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To develop a cost-effective and an environmentally safe
synthetic process, reduction of reaction steps is commonly

attempted by employing a one-pot synthesis and/or a tandem
reaction. The number of reports on one-pot synthesis or tandem
reaction has been increasing due to the increasing interest in
green chemistry.1 In 2010, Fr�echet’s group achieved a one-pot
synthesis of γ-nitroaldehydes from aldehydes and nitromethane
using a two-mixed-catalyst system consisting of L-proline and an
O-sily prolinol.2 According to their report, L-proline works as a
catalyst for the generation of a nitroalkene from an aldehyde and
nitromethane. Then theO-silyl prolinol works as a catalyst for the
Michael addition of the second aldehyde with the generated
nitroalkene to produce a γ-nitroaldehyde. They confirmed that
both catalysts, L-proline and the O-silyl prolinol, were necessary
to achieve high yields and enantioselectivity of the product. By
their method, several γ-nitroaldehydes were successfully synthe-
sized; however, only water-soluble aldehydes, namely small
aliphatic aldehydes, can be used as the first aldehyde to effectively
generate a nitroalkene as a reaction intermediate.

We have recently reported that a primary amino acid lithium
salt, especially L-phenylalanine lithium salt, is an effective catalyst
for asymmetric Michael addition of aldehydes to nitroalkenes.3

By using our reaction conditions, various aryl nitroalkenes were
converted into γ-nitroaldehydes in good yields with high
enantioselectivity.4�6 On the other hand, nitroalkenes are com-
monly synthesized by dehydration of β-nitroalcohols, which can be
prepared by Henry reaction (nitroaldol reaction) of aldehydes with
nitroalkanes in a basic condition.7 Dehydration of β-nitroalcohols
can be accomplished by a transformation of the hydroxy group
into a good leaving group or simply by heating in an acidic
condition. In the case of using a primary aliphatic amine as a base
for Henry reaction, it is known that a nitroalkene can be
synthesized directly from an aldehyde and a nitroalkane via
formation of a Schiff base.8

In this context, we planned to combine a nitroalkene synthesis
with the asymmetric Michael addition of aldehydes to nitroalk-
enes by a catalytic tandem reaction using a primary amino acid
lithium salt as a catalyst. That is, we designed a one-pot asymmetric
synthesis of γ-nitroaldehydes from aldehydes and nitroalkanes as
depicted in Scheme 1.

First, we examined the reaction of benzaldehyde (1a) with
nitromethane (2a) in the presence of L-phenylalanine lithium salt
(4a), which was the most effective catalyst in our previous works
on asymmetric Michael addition of aldehydes to nitroalkenes
(Scheme 2).3 Various organic solvents were examined; however,
the catalyst 4a could not be dissolved in most of the solvents and
only a trace amount of (E)-β-nitrostyrene (3a) was obtained
along with a large amount of the starting material 1a. The catalyst
4a dissolved in a high-polarity solvent, DMSO; however, a Henry
adduct, 2-nitro-1-phenylethanol (5), was generated as a major
product and no generation of 3awas detected by 1HNMR of the
crude product. To carry out the condensation reaction in
CH2Cl2, which was the most effective solvent in our previous
works on Michael addition reaction,3 we next examined a
lipophilic catalyst, O-tert-butyldiphenylsilyl L-tyrosine lithium
salt (4b).9 To our delight, the nitrostyrene 3a was generated in
33% yield after the reaction was carried out for 24 h at 25 �C in
CD2Cl2. The starting material 1a (18%) and many minor by-
products were also observed by 1H NMR analysis of the reaction
mixture. Since treatment of the nitrostyrene 3a and an equimolar
amount of H2O with the catalyst 4b provided aldehyde 1a, the
condensation reaction of 1a with 2a is confirmed to be an
equilibrium reaction.2,8 To increase the yield of nitroalkenes 3,
an excess amount of nitroalkane 2 and/or a dehydrating reagent
were employed for the condensation reaction (Table 1).
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ABSTRACT: One-pot asymmetric synthesis of γ-nitroaldehydes from
aldehydes and nitroalkanes was achieved by a catalytic tandem reaction
using a primary amino acid lithium salt, O-tert-butyldiphenylsilyl L-tyrosine
lithium salt, as a catalyst. Various aryl, alkenyl, and alkyl aldehydes were
converted into γ-nitroaldehydes via in situ generation of nitroalkenes.



