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Abstract: 

In these environmentally conscious days there is need to use eco-friendly greener technologies, 

such as solvent free, microwave, ultrasound and use of room temperature. Here report an 

efficient and green protocol for the synthesis of 5-aminopyrazole-4-carbonitrile from three 

component condensation of phenyl hydrazine, aldehyde, and malononitrile using NaPTS as 

catalyst in aqueous medium. Use of water has emerged as a versatile solvent for organic reaction; 

it is readily available, inexpensive, environmentally benign, neutral and natural solvent. 

Multicomponent reactions in water are of outstanding value in organic synthesis and green 

chemistry. The significant features of this article are short reaction time, provide excellent yield, 

removal of toxic solvent and use of water as green solvent. 
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Introduction: 

Heterocyclic compound having a significant & unique position in medicinal chemistry
 [1]

. 

Synthesis of such heterocyclic compound have acquired high priority in the pharmaceutical 

field
[2-4]

 because they shows a wide range of  interesting biological activities, such as 

antimicrobial
[5]

, anti-inflammatory
[6]

, antioxidant
[7]

 , antiviral
[8]

, antibacterial
[9]

, anticancer
[10]

, 

anticonvulsant
[11] 

, cardiovascular
[12]

, antihypertensive
[13]

, antipyretic
[14]

, antibiotic
[15]

, anti-

hyperglycemic activity
[16]

. Among these heterocyclic compounds, the five membered 

heterocyclic aromatic ring compound having lots of applications in pharmaceutical field
 [17-18]

. 

Out of which Nitrogen-containing five membered heterocyclic are abundant in natures and they 
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are present in various biological motifs & they having great significance to life because of their 

structural units present in many natural products such as vitamins, nucleic acids, amino acid, 

herbicides, and dyes
 [19]

. Therefore, for the synthesis of such heterocyclic compound several 

methods are presented including multi-component reactions (MCRs)
 [20-23]

. Synthesis by MCRs 

is more accepted aspect because it is effective, required less energy, decrease cost, time & 

generation of by-products
 [24-28]

. Therefore, the formation of new MCRs with green procedure 

has attracted more attention, especially in the field of medicinal chemistry, organic synthesis and 

material science
 [29-32]

. Synthesis of heterocyclic scaffolds is performed via MCRs in the presence 

of various green tools & catalyst gives good results
 [33-38]

.   

Out of which Pyrazole is one of the good example of Nitrogen containing heterocycles which is 

biologically active class of compound
 [39]

. Therefore pyrazole derivatives are synthesized by 

many ways such as using sodium ascorbate 
[40]

, CuO/ZrO2 recyclable catalyst 
[41]

, prepared by 

using 1,3 diketone, acid chloride in base and organic solvent
[42]

, it is also prepared by using other 

catalyst such as Sc(oTf)3
[43]

, zirconium sulfophenyl phosphate 
[44] 

, Y-zeolite 
[45] 

, Zn[L-proline]2 

[46]
 , H3PW12O40 

[47]
, eosin-Y 

[48]
 & potassium phthalimide (PPI) 

[49]
. All this reported 

methodologies require harsh reaction conditions viz. organic solvent, metal framework catalyst, 

acids and also bases but this reaction conditions are not sustainable to the environment, 

expensive, hazardous, time consuming. Therefore now days researchers focused on develop 

more eco-friendly, less hazardous, environmentally safe methodologies, such as ionic liquid 
[50]

, 

I2 in water 
[51]

, 1-methylimidazolium trinitromethanide {[HMIM]C(NO2)3}as a nano ionic liquid 

(NIL) 
[52]

, PEG-400 and water under ultrasound waves 
[53]

 but preparation of ionic liquid & other 

solvent are also little costly & cause environmental issue therefore we use here hydrotrope in 

these synthesis which can full fill some of the conditions of green chemistry that is 

environmentally safe, less hazardous, cost effective, easy handling, no any toxic solvent, that is it 

is sustainable to environment 
[54]

. 

