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Henry reaction in environmentally benign methods using imidazole as catalyst
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(Received 5 December 2008; final version received 13 October 2009)

Imidazole has been found to be an efficient Lewis base catalyst for the synthesis of 2-nitroalkanols from nitro-

aldol reaction in aqueous medium as well as using solvent-free grinding methods. In both cases, the products have
been found in good to moderate yields without formation of any side product. Recycling of the catalyst is also
possible with imidazole containing aqueous phase reaction medium (after extraction of product).
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Introduction

The principle of green chemistry (1,2) itself demands
the use of less toxic chemicals and solvents in
chemical processes. Many conventional chemical
processes have been developed simply to maximize
product yields, neglecting the environmental aspects
of waste and toxic by-products formed during the
process. The waste not only causes pollution but also
requires expenditure for clean up. In recent years,
design of green synthetic methodologies (3�5) to
reduce energy consumption, use of toxic solvents
and waste products has gained prime importance. The
efficient use of non-toxic and more selective catalyst
in solvent-free conditions is very desirable in the
context of clean synthesis. Similarly, the use of water
as a safe alternative (6,7) to volatile organic solvent is
another attractive technique. Moreover, development
of convenient and rapid synthetic procedures with
high energy efficiency becomes significant.

The Henry reaction is one of the fundamental
carbon�carbon bond (8�10) forming reactions in
organic synthesis and has been one of the most useful
methods for the preparation of b-nitroalkanols,
which are considered as useful, intermediates in

organic synthesis (11�14), for their easy transforma-

tion into useful derivatives such as nitroalkenes,
2-amino alcohols, and 2-nitro-ketones. b-Nitroalk-

anols are also important because of their properties

as fungicides (15). The nitro-aldol reaction (Henry

reaction) involves the base-catalyzed addition of
nitroalkanes to a carbonyl compound. Several cata-

lysts such as alkali metal hydroxides, alkaline earth

oxides, carbonates, bicarbonates, alkoxides, alkaline
earth hydroxides, and quaternary ammonium salts

have been used for the nitro-aldol reaction. However,

any base-catalyzed nitro-aldol reactions are asso-
ciated with various competitive reactions (16�20)
such as Aldol condensation, Cannizzaro reaction,

Tishchenko reaction, and Nef-type reaction. In addi-
tion, the base-catalyzed elimination of water can lead

to the formation of nitro-olefin, which polymerizes

readily (16�20). Recently, many new catalysts (21�26)
have been developed for the Henry reaction such as
rhodium complex, KG-60-NEt2, 2:1 Mg:Al hydro-

talcite, phosphine, proazaphosphatranes, and ionic

liquids. Thus it becomes necessary to adopt experi-
mental conditions which suppress these competitive

reactions and to have a careful control of the basicity
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of the reaction medium to obtain a better yield of
2-nitro alcohols.

In the present scenario, solid-state chemistry is a
fast-growing science. The pioneering work of Toda
and his group (27�29) have shown that many reac-
tions such as the Grignard reaction, Reformatsky
reaction, and Aldol condensation can be conducted in
high yield by simply grinding solids together using a
mortar and pestle. Furthermore, these solid-state
grinding reactions (or solvent-free reaction) have
several advantages: more eco-friendly, low costs,
higher yields and simplicity in process, and handling
which are mainly important from the point of view
of industrial manufacturing. These considerations
serve as motivation for our efforts in developing
new methodologies for the Henry reaction using a
solvent-free grinding technique for the first time
along with aqueous phase reaction using imidazole
as a mild Lewis base catalyst.

In continuation of our research interest in the
development of environmentally benign syntheses,
recently, we have reported imidazole, a suitable base
for catalyzing the Henry reaction in aqueous medium
(30) and organic solvent which prevents side reac-
tions. The catalyst in aqueous medium was recyclable
several times without lost of catalytic activity. As
such no reported work has been found regarding
introduction of solid-state grinding to the Henry
reaction this report describes the achievement of
synthesizing 2-nitroalkanols 3 (Scheme 1) by hand
grinding the aldehyde 1, nitroalkane 2, and catalytic
amounst of imidazole (1:5:0.35) together using mor-
tar and pestle. The addition of sand has given very
satisfactory result in promoting the reaction between
liquid�liquid and solid�liquid reagents pairs by grind-
ing method by enhancing friction (31). The reaction
proceeds by itself after initiation with a small amount
of energy transfer through friction to the reactant
molecule due to the exothermic nature of the Henry
reaction. This approach to the reaction is more
efficient in terms of energy consumption, rapid
synthesis at ambient temperature, with moderate to
good yields, no side product in solvent-free grinding
condition.

