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Abstract :  
A rapid and efficient protocol for the synthesis of pyrazolone derivatives has been developed 

from multi-component reaction of various 3-aryl-1-phenyl-1H-pyrazole-4-carboxaldehyde, 

ethyl acetoacetate and substituted phenyl hydrazine in the presence of green catalyst 

[HNMP][HSO4]. These derivatives have been synthesized by three different method includes 

conventional reflux method, ultrasound, and microwave irradiation. The combination of ionic 

liquid as a green media with ultrasound and microwave irradiation makes the protocol 

environmentally benign. The major benefits of these green techniques are excellent yield at 

ambidient temperature, very short reaction time, simple work-up procedure and use of 

inexpensive catalyst. 
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Introduction: 

Now a days ionic liquids (ILs) have incredible interest due to attractive alternatives to 

hazardous organic solvents as well as catalyst in various branches of synthetic chemistry. 

Moreover, ILs exhibits energetic physicochemical properties such as superior solvating 

capability, elevated polarity, excellent ionic conductivity, good electrical as well as thermal 

stability, large selectivity, low toxicity, non-flammability, non-volatility, vapor pressure and 

wide liquid range. Besides the acidic ionic liquids confirm the significant properties of 

excellent acidity, greater proton conductivity, excellent chemical stability [1-10].  

Multicomponent reactions (MCRs) are powerful approach for the synthesis of chemically and 

biological active heterocyclic compounds. This strategy have several unique compensation 

such as the formation of extremely diverse and complex molecules from readily available 

substrates in a single synthetic operation without isolation of intermediates, and with 
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maximum selectivity in minimal time, high atom economy, simplicity, synthetic efficiency. 

and high purity with good yields [11-17].  

Pyrazolone is a major scaffold in heterocyclic chemistry that occurs in various 

pharmaceutical drugs. It is a nonsteroidal anti-inflammatory agent used in the treatment of 

arthritis and other musculoskeletal and joint disorders. Pyrazolone and their derivatives also 

shows diverse activities like antibacterial, antiviral, analgesic, antipyretic, anti-inflammatory, 

antifungal, antidiabetic, hypoglycemic, antineoplastic activity and immunosuppressive agents 

etc. [18-22]. Their derivatives are of particular significance in pharmaceutical industry due to 

their numerous applications as antiphlogistic properties, uricosuric, treatment of brain 

ischemia and myocardial ischemia [23-26]. In recent era, a library of isoxazolone or 

pyrazolone derivatives were synthesized having androgen antagonists activity and some of 

them exhibited full antagonistic activity toward human prostate tumor LNCaP cells [27-28].  

In recent decades, a variety of methods have been investigated for the synthesis of 4-aryl 

methylenepyrazol-5(4H)-ones via two component condensation of pyrazolone and aldehydes 

in the presence of reaction promoters such as AcOH [29], borate zirconia [30], catalyst free 

[31], IL ethyl ammonium nitrate [32], L-proline [33], silica perchloric acid [34], etc. under 

conventional reaction condition. Also limited work has been reported for the synthesis of 4-

aryl methylenepyrazol-5(4H)-ones via multicomponent approach. For illustration of this, 

Ablajan K and et al. synthesized 4-aryl methylenepyrazol-5(4H)-ones by MCR under 

ultrasound condition.[35] 
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Figure I: Synthesis of 4-aryl methylenepyrazol-5(4H)-ones 
 

In continuation of our work in the field of MCRs using ILs as a promoter [36-40], we have 

synthesized a series of pyrazolone derivatives from substituted 1,3-diphenyl-1H-pyrazole-4-

carbaldehyde (1), ethyl acetoacetate (2), phenyl hydrazine (3) and a catalytic amount of N-

Methyl-2-Pyrrolidonium Hydrogen Sulphate [HNMP][HSO4] by the multi-component 

pathway. The 1,3-diaryl-1H-pyrazole-4-carbaldehyde were synthesized by Viels-meier Haack 

formylation reaction [41-43]. They have received significant attention because of their broad 

spectrum of biological as well as pharmacological activities [44-47].  

