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b-Nitroalcohol or nitroethylene derivatives can be obtained from aryl aldehydes and nitromethane under
Henry condensation conditions. We present a new modification using microwave irradiation or ultra-
sound as the energy source. Microwave irradiation allowed a novel one-pot synthesis of nitroolefins from
aryl aldehydes using ammonium acetate as a catalyst without solvent. Different reaction conditions, such
as base, solvent, and reaction time were studied. Only small amounts of b-hydroxyl nitro compounds
were isolated, using microwave irradiation for less than 25 min. In contrast, the use of ultrasound
increased the yield of the nitroalcohols.

� 2011 Elsevier Ltd. All rights reserved.
Table 1
Aryl aldehyde reaction with nitromethane

CH3NO2
Ar-CHO Ar-CH=CH-NO2 + Ar-CH-CH2-NO2

OH

BA

Conditions

Aldehyde Conditions A (yield %) B (yield %)

N
H

CHO CH3ONa/�5 �C –– ––
LDA/THF/�78 �C/5 h –– 23
t-Buli/�78 �C/5 h –– 63
NH4AcO/24 h 72 ––
TBAF/24 h 62 ––
Nitroalcohols and nitroethylenes are synthetic intermediates in
the preparation of a variety of organic compounds of medicinal
interest.1–5

The nitroaldol or Henry reaction is a classic aldol-type reaction
between an aldehyde and a nitroalkane.6 The nucleophilic addition
step is base catalyzed, and may be followed by an elimination reac-
tion with the removal of water when an acidic a proton is avail-
able.7 The reaction product is a b-nitroalcohol compound, which
undergoes dehydration affording the conjugated nitroethylene
derivative. Under mildly basic conditions, the intermediate nitroal-
cohol can be obtained. Varma et al.8 reported the synthesis of con-
jugated nitroalkenes using microwaves, in which only substituted
phenylcarbaldehydes were used as starting material. Whereas
microwaves have been used for several organic syntheses and
compared with an alternative classical procedure,9 the comparison
with ultrasound without solvent for this reaction has not been re-
ported to date. The ultrasound-catalyzed Henry reaction in acetic
acid was reported by Wolf and co-workers.10 In the present study
the Henry reaction on a range of heteroaromatic carbaldehydes is
described for the first time, under two different conditions: appli-
cation of microwaves and ultrasound-assisted reaction. These two
methodologies have been studied for individual compounds, but to
our knowledge no attempt has been made to compare them or to
ascertain the most generally useful procedure.
ll rights reserved.

).
Our study began with the preparation of 3-indolylethylamines
and 1,4-benzodioxin-6-ylethylamines from indole-3-carbaldehyde
and 1,4-benzodioxan-6-carbaldehyde, respectively. We first
used LDA or t-BuLi as a base in the aldol-condensation reaction
(Table 1). However, in view of its low availability and high cost
in large-scale preparation, other bases were tested. It was essential
to use a slight excess of nitromethane to achieve a good conver-
sion. In several cases two molecules of nitromethane were incorpo-
O

O

CHO CH3ONa/�5 �C/3 h 25 ––
LDA/THF/�78 �C/5 h –– 46
t-BuLi/�78 �C/5 h –– 79
NH4AcO/24 h 83 ––
TBAF/24 h 71 ––
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rated and polymerization occurred, which made it more difficult to
isolate the desired compounds. A mixture of alcohol and olefin was
obtained and we were unable to reduce to the corresponding aryl
ethylamine. Notably, the nitroalcohol was gradually converted to
the nitroolefin by dehydration. The use of CH3ONa was completely
unsuccessful under the conditions tested. When TBAF (Bu4NF) cat-
alyzed the aldol condensation, the olefins were obtained in accept-
able yield (see Table 1). The most satisfactory conditions were
found to be the use of ammonium acetate without solvent with a
long heating time. With ammonium acetate, neither addition of a
second molecule of nitromethane nor polymerization was
observed.

In order to reduce the time of reaction we tested the effects of
microwaves and ultrasound, and compared the results. Since the
reactions were run for a fixed time, the isolated yields are more
indicative of the reaction characteristics.

