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Abstract:  

A simple, catalyst-free, green synthetic protocol is described for the one-pot synthesis of 

pyrazoles via multicomponent reaction of aromatic aldehydes, hydrazine monohydrate and ethyl 

acetoacetate and malononitrile/ammonium acetate in water under ultrasound irradiation. This 

protocol avoids traditional chromatography and purification steps and it affords highly selective 

conversion with no byproducts. 

Keywords: Ultrasound, multicomponent reaction (MCR), one-pot synthesis, pyrazole derivatives, 

water as solvent. 

 

1. Introduction 

Development of simple and eco-friendly procedures for synthesis of compounds with 

biological interest is the driving force for the discovery and design of new bioactive compounds. 

Multicomponent reactions (MCRs) are gaining importance and are in high demand in modern 

organic synthesis. It is particularly true in case of heterocycles [1] as those reactions facilitate 

formation of several bonds in one unit operation [2, 3]. In the recent years, ultrasound irradiation 

has gained recognition as a clean and advantageous approach in organic synthesis [4]. The 

sonochemical phenomenon is the result of the interaction of suitable field of acoustic waves with 

potentially reacting chemical system. This phenomenon occurs through acoustic cavitation. The 

phenomenon of cavitation in an irradiated solution may be expressed as a sequential process of 

involving the bubble formation, its growth and breakdown. Cavitation phenomenon develops 

high temperature and pressure in the micro environment which creates turbulence and facilitates 

the mass transfer in the neighborhood. Compared to conventional heating which provides 
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thermal energy in the macro system, ultra sonification reduces reaction times, improves yields 

and minimizes side product formation by providing the activation energy in micro environment 

[5]. As this technology involves energy conservation and minimal waste generation, it is widely 

accepted as a green chemistry approach [6]. Furthermore, this technique can be applied to a 

variety of organic syntheses accomplishing better yields, under mild reaction conditions and 

shorter reaction times [7]. 

Countless biologically and pharmacologically important compounds constitute pyrazoles 

and their derivatives [8]. A number of pyrazole containing compounds such as Celebrex, Viagra 

and Acomplia have been successfully commercialized [9]. Pyrazoles have also found 

applications in the agrochemical industry as ultraviolet stabilizers and energetic materials and in 

the field of photoprotectors [10]. Owing to the attractive pharmacological properties of 

pyrazoles, new methodologies for the design of different pyrazoles have attracted the attention of 

the researchers. Several methods are available in literature for one-pot synthesis of pyrazoles 

derivatives in presence or absence of catalysts [11]. Certain protocols reported to use catalysts 

such as triethyamine [12], hydrotalcite [13], L-proline in [bmim]BF4 [14] and using water as a 

solvent in catalyst-free condition [15], to mention a few. While Dabiri et al. [16] have reported 

the synthesis of tetrahydropyrazolopyridine derivatives using ethanol as solvent; Zhao et al. [17] 

have synthesized tetrahydropyrazolopyridine derivatives using a pre-formed pyrazolone and 

ethanol as solvent under refluxing conditions. Many of the reported methods suffer some 

drawbacks, like high temperature requirements, prolonged reaction times, toxic solvents and/or 

expensive reagents. Some of the protocols have limitations of low yields or undesired product 

formation due to poor selectivity of the process. Hence, there is definite longing for less 

expensive and catalyst free protocols. Thus, the greater demand for better and efficient protocols 

materials has accentuated the need to develop novel, value-added, eco-compatible and green 

routes motivated the present work. 

 

2. Materials and methods 

2.1. Apparatus and analysis 

 All chemicals used were reagent grade and were used as received without further 

purification. 
1
H NMR and 

13
C NMR spectra were recorded at 25 

o
C at 400 MHz and 100 MHz 
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(Bruker Avance) instrument respectively, using TMS as internal standard. Chemical shifts are 

given in parts per million (ppm). The FT-IR spectroscopy of samples was carried out on a Perkin 

Elmer Perkin Elmer Precisely 100 FT-IR spectrometer in the 400-4000 cm
-1

 region. The HRMS 

were recorded on a waters micromass LCT premier mass spectrometer using electrospray 

ionization in the positive or negative mode. The ultrasonic assisted reactions are carried out in a 

‘‘Spectralab model UMC 20 Ultrsonic cleaner” with a frequency of 40 kHz and a nominal power 

250 W. Melting points were recorded on a hot stage melting point apparatus Ernst Leitz Wetzlar, 

Germany and were uncorrected. All the reactions and the purity of products were monitored 

using thin layer chromatography (TLC) on aluminum-backed plates coated with Merck Kieselgel 

60 F254 silica gel, visualizing the spots under ultraviolet light and iodine chamber. 

 

2.2. General procedure for the synthesis tetrahydropyrazolopyridine under silent conditions 

A mixture of hydrazine hydrate (2.0 mmol) and ethyl acetoacetate (2.0 mmol) in H2O (15 

mL) was magnetically stirred for 30 min at room temperature (25°C) followed by addition of 

aldehyde (1.0 mmol) and ammonium acetate (4.0 mmol). The reaction mixture was heated at 

70
o
C for appropriate time as shown in Table 2. After the starting material was completely 

consumed, the reaction mixture was cooled to room temperature and water (10 mL) was added 

and the resulting mixture was stirred for 30 min. The precipitated product was filtered, washed 

with water and acetone then dried under vacuum. In most cases no further purification was 

necessary. 

