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We report, for the first time, asymmetric organocatalytic Michael-type addition of stabilized phosphorus
ylides to nitroolefins mediated by bisthiourea catalyst. Its subsequent reaction with formaldehyde pro-
vides c-nitro-a-methylene carboxylic esters in moderate to good yields and enantioselectivities (up to
63% ee).

� 2009 Elsevier Ltd. All rights reserved.
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Enantioselective reactions catalyzed by small organic molecules
(asymmetric organocatalysis) that mimic enzymes and utilize
hydrogen bonds for activating the electrophiles have attracted
attention from a large number of organic chemists working in
the area of asymmetric synthesis.1–4 Among them, organocatalytic
Michael reaction of various nucleophiles with nitroalkenes repre-
sents a direct and the most appealing approach to access nitroalk-
anes that are versatile intermediates in organic synthesis.5 Our
recent success with nitroolefins as Michael acceptors6 in enantio-
selective conjugate addition of carbonyl compounds prompted us
to evaluate them for other useful transformations.

Stabilized phosphorus ylides (P-ylides), apart from the tradi-
tional Wittig reaction, have also been widely used in alkylation
reactions.7 Unlike sulfur ylides,8 thier application in asymmetric
synthesis has not been much explored. Inspired by the proven abil-
ity of stabilized phosphorous ylides to serve as good nucleophiles
for the enantioselective addition to activated electrophiles,9 we
envisioned that P-ylides could serve as nucleophilic species to at-
tack appropriately activated nitroolefins, followed by proton trans-
fer to give chiral functionalized P-ylides (Scheme 1). This could be
followed by the reaction with formaldehyde to provide the desired
c-nitro-b-aryl-a-methylene carbonyl compounds.

In recent years, chiral Brønsted acids have appeared to be effec-
tive organocatalysts for conjugate additions to nitroolefins. In par-
ticular, chiral thioureas have received much attention and have
frequently been used as catalysts for transformations related to
enantioselective activation of nitroolefins.10 We envisioned that
chiral thiourea would effectively catalyze this reaction by forming
hydrogen bonding with nitroolefins to give optically pure c-nitro-
b-aryl-a-methylene carbonyl compound via enantioenriched phos-
phorane intermediate (Scheme 1).
ll rights reserved.
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As anticipated, the reaction occurred smoothly and we describe
our results in this Letter.

Furthermore, the reaction provides highly functionalized c-ni-
tro carbonyl compounds, which cannot be accessed via conven-
tional Morita–Baylis–Hillman (MBH) reaction of nitroolefins and
acrylates (Scheme 2).11

At the outset, a series of reactions were carried out between P-
ylide 2a and nitroolefin 3a in toluene with 10 mol % of chiral
Brønsted acid catalyst 1a (Fig. 1). The reaction was complete in
24 h at room temperature and the expected P-ylide was isolated
as a stable compound. This was followed by its reaction with for-
malin to give c-nitro-b-aryl-a-methylenic ester 4a in 59% yield
and 10% ee (Table 1, entry 1). However, on decreasing the reaction
temperature from rt to 0 �C and �20 �C, enantioselectivity in-
creased gradually with a decrease in the rate of the reaction (Table
1, entries 2 and 3). When the catalyst loading was increased from
10 to 30 mol %, a major enhancement in chemical yield of the reac-
tion was observed, with no appreciable change in enantioselectiv-
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Scheme 1. A novel route to chiral c-nitro carbonyl compounds.
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Table 2
Effect of solvent on enantioselectivitya

NO2

Ph PPh3

OEt

O

2

1. 1a, solvent,
  -20 °C, 4Å MS,

2. HCHO, THF,  rt
Ph OEt

O
O2N

*

4a

Entry Solvent Time (d) Yieldb (%) eec (%)

1 CH2Cl2 2 25 14
2 CHCl3 2 25 32
3 THF 2 33 33
4 Toluene 5 46 47
5 o-Xylene 5 52 53
6 Benzene ‘6 44 22d

7 DMF 1 35 08
8 CH3CN 1 — —e

9 o-Xylene 6 54 63f

a Reactions were carried out at 0.16 mmol scale in 0.5 mL solvent,
2:3:1a = 1:1.5:0.3.

b Isolated yield.
c Determined by chiral HPLC.
d Reaction was carried out at �5 �C.
e Complex mixture.
f Reaction was carried out at �40 �C.
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Figure 1. Chiral Brønsted acid catalysts.

Table 1
Optimization of reaction conditions for enantioselective Michael-type reactiona

NO2

Ph PPh3

OEt

O

2a

1. 1, toluene
2. HCHO, THF,
    rt

Ph OEt

O
O2N

*

4a3a

Entry Catalyst Mol% Temp (�C) Time (d) Yield (%) eeb (%)

1 1a 10 rt 1 59 10
2 1a 10 0 2 54 15
3 1a 10 �20 5 25 35
4 1a 20 �20 5 34 37
5 1a 30 �20 4 47 39
6 1a 30 �20 5 46 47c

7 1b 30 �20 5 25 15c

8 1c 30 �20 3 44 �11c

9 1d 30 �20 4 49 24c

10 1e 30 �20 3 35 39c

11 1f 30 �20 3 35 �37c

12 1g 30 �20 2 38 36c

a Reactions were carried out with 0.16 mmol of 2, and 0.24 mmol of 3 in 0.5 mL of
solvent. Then excess of HCHO was added and stirred at room temperature for 24 h.

b Determined by chiral HPLC. The absolute configurations have not been assigned
yet.