2306 dx.doi.org/10.1021/jo102570p |J. Org. Chem. 2011, 76, 2305–2309

The Journal of Organic Chemistry NOTE

p-Anisaldehyde (1b) was employed as a substrate. First, the
reaction of 1b with an equimolar amount of 2a was carried out
with or without a dehydrating reagent. Without a dehydrating
reagent, 70% of 1b was consumed after seven days; however,
nitroalkene 3bwas obtained in only 38% yield (Table 1, entry 1).
It was found that the addition of a dehydrating reagent, MgSO4,
improved both the yield of 3b and the mass balance of the
reaction, although the addition of other dehydrating reagents,
MS3A and Na2SO4, gave poor results (Table 1, entries 2�4). By
using 5 equiv of 2a to 1b, the condensation reaction proceeded
faster and the yield of 3b was drastically increased (Table 1,

entries 5�8). As a result of optimization of the amount of 2a, no
more improvement of the yield was achieved by using more than
5 equiv of 2a. Since a gradual decomposition of 3b was observed
in longer reaction time, the most appropriate reaction time was

Scheme 1. One-Pot Asymmetric Synthesis of γ-Nitroalde-
hydes by a Catalytic Tandem Reaction

Scheme 2. First Approach to the Synthesis of Nitroalkenes 3a

aThe reactions were carried out with 1a (1 equiv), 2a (1 equiv), and 4
(20 mol %) at 25 �C for 24 h. Yields of 1a and 3awere determined by 1H
NMR, using benzyl acetate as an internal standard. b 2-Nitro-1-pheny-
lethanol (5) was a major product. c 1a was recovered.

Table 1. Optimization of Reaction Conditions for the
Synthesis of Nitroalkene 3ba

entry 2a (equiv) additive t (d) conv (%)b yield (%)c

1 1 none 7 70 38

2 1 MgSO4 7 80 58

3 1 MS3A 7 79 19

4 1 Na2SO4 7 73 32

5 5 MgSO4 0.5 97 76

6 5 MgSO4 1 95 85

7 5 MgSO4 2 98 80

8 5 MgSO4 7 99 55
aThe reactions were carried out with 1b (0.5 mmol), 2a, additive (MS3A
(100mg),MgSO4 (0.5mmol), orNa2SO4 (0.5mmol)) and 4b (0.1mmol)
in CH2Cl2 (1mL) at 25 �C. bDetermined by 1HNMR analysis of the crude
product. c Isolated yield based on 1b.

Table 2. Synthesis of Nitroalkenes 3a

entry R1 t (h) conv (%)b yield (%)c

1 Ph, 1a 48 96 81, 3a

2 4-MeOC6H4, 1b 24 95 85, 3b

3 3-MeOC6H4, 1c 60 93 82, 3c

4 2-MeOC6H4, 1d 24 100 92, 3d

5 3,4-(MeO)2C6H3, 1e 48 90 84, 3e

6 2,4-(MeO)2C6H3, 1f 6 100 96, 3f

7 4-MeC6H4, 1g 24 95 86, 3g

8 4-BrC6H4, 1h 60 91 80, 3h

9 4-ClC6H4, 1i 72 95 80, 3i

10 4-FC6H4, 1j 60 91 80, 3j

11 thiophen-2-yl, 1k 96 80 69, 3k

12 (E)-PhCHdCH, 1l 72 67 43, 3l

13 cyclohexyl, 1m 24 100 84,d 3m

14 PhCH2CH2, 1n 72 100 �,d,e 3n

15 1b 96 88 81,f 3o

16 acetophenone, 6 24 0 0g

aUnless otherwise mentioned, the reactions were carried out with 1 (0.5
mmol), 2a (2.5 mmol), MgSO4 (0.5 mmol), and 4b (0.1 mmol) in
CH2Cl2 (1mL) at 25 �C. bDetermined by 1HNMR analysis of the crude
product. c Isolated yield based on 1. dThe reaction was carried out with
7.5 mmol of 2a. eA complex mixture was obtained. fNitroethane (2b)
(2.5 mmol) was used instead of 2a. gNo reaction was observed when
acetophenone (6) was used instead of 1.
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determined to be 24 h. Hence, the best reaction conditions for
the condensation reaction of 1b with 2a were determined as
shown in entry 6, and 3b was obtained in 85% yield.