Results and discussion

In order to generalize the reaction procedure, two test
experiments (Table 1, entry 1�2) were conducted by
grinding together different molar ratios of (1:5:0.25
and 1:5:0.35, respectively) benzaldehyde, nitro-
methane, and imidazole as mild Lewis base catalyst.
We found that the reaction shows the best result
(entry 2) with molar ratios of 1:5:0.35 of benzalde-
hyde, nitromethane, and imidazole. With 0.25 mmol
of imidazole, it yielded only 60% of 2-nitroalkanol
within 5 minutes (entry 1) as monitored by TLC.
Interestingly, 0.25 mmol of imidazole is however
found to be sufficient to complete most of the
reaction of the aromatic aldehyde within a short
period of time in the aqueous phase as we have
reported recently (30). Most probably, in solid state
this amount of catalyst is not sufficient to catalyze the
Henry reaction. Similarly, if we reduced the amount
of nitromethane to 3 mmol in the solid state using
0.35 mmol of catalyst, it resulted in an incomplete of
reaction (entry 3). We then examined the extent and
feasibility of the imidazole catalyzed Henry reaction
of nitroalkane with various aldehydes (Table 1) by
solid-state grinding with a molar ratio 1:5:0.35 of
aldehyde, nitroalkane, and imidazole. Under this
novel condition, the reaction time was significantly
shortened from hours by the classical method to
minutes (entry 2) with improved yields (94%).
Further investigations on the electronic effects of
the substituted groups on the benzene ring of the
aromatic aldehydes were done. For aryl aldehydes
bearing electron-withdrawing groups, the reaction
took place smoothly to afford the desired nitro-aldol
products in good to excellent yields (entry 5�11).
However, for arylaldehydes bearing electron-donat-
ing groups such as p-tolualdehyde, anisaldehyde
(entry 12�19) the reactions were slow. With increasing
chain length of nitroalkane, the reaction showed
longer reaction time (entry 4, 7, 17, and 19). For
aliphatic aldehyde (entry 22) the results are satisfac-
tory on increasing the amount of catalyst from 0.35
to 0.5 mmol of imidazole. In a similar way, anisalde-
hyde showed 40�45% conversion with 0.5 mmol of
catalyst (entry 16 and 17) as compared to 15% (entry
15) conversion with 0.35 mmol of catalyst in 3 hours.
Furthermore, the addition of sand as a friction-
enhancing solid has accelerated the rate of the Henry
reaction tremendously (Table 2) for solid/liquid and
liquid/liquid reagent pairs with 0.35 mmol of imida-
zole as catalyst. It was found that for pentanal in
presence of sand the yield of 2-nitroalkanol increases
from 60 (Table 1, entry 23) to 95% (Table 2, entry 13)
within 45 min. Similarly, the reaction of furaldehyde
(Table 2, entry 12) with nitromethane was also fast
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Scheme 1. Imidazole catalyzed Henry reaction.
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resulting in 50% of the corresponding nitroalcohol
after 12 min. The role of the imidazole catalyst
appears to be that of a base which deprotonates the
nitromethane, facilitating the nitro-aldol reaction.

In this report we have developed the first solid-
state grinding method for the Henry reaction without
formation of any side product using imidazole as a

catalyst. The catalyst used is readily available, cost-

effective and safe to handle.

Experimental

All chemicals are commercially available and were

used without further purification. The products were

Table 1. Imidazole catalyzed nitro-aldol condensation using solvent-free grinding method.

Entry Aldehyde 1 Nitroalkane 2 Time (min) Yield (%)a 3

1 C6H5 CH3NO2 5 60b

2 C6H5 CH3NO2 5 94
3 C6H5 CH3NO2 5 50

4 C6H5 CH3CH2NO2 20 95
5 4-NO2C6H4 CH3NO2 70 75
6 4-NO2C6H4 CH3NO2 15 95c

7 4-NO2C6H4 CH3CH2NO2 90 70
8 2-NO2C6H4 CH3NO2 10 90
9 2-NO2C6H4 CH3CH2NO2 20 95

10 3-NO2C6H4 CH3NO2 10 84
11 3-NO2C6H4 CH3CH2NO2 25 85
12 4-MeC6H4 CH3NO2 60 95
13 2-OHC6H4 CH3NO2 60 87

14 2-OHC6H4 CH3CH2NO2 120 60
15 4-MeO-C6H4 CH3NO2 180 15
16 4-MeO-C6H4 CH3NO2 180 45c

17 4-MeO-C6H4 CH3CH2NO2 210 40c

18 4-Cl-C6H4 CH3NO2 36 97
19 4-Cl-C6H4 CH3CH2NO2 180 98

20 Furyl CH3NO2 20 55
21 Furyl CH3CH2NO2 60 45
22 Pentanal CH3NO2 90 90c

23 Pentanal CH3NO2 45 60

24 Pentanal CH3CH2NO2 90 92c

aIsolated yields. All products were characterized by FT-IR, 1H NMR, CHN analyzer, and also their comparison with authentic sample.
bThese reactions was carried out in 1 mmol scale with molar ratio 1:5:0.25 of aldehyde/nitromethane/catalyst.
cReactions were carried out in 1 mmol scale with molar ratio 1:5:0.50 of aldehyde/nitroalkane/catalyst.

