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The condensation reaction of benzaldehyde with nitromethane that 

resulted in the formation of β-nitrostyrene was studied in ionic liquid 
media - (2-hydroxyethyl)ammonium carboxylates (formates, lactates, ace-
tates) without application of any other catalyst. The dependence of 
product yield on the ionic liquid cation and anion structure, the polarity of 
the ionic liquid and the pseudo-pH value of the reaction medium was 
investigated. The highest yield of the condensation reaction product -  
β-nitrostyrene was achieved in (2-hydroxyethyl) ammonium formate 
medium. 
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INTRODUCTION 

β-Nitrostyrenes are convenient starting materials for constructing medicinal 
substances, heterocyclic compounds, etc. [1–3]. Usually these nitroalkenes are 
obtained by aromatic aldehyde condensation with the correspondding 
nitroalkanes [4]. The reaction is catalysed by acids or bases, and the best yields 
have been obtained by using primary or secondary amine catalysts in acetic acid 
medium. The β-nitrostyrenes usually have been isolated in moderate to good 
yields. The most significant side reactions were trimerisation of β-nitrostyrenes 
into 1,3,5 -trisubstituted arenes [5] or polymerisation giving intractable struc-
tures [4]. These observations suggest a need for improved methods of β-nitro-
styrene synthesis on a preparative scale.  

 
EXPERIMENTAL 

Materials 

Benzaldehyde and nitromethane (Sigma-Aldrich) were distilled at reduced 
pressure before use. Ionic liquids were prepared by the reaction of (2-hydro-
xyethyl) amines with the corresponding carboxylic acids as described earlier  
[6, 7].  

Measurements 

The 1H NMR spectra were recorded on a Varian 400-MR magnetic reso-
nance spectrometer, using DMSO-d6 as a solvent and TMS as an internal 
standard. The polarity of ILs was evaluated (and N

TE calculated) according to a 
described [8] method using Reichardt’s dye and a PerkinElmer Lambda  
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25 UV/VIS spectrophotometer. Data were processed with the Lambda 25 UV 
WinLab software. The pH of water solutions (1.0 mol/L) of ILs was measured 
with an Adrona AD1 405 pH meter.  

Synthesis in ionic liquid media 

β-Nitrostyrene. Benzaldehyde (0.52 g, 5.0 mmol), nitromethane (0.31 g,  
5.0 mmol), and (2-hydroxyethyl)ammonium formate (1.51 g, 10.0 mmol) were 
stirred at room temperature for 24 h. The reaction mixture was transformed into 
viscous oil. Water (10 mL) was added to the mixture and stirring was continued 
until the oil transformed into a yellow solid. The latter was separated by 
filtration, washed with water, dried in air, and crystallized from ethanol. 
Crystalline β-nitrostyrene (0.67 g, 90 %) was obtained with m.p. 57.5–58.5 °C 
(m.p. 58–59 °C in [4]). 1H NMR spectrum (δ, ppm): 8.23 (1H, d, J = 14 Hz); 
8.13 (1H, d, J = 14 Hz); 7.87 (2H, d, J = 5 Hz); 7.55 – 7.45 (3H, m). 

RESULTS AND DISCUSSION 

A systematic investigation of highly biodegradable low-toxicity ionic liquids 
(ILs) – (2-hydroxyethyl)ammonium carboxylates – has demonstrated the 
usefulness of these materials for condensation reactions. The ILs 1–3 can be 
easily prepared in high yields by a simple reaction of carboxylic acids with the 
corresponding (2-hydroxyethyl) amines [6, 7].  

 

(HO-CH2-CH2)   NH R-CO2n (4-n)

3

+ _

1, 2, 3  
where:    1) n = 1; 2) n = 2; 3) n = 3; 

  a) R = H; b) R = CH3CH(OH); c) R = CH3 

The mentioned ILs have been recognized as non-hazardous solvents for 
organic syntheses that have successfully served both as reaction media and as 
catalysts for aromatic aldehyde condensation with activated methylene 
compounds. Therefore we explored the applicability of these ILs for the 
synthesis of β-nitrostyrene. 

The reaction of benzaldehyde (4) with nitromethane (5) was performed in 
the highly hydrophilic (2-hydroxyethyl)ammonium carboxylate media at room 
temperature, and the resulting β-nitrostyrene (6) was separated from the 
reaction mixture by dissolving the ionic liquid in water. Yields of the isolated 
and crystallized product (6) reached 90 % under optimal conditions.  

 

CH=O CH=CH
NO2

CH3-NO2 5

4 6
3IL 1 - 3

 

 

We tested nine previously described [6, 7] highly hydrophilic ionic liquids 
(1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 3c) as media for this reaction. The ionic liquids 
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were characterized by various numbers of hydroxyl groups (1 to 3) and different 
anions (formate, lactate, acetate). Anions were selected on purpose to increase 
basicity starting from the less basic formate anion and going to the more basic 
acetate anion.  