Various aryl, alkenyl, and alkyl aldehydes were then used as
starting materials (Table 2). Study of the substituent effect on
aryl aldehydes 1a�j indicates that the condensation reaction
with an electron-rich aryl aldehyde showed better reactivity than
that with a relatively electron-poor aryl aldehyde (Table 2, entries
1�10). The reactivity can be explained by the stability of the
Schiff base formed in situ from an aldehyde and catalyst 4b as
described in a previous report.8 Sterically hindered substrates 1d
and 1f were also converted into nitroalkenes 3d and 3f, respec-
tively, in good yields (Table 2, entries 4 and 6). A heteroaryl
aldehyde, thiophen-2-yl aldehyde (1k), and an alkenyl aldehyde,
cinnamaldehyde (1l), required longer reaction time than general
aryl aldehydes 1a�j and gave nitroalkenes 3k and 3l, respec-
tively, in lower yields (Table 2, entries 11 and 12). Alkyl
aldehydes, cyclohexanecarboxaldehyde (1m) and hydrocinna-
maldehyde (1n), were also subjected to the reaction; however,
a large excess amount of 2awas required to complete the reaction
within a reasonable reaction time, and only a complex mixture
was obtained from 1n (Table 2, entries 13 and 14). It was found
that the condensation reaction of 1b with nitroethane (2b) also
gave the corresponding (E)-nitroalkene 3o stereoselectively in a
good yield, while the reaction of acetophenone (6) with 2a did not
proceed at all (Table 2, entries 15 and 16). As for the stereochem-
istry of the nitroalkenes, no generation of a (Z)-isomer was
observed in all cases.

Finally, we attempted one-pot asymmetric synthesis of γ-nitroal-
dehydes from aldehydes 1 and nitromethane 2a through a catalytic
tandem reaction using catalyst 4b (Table 3). After the condensation
reaction of 1with 2awas carried out under the conditions shown in
Table 2, the second aldehyde was added to the resulting reaction
mixture. When aldehyde 1a was used as a starting material, to our

delight, the addition of isobutyraldehyde as the second aldehyde
successfully gave a γ-nitroaldehyde 7a in 81% yield with 96% ee
(Table 3, entry 1). Various other aryl aldehydes were also converted
into the corresponding γ-nitroaldehydes 7b�h in good yields with
high enantioselectivity (Table 3, entries 2�8). The Michael addi-
tion of an R-unbranched aldehyde with nitroalkene 3a generated
in situ was very slow as expected,3 although the corresponding
γ-nitroaldehydes 7i�k were obtained with moderate to high
enantioselectivity (Table 3, entries 9�12).

We then performed NMR studies to understand the reaction
mechanism of the condensation reaction of 1a with 2a using
catalyst 4b (Figure 1). According to the previous reports, the
condensation reaction of an aldehyde with a nitroalkane using a
primary aliphatic amine proceeds via formation of a Schiff base.8

As can be seen from the results shown in Figure 1, catalyst 4b
immediately reacted with 1a (Figure 1c), while no major change
was observed by mixing 4b with 2a (Figure 1b). Probably, these

Table 3. One-Pot Asymmetric Synthesis ofγ-Nitroaldehydes 7a

entry 1 R3 R4 yield (%)b drc ee (%)d

1 1a Me Me 81, 7a � 96

2 1b Me Me 81, 7b � 96

3 1c Me Me 78, 7c � 95

4 1d Me Me 85, 7d � 93

5 1g Me Me 83, 7e � 96

6 1h Me Me 81, 7f � 96

7 1i Me Me 78, 7g � 96

8 1j Me Me 71, 7h � 96

9 1a H iso-Pr 40,e7i 6.7:1 90

10 1a H n-Pr 50,f7j 2.3:1 71

11 1a H PhCH2 51,g7k 2.3:1 82
aThe reactions were carried out for 72 h at 25 �C after addition of the
second aldehyde (1mmol). b Isolated yield based on 1. c Syn product was
obtained as a major diastereomer. The relative configuration was
determined by 1H NMR spectra. d Ee of the major diastereomer.
Determined by chiral HPLC analysis. e 3a was obtained in 50% yield.
f 3a: 35%. g 3a: 43%.

Figure 1. 1HNMR studies on the condensation reaction of aldehyde 1a
with nitroalkane 2a by catalyst 4b. The reactions were carried out in
CD2Cl2 (0.75 mL) at 25 �C and were analyzed by 1HNMR (400MHz).
Benzyl acetate was added as an internal standard. Spectra: (a) 4b only;
(b) 4b (0.1 mmol), 2a (0.1 mmol), 10 min; (c) 4b (0.1 mmol), 1a (0.1
mmol), 10 min; (d) 4b (0.1 mmol), 1a (0.1 mmol), 10 min, then 2a was
added (0.1 mmol), 12 h.

Scheme 3. Plausible Mechanism of the Condensation
Reaction
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results support the generation of a Schiff base in the initial step of
the condensation reaction. Finally, it was confirmed that the
addition of 2a to the reaction mixture of 4b and 1a provides
nitrostyrene 3a (Figure 1d).