 Recent development shows Pyrazole derivatives have attracted more attention due to their 

interesting pharmacological properties. This type of hetrocycles can be traced in a number of 

well-established drugs belonging to different categories with diverse therapeutic activities. Some 

of these drugs mentioned as follows- 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



 

 

 

Experimental: 

General: 

All the chemicals required for synthesis were commercially sourced and were used without 

further purification. Melting points of products are measured on electrical melting point 

apparatuses. IR spectra were obtained with lambda FT-IR 750 spectrometer. 
1
H NMR and 

13
C 

NMR were recorded on a Bruker 400MHZ spectrometer using CDCl3as solvent and TMS is an 

internal standard. 
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2.1. General procedure for the synthesis of 5-amino-pyrazole-4-carbonitrile: 

Take equimolar ratios of malononitrile (1mmol), phenyl hydrazine hydrochloride (1mmol) and 

substituted aldehyde (1mmol) in 10ml 40% aqueous NaPTS solution. This reaction mixture 

stirred at room temperature for few minutes until the completion of reaction is monitored by 

TLC in n-Hexane: Ethyl Acetate (7:3). The solid product separated by simple filtration. The 

separated solid product was recrystallized from suitable solvent. 

Result and Discussion: 

Hydrotropes increases the solubility of sparingly soluble organic compounds
 [55]

. Hydrotropes are 

water- soluble and surface active compounds; they significantly increase the solubility of organic 

solutes such as esters, alcohols, ketones, aldehydes, hydrocarbons, and fats
 [56-58]

. It acts as carrier 

for poorly soluble drugs & non-polar organic compounds
 [59]

. The main feature is nature of 

hydrotropes on which reaction medium depends & its minimum hydrotropic concentration 

(MHC) above which maximum solubility of reactants. As the hydrotroe increases solubility of 

compounds there is direct interaction between reactants those are insoluble in aqueous medium. 

The mechanism by which insoluble & sparingly soluble compounds are soluble in water is 

aggregation & MHC 
[60]

. There is difference between self aggregation of hydrotrope & micelle 

that is presence of minimum hydrotrope concentration (MHC) analogues to critical micelle 

concentration (CMC) 
[61]

.
 
Most hydrotropic solutions precipitate the solute on dilution with 

distilled water therefore recovery of product and re-use of hydrotropic solvent is easy
 [62]

. 

Hydrotropes are used for many purposes such as drug solubilization, detergent formulations, 

health care, in household applications 
[63]

, also used as extracting agent. Overall hydrotrope has 

various advantages such as eco-friendly; non-flammable, less toxic, inexpensive that is 

hydrotrope follow the green chemistry principle. Therefore here use one of the hydrotrope is 

sodium paratoulenesulfonate (NaPTS) for synthesis of Pyrazole derivatives (Scheme-1). 
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Scheme 1. Synthesis of 5-amino-pyrazole-4-carbonitrile. 
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Table-1.1: Screening of conditions for synthesis of 5-amino-pyrazole-4-carbonitrile: 

Entry Solvent/ Catalyst Time Yield 

1 Water 48hrs trace 

2 Ethanol 24hrs trace 

3 Water + Ethanol(1:1) 24hrs 40% 

4 Water + 40% NaPTS 30 min 92% 

      

Initially focused on selection of green methodology for synthesis of present scheme (Table1.1). 

Initially we use water as green solvent but yield was very low and also require long reaction 

time, then we choose the another solvent is water: ethanol(1:1) then also yield is poor due to 

lower solubility of organic compound in aqueous medium. Then we select hydrotrope that 

increase the solubility of sparingly soluble compounds in aqueous medium. Hydrotropes are 

surface active agent they increase solubility in many fold access. We select hydrotrope which is 

NaPTS at various concentrations out of which 40% NaPTS gives expected yield in 5-10 minutes 

at room temperature (Table 1.2). We screen the reaction condition by using reactant as aldehyde 

(1mmol), malononitrile (1mmol), and phenyl hydrazine (1mmol) and got the maximum yield in 

5ml 40% aq. NaPTS at room temperature. Then use different derivatives of benzalaldehyde with 

electron donating and withdrawing group getting good to excellent yields of corresponding 

pyrazoles  as shown in (Table 1.3). 