 

2.3. General procedure for the synthesis of tetrahydropyrazolopyridine under ultrasound 

irradiation 

 A 50 mL conical flask was charged with a mixture of hydrazine hydrate (2.0 mmol) and 

ethyl acetoacetate (2.0 mmol) in H2O (15 mL). The mixture was irradiated for 10 min at room 

temperature followed by addition of aldehyde (1.0 mmol) and ammonium acetate (4.0 mmol). 

The reaction mixture was irradiated under sonication at 50
o
C for appropriate time as shown in 

Table 2. To maintain the ultrasonic bath temperature, cold/hot water was either added or 

removed manually. After the starting material was completely consumed, the reaction mixture 

was cooled to room temperature and water (10 mL) was added and the resulting mixture was 
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irradiated for 15 min. The precipitated product was filtered, washed with water and acetone then 

dried under vacuum. In most cases no further purification was necessary. 

 

3,5-Dimethyl-4-phenyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5a) 

Off-white solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.07 (6H, s), 4.80 (1H, s), 7.08-7.21 (5, m), 

11.19 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.8, 33.5, 104.7, 125.8, 127.9, 128.1, 

140.5, 143.9, 161.5; IR (KBr, cm
-1

): 3274 (NH); HRMS of [C15H15N5 + Na] (m/z): 288.0845 

(100%); Calc. Mass: 288.0822. 

4-(4-Methoxy-phenyl)-3,5-dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5b) 

Pale yellow solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.03 (6H, s), 3.82 (3H, s), 4.53 (1H, s), 

7.03 (2H, d, J = 8.7 Hz), 7.79 (2H, d, J = 8.6 Hz), 8.99 (3H, br, s); 
13

C NMR (100 MHz, DMSO-

d6): δ 10.3, 31.9, 54.9, 104.4, 113.0, 128.3, 135.1, 139.6, 157.1, 161.0; IR (KBr, cm
-1

): 3266 

(NH); HRMS of [C16H17N5O + 1] (m/z): 296.1975 (100%); Calc. Mass: 296.1909.  

4-(4-Bromo-phenyl)-3,5-dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5c) 

Pale yellow solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.07 (6H, s), 4.78 (1H, s), 7.04 (2H, d, J = 

8.3 Hz), 7.37 (2H, d, J = 8.4 Hz), 11.32 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.2, 

32.2, 104.4, 118.4, 129.7, 130.4, 131.9, 142.7, 157.5; IR (KBr, cm
-1

): 3225 (NH); HRMS of 

[C15H14BrN5 + 1] (m/z): 344.0255 (100%); Calc. Mass: 344.0260.  

[4-(3,5-Dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridin-4-yl)-phenyl]-dimethyl-

amine (5d) 

Off-white solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.05 (6H, s), 2.8 (6H, s), 4.69 (1H, s), 6.56 

(2H, d, J = 8.8 Hz), 6.92 (2H, d, J = 8.5 Hz), 10.91 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): 

δ 10.3, 31.7, 40.4, 104.7, 112.2, 127.8, 131.1, 148.5, 159.7, 161.0; IR (KBr, cm
-1

): 3170 (NH); 

MS (ESI), m/z = 309 (M+1, 100%); Anal. Calcd (C17H20N6): C 66.21, H 6.54, N 27.25%. Found: 

C 66.19, H 6.51, N 27.20%. 

4-(3,5-Dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridin-4-yl)-phenol (5e) 

Pale yellow solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.06 (6H, s), 4.71 (1H, s), 6.59 (2H, d, J = 

8.5 Hz), 6.90 (2H, d, J = 8.4 Hz), 9.28 (1H, br, s), 11.04 (1H, s); 
13

C NMR (100 MHz, DMSO-

d6): δ 10.3, 31.8, 104.6, 114.4, 128.2, 133.3, 139.7, 155.0, 161.0; IR (KBr, cm
-1

): 3267 (NH); 

HRMS of [C15H14BrN5 + Na] (m/z): 304.1229 (100%); Calc. Mass: 304.1239.  
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4-(2-Bromo-phenyl)-3,5-dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5f) 

Off-white solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.92 (6H, s), 5.04 (1H, s), 7.05-7.53 (4H, 

m), 10.79 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.5, 30.6, 102.3, 126.8, 127.7, 128.2, 

130.8, 132.3, 138.4, 142.3, 160.6;  IR (KBr, cm
-1

): 3174 (NH); MS (ESI), m/z = 366 (M+Na, 

100%); Anal. Calcd (C15H14BrN5): C 52.34, H 4.10, N 20.35%. Found: C 52.26, H 4.03, N 

20.28%. 