 

Results and Discussions: 

Initially, we examined the model reaction between 1-phenyl-3-p-tolyl-1H-pyrazole-4-

carbaldehyde 1a (1 mmol), ethylacetoacetate 2 (1 mmol) and phenyl hydrazine 3 (1 mmol) in 

the presence of catalytic amount of [HNMP][HSO4] under reflux condition. Additional 

experimentation revealed that, the yield of the desired product was increased with increasing 

the amount of catalyst from 50 to 100 mg (Table 2, Entries 4-6). The best results were 

obtained with 100 mg of catalyst [HNMP][HSO4]. However the yield did not increase 

significantly with increasing amount up to 125 mg of catalyst (Table 2, Entry 7).  
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Table 1 Optimization of reaction condition to synthesize pyrazolone derivative (4a) 

Entry Catalyst/ Solvent  Reaction Condition Time  Yield 

(%)  

1 No catalyst/ Solvent free Stirring at RT 5 h NR 

2 No catalyst/ Ethanol Stirring at RT 5 h NR 

3 100 mg [HNMP] [HSO4]/ SF Stirring at RT 5 h NR 

4 50 mg [HNMP] [HSO4]/ Ethanol Reflux 2 h 30 % 

5 75 mg [HNMP] [HSO4]/ Ethanol Reflux 2 h 72 % 

6 100 mg [HNMP] [HSO4]/ 

Ethanol 

Reflux 2 h 86 % 

7 125 mg [HNMP] [HSO4]/ 

Ethanol 

Reflux 2 h 87 % 

8 100 mg [HNMP] [HSO4]/ 

Ethanol 

Ultrasound Irradiation at RT 20 

min 

Trace  

9 100 mg [HNMP] [HSO4]/ 

Ethanol 

Ultrasound Irradiation at 45
o
C 20 

min 

90 % 

10 100 mg [HNMP] [HSO4]/ SF MW Irradiation at 140 W 3 min 92 %  

Reaction Condition: 1-phenyl-3-p-tolyl-1H-pyrazole-4-carbaldehyde 1a (1 mmol), Ethyl acetoacetate  

2 (1 mmol), substituted phenyl hydrazine 3 (1 mmol) and 50-125 mg [HNMP][HSO4] 

 

When the model reaction was carried out under US irradiation, the reaction did not occur to 

any extent at room temperature. While good results appeared at 45˚C in short reaction time 

(Table 2, Entry 9). Also under MW condition, the better results are obtained at 140 W in 

solvent free condition (Table 2, Entry 10).  

With the optimized reaction conditions in hand, the scope of the reaction was investigated by 

varying the substituents on heterocyclic aldehyde and phenyl hydrazine. The heterocyclic 

aldehyde with both electron-donating and electron-withdrawing substituents were tolerated, 

affording the desired product in high yield (Table 1, Entries 4a-h) under reflux, ultrasound 

and microwave conditions. Also good results were obtained with fluorinated phenyl 

hydrazine (Table 1, Entries 4i-l). All the conventional and non-conventional methods 

provided good results with IL. However, the Microwave and Ultrasound methods provided 

good yield in a short period of time. 
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Scheme I. Synthesis of Pyrazolone derivatives 

 

Table 2 Synthesis of pyrazolone derivatives (4a-l) using [HNMP] [HSO4] as a catalyst 

Entry Ar1 

Group 

Ar2 

Group 

Reaction Time in Min. Yield in % M.P. 

in 

(
o
C) Reflux  US  MW 

SF 

Reflux  US  MW 

SF 

4a 

CH3  
H  

100  20  4  75  84  86  218 

4b 

H  H  

100  20  3  78  80  86  236 

4c 

F  H  

110  20  4  70  78  82  238 

4d 

Cl  H  

120  25  4  72  78  80  240 

4e 

Br  
H  

120  25  4  74  80  84  216 
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4f 
S  

H  

90  20  3  76  84  86  220 

4g 

F

Br

 H  

90  25  4  72  78  84  202 

4h 

FF  

H  

110  25  4  70  80  82  208 

4i 

CH3  
F  

120  20  3  72  82  84  240 

4j 

H  F  

100  20  3  76  84  86  258 

4k 

F  F  

120  25  4  74  82  88  270 

4l 

S  

F  

110  25  3  78  84  88  228 

Reaction Condition: 3-aryl-1-phenyl-1H-pyrazole-4-carbaldehyde 1 (1 mmol), Ethyl acetoacetate  

2 (1 mmol), substituted phenyl hydrazine 3 (1 mmol), 100 mg [HNMP] [HSO4] and 10 mL ethanol. 

