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A series of amphiphilic proline-derived mercapto imidazole organic catalysts were synthesized and
shown to be very effective with an acid cocatalyst for the asymmetric Michael addition reaction of
ketones to nitroolefins with high diastereoselectivity (up to 99:1) and execellent enantioselectivity
(up to 96% ) using water as solvent.
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Water is environmentally benign, safe and cheap compared
to organic solvents, and therefore the use of water as the
reaction solvent has received much attention in the field of
green chemistry. However, the incompatibility between organic
reactants and water limits its applications.

The Michael addition is one of the most powerful methods
for the formation of C-C bonds in organic synthesis [1]. Since
List et al. [2] reported the proline-catalyzed asymmetric Mi-
chael addition reaction, the direct asymmetric Michael addition
of unmodified carbonyl compounds into nitro olefins has been
regarded as an efficient synthesis route for chiral y-nitro car-
bonyl compounds [3-7], which serve as versatile building
blocks for the synthesis of complex organic molecules [8,9].
Meanwhile, effective organocatalytic Michael addition reactions
in an aqueous system have also been reported by several re-
search groups [10-12]. In 2006, Barbas III's group developed a

catalytic direct asymmetric Michael reaction of ketones to ni-
troolefins that can be performed in brine using an amphiphilic
protonated diamine organic catalyst [10]. In the same year, Luo
et al. [11] synthesized surfactant-type organic catalysts (SATO)
for the same reactions in water. In case, high enantioselectivity
up to 98% and diastereoselectivity up to 99% were observed.
Recently, Syu et al. [12] reported a new second amine catalyst
bearing a sulfide which showed high catalytic activity toward
the direct asymmetric Michael reaction of cyclohexanone and
aromatic nitroolefins using water as the solvent. In the above
cases, reactions involving aliphatic nitroolefins were not re-
ported [13-15]. Therefore, the development of a new method
for asymmetric Michael addition to aliphatic nitroolefins using
water as solvent is in demand.

Recently, the development of amphiphilic organic catalysts
that form an emulsion system has proved to be a promising

* Corresponding author. Tel: +86-411-84379302; Fax: +86-411-84694447; E-mail: yanliu503@dicp.ac.cn

# Corresponding author. E-mail: duxin@dlut.edu.cn

$ Corresponding author. Tel: +86-411-84379070; Fax: +86-411-84694447; E-mail: canli@dicp.ac.cn
This work was supported by the National Natural Science Foundation of China (21002100) and the Fundamental Research Funds for the Central

Universities of China (DUT12LKO07).

DOI: 10.1016/S1872-2067(14)60080-2 | http://www.sciencedirect.com/science/journal/18722067 | Chin. . Catal, Vol. 35, No. 7, July 2014



Jianwei Wei et al. / Chinese Journal of Catalysis 35 (2014) 1008-1011

LiBr/THF O—\

0- TSP reflux I\{ Br
Cbz Cbz

e Crne
Cbz
HS—( ] Oﬂ H R
N N < ] t-BuOK/THF O’W X
K,COg3, acetone, reflux \ SN
2C0; Cbz N RBr 1\{ 54<\ |
6 mol/LL HCI Oﬂ R\ Cbz N
ity N
reflux N S ]
H %\N |

la:R=H 1d: R = C,Hys
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1b:R=C4Hy 1le: R=CigH3y
le:R=CgHy; 1f: R=CyyHys

strategy to improve mass diffusion limitation in water-oil bi-
phasic organocatalytic systems [16-19]. As our continuing
effort to develop new chiral emulsion organocatalytic systems,
we envisioned that the strategy of emulsion catalysis would
increase the reactivity of aliphatic nitroolefins in the aqueous
Michael addition reaction because of the increased frequency of
contact between the catalyst, that has a long carbon chain, and
the substrates. In this communication, we report a new
amphiphilic proline-derived mercapto imidazole organic
catalyst, which forms an emulsion system in the reaction
mixture by self-assembly.

