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ABSTRACT

Organocatalytic asymmetric conjugate addition of nitroalkanes to vinyl sulfone mediated by cinchona alkaloid-derived thiourea catalyst afforded
the desired Michael product with good enantioselectivity. The described method, in combination with ready desulfonation, represents a novel
approach to access r-alkylated chiral amines.

The catalytic asymmetric Michael addition is one of the
most powerful carbon-carbon bond-forming reactions,
and remarkable progress has been made in organocatalytic
Michael additions in recent years.1 Nitroalkanes are
versatile donors, and their Michael adducts have been
demonstrated to be valuable intermediates in organic
synthesis. The conjugate additions of nitroalkanes to
imines,2 nitrostyrenes,3 and R,�-unsaturated carbonyl
compounds4 are well documented in the literature and
shown to be extremly useful in accessing a wide range of

chiral structural scaffolds. Vinyl sulfones, on the other
hand, are less-explored acceptors in the asymmetric
Michael reactions.5 D’Angelo et al. reported stereoselec-
tive addition of imines derived from cyclic ketones and
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chiral 1-phenyethylamine to vinyl sulfones.6 Recently,
Deng and co-workers described the construction of all-
carbon quaternary stereocenters based on a cinchona
alkaloid-catalyzed addition of substituted cyanoacetates
to vinyl sulfones.7 The group of Alexakis was the first to
disclose an organocatalytic Michael addition of aldehydes
to vinyl sulfones mediated by their N-iPr-2,2′-bipyrrolidine
catalyst.8 Very recently, our group reported highly enan-
tioselective organocatalytic Michael addition of aldehydes
to various vinyl sulfones by employing prolinol silyl ether
catalyst.9 Subsequently, we applied a cinchona alkaloid-
derived primary amine to achieve the first organocatalytic
enantioselective conjugate addition of cyclic ketones to
vinyl sulfone.10 The utilization of hydrogen bonding
interactions has become a popular approach in asymmetric
catalysis in recent years. In particular, thiourea-based
organocatalysts have found wide applications in a huge
number of organic reactions.11 To the best of our
knowledge, the asymmetric Michael addition of nitroal-
kanes to vinyl sulfone is unknown in the literature. We
hypothesized that bifunctional catalysts containing a
suitable hydrogen bond donor and tertiary amine moiety
should be able to activate nitroalkane and facilitate their
conjugate addition to vinyl sulfone, and enantioselective
addition may be feasible with the careful selection of chiral
structural scaffolds (Figure 1). Herein, we wish to

communicate our investigation on the first example of
asymmetric organocatalytic addition of nitroalkanes to
vinyl sulfone.

For the initial exploration, we examined the catalyic effects
of a number of cinchona alkaloid-based bifunctional catalysts

on the conjugate addition of nitrohexane 1 to vinyl sulfone
2 (Table 1).12 Quinidine 4 catalyzed the reaction with low

enantioselectivity (entry 1). Quinidine-derived sulfonamide,
which promoted enantioselective Michael addition of bicyclic
R-substituted �-ketoesters to nitroolefins,13 was found to be
completely ineffective (entry 2). Various quinidine-derived
thiourea-containing bifunctional catalysts were shown to be
good catalysts (entries 3-6). Among the thioureas tested, 6
was most efficient, yielding the desired product with 76%
ee at room temperature. Solvent screening revealed that
toluene was the best solvent (entries 7-14). By lowering
the reaction temperature to -10 °C, we were able to obtain
the desired adduct in excellent yield and with 86% ee (entry
15).
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Figure 1. Working hypothesis.

Table 1. Screening of Organocatalysts for the Conjugate
Addition of Nitrohexane to Vinyl Sulfonea

entry catalyst solvent temp (°C) yieldb (%) eec (%)

1 4 Toluene rt 91 40
2 5 Toluene rt <10 -
3 6 Toluene rt 92 76
4 7 Toluene rt 85 70
5 8 Toluene rt 87 54
6 9 Toluene rt 85 47
7 6 CHCl3 rt 81 70
8 6 CH2Cl2 rt 83 61
9 6 CH3CN rt 86 40
10 6 THF rt 61 43
11 6 MeOH rt 73 44
12 6 Dioxane rt <30 -
13 6 Et2O rt 82 63
14 6 Acetone rt 75 45
15 6 Toluene -10 87 86

a The reactions were performed with nitrohexane (0.3 mmol), vinyl
sulfone (0.05 mmol), and catalyst (0.01 mmol) in anhydrous solvent (0.5
mL) at indicated temperature, unless otherwise specified. For the determi-
nation of absolute configuration, see Supporting Information. b Isolated yield.
c The ee value was determined by chiral HPLC analysis.
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The optimized conditions were applied to various nitroal-
kanes to establish the scope of the reactions (Table 2). The

conjugate addition of unbranched nitroalkanes proceeded
smoothly, affording the desired products in high yield and
with high enantioselectivity. However, R-substituted nitroal-
kanes and 2-aryl-substituted vinyl sulfones were found to
be unsuitable for the conjugate additions.14

The adducts of conjugate addition of nitroalkanes to vinyl
sulfone are very useful intermediates in organic synthesis.
In particular, the reduction of a nitro group to an amino
function, in combination with ready desulfonation, provides
an easy access to chiral amines.15 To demonstrate the
synthetic application of our methodology, we prepared
1,2,3,4-tetrahydroisoquinoline, which is a potent inhibitor of
phenylethanolamine N-methyltransferase.16 As shown in
Scheme 1, the Michael addition of 1-(2-nitroethyl)benzene

10g to vinyl sulfone 2 yielded chiral sulfone 11g with 74%
ee. The reduction of the nitro group with zinc in acetic acid
afforded chiral amine 12, which was protected with Cbz.
The subsequent desulfonation17 proceeded smoothly to give
intermediate 13, which was then converted into known
intermediate 14, the transformation of which to 1,2,3,4-
tetrahydroisoquinoline was well-established in the literature.16

To account for the observed stereochemical outcome of
the reaction, we propose a transition state model as depicted
in Figure 2. The N-H groups of the thiourea moiety in the

catalyst are belived to form hydrogen bonding interacions
with the nitro group in the substrate to increase the acidity
of the R-hydrogen, and the approach of nitroalkanes from
its Si face to vinyl sulfone leads to the formation of the major
stereoisomers.

In conclusion, we have disclosed the first organocatalytic
enantioselective conjugate addition of nitroalkanes to vinyl

(14) When 2-nitropropyl benzene was treated with vinyl sulfone 2 in
the presence of 6 at room temperature for 48 h, no product was formed.
2-Phenyl vinyl sulfone decomposed under the reaction conditions.
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Table 2. Conjugate Addition of Various Nitroalkanes to Vinyl
Sulfone 2 Catalyzed by Thiourea 6

a The reactions were performed with nitroalkane (0.3 mmol), vinyl
sulfone (0.05 mmol), and catalyst (0.01 mmol) in anhydrous toluene (0.5
mL) at -10 °C. b Isolated yield. c The ee value was determined by chiral
HPLC analysis.

Scheme 1. Conversion of the Michael Adduct to
(R)-1,2,3,4-Tetrahydroisoquinoline

Figure 2. Proposed transition state model.
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sulfone promoted by a quinidine-derived thiourea catalyst.
The described asymmetric conjugate addition, together with
facile reduction and desulfonation, represents a novel ap-
proach to access R-branched chiral amines. Further extension
to include a broader scope of nitroalkanes and to improve
the enantioselectivity of such reactions is in progress in our
laboratory and will be reported in due course.
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