4-(2-Methoxy-phenyl)-3,5-dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5g) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 2.04 (6H, s), 3.72 (3H, s), 5.05 (1H, s), 6.77-

7.52 (4H, m), 10.75 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.3, 30.6, 55.3, 103.8, 

110.3, 119.6, 126.6, 128.9, 131.8, 138.3, 155.8, 160.3; IR (KBr, cm
-1

): 3077 (NH); HRMS of 

[C16H17N5O + 1] (m/z): 296.1996 (100%); Calc. Mass: 296.1909.  

4-(2-Chloro-phenyl)-3,5-dimethyl-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5h) 

Pale yellow solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.94 (6H, s), 5.08 (1H, s), 7.13-7.55 (4H, 

m), 10.85 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.3, 30.6, 102.3, 126.3, 127.4, 128.9, 

130.5, 132.2, 138.7, 140.6, 160.6; IR (KBr, cm
-1

): 3199 (NH); HRMS of [C15H14ClN5 + Na] 

(m/z): 322.1119 (100%); Calc. Mass: 322.1110.  

3,5-Dimethyl-4-(2-nitro-phenyl)-1,4,7,8-tetrahydro-dipyrazolo[3,4-b;4',3'-e]pyridine (5i) 

Off-white solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.92 (6H, s), 5.44 (1H, s), 7.37-7.68 (4H, 

m), 10.98 (3H, br, s); 
13

C NMR (100 MHz, DMSO-d6): δ 10.0, 28.9, 101.9, 123.8, 127.1, 130.2, 

131.6, 136.2, 138.6, 149.5, 160.5; IR (KBr, cm
-1

): 3381 (NH); HRMS of [C15H14N6O2 + 1] 

(m/z): 311.1052 (100%); Calc. Mass: 311.1062. 

 

2.4. General procedure for the synthesis pyrazoles under silent conditions 

To a solution of arylaldehyde (2.0 mmol), malanonitrile (2.0 mmol), hydrazine hydrate 

(2.0 mmol) and ethyl acetoacetate (2 mmol) in water (15 mL). The reaction mixture was stirred 

at 70
o
C for the period of time as indicated in Table 2. After the completion of the reaction (The 

reaction was monitored by TLC), the reaction mixture cooled to room temperature, the residue 

was filtered and was washed with ethanol to produce the desired solid.  

2.5. General procedure for the synthesis of pyrazoles under ultrasound irradiation 
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A 50 mL conical flask was charged with freshly distilled benzaldehyde (2.0 mmol), 

malanonitrile (2.0 mmol), hydrazine hydrate (2.0 mmol) and ethyl acetoacetate (2 mmol) in 

water (15 mL). The reaction mixture was irradiated at 50
o
C for the period of time (The reaction 

was monitored by TLC) as indicated in Table 2. After the completion of the reaction, the reaction 

mixture cooled to room temperature, the residue was filtered and was washed with ethanol to 

produce the desired solid. 

 

6-Amino-3-methyl-4-phenyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile (7a) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.77 (3H, s), 4.58 (1H, s), 6.85 (2H, s, -NH2), 

7.15-7.32 (5H, m), 12.09 (1H, s, -NH); 
13

C NMR (100 MHz, DMSO-d6): δ 9.6, 36.1, 57.1, 97.6, 

120.7, 126.7, 127.4, 128.4, 135.6, 144.3, 154.7, 160.8; IR (KBr, cm
-1

): 2191 (CN), 3369 (NH2); 

HRMS of [C14H12N4O - 1] (m/z): 251.0929 (100%); Calc. Mass: 251.0933. 

6-Amino-4-(4-methoxy-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile 

(7b) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.77 (3H, s), 3.71 (3H, s), 4.53 (1H, s), 6.85 

(2H, s, -NH2), 6.85 (2H, d, J = 8.6 Hz), 7.06 (2H, d, J = 8.6 Hz ), 12.07 (1H, s, -NH); 
13

C NMR 

(100 MHz, DMSO-d6): δ 9.6, 35.3, 54.9, 57.6, 97.8, 113.7, 120.8, 128.4, 135.5, 136.4, 157.9, 

160.6; IR (KBr, cm
-1

): 2191 (CN), 3256 (NH2); HRMS of [C15H14N4O2 - 1] (m/z): 281.1039 

(100%); Calc. Mass: 281.1039.  

6-Amino-4-(4-bromo-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile (7c) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.78 (3H, s), 4.61 (1H, s), 6.91(2H, s, -NH2), 

7.12 (2H, d, J = 8.4 Hz), 7.48 (2H, d, J = 8.3 Hz ), 12.14 (1H, s, -NH); 
13

C NMR (100 MHz, 

DMSO-d6): δ 9.6, 35.6, 56.7, 97.0, 119.7, 120.6, 129.6, 131.3, 135.7, 143.8, 154.6, 160.8; IR 

(KBr, cm
-1

): 2189 (CN), 3395 (NH2); HRMS of [C14H11BrN4O - 1] (m/z): 329.0049 (100%); 

Calc. Mass: 329.0038.  

