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Abstract—Catalytic enantioselective Michael addition reactions of a-amino functionalized aldehydes to nitroolefins have been
developed. The Michael product was obtained in up to 98% ee, but the enantiomeric purity of the Michael product was decreased
during isolation of the product.
� 2006 Elsevier Ltd. All rights reserved.
Michael addition reactions of carbonyl compounds to
nitroolefins constitute important carbon–carbon bond-
forming reactions. In recent years, direct catalytic asym-
metric versions of the Michael reactions have been
developed.1,2 For example, pyrrolidine derivatives have
been used as catalysts for asymmetric Michael reactions
of in situ-formed enamines of carbonyl compounds.1

Reactions catalyzed by these enamine-based catalysts
typically proceed under mild, environmentally benign
conditions. Enamine-based Michael reactions of a-
amino functionalized carbonyl compounds should allow
access to amino group-containing functionalized com-
pounds; however, in most of the reported enamine-
based Michael reactions, only simple ketones (such as
cyclohexanone and acetone) and alkylaldehydes have
been used as nucleophile sources. We have recently
reported amino acid-catalyzed asymmetric aldol reac-
tions of a-nitrogen-functionalized aldehyde 1.3 Use of
1 as the nucleophile source for enamine-based reactions
provides concise routes to enantiomerically enriched
amino acids and their derivatives. Here, in continuation
of these efforts, we report amine-catalyzed Michael addi-
tion reactions of a-aminoaldehyde 1 to nitroolefins.
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First, the reaction between aldehyde 1 and b-nitrostyrene
to afford 24 was performed in the presence of possible
catalysts 3–6 (Table 1) in order to identify catalysts that
afforded products with high enantioselectivity for this
reaction. Since aldehyde 1 was soluble in CHCl3, this sol-
vent was used. Diastereomeric ratio (dr) was determined
by 1H NMR of the crude extract; then the crude reaction
mixture was transformed to the oxime with O-benzyl-
hydroxylamine,5 either directly from the crude extract
or after quick purification of 2, and the enantiomeric
excess (ee) was determined by HPLC analysis.

Although sulfonamide 51l and diamine 6-CF3CO2H1f

are excellent asymmetric catalysts for Michael reactions
between simple alkylaldehydes and b-nitrostyrenes,
these catalysts were less optimal for the Michael reaction
of 1 with respect to the yield of the desired product and
enantioselectivity (entries 4–6). Some of the reactions
formed polymer-like byproducts. Since use of brine
has been demonstrated to suppress polymerization of
nitrostyrene,1o the reaction with catalyst 3 was also
tested in CHCl3–brine. Catalyst 3 contains hydrophobic
phenyl groups and was expected to be present in CHCl3
phase with aldehyde 1 and nitrostyrene when the reac-
tion is performed in CHCl3–brine. The 3-catalyzed reac-
tion in CHCl3–brine was slightly faster than the same
reaction in CHCl3. This screening showed that the best
results were obtained when the Michael reaction of 1
was performed using pyrrolidine derivative 3 in
CHCl3–brine (entry 2). The enantioselectivity of the
major diastereomer of this reaction was 94% ee.
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Table 1. Evaluation of catalysts for the Michael addition reaction of aldehyde 1 to nitrostyrenea
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Entry Catalyst Solvent drb syn:anti eec (%) syn/anti

1 3 CHCl3 2:1 86/66
2 3 CHCl3–brine 3:1 94/76
3 4 CHCl3 2:1 72/30
4d 5 CHCl3 4:1 —e

5 6 CHCl3 2:1 67/<5
6 6-CF3CO2H (1:1) CHCl3 1:1 50/<5

a Conditions: A mixture of aldehyde 1 (0.2 mmol), b-nitrostyrene (0.4 mmol), and catalyst (0.04 mmol, 20 mol % to 1) in CHCl3 (1.0 mL) or in CHCl3
(1.0 mL)–brine (1 mL) was stirred at room temperature for 24–72 h. Conversion of 1 was >70% in all cases, except for the reaction shown in entry 4.

b Determined by 1H NMR of the crude reaction mixture.
c Determined by chiral phase HPLC of oxime of 2 with O-benzylhydroxylamine. Absolute configurations were not determined.
d The reaction afforded significant amount of precipitation, possibly polymerized products of nitrostyrene.
e Not determined.
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Since catalyst 3 was best among those tested for the
Michael reaction of 1, reactions using 3 were investigated
further (Table 2). The 3-catalyzed reaction was repeated
numerous times and the dr and ee were slightly different
each time (the range of the ee of the syn-isomer: 85–94%
ee). When product 2 was carefully purified by silica gel
column chromatography and then converted to the
oxime for the determination of the ee, the ee of the major
isomer syn-2 was lower than when the ee was determined
without isolation of 2 (entries 1 and 2). When 2 was
directly converted to the oxime using the reaction
mixture or a crude extract of the reaction mixture, the
ee of the syn-2 was higher than when 2 was purified.
These differences may originate from enolization of the
aldehyde of the product.5 The a-position of the aldehyde
in product 2 should be readily epimerized because of the
phthalimide group.5 The enantiomeric purity of the anti-
isomer was lower than that of the syn-product; therefore
interconversion between the syn- and anti-isomers
decreases the ee of the syn-product.