 

Experimental: 

General: Melting points were recorded in an open capillary and are uncorrected. IR spectra 

were recorded on a Perkin-Elmer FTIR spectrophotometer. The 
1
H NMR spectrums were 

recorded on a Brucker Avance II 400MHz in CDCl3 using TMS as an internal standard 

compound. Mass spectra were recorded on a Finnigan Mass spectrometer with specification 

LC-MS Spectrometer. TLC was carried out on pre-coated silica gel Al- plates to check the 

purity of the compounds. 

 

Preparation of N-Methyl-2-Pyrrolidonium Hydrogen Sulphate [HNMP][HSO4] 

The 250 mL round bottom flask was placed in an ice bath which was filled with N-

methylpyrrolidone (19.8 mL, 0.2 mol). Then concentrated sulphuric acid (19.6 mL, 0.2 mol) 

was added drop wise with constant stirring to the flask within 40-50 min. Then the reaction 

flask was heated for 15 h at 80
o
C to complete the reaction. The resultant mixture was washed 

more than two times with diethyl ether to remove non-ionic matter. Then ionic liquid and the 

ether layer were separated by the separating funnel. Finally dry it well in a rotary evaporator 

for 6 h to obtain the viscous liquid [HNMP][HSO4]. 
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General Procedure for the Synthesis of Pyrazolinone Derivatives 

a. under conventional reflux condition 

A mixture of 3-aryl-1-phenyl-1H-pyrazole-4-carboxaldehyde 1 (1 mmol), ethyl acetoacetate 

2 (1 mmol), substituted phenyl hydrazine 3 (1 mmol) and 100 mg of ionic liquid 

[HNMP][HSO4] was taken in a 100 mL round bottom flask containing 10 mL of ethanol. 

Then the reaction mixture was refluxed for appropriate time. The progress of the reaction was 

monitored by TLC. After completion of the reaction, the content were cooled to room 

temperature, solid product thus obtained was separated by filtration. The crude product was 

washed with cold ethanol to get pure product. 

b. under US irradiation 

A mixture of 3-aryl-1-phenyl-1H-pyrazole-4-carboxaldehyde 1 (1 mmol), ethyl acetoacetate 

2 (1 mmol), substituted phenyl hydrazine 3 (1 mmol) and 100 mg of ionic liquid 

[HNMP][HSO4] was taken in a 100 mL round bottom flask containing 10 mL of ethanol. The 

reaction mixture was placed for US irradiation at 45
o
C for appropriate time. The progress of 

the reaction was monitored by TLC. After completion of the reaction, the content were 

cooled to room temperature, solid product thus obtained was separated by filtration. The 

crude product was washed with cold ethanol to get pure product. 

c. under MW irradiation 

A mixture of 3-aryl-1-phenyl-1H-pyrazole-4-carboxaldehyde 1 (1 mmol), ethyl acetoacetate 

2 (1 mmol), substituted phenyl hydrazine 3 (1 mmol) and 100 mg of ionic liquid 

[HNMP][HSO4] was taken in a 100 mL round bottom flask containing 10 mL of ethanol. The 

reaction mixture was subjected for MW irradiation at level 1 (140 W) for appropriate time. 

The progress of the reaction was monitored by TLC. After completion of the reaction, the 

content were cooled to room temperature, solid product thus obtained was separated by 

filtration. The crude product was washed with cold ethanol to get pure product. 

 

Spectral Data- 

4a: 3-methyl-1-phenyl-4-((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl)methylene)-1H-pyrazol-

5(4H)-one - Yellow Solid; M.P. 218˚C; FT-IR (KBr) ν: 3145, 2981, 1672, 1608, 1595, 1530, 

1498, 1366, 1317, 1216, 1151, 998, 749; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.11 (s, 3H, -

CH3), 2.83 (s, 3H, -CH3), 7.19 (d, J=7.3 Hz, 1H, Ar-H), 7.39-7.47 (m, 5H, Ar-H), 7.58-7.63 

(m, J=7.6 and 7.3 Hz, 4H, Ar-H), 7.93 (d, J=7.9 Hz, 2H, Ar-H), 7.99 (d, J=7.6 Hz, 2H, Ar-H), 

8.15 (s, 1H, Pyrazole ring-H), 10.24 (s, 1H, vinylic proton); MS: m/z= 419.37[M+1]
+
. 