6-Amino-4-(4-dimethylamino-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-

carbonitrile (7d) 

Off-white solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.78 (3H, s), 2.84 (6H, s), 4.44 (1H, s), 6.63 

(2H, d, J = 8.6 Hz), 6.73 (2H, s, -NH2), 6.94 (2H, d, J = 8.6 Hz), 12.03 (1H, s, -NH); 
13

C NMR 

(100 MHz, DMSO-d6): δ 9.7, 35.3, 40.1, 57.9, 98.1, 112.2, 120.9, 127.9, 131.9, 135.4, 149.1, 
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154.7, 160.5; IR (KBr, cm
-1

): 2187 (CN), 3344 (NH2); HRMS of [C16H17N5O - 1] (m/z): 

294.1366 (100%); Calc. Mass: 294.1355. 

6-Amino-4-(4-hydroxy-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile (7e) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.77 (3H, s), 4.46 (1H, s), 6.67 (2H, d, J = 8.4 

Hz), 6.76 (2H, s, -NH2), 6.93 (2H, d, J = 8.4 Hz), 9.29 (1H, s, -OH), 12.04 (1H, s, -NH); 
13

C 

NMR (100 MHz, DMSO-d6): δ 9.6, 35.4, 57.7, 98.0, 115.0, 120.8, 128.3, 134.7, 135.5, 154.7, 

155.9, 160.5; IR (KBr, cm
-1

): 2174 (CN), 3371 (NH2); HRMS of [C14H12N4O2 - 1] (m/z): 

267.0878 (100%); Calc. Mass: 267.0882.  

6-Amino-4-(2-methoxy-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile 

(7f) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.78 (3H, s), 3.77 (3H, s), 4.97 (1H, s), 6.78 

(2H, s, -NH2), 6.87-7.20 (4H, m), 12.01 (1H, s, -NH); 
13

C NMR (100 MHz, DMSO-d6): δ 9.4, 

29.1, 55.5, 56.3, 97.7, 111.2, 120.7, 120.8, 127.8, 128.5, 132.0, 135.0, 155.0, 156.3, 161.4; IR 

(KBr, cm
-1

): 2194 (CN), 3374 (NH2); HRMS of [C15H14N4O2 - 1] (m/z): 281.1028 (100%); Calc. 

Mass: 281.1039.  

6-Amino-4-(2-bromo-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile (7g) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.75 (3H, s), 5.06 (1H, s), 6.94 (2H, s, -NH2), 

7.13-7.58 (4H, m), 12.14 (1H, s, -NH); 
13

C NMR (100 MHz, DMSO-d6): δ 9.6, 35.8, 55.9, 97.0, 

120.2, 122.3, 128.3, 128.8, 130.9, 132.6, 135.4, 142.5, 154.8, 161.1; IR (KBr, cm
-1

): 2189 (CN), 

3389 (NH2); HRMS of [C14H11BrN4O - 1] (m/z): 329.0033 (100%); Calc. Mass: 329.0038.  

6-Amino-4-(2-chloro-phenyl)-3-methyl-1,4-dihydro-pyrano[2,3-c]pyrazole-5-carbonitrile (7h) 

White solid; 
1
H NMR (400 MHz, DMSO-d6) δ = 1.75 (3H, s), 5.06 (1H, s), 6.93 (2H, s, -NH2), 

7.16-7.41 (4H, m), 12.13 (1H, s, -NH); 
13

C NMR (100 MHz, DMSO-d6): δ 9.4, 33.4, 55.7, 96.8, 

120.3, 127.7, 128.5, 129.4, 130.6, 131.9, 135.3, 140.8, 154.9, 161.2; IR (KBr, cm
-1

): 2189 (CN), 

3389 (NH2); HRMS of [C14H11ClN4O - 1] (m/z): 285.0539 (100%); Calc. Mass: 285.0543. 

 

3. Results and discussion 

Recently, we have reported some multicomponent reactions that provide easy access to 

develop eco-sustainable and clean synthetic routes for the synthesis of various heterocyclic 

derivatives [18] and an ultrasonic-assisted method for synthesis of polysubstituted pyridines [2a]. 
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With sustained interest in development of useful multicomponent reactions, in this 

communication we report an expedient approach to prepare pyrazole derivatives under 

ultrasound irradiation for the first time and using water as a solvent. 

Literature survey shows that there are no reports either on the synthesis of 

tetrahydropyrazolopyridines under ultrasound irradiation, with or without catalyst, under solvent-

free conditions or by using water as a solvent. Our intention was to develop an eco-friendly, 

methodology for the synthesis of heterocyclics of biological significance under sonochemical 

conditions. In that pursuit, we report our success in the one-pot synthesis of 

tetrahydropyrazolopyridine derivatives (5a-i) and pyranopyrazoles (7a-h) via four-component 

coupling reaction under ultrasound irradiation at 50
o
C in water media (Scheme 1&2).     

