactions of nitronates1c,d catalyzed by7d and7a, respectively,
gave also satisfactory enantioselectivities as 83 and 88% ee of
3c and3d, respectively, were obtained. Furthermore, very high
diastereoselectivities of 39:1 and 32:1 were obtained in favor of
erythro-3canderythro-3d, respectively (entries 13,14). Thus, the
reactions of the silyl nitronates1a-d with 2c all proceed in high
yield, diastereo- and enantioselectivity givingâ-nitro-R-amino
esters which are a new class of optically activeR-amino acid
derivatives. Furthermore, it is notable that the reaction is very
flexible with respect to both chiral ligands and copper salts.

The high synthetic potential of the aza-Henry reaction (eq 1)
is also due to the easy conversion of theâ-nitro-R-amino acid
derivatives into a variety of important functionalities, for example,
1,2-diamines. This has previously been demonstrated for alkyl-
and aryl-substituted 2-nitro amines;2b,5,12however, the conversion
of â-nitro-R-amino esters intoR,â-diamino acid derivatives has
not been described previously. As a matter of fact, only few
syntheses of optically activeR,â-diamino acid derivatives have
been reported.13 For compounderythro-3a (catalyst (R)-6a used:
90% ee) the reduction of the nitro group was performed using
Raney-Ni to give the protected diamino ester8 in 80% yield
(Scheme 1). Compound8 was converted into the corresponding
2-thioimidazolidine derivative9 by cyclization with Cl2CS. Both
the reduction and cyclization reactions proceeded without loss
of enantioselectivity. Product9 was obtained as a crystalline

compound which was characterized by X-ray crystallography (see
Supporting Information). From the knowledge of the absolute
configuration of9, the absolute configuration oferythro-3a was
assigned to be (2R,3R).

The absolute configuration oferythro-3a, led us to propose
the mechanism outlined in Scheme 2 to account for the stereo-
chemical induction of the reaction. It is proposed that both the
R-imino ester2c, in a bidentate fashion, and the silyl nitronate
coordinate to the copper center. It is well-known that silyl
nitronates decompose in the presence of acids, and therefore, it
is assumed that when the silyl nitronate interacts with the Lewis
acid, as described for10, the TMS-group dissociates from the
nitronate to give11. As it has been described for silyl nitronates,6b

it should also be expected that there is a rapid equilibrium between
the E- and Z-forms of the copper nitronate11. This enables a
six-membered cyclic transition state for11, with a pentacoordi-
nated copper center. This model can account for both the catalytic
activity, diastereo- and enantioselectivity of the reaction. By
coordination to the copper center, theR-imino ester is activated
for addition of the nucleophilic nitronate. In the chair-conforma-
tion of the cyclohexane-like transition state the nitronate sub-
stituent obtains the less sterically crowded and more stable
equatorial position. This explains the predominant formation of
theerythro-product. The chiral (R)-Ph-BOX ligand shown in11
favors the formation of the (2R,3R) enantiomer of the product,
since the intermediate leading to the opposite enantiomer of the
product would have unfavorable steric interaction between the
bulky PMP-substituent of theR-imino ester and of the phenyl
substituent of the ligand.

In summary, the development of a new highly enantio- and
diastereoselective copper-bisoxazoline-catalyzed aza-Henry reac-
tion between silyl nitronates and anR-imino ester giving highly
valuable optically activeâ-nitro-R-amino esters has been de-
scribed. It was demonstrated that high selectivities could be
obtained for various trimethylsilyl nitronates in the presence of
various copper-bisoxazoline catalysts. Furthermore, it was shown
that the optically activeâ-nitro-R-amino esters can be converted
to a synthetically valuableR,â-diamino acid derivatives. The
absolute configuration of one of the products was determined,
and a model for the catalytic intermediate was proposed.
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Note Added in Proof: See also Shibasaki et al.,Synlett, 2001,
June 1 issue for nitro-Mannich reactions of nitro compounds with
imines.
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