The yields of β-nitrostyrene (6) in the investigated condensation reaction 
turned out to be highly dependent on the structure of ILs used (1a–3c) (Fig. 1). 
The experimental comparison of ILs demonstrated a significant advantage of 
the ILs that were based on 2-aminoethanol (1), relative to the more substituted 
(2-hydroxyethyl)ammonium carboxylates (2, 3). High-melting solids mainly 
formed when the condensation reaction was performed in media of bis- or tris-
(2-hydroxyethyl)ammonium carboxylates (2, 3). It means that ILs with 
branched ammonium cations were not favourable for obtaining pure 
condensation products. A small fraction of the benzaldehyde starting material 
remained unchanged in these experiments, and a significant amount of high-
melting solid could be isolated from the reaction mixture. Most likely, these ILs 
promoted further transformation of the β-nitrostyrene into its trimers or 
polymers, as mentioned in literature [4, 5]. 
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Fig. 1. The impact of the IL action and anion structure on the yield of β-nitrostyrene (6) (after 
24 h at 25 °C temperature and benzaldehyde: nitromethane: ionic liquid molar ratio of 1:1:2). 

In order to explain results, the total polarity of ionic liquids (expressed by 
the Reichardt’s constant, ET

N) and the obtained yields of β-nitrostyrene (6) were 
compared (Fig. 2). A rather narrow window of the total polarity turns out to be 
beneficial for the synthesis of the expected product. It corresponds 
approximately to the polarity of 0.89–0.94 on the Reichardt’s scale and is more 
polar than the polarity of ethanol (0.65) and methanol (0.76) – the commonly 
used solvents for these reactions. 
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Fig. 2. The impact of the total polarity (ET

N) of ILs on the yield of β-nitrostyrene (6) (after 
24 h at 25 °C temperature and benzaldehyde: nitromethane: ionic liquid molar ratio of 1:1:2). 
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The investigated reaction traditionally has been catalyzed by a base or an 
acid. At present, no method is available for determination of the true acidity/ 
basicity of ILs. The nearest approximation might be the acidity of the water 
solutions of investigated ionic liquids – their pseudo-pH values. Such an 
assumption seems to be valid because the total polarity of used ILs was quite 
close to that of water. Comparison of β-nitrostyrene (6) yields and the measured 
pseudo-pH of ILs again indicated only a narrow pseudo-pH value region  
(6.5–6.8) as advantageous for the formation of β-nitrostyrene with acceptable 
yields in this condensation reaction. The reaction in 1-methylimidazolium 
acetate (7) medium that had pH 6.0 in aqueous solution gave practically zero 
yield of the condensation product, and served as a comparison to condensation 
in other ILs.  
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Fig.3. The impact of the IL pseudo-pH value on the yield of β-nitrostyrene (6)  
after 24 h at 25 °C temperature and benzaldehyde:nitromethane:ionic  
liquid molar ratio of 1:1:2; IL (7) – 1-methylimidazolium acetate). 

 
At the end of synthesis in bis- and tris-(2-hydroxyethyl) ammonium 

carboxylates (2, 3), the benzaldehyde - starting material could be detected in the 
reaction mixtures by HPLC only in negligible amounts. The main product of 
these reactions was a high-melting substance; most likely, it was the type of 
polymer mentioned in literature [4, 5] for similar condensation reactions. 
Apparently the formation of β-nitrostyrene occurred in these media, but the 
conditions were beneficial for its further transformations. Structural characte-
rization of these polymeric side products was not attempted. 

Hence, it can be asserted that (2-hydroxyethyl)ammonium formate is by far 
the best medium for β-nitrostyrene synthesis from benzaldehyde and nitro-
methane at room temperature and in the absence of any catalyst. 

CONCLUSIONS  

The condensation reaction of benzaldehyde with nitromethane proceeded in 
mild conditions – at room temperature and without any catalyst in media of 
highly polar ionic liquids – (2-hydroxyethyl)ammonium carboxylates. The β-
nitrostyrene yield completely depended on the structure of used ionic liquid, its 
total polarity and the pseudo-pH value. The best yield of β-nitrostyrene could be 
obtained in the medium of (2-hydroxyethyl)ammonium formate.  
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β-NITROSTIROLA SINTĒZE STIPRI HIDROFĪLU  
JONU ŠĶIDRUMU VIDĒS 
 
S. Pavlovica, A. Gaidule, A. Zicmanis 
 
K O P S A V I L K U M S  

Pētīta β-nitrostirola sintēze benzaldehīda kondensācijas reakcijā ar 
nitrometānu jonu šķidrumu (2-hidroksietil)amonija karboksilātu (formiātu, 
laktātu, acetātu) vidēs bez citu katalizatoru lietošanas. Pētīta reakcijas produkta 
iznākuma atkarība no jonu šķidrumu katjona un anjona uzbūves, jonu šķidrumu 
kopējās polaritātes un reakcijas vides pseido-pH vērtības. Visaugstāko β-
nitrostirola iznākumu nodrošināja (2-hidroksietil)amonija formiāta lietošana par 
reakcijas vidi. 
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