The optimum conditions were aryl aldehyde and nitromethane
as reagents and a catalytic amount of ammonium acetate
(0.30 mmol/mmol of aldehyde used) as a base; the reaction time
was 25 (microwave) or 45 min (ultrasound) (Scheme 1). In order
to generalize this procedure, several aryl nitroolefins were pre-
pared from substituted benzaldehydes and heterocyclic aldehydes.
The conventional conditions applied to indole-3-carbaldehyde and
1,4-benzodioxan-6-carbaldehyde gave the corresponding nitroole-
fins only after 24 h of the reaction. No reaction occurred under
these conditions (short times) at room temperature until micro-
waves or ultrasound was applied. The results showed that micro-
waves and ultrasound contributed directly to the reaction, and
the effect was not only thermal.11 The products obtained were
identified using a combination of analytical spectroscopic tech-
niques. The results obtained in the reaction of various substituted
aryl carbaldehydes with nitromethane are summarized in Table 2.

Under the same conditions conjugated nitroalkenes may be
isolated in variable yields depending on the starting aldehyde.
Electron-rich aromatic aldehydes (Table 2, entries 7, 8, and 9) led
exclusively to the desired nitroalkenes in high yield under micro-
wave irradiation. In contrast, under application of ultrasound only
the 1,4-benzodioxan-5-carbaldehyde12 (Table 2, entry 8) gave the
corresponding alkene in 93% yield. Other compounds (Table 2, en-
tries 7 and 9) afforded a mixture of aryl alkene and aryl
nitroalcohol in low yields. The presence of only one methoxy group
(Table 2, entry 4) led to a mixture of nitroalkene and nitroalcohol,
and the nitroalkene was formed in greater yield under microwave
irradiation. Under ultrasound conditions the nitroalkene was gen-
erally obtained in moderate yield (Table 2, entry 4). Withdrawing
substituents (Table 2, entries 2 and 3) led to the mixture of nitro-
alcohol and nitroalkene for trifluoromethylbenzaldehyde (Table 2,
entry 2) and a high yield of nitroalkene for the corresponding nitro-
benzaldehyde (Table 2, entry 3). In this latter reaction, the micro-
wave application gave only trans alkene, whereas ultrasound
gave a mixture of cis/trans isomers. For conjugated aldehydes such
as cinnamic aldehyde, only the nitroalkene was obtained in high
yields in both methods (Table 2, entry 17). We, therefore, tested
the Henry reaction on various heterocycle aldehydes under the
same conditions. Indole-3-carbaldehyde gave the conjugated
nitroalkene in quantitative yield under ultrasound, and a mixture
of nitroalcohol and nitroalkene when microwaves were applied
(Table 2, entry 10). The methylated indole (Table 2, entry 11) gave
R

H

NO2
R

H

NO2
OH

NH4
+CH3COO-
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R H

O CH3NO2
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Scheme 1. General reaction of aryl aldehydes with nitromethane.
different yields than the indole attributable to its lower solubility.
Pyridine-3-carbaldehyde (Table 2, entry 12) and the chromone (Ta-
ble 2, entry 16) generally gave the nitroalcohol when the micro-
wave system was used. N-Methylpyrrole-3-carbaldehyde and
thiophene-2-carbaldehyde led to corresponding nitroalkenes un-
der microwave conditions in moderate yield (Table 2, entries 15
and 14, respectively). Surprisingly, furan-3-carbaldehyde gave a
mixture of nitroalcohol and nitroalkene both in microwave and
in ultrasound systems (Table 2, entry 13). In the chromenone
aldehyde ultrasound promoted secondary reactions to yield a mix-
ture of compounds (Table 2, entry 16). The reaction was time-
dependent. Attempts to synthesize the conjugated nitroolefins
after 1 h under microwave irradiation (method c) or after 24 h at
reflux under classical conditions led to the desired products in
acceptable yields without side products. Conversion of aldehyde
to nitroalcohol or nitroolefins was observed by TLC within
10 min, through the disappearance of the starting material. The
reaction was rapid and found to be complete in 60 min, to give
nitroolefins in good yields. Since the reactions were run for a fixed
time (microwave 25 min or under ultrasound 45 min) and a fixed
temperature (microwave 90 �C or ultrasound 60 �C) the yields are
more indicative of the rate of the reaction. Surprisingly, the effects
of variation of the substituents of aldehydes compared with the
benzaldehyde (Table 2, entry 1) are modest, whereas the ketones
did not react under these conditions. The most satisfactory result
was obtained when the same conditions were applied to the con-
densation of 4-methoxybenzaldehyde with nitroethane and nitro-
propane, and the corresponding nitroolefins were obtained in good
yields under microwave (Table 2, entries 5 and 6). In contrast, the
second experiment using ultrasound, furnished a mixture of nitro-
olefins and nitroalcohols in lower yields. The behavior of nitroalk-
anes was similar, but we must stress that increasing the length of
the nitroalkane decreases the solubility, and the yields are low.