Preliminary studies were carried out using hydrazine hydrate (2.0 mmol), ethyl 

acetoacetate (2.0 mmol) and benzaldehyde 4a (1.0 mmol) under silent and ultrasound irradiation 

at room temperature (rt) separately, with using EtOH and water as a solvent. We did not observe 

any trace of the desired product under the silent conditions (Table 1, entries 1-3).  The reaction 

was also carried out under silent conditions at increased temperatures above 50
o
C, reaction 

occurred, but with low yields. Preliminary experiments with appropriate reagents were 

conducted using water under ultrasound irradiation at 25 (rt), 40 and 50
o
C and with conventional 

heating at 70
o
C.  The increase in the reaction temperature under ultrasonification improved the 

yields and reduced the reaction times. Impressively, at 50
o
C, the ultrasonic method gave the 

preferred product (5a) selectively with 95% yield, which could be possibly due the phenomenon 

of cavitations produced by ultrasound. Cavitation induces very high local temperatures and 

pressure inside the bubbles, leading to a turbulent flow in the liquid and enhanced mass transfer 

in the area. Based on the results, taking 50
o
C as optimum condition, all the reactions were 

conducted at that temperature, and obtained results are summarized in Table 1.  This study 

validates that sonochemical approach with water as media is ideal for one-pot, four-component 

reactions to achieve excellent yields. 

The versatility of the protocol is further demonstrated by repeating the procedure for 

synthesizing an array of tetrahydropyrazolopyridine (5a-i) and pyranopyrazoles (7a-h) 

derivatives (Table 2). In this protocol, in addition to aromatic aldehydes, spatially-hindered 
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aldehydes such as 2-methoxy, 2-bromo and 2-chloro were also found acceptable giving good 

yields.  

All the synthesized compounds could be purified without applying any chromatographic 

method. Thus escaping the need of volatile organic solvents generally required for work-up and 

purification in many existing procedures. To our belief, this new technique is an excellent 

method for the synthesis of tetrahydropyrazolopyridine derivatives and pyranopyrazoles. 

Moreover, it is worth noting that new C-C and C-heteroatom bonds were formed with 

concomitant creation of a pyrazoles involving four-component in one-pot process. All the 

reaction products were totally characterized by various spectroscopic technics including, FTIR, 

1
H NMR, 

13
C NMR and MS (Supplementary data). 

The results of Table 2 confirm the advantage of ultrasound method over conventional 

thermal method, in terms of (i) time required for the formation of new C-C and C-heteroatom 

bonds under ultrasonic irradiation is shorter, (ii) cyclization takes place at low temperature 

compare to conventional heating, (iii) the isolated products are higher yields, and additionally 

(iv) the reaction and work-up is simple to execute.  

 

4. Conclusions 

In summary, we report a remarkable, eco-friendly and expedient one-pot technique for 

rapid synthesis of pyrazole derivatives from easily accessible starting materials, within 0.5 - 2.5 

h. Ultrasound has accelerated the multicomponent reaction in good to excellent chemical yields 

are achieved. Furthermore, sterically hindered substrates were also well accepted resulting in 

good yields. This method will be of choice for the preparation of a variety of pyrazole 

derivatives some of which are difficult to make via silent approaches. 

 

Acknowledgments 

The authors are thankful to the School of Chemistry & Physics, College of Agriculture, 

Engineering and Sciences and University of KwaZulu-Natal, for the financial support and 

research facilities.  



  

10 

 

References 

[1] S. Indumathi, J. C. Menendez, S. Perumal, L-Proline Catalysed Domino Reactions for the 

Synthesis of Heterocycles, Curr. Org. Chem. 17 (2013) 2038-2064. 

[2] (a) A. Domling, Recent developments in isocyanide based multicomponent reactions in 

applied chemistry, Chem. Rev. 106 (2006) 17-89. (b) D. M. D’Souza, T. J. J. Muller, 

Multi-component syntheses of heterocycles by transition-metal catalysis, Chem. Soc. 

Rev. 36 (2007) 1095-1120. (c) C. C. A. Cariou, G. J. Clarkson, M. J. Shipman, Rapid 

Synthesis of 1,3,4,4-Tetrasubstituted β-Lactams from Methyleneaziridines Using a Four-

Component Reaction, J. Org. Chem. 73 (2008) 9762-9764. (d) P. M. P. Gois, P. M. S. D. 

Cal, F. Montalbano, N. R. Candeias, Boronic Acids and Esters in the Petasis-Borono 

Mannich Multicomponent Reaction, Chem. Rev. 110, (2010) 6169-6193. (e) A. V. 

Artemev, N. K. Gusarova, S. F. Malysheva, V. I. Mamatyuk, Y. V. Gatilov, I. A. 