c 4 Å molecular sieves were added for this reaction (Table 2, entry 5).
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Scheme 2. Alternate approach to c-nitro carbonyl compounds.
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ity (Table 1, entries 3–5). It was gratifying to note that an addition
of 4 Å molecular sieves showed positive effect on the enantioselec-
tivity of the reaction (Table 1, entry 6). After optimizing the reac-
tion conditions, various chiral Brønsted acid catalysts 1b–g with
different hydrogen bond-donating arms were screened in the
above-mentioned reaction, and the results are summarized in Ta-
ble 1. The poor enantioselectivity with catalysts having sulfon-
amide13b and sulfamide group as hydrogen bond-donating arms
clearly indicates that the presence of thiourea group is crucial to
get asymmetric induction in this reaction (Table 1, entries 7 and
8). It was also observed that the catalysts bearing both thiourea
and hydroxyl group13a on their skeleton afforded the product in
moderate yield and enantioselectivities (Table 1, entries 9 and
10). In order to see the effect of cyclohexyl backbone of bisthiourea
catalyst 1a on the enantioselectivity, catalysts with diphenyl9,12e

(1f) and binapthyl12d (1g) backbone were then studied, but the cor-
responding Michael adduct was obtained in moderate enantiose-
lectivities (Table 1, entries 11 and 12). In view of this study, the
catalyst 1a was chosen for further study.

The effect of solvent on the enantioselectivity of the reaction
was then studied (Table 2). Among the different solvents screened,
non polar solvents were found to be superior in comparison to the
polar ones. Of the different non polar solvents tested, o-xylene was
the optimum choice. Finally, we were pleased to find that cooling
the reaction mixture to �40 �C had a positive effect on the enanti-
oselectivity and the product 4a was obtained in 63% ee while a
good level of conversion was maintained (Table 2, entry 9).

Having identified the optimized condition for this reaction, we
evaluated the effect of ester substituent of P-ylides14 on yield
and enantioselectivity (Table 3). Ethyl ester 2a turned out to be
the suitable ylide for the reaction (Table 3, entry 1).

Ylides 2b and 2c led to the addition product in low yield and
enantioselectivity (Table 3, entries 2 and 3). Reaction with bulky
tert-butyl ester 2d afforded the Michael adduct in excellent yield
and moderate enantioselectivity (Table 3, entry 4).

The scope and limitations of the Michael-type reaction cata-
lyzed by bisthiourea 1a were then examined. A wide range of nitro-
olefins including both aromatic and aliphatic nitroolefins reacted
smoothly with 2a under optimized condition to give Michael ad-
duct in moderate to good yield and enantioselectivity (Table 4).
It was observed that the electronic nature of the substituents at
the aromatic ring shows significant effect on the enantioselectivity
(Table 4, entry 2 vs 6). Heteroaromatic nitroolefin also gave the Mi-
chael adduct in moderate yield and enantioselectivity (Table 4, en-



Table 4
Enantioselective Michael-type addition of P-ylide with different nitroolefinsa

NO2

R PPh3

OEt

O

2a

1. 1a, o-xylene,
 -40 °C, 4Å MS,

2. HCHO, THF, rt
R OEt

O
O2N

*
4

Entry R Time (d) Product Yieldb

(%)
eec (%)

1 C6H5 6 4a 54 63
2 4-ClC6H 6 4e 63 63
3 4-FC6H4 6 4f 27 46
4 3-ClC6H4 6 4g 26 39
5 3-FC6H4 6 4h 25 35
6 4-OMeC6H4 6 4i 35 24
7 3-MeC6H4 6 4j 35 42
8 4-MeC6H4 6 4k 35 41
9 3,5-MeC6H3 6 4l 29 59

10 3,4-Methylene dioxy-
C6H3

4 4m 52 11

11 2-Thioenyl 6 4n 40 43
12 PhCH2CH2 6 4o 60 16
13 Cyclohexyl 4 4p 43 19

a Reactions were carried out at 0.16 mmol scale in 0.5 mL o-xylene,
2:3:1a = 1:1.5:0.3.

b Isolated yield.
c Determined by chiral HPLC. The absolute configurations have not been assigned

yet.

Table 3
Effect of ylides on enantioselectivitya

NO2

PhPPh3

OR

O

2a-d

1. 1a, o-Xylene, 
   -40 °C, 4d, 

4Å MS
2. HCHO, THF, rt

Ph OR

O
O2N

*

4a-d

Entry R Product Yieldb (%) eec (%)

1 Et 4a 54 63
2 Me 4b 56 36
3 iPr 4c 30 14
4 tBu 4d 72 41

a Reactions were carried out at 0.16 mmol scale in 0.5 mL o-xylene,
2:3:1a = 1:1.5:0.3.

b Isolated yield.
c Determined by chiral HPLC. The absolute configurations have not been assigned

yet.
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try 11). With aliphatic nitroolefins, the addition products were ob-
tained in low ee (Table 4, entries 12 and 13).

In conclusion, we have developed the first asymmetric Michael-
type reaction of stabilized phosphorus ylides with nitroalkenes,
followed by its reaction with formaldehyde to provide optically ac-
tive c-nitro-a-methylene carboxylic esters in moderate to good
yields and enantioselectivities (up to 63% ee). The reaction is cata-
lyzed by simple thiourea-based organocatalyst, which can be read-
ily synthesized from commercially available starting materials. The
procedure is operationally very simple and provides versatile syn-
thetic intermediates. Further elaboration of this novel transforma-
tion, its synthetic application to determine the absolute
stereochemistry and mechanistic studies are ongoing in our
laboratory.
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