Catalyst 3 should form an enamine with aldehyde 1 for
catalysis. This catalyst, however, does not have a func-
tional group for activation of nitrostyrene. Nitrosty-
renes are more reactive with the enamine intermediate
when hydrogen bonds are formed with the nitro
group.1,2 These hydrogen bonds should accelerate the
rate of the reaction and might increase the dr and ee
of the products.1,2 Therefore, potential hydrogen
bond-forming compounds, thiourea 7, catechol 8, and
methyltetrazol 9, were added to the 3-catalyzed reaction
(Table 2, entries 2–5) and reaction rate, diastereo- and
enantioselectivities were analyzed. As a control, the 3-
catalyzed reaction with CF3CO2H was also performed
(entry 6). In order to minimize epimerization during
purification, conversion yield and dr were determined
by 1H NMR of a crude extract of the reaction mixture.
The mixture was then directly, or after quick purifica-
tion, transformed to the oxime with O-benzylhydroxyl-
amine and the ee values were determined by HPLC
analysis of the oxime,4 except as noted. The 3-catalyzed
reaction with thiourea 7 afforded higher ee of the major
isomer (98% ee without purification) and had a slightly
faster reaction rate (�1.2-fold) than that of the reaction
in the absence of 7 (entry 2 vs entry 1). But the actual
function of 7 was not clear compared to the reactions
with other additives (entries 4–6).

The reaction using catalyst 3 and thiourea 7 in CHCl3–
brine under conditions of Table 2, entry 2 afforded the
best results of those tested with respect to the reaction
rate, extent of byproduct formation, and enantiomeric
excess of the major isomer syn-product. Although the
ee of 2 slightly decreased when product 2 was purified
because of possible enolization, this problem should be
overcome by direct transformation of the aldehyde
group of the Michael product to other functional groups
prior to workup.6

The conditions that afforded the highest enantioselectiv-
ity for the major isomer of the Michael product, that is,
use of catalyst 3 with thiourea 7 in CHCl3–brine, were
applied to Michael reactions of a series of nitroolefins
(Table 3). The Michael products were purified and char-
acterized in order to confirm that the reactions afforded
desired Michael products under these conditions,
though it is likely that erosion in enantiomeric purity
occurred due to the purification. The desired Michael



Table 2. Evaluation of additives for the 3-catalyzed Michael addition reaction of aldehyde 1 to nitrostyrenea
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Entry Additive Solvent Time (h) Conversion and yieldb (%) drc syn:anti eed (%) syn/anti

1e — CHCl3–brine 24 60 3:1 94/76
48 100 (72) (1.5:1)f (88/72)f

2 7 CHCl3–brine 24 70 2:1 98/68
48 100 (95) (2:1)f (85/68)f

3g 7 CHCl3–brine 24 50 5:1 90/76
4 8 CHCl3–brine 24 57 2:1 94/90

48 100 2:1 90/68
5 9 CHCl3–brine 24 100 4:1 90/61
6 CF3COOH CHCl3–brine 24 58 2:1 88/74
7 7 CHCl3 24 87 1:1 86/41

a Conditions: A mixture of aldehyde 1 (0.2 mmol), b-nitrostyrene (0.4 mmol), catalyst 3 (0.04 mmol, 20 mol % to 1), and additive (0.04 mmol) in
indicated organic solvent (1.0 mL) or in CHCl3 (1.0 mL)–brine (1 mL) was stirred at room temperature.

b Conversion yield was determined based on the ratio of 1 and 2 determined by 1H NMR. Isolated yield was indicated in parenthesis.
c Determined by 1H NMR of the crude reaction mixture, except noted.
d Determined by chiral phase HPLC of oxime of 2 with O-benzylhydroxylamine.
e See Table 1, entry 2.
f Determined on purified 2. The syn- and anti-isomers were not discriminated on TLC.
g The reaction was performed with doubled concentration for each reactant, catalyst 3, and additive 7.

Table 3. Michael addition reactions of aldehyde 1 to nitroolefins catalyzed by pyrrolidine derivative 3 with thiourea 7a
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Entry R Time (d) Yieldb (%) drc syn:anti

1 4-Me 7 99 2:1
2 4-Br 4 70 2:1
3 3,4-di-Cl 3 92d 2:1
4 2,4-di-Cl 4 97 2:1
5 2-CF3 1 45 1:1

a A mixture of aldehyde 1 (0.2 mmol), nitroolefin (0.4 mmol), catalyst 3 (0.04 mmol, 20 mol % to 1), and 7 (0.04 mmol) in CHCl3 (1.0 mL)–brine
(1 mL) was stirred at room temperature. Typical work-up and purification afforded the Michael products (syn/anti mixture).

b Isolated yield.
c Determined by 1H NMR of the purified products.
d Enantiomeric excesses of the isolated product: syn 86% ee, anti 86% ee (determined by chiral phase HPLC of the oxime with O-

benzylhydroxylamine).
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products were obtained in good yields in a few to 7 days.
Because of the possible epimerization of the products, in
the further development of the Michael reactions of
aldehyde 1, the product aldehyde group should be trans-
formed directly, without isolation of the Michael prod-
ucts, to other groups that do not promote epimerization.
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In summary, catalytic enantioselective Michael reactions
of a-amino aldehyde 1 to nitroolefins have been
performed using catalyst 3 and thiourea 7. When the
Michael product was transformed to its oxime without
purification, the enantiomeric purity of the major isomer
was excellent. Further development of the Michael reac-
tions of a-amino aldehyde 1 and their applications to the
synthesis of enantiomerically enriched functionalized
compounds should take into account the lability of these
compounds: The Michael reactions of aldehyde 1 should
be directly coupled with other reactions that modify the
aldehyde functionality of these products.
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