Ushakov, B. A. Trofimov, One-pot atom-economic synthesis of thioselenophosphinates 

via a new multicomponent reaction of secondary phosphanes with elemental sulfur, 

selenium, and amines, Eur. J. Org. Chem. 2010 (2010) 6157-6160. (f) L. Banfi, A. Basso, 

L. Giardini, R. Riva, V. Rocca, G. Guanti, Tandem Ugi MCR/Mitsunobu Cyclization as a 

Short, Protecting-Group-Free Route to Benzoxazinones with Four Diversity Points, Eur. 

J. Org. Chem. 2011 (2011) 100-109. 

[3] (a) R. Pagadala, S. Maddila, S. B. Jonnalagadda, Eco-efficient ultrasonic responsive 

synthesis of pyrimidines/pyridines, Ultrasonics Sonochem. 21 (2014) 472-477. (b) D. 

Bonne, T. Constantieux, Y. Coquerel, J. Rodriguez, Stereoselective Multiple Bond-

Forming Transformations (MBFTs): The Power of 1,2- and 1,3-Dicarbonyl Compounds, 

Chem. -Eur. J. 19 (2013) 2218-2231. 

[4] (a) S. Puri, B. Kaur, A. Parmar, H. Kumar, Ultrasound-promoted greener synthesis of 

2H-chromen-2-ones catalyzed by copper perchlorate in solventless media, Ultrasonics 

Sonochem. 16 (2009) 705-707. (b) Y. Hu, Y. Zou, H. Wu, D. Shi, A facile and efficient 

ultrasound-assisted synthesis of novel dispiroheterocycles through 1,3-dipolar 

cycloaddition reactions, Ultrasonics Sonochem. 19 (2012) 264-269. (c) J. -T. Li, Z. –P. 

Lin, An efficient and practical synthesis of 2-((1H-indol-3-yl)(aryl)methyl)malononitriles 

under ultrasound irradiation, Ultrasonics Sonochem. 15 (2008) 265-268. (d) J. -T. Li, M. 



  

11 

 

–X. Sun, Y. Yin, Ultrasonics Sonochem. 17 (2010) 359-362. (e) J. Noei, A. R. 

Khosropour, Ultrasound-promoted a green protocol for the synthesis of 2,4-

diarylthiazoles under ambient temperature in [bmim]BF4, Ultrasonics Sonochem. 16 

(2009) 711-717. (f) Y. Zou, H. Wu, Y. Hu, H. Liu, X. Zhao, H. Ji, D. Shi, A novel and 

environment-friendly method for preparing dihydropyrano[2,3-c]pyrazoles in water under 

ultrasound irradiation, Ultrasonics Sonochem. 18 (2011) 708-712. 

[5] G. Cravotto, P. Cintas, Power ultrasound in organic synthesis: moving cavitational 

chemistry from academia to innovative and large-scale applications, Chem. Soc. Rev. 35 

(2006) 180-196. 

[6] P. Cintas, J. –L. Luche, Green chemistry. The sonochemical approach, Green Chem. 1 

(1999) 115-125. 

[7] (a) M. Nikpassand, M. Mamaghani, F. Shirini, K. Tabatabaeian, A convenient 

ultrasound-promoted regioselective synthesis of fused polycyclic 4-aryl-3-methyl-4,7-

dihydro-1H-pyrazolo[3,4-b]pyridines, Ultrasonics Sonochem. 17 (2010) 301-305. (b) T. 

J. Mason, Sonochemistry and the environment - Providing a “green” link between 

chemistry, physics and engineering, Ultrasonics Sonochem. 14 (2007) 476-483. (c) E. 

Kimmel, Cavitation Bioeffects, Crit. Rev. Biomed. Eng. 34 (2006) 105-161. (d) N. M. A. 

Rahman, T. S. Saleh, M. F. Mady, Ultrasound assisted synthesis of some new 1,3,4-

thiadiazole and bi(1,3,4-thiadiazole) derivatives incorporating pyrazolone moiety, 

Ultrasonics Sonochem. 16 (2009) 70-74. (e) E. K. Goharshadi, Y. Ding, N. M. Jorabachi, 

P. Nancarrow, Ultrasound-assisted green synthesis of nanocrystalline ZnO in the ionic 

liquid [hmim][NTf2], Ultrasonics Sonochem. 16 (2009) 120-123. 

[8] (a) S. R. Donohue, C. Halldin, V. W. Pike, A facile and regioselective synthesis of 

rimonabant through an enamine-directed 1,3-dipolar cycloaddition, Tetrahedron Lett. 49 

(2008) 2789-2791. (b) G. Szabó, J. Fischer, A. Kis-Varga, K. Gyires, New celecoxib 

derivatives as anti-inflammatory agents, J. Med. Chem. 51 (2008) 142-147. 

[9] (a) T. D. Penning, J. J. Talley, S. R. Bertenshaw, J. S. Carter, P. W. Collins, S. Docter, M. 