4b: 3-methyl-1-phenyl-4-((1,3-diphenyl-1H-pyrazol-4-yl)methylene)-1H-pyrazol-5(4H)-

one 

Yellow Solid; M.P. 236˚C; FT-IR (KBr) ν: 3143, 3048, 2981, 1669, 1612, 1596, 1520, 1497, 

1322, 1217, 1147, 999, 820, 748; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.14 (s, 3H, -CH3), 7.29 

(t, 2H, Ar-H), 7.44 (t, 2H, Ar-H), 7.54-7.62 (m, 6H, Ar-H), 7.76 (d, 2H, Ar-H), 7.92-7.98 (m, 

4H, Ar-H and Pyrazole ring-H), 10.18 (s, 1H, vinylic proton); MS: m/z= 405.36[M+1]
+ 

4c: 4-((3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-phenyl-1H-

pyrazol-5(4H)-one -Yellow Solid; M.P. 238˚C; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.31 (s, 

3H, -CH3), 7.31 (t, 3H, Ar-H), 7.42-7.49 (m, 2H, Ar-H), 7.59 (s, 1H, Ar-H), 7.64 (t, 2H, Ar-

H), 7.84 (d, 2H, Ar-H), 7.94-7.98 (m, 5H, Ar-H and Pyrazole ring-H), 10.24 (s, 1H, vinylic 

proton); MS: m/z= 423.13[M+1]
+
. 

4d: 4-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-phenyl-1H-

pyrazol-5(4H)-one: Yellow Solid; M.P. 240˚C; FT-IR (KBr) ν: 3144, 3054, 2882, 1673, 

1611, 1593, 1568, 1442, 1367, 1213, 1216, 1151, 999, 833, 749; 
1
H NMR (DMSO-d6, 400 

MHz) δ: 2.30 (s, 3H, -CH3), 7.37 (t, 1H, Ar-H), 7.46-7.56 (m, 3H, Ar-H), 7.61 (s, 1H, Ar-H), 
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7.62-7.82 (m, 4H, Ar-H), 7.84 (d, 2H, Ar-H), 7.92-8.01 (m, 4H, Ar-H and Pyrazole ring-H), 

10.21 (s, 1H, vinylic-H); MS: m/z= 439.15 [M+1]
+
. 

4e: 4-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-phenyl-1H-

pyrazol-5(4H)-one -Yellow Solid; M.P. 216˚C; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.28 (s, 

3H, -CH3), 7.24 (t, 1H, Ar-H), 7.45-7.52 (m, 3H, Ar-H), 7.56 (s, 1H, Ar-H), 7.65 (m, 2H, Ar-

H), 7.76-7.78 (m, 2H, Ar-H), 7.81-7.83 (m 2H, Ar-H), 7.95-7.98 (m, 4H, Ar-H and Pyrazole 

ring-H), 10.20 (s, 1H, vinylic-H); MS: m/z= 483.17 [M+1]
+
. 

4f: 3-methyl-1-phenyl-4-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)methylene)-1H-

pyrazol-5(4H)-one -Yellow Solid; M.P. 220˚C; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.36 (s, 

3H, -CH3), 7.29-7.35 (m, 3H, Ar-H), 7.51 (t, J=6.4 Hz, 1H, Ar-H), 7.63 (t, J=6.4 Hz, 2H, Ar-

H), 7.78 (d, 2H, Ar-H), 7.80 (s, 1H, Pyrazole ring-H), 7.86 (dd, 1H, Ar-H), 7.91 (dd, 2H, Ar-

H), 7.99 (m, 2H, Ar-H), 10.23 (s, 1H, vinylic-H); MS: m/z= 411.22 [M+1]
+
. 

4g: 4-((3-(3-bromo-4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-

phenyl-1H-pyrazol-5(4H)-one -Yellow Solid; M.P. 202˚C; 
1
H NMR (DMSO-d6, 400 MHz) 

δ: 2.30 (s, 3H, -CH3), 7.22 (t, 1H, Ar-H), 7.32 (m, 2H, Ar-H), 7.40 (m, 2H, Ar-H), 7.47 (m, 

3H, Ar-H), 7.79 (m, 2H, Ar-H), 7.87 (d, 2H, Ar-H), 7.98 (m, 1H, Ar-H), 8.01 (s, 1H, 

Pyrazole ring-H), 10.21 (s, 1H, vinylic-H); MS: m/z= 501.10 [M+1]
+
. 

4h: 4-((3-(3,5-difluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-methyl-1-phenyl-

1H-pyrazol-5(4H)-one -Yellow Solid; M.P. 208˚C; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.34 

(s, 3H, -CH3), 7.36 (t, 3H, Ar-H), 7.49 (t, 3H, Ar-H), 7.62 (m, 2H, Ar-H), 7.77 (d, 2H, Ar-H), 

7.88 (s, 1H, Pyrazole ring-H), 7.99 (m, 2H, Ar-H), 8.02 (dd, 1H, Ar-H), 10.22 (s, 1H, vinylic-

H); MS: m/z= 441.22 [M+1]
+
. 