Table 2. Improved results of selected Henry reactions in presence of sand using solvent-free grinding method.

Entry Aldehyde 1 Nitroalkane 2 Time (min) Yield (%)a 3

1 C6H5 CH3CH2NO2 15 95

2 4-NO2C6H4 CH3CH2NO2 25 90
3 2-NO2C6H4 CH3CH2NO2 12 95
4 3-NO2C6H4 CH3CH2NO2 20 85

5 2-OHC6H4 CH3CH2NO2 35 65
6 4-MeO-C6H4 CH3CH2NO2 120 42
7 Furyl CH3CH2NO2 45 62
8 Pentanal CH3CH2NO2 75 94

9 4-MeC6H4 CH3NO2 15 95
10 2-OHC6H4 CH3NO2 25 88
11 4-MeO-C6H4 CH3NO2 90 60

12 Furyl CH3NO2 13 50
13 Pentanal CH3NO2 45 95

aReactions were carried out in 1 mmol scale with molar ratio 1:5:0.35 of aldehyde/nitroalkane/catalyst in presence of 80 mg of sand.
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identified by comparison of their FT-IR, 1H NMR
spectroscopic data and CHN analyzer data with
those of authentic compounds (prepared by known
method) and literature reported data (32�34).

General procedure for Henry reaction in solid-state
grinding method

A mixture of aldehyde 1 (1 mmol), nitroalkane 2

(5 mmol), and imidazole (0.35 mmol) was gently
ground by hand using a mortar and pestle of an
appropriate size. The progress of the reaction was
monitored by TLC (1:5 ethyl acetate and n-hexane)
and indicates the formation of a single product along
with an unreacted starting compound. The mixture
becomes a sticky paste during the course of reaction.
Finally, it was diluted with 10 ml of distilled water
and the organic mixture was extracted with 15 ml of
diethyl ether. The organic layer was dried over
anhydrous sodium sulfate and filtered. The dried
organic layer was evaporated under reduced pressure
to give the crude reaction mixture. The crude mixture
was further purified by column chromatography
using different ratio of ethyl acetate and n-hexane
as effluent to get the desired analytically pure
products.

In this method, the above reaction mixture was
ground for the appropriate amount of time by adding
80 mg of sand. The progress of the reaction was
monitored by TLC (1:5 ethyl acetate and n-hexane)
indicates the formation of a single product along with
a small amount of starting compound. The sticky
reaction mixture was diluted with 15 ml of diethyl
ether and then filtered. The filtrate was again washed
with 10 ml of distilled water for removal of water
soluble catalyst from the reaction mixture. After that
the ether layer was dried over anhydrous sodium
sulfate and decanted. The ether extract was evapo-
rated under reduced pressure to give the crude
mixture which is again purified by column chromato-
graphy using different ratios of ethyl acetate and n-
hexane as effluent to get the desired analytically pure
products.

Spectral data of selected compounds

1-(4-methylphenyl)-2-nitroethan-1-ol (Table 1, entry
12): IR (film, cm�1) 3437, 2925, and 1556. 1H NMR
(CDCl3, d ppm): 2.365 (s, 3H), 2.031�2.074 (br, 1H),
4.742�4.759 (m, 1H), 4.764�4.781 (m, 1H), 4.982�5.00
(m, 1H), 7.26 (d, 2H, J�8 Hz), 7.34 (d, 2H, J�8 Hz)
CHN found: C, 59.3%; H, 6.1%; N, 7.5%, calculated
for C9H11NO3: C, 59.66%; H, 6.07%; N, 7.73%

2-Nitro-heptane-3-ol (Table 1, entry 24): IR (film,
cm�1) 3445 and 1553. 1H NMR (CDCl3, d ppm):
0.824�.882 (6H, m), 1.1�1.3 (6H, m), 2.5 (br, 1H),

3.48�4.133 (m, 1H), 4.44�4.5 (m, 1H) CHN found: C,
52%; H, 9.1%; N, 8.5%, calculated for C7H15NO3:
C, 52.3%; H, 9.3%; N, 8.69%.

Acknowledgements

The authors are thankful to the University Grant Commis-
sion, New Delhi, India for granting a Research Project No.

32-209/2006 (SR) to RB.

