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ABSTRACT 
 
Polyethylene glycol (PEG-400) was found to be an effective reaction medium for the one-pot synthesis of 4-(1-aryl-
2-nitroethyl)-3-methyl-1H-pyrazol-5-ol derivatives in good yields under mild reaction conditions. The use of PEG-
400 makes this method low cost, recyclable, and eco-friendly. 
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INTRODUCTION 
 
The fast and effective relief of pain and inflammation in the human being is continued to be a major challenge in the 
medicinal chemistry researchers. Non-steroidal anti-inflammatory drugs (NSAIDs) are important therapeutic agents 
for the alleviation of pain and inflammation associated with a number of pathological conditions 1.Moreover the 
pyrozole moiety is present in a wide variety of biologically active compounds, such as anticancer [2a], antimicrobial 
[2b] anti-inflammatory [2c], insecticidal [2d], and molluscicidal activities [2e,f], they are also potential inhibitors of human 
Chk1 kinase. Due to their biological significance [2] .  In the last decade several pyrazole derivatives are proved to 
have potent anticancer activity by the inhibition of cyclin-dependent kinases. (CD Ks). CDKs are members of the 
large family of protein kinases and are responsible for the eukariotic cell cycle regulation; they are intensively 
studied for their cancer implication [3-7] .These compounds known to exhibit as antimicrobial [8,9],  antiviral [10,11]  and 
anticancer [12,13]  agents after the discovery of natural pyrazole C-glycoside pyrazofurin 4-hydroxy-3-b-D-
ribofuranosyl-1H-pyrazole -5-carboxamide (Fig. 1).  
 
In recent years, the use of alternative solvents such as ionic liquids, polyethylene glycol, and super critical fluids has 
gained importance as green reaction media in view of environmental perception [14,15]. Though water is a safe 
alternative, it is not always possible to use water as a solvent due to hydrophobic nature of the reactants and the 
sensitivity of many catalysts to aqueous conditions [16] .In this context, PEG has become as an alternative reaction 
media to perform organic synthesis due to its inherent advantages over toxic solvents. Furthermore, PEG is 
inexpensive, easy to handle, thermally stable, non-toxic, and recyclable. To the best of our knowledge, there are no 
reports for the synthesis of 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol using PEG-400 as a reaction medium 
under catalyst-free conditions. 
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Fig 1. Sructure of celecoxib, pyrazofurin and of pyrazole A and B 
 
In continuation of our interest on PEG mediated organic transformations [17] we, herein report a simple and efficient 
approach for the synthesis of 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol under catalyst-free conditions using 
PEG-400 as an ecofriendly and recyclable medium (Scheme 1). 
 

 
 

Scheme 1 Preparation of 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol 
 
In general, all the reactions are clean affording the 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol derivatives in 
high yields under the above conditions. Both electron rich and electron-deficient aldehyde derivatives gave the 
desired products (Table 1). The structure of all the products were determined from their spectral (IR, 1H NMR, 13C 
NMR and ESI-MS) data and also by direct comparison with authentic samples [18] .     
 

In general, all the reactions were clean affording the 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol derivatives in 
good yields under the above conditions (Table 1). The substituent had shown some effect on conversion.  Having 
optimized reaction condition in hand, we were interested to study the electronic effect of substituents on aromatic 
ring of β-nitrostyrenes. As we envisaged, β- nitro styrene bearing electron withdrawing groups such as bromo, 
chloro and fluoro gave expected products in good yield where as β-nitrostyrene bearing electron donating groups 
such as methoxy, methyl required longer reaction time to give the corresponding Michael adducts with comparable 
yield. Interestingly, mono-aldol reaction was observed in case of 2, 6- dimethylpyridine. No bis-adduct was isolated 
under the present reaction conditions (Entries 3a-3p Table 1). The structures of all the products were determined 
from their spectral (IR, 1H NMR, 13C NMR, and ESI-MS) data and also by direct comparison with authentic 
samples14. The scope of this process was illustrated with respect to various nitro styrenes and 3-methyl-1H-pyrazol-
5(4H)-one (Table 1). The generality of this reaction was investigated and the results are presented in Table 1. As 
seen in Table 1, a variety of nitrostyrenes underwent smooth condensation with 3-methyl-1H-pyrazol-5(4H)-one in 
PEG-400at 60OC to provide a diversified 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol (Table 1)19. A plausible 
reaction mechanism is depicted in Scheme 2. PEG-400 activates nitro styrene. Subsequent attack of the pyrazole 
group on nitrostyrene, gave the desired 4-(1-aryl-2-nitroethyl)-3-methyl-1H-pyrazol-5-ol derivatives (Scheme 2). 

 
Scheme 2. Michael addition of 3-methyl-2-pyrazolin-5-one to the β-nitrostyrenes 
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Table 1 Synthesis of 3-methyl-2-pyrazolin-5-one in presence of PEG-400 
 

Entry Substrate Product Time(h) Yield a (%)

1
NO2

3a 8 85

NO2

MeO

3b 8 802

NO2

MeO

MeO

3c 10 853

4

NO2

3d 8 85

NO2

O

3e 10 85
5

NO2

I
3f 10 856

NO2

O2N

7
3g 10 85

NO2

F
3h 10 858

NO2

Cl
3i 8 909

10

NO2

Br
3j 8 90

NO2

Br

Br

3k 12 85
11

12
NO2

Cl
3l 10 85

NO2

Br
3m 10 90

13

NO2

3n 8 8514

NO2

HO

O
NO2O

O
3p

3o

12

12 85

85

15

16

 
__________________________________________________________________ 

a Isolated yield. 
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Mechanism 

 
A plausible reaction pathway 

 
CONCLUSION 

 
In conclusion, we have developed an efficient approach for the synthesis of 4-(1-aryl-2-nitroethyl)-3-methyl-1H-
pyrazol-5-ol derivatives using PEG-400 without the need of any additive or acid catalyst. The mild reaction 
conditions, inexpensive reaction medium, operational simplicity, and high yields are the main advantages of this 
protocol. 
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