J. Graneto, L. F. Lee, J. W. Malecha, J. M. Miyashiro, R. S. Rogers, D. J. Rogier, S. S. 

Yu, G. D. Anderson, E. G. Burton, J. N. Cogburn, S. A. Gregory, C. M. Koboldt, W. E. 

Perkins, K. Seibert, A. W. Veenhuizen, Y. Y. Zhang, P. C. Isakson, Synthesis and 



  

12 

 

biological evaluation of the 1,5-diarylpyrazole class of cyclooxygenase-2 inhibitors: 

identification of 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benze 

nesulfonamide (SC-58635, celecoxib), J. Med. Chem. 40 (1997) 1347-1365. (b) Terrett, 

N. K.; Bell, A. S.; Brown, D.; Ellis, P. Sildenafil (VIAGRA
TM

), a potent and selective 

inhibitor of type 5 cGMP phosphodiesterase with utility for the treatment of male erectile 

dysfunction, Bioorg. Med. Chem. Lett. 6 (1996) 1819-1824. 

[10] (a) E. Cavero, S. Uriel, P. Romero, J. L. Serrano, R. Gimenez, Tetrahedral Zinc 

Complexes with Liquid Crystalline and Luminescent Properties:  Interplay Between 

Nonconventional Molecular Shapes and Supramolecular Mesomorphic Order, J. Am. 

Chem. Soc. 129 (2007) 11608-11618. (b) J. Catalan, F. Fabero, M. S. Guijano, R. M. 

Claramunt, M. D. S. Maria, M. C. Foces-Foces, F. H. Cano, J. Elguero, R. Sastre, 

Photoinduced intramolecular proton transfer as the mechanism of ultraviolet stabilizers: 

a reappraisal, J. Am. Chem. Soc. 112 (1990) 747-759. (c) J. Catalan, F. Fabero, R. M. 

Claramunt, M. D. S. Maria, M. C. Foces-Foces, F. H. Cano, M. Martinez-Ripoll, J. 

Elguero, R. Sastre, New ultraviolet stabilizers: 3- and 5-(2'-hydroxyphenyl)pyrazoles, J. 

Am. Chem. Soc. 1992, 114, 5039-5048. (d) C. Ye, G. L. Gard, R. W. Winter, R. G. 

Syvret, B. Twamley, J. M. Shreeve, Synthesis of Pentafluorosulfanylpyrazole and 

Pentafluorosulfanyl-1,2,3-triazole and Their Derivatives as Energetic Materials by 

Click Chemistry, Org. Lett. 9 (2007) 3841-3844. 

[11] (a) D. Shi, J. Mou, Q. Zhuang, L. Niu, N. Wu, X. Wang, Three‐Component One‐Pot 

Synthesis of 1,4‐Dihydropyrano[2,3‐c]pyrazole Derivatives in Aqueous Media, Synth. 

Commun. 34 (2004) 4557-4563. (b) T. S. Jin, A. Q. Wang, Z. L. Cheng, J. S. Zhang, T. 

S. Li, A Clean and Simple Synthesis of 

6‐Amino‐4‐Aryl‐5‐Cyano‐3‐Methyl‐1‐Phenyl‐1,4‐Dihydropyrano[2,3‐c]Pyrazole in 

Water, Synth. Commun. 35 (2005) 137-143. (c) J. F. Zhou, S. J. Tu, H. Q. Zhu, S. J. 

Zhi, A facile one pot synthesis of pyrano[2,3-c]pyrazole derivatives under microwave 

irradiation, Synth. Commun. 32 (2002) 3363-3366. (d) S. B. Guo, S. X. Wang, J. T. Li, 

D,L‐Proline‐Catalyzed One‐Pot Synthesis of Pyrans and Pyrano[2,3‐c]pyrazole 

Derivatives by a Grinding Method under Solvent‐Free Conditions, Synth. Commun. 37, 

(2007) 2111-2120. (e) F. Lehmann, M. Holm, S. Laufer, Three-Component 



  

13 

 

Combinatorial Synthesis of Novel Dihydropyrano[2,3-c]pyrazoles, J. Comb. Sci. 10 

(2008) 364-367. (f) M. Nikpassand, M. Mamaghani, K. Tabatabaeian, M. K. Abiazi, 

KSF: an efficient catalyst for the regioselective synthesis of 1,5diaryl pyrazoles using 

Baylis-Hillman adducts, Mol. Divers. 13 (2009) 389-393. (g) R. Hossein nia, M. 

Mamaghani, F. Shirini, K. Tabatabaeian, A convenient one-pot three-component 

approach for regioselective synthesis of novel substituted pyrazolo[1,5-a]pyrimidines 

using Fe
+3

-montmorillonite as efficient catalyst, J. Het. Chem. 51 (2014) 363-367.  

[12] Y. M. Litvinov, A. A. Shestopalov, L. A. Rodinovskaya, A. M. Shestopalov, New 

Convenient Four-Component Synthesis of 6-Amino-2,4-dihydropyrano[2,3-c]pyrazol-

5-carbonitriles and One-Pot Synthesis of 6′-Aminospiro[(3H)-indol-3,4′-pyrano[2,3-

c]pyrazol]-(1H)-2-on-5′-carbonitriles, J. Comb. Sci. 11 (2009) 914-919. 