References

(1) Anastas, P.T.; Warner, J.C. Green Chemistry: Theory

and Practice; Oxford: Oxford University Press, 1998.
(2) Anastas, P.T.; Williamson, T.C. Green Chemistry:

Frontiers in Benign Chemical Synthesis and Processes;

New York: Oxford University Press, 1998.
(3) Andrade, C.K.Z.; Alves, L.M. Curr. Org. Chem. 2005,

9, 195�218.

(4) Ohno, H. Bull. Chem. Soc. Jpn. 2006, 79, 1665�1680.
(5) Figueras, F.; Kantam, M.L.; Choudary, B.M. Curr.

Org. Chem. 2006, 10, 1627�1637.
(6) Lubineau, A.; Auge, J.; Queneau, Y. Synthesis 1994, 8,

741�760.
(7) Zhou, C.L.; Zhou, Y.Q.; Wang, Z.Y. Chin. Chem.

Lett. 2003, 14, 355�358.

(8) Luzzio, F.A. Tetrahedron 2001, 57, 915�945.
(9) Rosini, G. In Comprehensive Organic Synthesis; Trost,

B.M., Ed.; Pergamon: New York, 1992; Vol. 2, pp

321�340.
(10) Ballini, R.; Palmieri, A. Curr. Org. Chem. 2006, 10,

2145�2147.

(11) Rosini, G.; Ballini, R. Synthesis 1988, 11, 833�847 and
references cited therein.

(12) Barco, A.; Benetti, S.; Risi, C.; Polloni, G. Tetrahed.
Lett. 1996, 37, 7599�7602.

(13) McNulty, J.; Mo, R. Chem. Commun. 1998, 8, 933�
934.

(14) Corey, E.J.; Zhang, F-Y. Angew. Chem. Int. Ed. Engl.

1999, 38, 1931�1934.
(15) Mikite, G.; Jakucs, K.; Darvas, F.; Lopata, A. Pestic.

Sci. 1982, 13, 557�562.

(16) Hass, H.B.; Riley, E.F. Chem. Rev. 1943, 32, 373�430.
(17) Hwu, J.R.; Gilbert, B.A. J. Am. Chem. Soc. 1991, 113,

5917�5918.
(18) Rosini, G.; Ballini, R.; Petrini, M.; Sorrenti, P.

Synthesis 1985, 5, 515�517.
(19) Melot, J.M.; Texier-Boullet, F.; Foucaud, A. Tetra-

hed. Lett. 1986, 27, 493�496.

(20) Costantino, U.; Curini, M.; Marmottini, F.; Rosati,
O.; Pisani, E. Chem. Lett. 1994, 12, 2215�2218.

(21) Kiyooka, S.I.; Tsutsui, T.; Maeda, H.; Kanako, Y.;

Isobe, K. Tetrahed. Lett. 1995, 36, 6531�6534.
(22) Ballini, R.; Bosica, G.; Livi, D.; Palmeiri, A.; Maggi,

R.; Sartori, G.; Tetrahed. Lett. 2003, 44, 2271�2273.

(23) Cwik, A.; Fuchs, A.; Hell, Z.; Clacens, J-M. Tetra-
hedron 2005, 61, 4015�4021.

(24) Weeden, J.A.; Chisholm, J.D. Tetrahed. Lett. 2006, 47,
9313�9316.

252 M. Phukan et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



(25) Kisanga, P.B.; Verkade, J.G. J. Org. Chem. 1999, 64,

4298�4303.
(26) Jiang, T.; Gao, H.; Han, B.; Zhao, G.; Chang, Y.; Wu,

W.; Gao, L.; Yang, G. Tetrahed. Lett. 2004, 45, 2699�
2701.

(27) Rothenberg, G.; Downie, A.P.; Raston, C.L.; Scott,
J.L. J. Am. Chem. Soc. 2001, 123, 8701�8708.

(28) Toda, F.; Tanaka, K.; Sekikawa, A. J. Chem. Soc.

Chem. Commun. 1987, 4, 279�280.
(29) Tanaka, K.; Toda, F. Chem. Rev. 2000, 100, 1025�

1074.

(30) Phukan, M.; Borah, K.J.; Borah, R. Syn. Commun.
2008, 38, 3068�3073.

(31) Bose, A.K.; Pednekar, S.; Ganguly, S.N.; Chakra-

borty, G.; Manhas, M.S. Tetrahed. Lett. 2004, 45,

8351�8353.

(32) Ballini, R.; Bosica, G. J. Org. Chem. 1997, 62, 425�
427.

(33) Bulbule, V.J.; Deshpande, V.H.; Velu, S.; Sudalai, A.;

Sivasankar, S.; Sathe, V.T. Tetrahedron 1999, 55,

9325�9332.

(34) Evans, D.A.; Seidel, D.; Rueping, M.; Lam, H.W.;

Shaw, J.T.; Downey, C.W. J. Am. Che. Soc. 2003, 125,

12692�12693.

Green Chemistry Letters and Reviews 253

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1