A series of proline-based organic catalysts bearing a
mercapto imidazole motif (Scheme 1) with different
hydrophobic alkyl chains were designed and synthesized in five
steps from commercially available N-Cbz-L-prolinol. The details
for the synthesis of the catalysts were given in the Supporting
Information.

The model asymmetric Michael reaction of cyclohexanone
2a to B-trans-nitroolefin 3a was conducted in water by using
20 mol% catalyst loading at room temperature. The results are
given in Table 1. All the catalysts promoted this reaction (Table
1, entries 1-6), especially catalysts 1d-1f bearing hydrophobic

Table 1
Catalysts screened for the reaction of cyclohexanone 2a and nitroolefin
3a.a
i Catal; 20 mol% ©
ij ©/\/NO2 thga(l)}g-l((zorrrlr?ol‘(’)/?,) o: NO
+ 2
H,0, r.t. B
2a 3a 4a
Entry Catalyst Conversion® (%) ee(%)
1 la 61 91
2 1b 62 93
3 1c 69 92
4 1d 85 92
5 le 97 84
6 1f 75 91
74 1d 94 87
8e 1d 99 83
9f 1d 99 87

aUnless otherwise noted, all reactions were carried out at room tem-
perature in water (0.5 mL), catalyst 1 (20 mol%), benzoic acid (20
mol%), 2a (1.2 mmol), 3a (0.20 mmol), reaction time 5 h.

bDetermined by 'H NMR.

¢Determined by chiral HPLC analysis.

40.5 mL CH2Clz was used.

0.5 mL CHCl3 was used.

fThe reaction was carried out in neat condition.

Fig. 1. Microscope images of the emulsion system formed with 1d.

alkyl chains with different lengths, which exhibited higher ac-
tivities in metastable emulsion states (Fig. 1). Catalyst 1d with
a dodecane moiety was the most efficient. The reaction also
proceeded efficiently in an organic solvent or under neat condi-
tion. However, small decreases in enantioselectivity were ob-
served (Table 1, entries 7-9).

An extensive study of various acids other than benzoic acid
highlighted the importance of the nature of the acidic counter-
part. As illustrated in Table 2, the activity varied dramatically
with the different acids. Only 63% yield after 72 h was achieved
when no additive was added (Table 2, entry 9). In the presence
of the strong acid CF3COOH, only a trace of the desired product
was detected (Table 2, entry 7). The reactions with the rela-
tively weak acids such as aliphatic and aromatic acids as the
additive gave products in higher yield (up to 99% yield, Table
2, entries 1-6, 8). On the basis of both the reactivity and enan-
tioselectivity, 4-nitrobenzoic acid was chosen.

Under the optimal reaction conditions, a variety of nitrosty-
renes bearing different substitutions were investigated. The
results are summarized in Table 3. Various styrene-type ni-
troalkenes reacted smoothly with cyclohexanone to provide the
corresponding adducts in good yield with high enantioselectiv-

Table 2
Influence of the additive on the reaction of cyclohexanone 2a and ni-

troolefin 3a.2
1d (20 mol%) o
©/\/NOZ additive (20 mol%) NO
+ > - 2
H,0, 1t :

2a 4a
Entry Additive Time (h) Yield® (%)  eec<(%)
1 benzoic acid 12 83 92
2 4-methylbenzoic acid 12 87 93
3 4-methoxybenzoic acid 12 89 93
4 4-hydroxybenzoic acid 12 90 92
5 4-nitrobenzoic acid 12 99 93
6 Salicylic acid 12 99 92
7 CFsCOOH 12 16 92
8 CH3CH2COOH 12 81 93
9d — 72 63 90

aUnless otherwise noted, all reactions were carried out at room tem-
perature in water (0.5 ml), catalyst 1d (20 mol%), benzoic acid (20
mol%), 2a (1.2 mmol), 3a (0.20 mmol).

bIsolated yield based on 3a.

¢Determined by chiral HPLC analysis. The absolutely configuration was
determined to be (S,S) by comparing with the [(x] p inthe literature.

4No additive was added.
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