[13] S. W. Kshirsagar, N. R. Patil, S. D. Samant, Mg-Al Hydrotalcite as a First 

Heterogeneous Basic Catalyst for the Synthesis of 4H-Pyrano[2,3-c]pyrazoles Through 

a Four-Component Reaction, Synth. Commun. 41 (2011) 1320-1325. 

[14] J. M. Khurana, B. Nand, S. Kumar, Rapid Synthesis of Polyfunctionalized Pyrano[2,3-

c]pyrazoles via Multicomponent Condensation in Room-Temperature Ionic Liquids, 

Synth. Commun. 41 (2011) 405-410. 

[15] V. Gnanasambandam, K. Kandhasamy, Rapid four-component reactions in water: 

synthesis of pyranopyrazoles, Tetrahedron Lett. 49 (2008) 5636-5638. 

[16] D. Minoo, S. Peyman, K. Majid, H. Zoleikha, I. M. David, An efficient synthesis of 

tetrahydropyrazolopyridine derivatives by a one-pot tandem multi-component reaction 

in a green media, Arkivoc iv (2014) 204-214. 

[17] K. Zhao, M. Lei, L. Ma, L. Hu, A facile protocol for the synthesis of 4-aryl-1,4,7,8-

tetrahydro-3,5-dimethyldipyrazolo[3,4-b:40,30-e]pyridine derivatives by a Hantzsch-

type reaction, Monatsh Chem. 142 (2011) 1169-1173. 

[18] (a) R. Pagadala, S. Maddila, V. D. B. C. Dasireddy, S. B. Jonnalagadda, Zn-VCO3 

hydrotalcite: A highly efficient and reusable heterogeneous catalyst for the Hantzsch 

dihydropyridine reaction, Cat. Comm. 45 (2014) 148-152. (b) R. Pagadala, S. Maddila, 

S. Rana, S. B. Jonnalagadda, Ce-Zr/SiO2: a versatile reusable heterogeneous catalyst 

for three-component synthesis and solvent free oxidation of benzyl alcohol, RSC Adv. 



  

14 

 

4 (2014) 6602-6607. (c) R. Pagadala, S. Maddila, S. B. Jonnalagadda, Ultrasonic-

mediated catalyst-free rapid protocol for the multicomponent synthesis of 

dihydroquinoline derivatives in aqueous media, Green Chem. Let. Revs. 7 (2014) 131-

136. (d) R. Pagadala, R. S. Maddila, S. B. Jonnalagadda, Mild and Efficient Synthesis 

of Polyfunctionalized 4H-Pyran-3-carboxamide Derivatives, Org. Prep. Proced. Int. 46 

(2014) 261-266. (e) R. Pagadala, S. Maddila, V. Moodley, W. E. van Zyl, S. B. 

Jonnalagadda, An efficient method for the multicomponent synthesis of 

multisubstituted pyridines, a rapid procedure using Au/MgO as the catalyst, 

Tetrahedron Lett. 55 (2014) 4006-4010.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

15 

 

 

Tables and Schemes Captions 

Table 1. Optimization of reaction conditions of the four-component reactions 

Entry Product 

No. 

Temperature 

(
o
C)  

Solvent Conventional  Sonication 

Time 

(h) 

Yield 
a
(%) 

Time 

(h) 

Yield 
a
(%) 

1 5a 25 EtOH 7.0 b 4.0 b 

2 5a 25 H2O/EtOH 8.0 b 4.0 b 

3 5a 25 H2O 8.0 b 4.0 38 

4 5a 70 H2O 7.0 64 c c 

5 5a 50 H2O 8.0 52 2.0 95 

7 7a 70 EtOH 6.0 62 c c 
8 7a 50 EtOH 8.0 50 1.5 85 

9 7a 50 H2O 8.0 59 1.0 92 
a Isolated yields, b Products were not found, c Reaction was not performed. 

 

Table 2. Four-component reaction for the synthesis of tetrahydropyrazolopyridine (5a-i) and 

pyranopyrazoles (7a-h) under both ultrasonic irradiation and silent condition 

Entry Product 

No. 

Product Conventional Sonication MP/(
o
C) 

Time 

(h) 

Yield 
a
(%) 

Time 

(h) 

Yield 
a
(%) 

Found Reported 
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Schemes 

Scheme 1. multicomponent synthesis of tetrahydropyrazolopyridine 5a-i  
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Scheme 2. multicomponent synthesis of pyrazoles derivatives 7a-h 
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Highlights 

� One-pot multicomponent synthesis with excellent yields and water as solvent. 

� Simple, eco-friendly and cost-effective protocol for pyrazole derivatives. 

� An efficient method using ultrasound irradiation 

� Short reaction times at moderate conditions. 

 

 