In summary, the current protocol for the synthesis of nitroole-
fins from the corresponding aldehydes is easy, rapid, and environ-
mentally acceptable employing milder reaction conditions under
ultrasonic or microwave conditions. This is a general method
which could be used for the condensation of aryl aldehydes and
nitroalkanes. We have compared the effectiveness of microwave
or ultrasound.

In general, the microwave method gave better yields of conju-
gated nitroolefins, particularly in reactions of heterocyclic alde-
hydes. The time required for this nitroaldol reaction with
microwave or ultrasound was much shorter than that under classi-
cal conditions, and side products such as the dimers of nitrosty-
renes or dinitro compounds were not observed.

General procedure: (a) Microwave: a mixture of aryl aldehyde
(1 mmol) and nitromethane (3 mL) was introduced into a glass
microwave tube (tube of 4 mL); a catalytic amount of ammonium
acetate (0.3 mmol) was added and the tube was introduced into
the microwave system (CEM-Discover) and initially irradiated at
250 W and 90 �C for 25 min. The reaction mixture was then cooled
and the nitromethane was evaporated in a Büchi microdistillation
apparatus. The nitrostyrenes were purified by silica-gel column
chromatography, and eluted with a mixture of hexane and ethyl
acetate.

(b) Ultrasound: a mixture of aryl aldehyde (1 mmol) and
nitromethane (3 mL) was introduced into a glass microwave tube;
a catalytic amount of ammonium acetate (0.2 mmol) was added
and the tube was placed inside an ultrasound apparatus
(Ultrasounds Medi II, Selecta, Spain) preheated at 60 �C. It was ex-
posed for 45 min at 100 W and 18 kHz. The reaction mixture was
then cooled and the nitromethane was evaporated on a Büchi mic-
rodistillation apparatus. The compounds obtained after isolation
and purification showed analytical data in accordance with the as-
signed structures.25



Table 2
Experimental data of Henry reaction using microwave or ultrasound

Ar-CHO Ar-CH=C-NO2 + Ar-CH-CH-NO2

OH

A B

a: MW, 90 ºC, 25 min

c: MW, 90 ºC, 60 min

b: ))), 60 ºC, 45 minCH2NO2+R
R R

Entry Aldehyde/ketone R Method A (yield %) B (yield %) Mp (�C) (Lit.) of A

1
CHO

H
a 71 12

58–60 (58–59)13b 21 57
c 95 ––

2

CHO

F3C
H

a 63 32

92–95 (89–91)14,15b 25 50
c 91 ––

3

CHO

O2N
H

a 83 ––

202–204 (201–202)13b cis 43 ––
trans 35

4

CHO

MeO
H

a 59 35

84–86 (86–87)13b 66 5
c 96 ––

5

CHO

MeO
Me

a 54 23

46–48 (44–45)13b 18 50
c 86 ––

6

CHO

MeO
Et

a 48 19

58–60 (55–56)13b 10 29
c 72 ––

7

O

O

CHO
H

a 92 ––

148–150 (147–149)16b 24 18

8
O

O

CHO

H

a 85 ––

112–114 (hexane/ethyl acetate)
b 93 ––

9

CHO

MeO
OMe

MeO

H

a 94 ––

121–123 (120–121)17
b 18 18

10
N
H

CHO

H

a 23 40

173–175 (172)18
b 96 ––
c 93 ––

11
N

CHO

H3C

H

a 50 10

169–171 (165–167)19

b 20 ––
c 67 ––

12
N

CHO
H

a –– 54

139–142 (141)20b cis 19 16
trans 14

c 56 Trace

13

O

CHO

H

a 17 59

72–74 (68–70)21
b 52 16
c 83 Trace

14 S CHO H
a 65 9

80–82 (79–80)22b 58 12
c 89 ––

15 N CHO

CH3

H

a 88 7

99–100 (102)23
b 17 ––
c 94 ––

(continued on next page)
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Table 2 (continued)

Entry Aldehyde/ketone R Method A (yield %) B (yield %) Mp (�C) (Lit.) of A

16
Cl

O

O
CHO

H

a –– 84

122–124 (hexane/ethyl acetate)
b ––* <5
c –– Trace

17
CHO

H
a 81 ––

46–48 (45–46)24b 90 ––

Method a: microwave, 90 �C, 25 min; Method b: ultrasound, 60 �C, 45 min. Method c: microwave, 90 �C, 60 min. ⁄⁄ Starting material.
* Side products of Michael reaction.
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