 

 

 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



 

 

 

Table-1.2: Optimization concentration of Hydrotrope for synthesis of 5-amino-pyrazole-4-

carbonitrile: 

 

 

 

 

 

 

 

 

 

The plausible mechanism of the product formation is conceptualized in Fig1. The water added to 

hydrotrope, water molecules hydrate the hydrotrope head groups & decreasing the electrostatic 

attraction between these groups. The two head groups move apart and displace the water 

molecules interacting hydrophobic parts. This may be the driving force for two hydrophobic 

parts to interact and force the reactant molecule to solubilize & get interact with each other. Then 

water molecules get eliminated & easily absorbed by the hydrophilic head groups. As a result, of 

the overall effect there is a rate enhancement of the reaction & reaction proceeds in aqueous 

medium due to hydrotropism. 

 

 

 

SR. NO. Hydrotrope (% w/v) Temp.(
0
C) Time Yield % 

1. 10 % NaPTS 24
0
C 24 hrs - 

2. 20 % NaPTS 24
0
C 180 min 10 

3. 30 % NaPTS 24
0
C 100 min 50 

4. 40 % NaPTS 24
0
C 30 min 92 

5. 50 % NaPTS 24
0
C 100 min 90 

6. 60 % NaPTS 24
0
C 100 min 85 

7. 40 % NaPTS 50
0
C 60min 70 

8. 40 % NaPTS 80
0
C 80 min 70 

9. 40 % NaPTS 100
0
C 100 min 75 
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Fig.1. A Plausible reaction mechanism for synthesis of 5-amino-pyrazole-4-carbonitrile in 

aqueous hydrotropic medium. 

 

Recyclability of Hydrotrope: 

The reuse of catalyst is very important step in synthesis because reuse of catalyst directly effects 

on cost & also environment. Therefore easy recovery & reuse of catalyst is necessary these is 

possible by using hydrotrope, because it is reuse only after the reaction is complete, filter the 

product & give washing to product & collect the filtrate along with product because that filtrate 

contain the hydrotrope, then keep the filtrate for evaporation after that our catalyst i.e. 

hydrotrope is recover & which is ready for reuse. We check the recyclability of that hydrotrope 

by 5 times obtain the good result with loss of small amount of yield which is shown in fig. 2. 
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                          Fig.2 Recyclability of Hydrotrope.        
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Table-1.3: Synthesis of 5-amino-pyrazole-4-carbonitrile derivatives in 40% hydrotrope in  

                 aqueous medium. 

 
Entry 

 
Aldehyde 

 
Product 

 
M.P. (

 o
C) 

 
Yield (%) 

 

1 

CHO

 

N

N

CN

NH2  

156-158 92 

2 

CHO

Cl  
N

N

CN

NH2

Cl

 

127-128 92 

3 

CHO

O2N  
N

N

CN

NH2

NO2

 

175-177 92 

4 

CHO

NO2  

N
N

CN
NH2 O2N  

158-160 92 

5 

CHO

MeO  
N

N

CN

NH2

OMe

 

106-109 90 

6 

 

CHO

OH  
NH2

N
N

CN OH  

160-162 80 
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7 

 OMe

OMe

MeO

CHO

 

 

N
N

NH2
CN

OMe

OMe

OMe  

128-130 92 

8 

CHO

OH

OMe

 

N
N

NH2
CN

OH

MeO

 

120-122 92 

9 

Cl

CHO

Cl

 

N
N

NH2
CN

Cl

Cl

 

130-132 90 

10 

CHO

NMe2 

N

N

CN

NH2

NMe

 

104-106        92 

 

 

11 

CHO

Me

Cl

 

N
N

CN
NH2

CH3

Cl  

124-126 92 

 

 

12 

CHO

OMe

OMe  

 

N

N

CN

NH2

OMe

MeO

 

121-123        92 A
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13 

 

 

CHO

OH

Br  

 

N

N

CN

NH2

OH

Br

 

178-180 80 

 

 

Spectroscopic data for some target compounds are as follows: 

1) 5‑Amino‑1,3‑diphenyl‑1H‑pyrazole‑4‑carbonitrile(1): 

White solid, melting point: 156-158
o
C. IR (KBr): ῡ = 3320.82, 3290, 2930, 2210, 1580, 1600, 

1240 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δppm 6.87 (d, 1H ), 7.11(dd, 2H), 7.13-7.26(m, 5H), 

7.37(d,1H), 7.65(S, 2H), 7.68(d,1H). 
13

C NMR (100MHz CDCl3): δppm 112.71, 120.07, 

126.15, 128.40, 128.58, 129.28, 135.26, 137.24, 143.33, 144.61, 144.75, 146.80. 