A plausible reaction mechanism of the condensation reaction
of 1a with 2a by catalyst 4b is depicted in Scheme 3. Initially, a
Schiff base 8, which can form an oxazolidinone 9, is generated
from 1a and 4b.10 Then the oxazolidinone 9, which is a stronger
base than the Schiff base 8, removes a proton from 2a to give a
nitronate, which attacks 1a or 8 to produce β-nitroalcohol 5 or
β-nitroamine 10. Finally, the oxazolidinone 9 promotes dehy-
dration or dehydroamination of 5 or 10 to provide nitroalkene
3a.11 The lithium cation of the catalyst will assist the dehydration
or dehydroamination by its Lewis acidity12 since the condensa-
toin reaction in DMSO, which can cause strong solvation of a
lithium cation, gave only a β-nitroalcohol as shown in Scheme 2.

In conclusion, we found that a primary amino acid lithium salt,
O-tert-butyldiphenylsilyl L-tyrosine lithium salt, is an effective
catalyst for one-pot asymmetric synthesis of γ-nitroaldehydes
from aldehydes and nitroalkanes. The catalyst played two
different roles in the reaction: (1) a role as a catalyst for
generation of a nitroalkene directly from an aldehyde and a
nitroalkane and (2) a role as an organocatalyst for asymmetric
Michael addition of an aldehyde to a nitroalkene to provide a
γ-nitroaldehyde. By using the present method, various aryl,
alkenyl, and alkyl aldehydes were converted into γ-nitroalde-
hydes in good yields with high enantioselectivity without isola-
tion of nitroalkenes. The present method will also be useful for
stereoselective synthesis of nitroalkenes under mild reaction
conditions.

’EXPERIMENTAL SECTION

Typical Procedure for the Synthesis of Nitroalkenes 3. In a
7 mL vial, p-anisaldehyde (1b) (68 mg, 0.5 mmol) and nitromethane (2a)
(153 mg, 2.5 mmol) were successively added to a slurry of O-tert-
butyldiphenylsilyl L-tyrosine lithium salt (4b) (42.5mg, 0.1mmol),MgSO4

(60 mg, 0.5 mmol), and CH2Cl2 (1 mL) at 25 �C. After 24 h of stirring at
25 �C, sat. aq. NaCl (1.5mL) was added to the vial and extracted with Et2O
(3� 2 mL). The combined organic phase was dried over MgSO4, filtered,
and concentrated under reduced pressure. (E)-1-(4-Methoxyphenyl)-2-
nitroethene (3b) was isolated by column chromatography (silica gel,
hexane/Et2O) in 85% yield (76 mg) as a yellow solid. δH (CDCl3) 3.88
(3H, s), 6.96 (2H, d, J = 8.8 Hz), 7.50�7.55 (3H, m), 7.99 (1H, d,
J = 13.6 Hz).

Spectroscopic data of 3a�d, 3f�h, 3j, and 3k are in agreement with
that of samples purchased from commercial suppliers. Spectroscopic
data of 3e,13a 3i,13b 3l,13c 3m,13d and 3o13e are in agreement with the
published data.
Typical Procedure for the One-Pot Asymmetric Synthesis

of γ-Nitroaldehydes 7. In a 7 mL vial, benzaldehyde (1a) (53 mg,
0.5 mmol) and 2a (153 mg, 2.5 mmol) were successively added to a
slurry of 4b (42.5 mg, 0.1 mmol), MgSO4 (60 mg, 0.5 mmol), and
CH2Cl2 (1 mL) at 25 �C. After 48 h of stirring at 25 �C, isobutyr-
aldehyde (72 mg, 1 mmol) was added to the resulting reaction mixture.
After a further 72 h of stirring, the same workup was performed as
mentioned above. (S)-2,2-Dimethyl-4-nitro-3-phenylbutanal (7a)3 was
isolated by column chromatography (silica gel, hexane/Et2O) in 81%
yield (89.5 mg) as a yellow oil. The enantioselectivity was determined by
HPLC analysis (96% ee). δH (CDCl3) 1.01 (3H, s), 1.14 (3H, s), 3.79
(1H, dd, J = 4.2, 11.3 Hz), 4.69 (1H, dd, J = 4.2, 13.1 Hz), 4.86 (1H, dd,
J = 11.3, 13.1Hz), 7.20�7.21 (2H,m), 7.30�7.36 (3H,m), 9.53 (1H, s).

Spectroscopic data of 7a�b,3 7c�e,5l,ad 7f,3 7g,5l,ad and 7h�k3 are in
agreement with the published data.,
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