4i: 1-(4-fluorophenyl)-3-methyl-4-((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl)methylene)-1H-

pyrazol-5(4H)-one - Yellow Solid; M.P. 240˚C; FT-IR (KBr) ν: 3139, 3054, 2980, 1674, 

1594, 1498, 1219, 1149, 748; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.01 (s, 3H, -CH3), 2.28 (s, 

3H, -CH3), 7.26 (m, J=7.3 Hz, 2H, Ar-H), 7.41 (t, 2H, Ar-H), 7.46 (t, 1H, Ar-H), 7.56-7.67 

(m, 4H, Ar-H), 7.94 (t, 2H, Ar-H), 7.97-8.01 (m, 2H, Ar-H), 8.26 (s, 1H, Pyrazole ring-H), 

10.22 (s, 1H, vinylic proton); MS: m/z= 437.35[M+1]
+
. 

4j:1-(4-fluorophenyl)-3-methyl-4-((1,3-diphenyl-1H-pyrazol-4-yl)methylene)-1H-

pyrazol-5(4H)-one -Yellow Solid; M.P. 258˚C; 
1
H NMR (DMSO-d6, 400 MHz) δ: 2.29 (s, 

3H, -CH3), 7.31 (t, 2H, Ar-H), 7.50 (t, 2H, Ar-H), 7.59-7.66 (m, 5H, Ar-H), 7.81 (dd, 2H, Ar-

H), 7.95-8.00 (m, 4H, Ar-H and Pyrazole ring-H), 10.22 (s, 1H, vinylic-H); MS: m/z= 

423.23[M+1]
+
. 

4k: 1-(4-fluorophenyl)-4-((3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)methylene)-3-

methyl-1H-pyrazol-5(4H)-one -Yellow Solid; M.P. 270˚C; 
1
H NMR (DMSO-d6, 400 MHz) 

δ: 2.29 (s, 3H, -CH3), 7.30 (t, J=5.2 and 2.0 Hz, 2H, Ar-H), 7.44-7.50 (m, J=7.2, 5.2 and 2.8 

Hz, 2H, Ar-H), 7.56 (s, 1H, Ar-H), 7.65 (t, J=6.8 and 6.0 Hz, 2H, Ar-H), 7.85-7.88 (m, 2H, 

Ar-H), 7.93-7.99 (m, 5H, Ar-H and Pyrazole ring-H), 10.21 (s, 1H, vinylic-H); MS: m/z= 

441.16[M+1]
+
. 

4l: 1-(4-fluorophenyl)-3-methyl-4-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-

yl)methylene)-1H-pyrazol-5(4H)-one - Yellow Solid; M.P. 228˚C; 
1
H NMR (DMSO-d6, 

400 MHz) δ: 2.37 (s, 3H, -CH3), 7.30-7.34 (m, 3H, Ar-H), 7.50 (t, J=6.0 Hz, 1H, Ar-H), 7.63 

(t, J=6.0 Hz, 2H, Ar-H), 7.75 (dd, 1H, Ar-H), 7.79 (s, 1H, Pyrazole ring-H), 7.84 (dd, 1H, Ar-

H), 7.92 (dd, 2H, Ar-H), 7.98 (m, 2H, Ar-H), 10.19 (s, 1H, vinylic-H); MS: m/z= 

429.24[M+1]
+
. 

 

Abbreviations: MCRs= Multi-component reaction, NR= No Reaction, ILs= Ionic liquids, 

RT= Room Temperature, [HNMP][HSO4]= N-Methyl-2-Pyrrolidonium Hydrogen Sulphate, 

US= Ultrasound, MW= Microwave. 
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Conclusion: 

We have developed a new method for the one-pot synthesis of pyrazolinone derivatives using 

ionic liquid [HNMP][HSO4] as an efficient catalyst. A library of pyrazolinone 4(a-l) 

derivatives was synthesized from 3-aryl-1-phenyl-1H-pyrazole-4-carbaldehyde, ethyl 

acetoacetate and substituted phenyl hydrazine in ethanol by conventional reflux condition, 

US and MW irradiation for suitable time. The advantage of US and MW assisted reaction in 

[HNMP][HSO4] are of short reaction time, mild reaction condition, and high yield. 
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