 

2) 5-amino-3-(2-hydroxyphenyl)-1-phenyl-1H-pyrazole-4-carbonitrile(6): 

Yellow solid, melting point: 160-162
o
C. IR (KBr): υ= 3446.17, 3320.82, 3207.04, 2927, 

2188.81, 1598.70, 112.79, 1150.01 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δppm 6.90-7.00 (m, 

4H), 7.15-7.49 (m, 5H), 7.83 (s, NH2), 10.84 (s, 1H). 
13

C NMR (100MHz CDCl3): δppm 

112.58, 116.57, 118.46, 119.46, 120.86, 129.52, 129.53, 129.99, 135.26, 137.24, 141.17, 

143.33, 146.61, 156.98. 

 

3) 5-amino-3-(4-nitrophenyl)-1-phenyl-1H-pyrazole-4-carbonitrile(3): 

Red solid, melting point:175-177
o
C. IR (KBr): υ 3467.38, 3303.43, 2950, 2360.11, 1580.70, 

1210.05, 750.17 cm
-1

. 
1
H NMR ( 400 MHz, CDCl3): δppm 6.95 (d, 1H), 7.15-7.26 (m, 5H), 

7.78 (S, NH2), 7.98 (d, 1H),8.23 (dd, 2H). 
13

C NMR (100 MHz,CDCl3): δppm 112.60, 119.81, 

124.43, 125.76, 126.96, 127.52, 129.01,130.51, 130.74, 132.81, 144.54, 146.59. 
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4) 5-amino-1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-pyrazole-4-carbonitrile(7): 

Cream colour solid, melting point:128-126
o
C.IR (KBr): ῡ = 3413, 3364, 2930, 2220, 1610, 

1245, 1140 cm
-1

. 
1
H NMR (400 MHz, CDCl3): δppm 3.930 (s, 3H), 3.389 (s, 6H), 6.88 (d, 

2H, ArH), 7.19-7.28 (m, 5H, ArH), 7.66(s, 2H). 
13

C NMR (100MHz CDCl3): δppm 112.60, 

117.57, 119.46, 121.07, 127.2, 129.4, 130.7, 137.9, 143.2, 148.12, 150.0, 154.7. 

 

5) 5-amino-3-(4-methoxyphenyl)-1-phenyl-1H-pyrazole-4-carbonitrile(5): 

Light brawn solid, melting point:106-109
o
C. IR (KBr): ῡ = 3446.17, 3320.82, 292741, 

1598.17, 1480.17, 1272.78, 1159.01, 750.04. 
1
H NMR (400 MHz, CDCl3): δppm 3.910(S, 

3H), 6.89(d, 2H, ArH), 7.60(d, 2H, ArH), 7.30-7.60(m, 5H, ArH), 7.71(s, 2H). 
13

C NMR 

(100MHz CDCl3): δppm 53.6, 112.60, 114.8, 116.34, 121.20, 126.2, 127.4, 129.01, 129.85, 

130.07, 145.8, 152, 155. 

 

6) 5-amino-3-(4-chlorophenyl)-1-phenyl-1H-pyrazole-4-carbonitrile(2): 

Cream colour solid, melting point: 127-128
o
C. IR (KBr): ῡ = 3446.17, 3313.11, 2229.11, 

1594.84, 1488.78, 1255.43, 748.25. 
1
H NMR (400MHz, CDCl3): δppm 7.45-7.68 (m, 4H, 

ArH), 7.30-7.60 (m, 5H), 7.72 (s, 2H). 
13

C NMR (100MHz,CDCl3): δppm 118.45,120.86, 

122.4, 126.5, 127.98, 129.25, 129.88, 130.45, 133.23, 144.46, 148.01, 153.01. 

 

Conclusion: 

                The present protocol describe environmental friendly synthesis of 2-amino Pyrazole 5-

carbonitrile. Due to harsh reaction conditions dangerous side effect on environment need to 

develop such safe methods therefore here we use hydrotrope in aqueous medium which is a 

green methodology. These methodogy having lot of advantages such as less hazardous, cost 

effective, time saving and mild reaction condition. Present protocol suggests a promising green 

approach for the synthesis of 5-aminopyrazole-4-carbonitrile. 

  

 

SUPPORTING INFORMATION 

Supporting information may be found online in the Supporting Information File of this article.    
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