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An enantioselective Michael addition of malonate to nitroalkenes
catalyzed by low loading demethylquinine salts in water
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Abstract—An enantioselective Michael addition of malonate to nitroalkenes is efficiently catalyzed by low loading demethylquinine
salts in water; the yield range from 49% to 93% and the ee up to 90%.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Representative organocatalysts used for Michael addition.
Michael addition reaction of various nucleophiles to
highly electron deficient nitroalkenes has been proven
to be a very versatile transformation. It provides a con-
venient access to valuable synthones and building
blocks, which may lead to a variety of multifunctional
compounds of synthetic interests.1 The nitro group has
been described as a ‘synthetic chameleon’ because it
serves as a masked precursor to many useful functional-
ities. Notable examples2 include Nef reaction, Meyer
reaction, reduction to an amino group, and conversion
into the nitrile oxide for 1,3-dipolar cycloaddition reac-
tions. Considerable progress has been made in recent
years in developing efficient asymmetric Michael addi-
tion reaction under stoichiometric3 and catalytic condi-
tions by using chiral metal complexes4 and transition
metal-free organocatalysts.5 Figure 1 shows some repre-
sentative chiral organocatalysts used for asymmetric
Michael additions. In most cases these organocatalytic
reactions are conducted in organic solvents, and the cat-
alyst loadings are as high as 10–30 mol %.

In the past few years, utilization of water as a solvent
has emerged as an extensively investigated topic6 in
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the area of asymmetric organic transformations for its
environmental friendly character and low cost.
Although water has been employed for the Michael
addition reactions in recent reports,7 however, the donor
of Michael addition is limited to ketones or diketones
and most catalysts are not easily obtained. We envi-
sioned a great opportunity to develop water-soluble
salts as they may lead to a new class of chiral organo-
catalysts with high catalytic efficiency and enantio-
selectivity toward organic reactions. Herein, we wish to
report a novel catalyst derived from the vastly available
natural product quinine, which catalyzed the Michael
addition reactions of malonate to various nitroalkenes
in aqueous conditions with low catalyst loading.
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All of these demethylquinine salts 2 were easily prepared
from quinine with overall yield of 78–85% (Scheme 1).
To the best of our knowledge, this is the first example
of salts used as a catalyst in Michael addition of malo-
nate to nitroalkenes in water.

Firstly, sodium demethylquinine salt (2b) was used to
optimize the Michael addition of malonate to nitroalk-
ene in water and the results are summarized in Table
1. It is seen that this reaction can proceed smoothly with
10 mol % catalyst loading in either organic solvent
(THF or toluene) or water (Table 1, entries 1, 2, and
6), giving high yield (�90%) of the product. However,
the enantioselectivity depends significantly on the
concentration of the substrates in water. Increasing the
substrate concentration in water remarkably increases
N

MeO

NHO

N

HO

NHO

NaSEt, DMF, 110 °C 

N

MO

NHOMOH, H2O, RT M=Li 2a
M=Na  2b
M=K  2c
M=Cs  2d

Scheme 1. Preparation of demethylquinine salts (2a–2d).

Table 1. Asymmetric Michael addition of malonate to nitroalkene
under different conditionsa

Ph
NO2 + MeO2C CO2Me 2

H2O, RT Ph
NO2

MeO2C CO2Me

Entry Cat loading
(mol %)

Solventb (M) Reaction
time (h)

Yieldc

(%)
eed (%)

1 2b (10) THF (1.0) 6 92 18
2 2b (10) Toluene (1.0) 6 91 15
3 2b (10) H2O (0.1) 6 90 3
4 2b (10) H2O (0.25) 6 92 23
5 2b (10) H2O (0.5) 6 91 23
6 2b (10) H2O (1.0) 6 90 65
7 2b (1) H2O (1.0) 10 91 66
8 2a (1) H2O (1.0) 10 88 61
9 2c (1) H2O (1.0) 10 86 60

10 2d (1) H2O (1.0) 10 86 59

a The reaction was carried out with 1 equiv of nitroalkene and
1.5 equiv of malonate at room temperature on a scale of 0.4 mmol of
nitroalkene.

b The concentration of nitroalkene.
c Isolated yields.
d Enantiomeric excess (ee) was determined by chiral HPLC analysis

(Chiralcel OD-H column, and absolute configuration was determined
to be S, see Supplementary data).
the enantioselectivity (Table 1, entries 3–6). In addition,
decreasing the catalyst loading to 1 mol % does not
appreciably influence the yield and enantioselectivity
(Table 1, entries 6 and 7). The lithium, potassium, and
cesium demethylquinine salts (2a, 2c, and 2d) have a
similar catalytic property to the corresponding sodium
salt (Table 1, entries 7–10), suggesting that the metal cat-
ion has little impact on catalytic efficiency in this asym-
metric Michael addition conducted in water. Compared
with unsalted catalyst 1e, which was used by Deng in
this Michael addition under 10 mol % catalyst loading
in THF,5o catalyst 2b has moderate to high ee value with
1 mol % loading in water.

Under the optimized reaction conditions of entry 7
(Table 1), 2b was employed to catalyze the asymmetric
Michael addition of malonate to various nitroalkenes.
The results are summarized in Table 2. Moderate to
good yields were obtained in each case. The yields of
5i and 5j with ortho- and meta-substituents (Table 2,
entries 8 and 9) have a significant increase compared
with para-substituents (Table 2, entries 2 and 3), but
the enantioselectivities show a small decrease. Elec-
tron-donating groups 4-OMe and 4-OTBS on the phenyl
ring were favored for higher enantioselectivity (Table 2,
entries 6 and 10), while electron-withdrawing substitu-
ents were found to lower the ee’s of the products
Table 2. Asymmetric Michael addition of malonate to various
nitroalkenes under 1 mol % 2ba

Ar
NO2 + RO2C CO2R 2b

H2O, RT Ar
NO2

RO2C CO2R

3 4 5

Entry 3 Ar 4 R 5 Yieldc

(%)
eed

(%)

1 p-F–C6H4 CH3(4a) 5b 76 49
2 p-Cl–C6H4 CH3(4a) 5ce 78 75
3 p-Br–C6H4 CH3(4a) 5de 75 84
4 p-CH3–C6H4 CH3(4a) 5e 74 56
5 p-OAc–C6H4 CH3(4a) 5f 62 59
6 p-OMe–C6H4 CH3(4a) 5ge 71 86
7 m-OMe–C6H4 CH3(4a) 5he 82 64
8 o-Cl–C6H4 CH3(4a) 5i 93 70
9 m-Br–C6H4 CH3(4a) 5je 86 62

10 p-OTBS–C6H4 CH3(4a) 5k 88 90
11 p-OH–C6H4 CH3(4a) 5l 55 28
12 2-Furyl CH3(4a) 5me 93 74
13 1-Naphthyl CH3(4a) 5ne 76 82
14 2-Naphthyl CH3(4a) 5o 78 66
15 1-Naphthyl CH2CH3(4b)b 5p 93 85
16 2-Naphthyl CH2CH3(4b)b 5q 90 79
17 Ph iPr(4c)b 5r 49 74
18 Ph Bn(4d)b 5s 85 60

a Unless otherwise specified, the reaction was carried out with 1 equiv
of 3 and 1.5 equiv of 4a in the presence of 1 mol % 2b on a scale of
0.4 mmol of 3. Reaction times were run for 6–10 h (see Supplemen-
tary data).

b 2.5 equiv of malonates was used.
c Isolated yields.
d Enantiomeric excess (ee) was determined by chiral HPLC analysis.
e Absolute configuration was determined to be S (see Supplementary

data).
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(Table 2, entry 1). It is noteworthy that both yield and
enantioselectivity for compound 5l (Table 2, entry 11)
are fairly low. A possible explanation for this observa-
tion might be due to the exchange of the sodium ion
between the phenolic catalyst 2b and the unprotected
para-hydroxy nitrostyrene. Isopropyl malonate ester
also has a moderate enantioselectivty though obtained
in low yield possibly due to steric hindrance (Table 2,
entry 17), but the benzyl malonate ester has a good yield
and moderate enantioselectivity (Table 2, entry 18).
Compared with the previously reported catalytic proce-
dures,5 the yield and enantioselectivity are similar. How-
ever, the unique features of the current system such as
transition metal-free, low catalyst loading, and the aque-
ous reaction media make this procedure more attractive.

Taking advantage of the big difference in solubility
between sodium demethylquinine salt and the products
in water, recycling of the catalyst can be easily accom-
plished. Thus, after the first reaction was completed as
monitored by TLC, the reaction mixture was extracted
by PE/Et2O several times until the product was com-
pletely removed. Then the substrates were added to
the aqueous phase containing the catalyst and stirred
vigorously to conduct the reaction again. In the case
of 5 mol % catalyst loading this recycling could be
repeated seven times without loss in enantioselectivity,
while the yield was slightly decreased (Table 3). Com-
pared with the polymer-supported catalysts,8 this sepa-
ration process through solvent extraction is much
more convenient and economical. When the tertiary
amine of demethylquinine salt 2b was alkylated with a
benzyl group to form a kind of PTC catalyst,9 the result-
ing quaternary ammonium salt provided poor enantio-
selectivity though in high yield.

In conclusion, soluble demethylquinine salt 2b has been
shown as a kind of efficient novel catalyst for asymmet-
ric Michael addition of malonate to nitroalkenes in
water. The environmental friendly solvent and simple
recycling procedure make this protocol attractive.
Table 3. Recycling of 2b under 5 mol %a

+
EtO2C CO2Et

2b

H2O, RT

3 4b
5p

NO2

EtO2C

CO2Et

NO2

Entry Recycle time Yield (%) ee (%)

1 0 94 89
2 1 89 89
3 2 87 90
4 3 89 88
5 4 85 85
6 5 79 87
7 6 77 88
8 7 74 76

a The reaction was carried out with 1 equiv of 3 and 2.5 equiv of 4b in
the presence of 5 mol % of catalyst at room temperature on a scale of
0.4 mmol of 3. All reactions were run for 10 h.
Extension of this procedure to other reactions is under-
way in this laboratory.
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