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Abstract: In the present protocol Zinc Triflate catalyst was utilized for the one-pot two-component reaction of various 

substituted Aromatic Aldehydes, with pyrazolone at 80oC temperature within 3-4 hours of reaction time in ethanol: water 

solvent system. The titled method has many major advantages like milder reaction conditions with easy operation simplicity, 

higher yields, by using a less toxic and lower costlier catalyst. 
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Introduction 

There are many focussed approach towards 

synthesizing and developing novel protocols and 

greener strategies [1] towards potent and 

pharmaceutically valued drug candidates [2]. Although 

the literature is full of newer reported methods of 

synthesis towards bispyrazoles & its derivatives. Some 

methods offer advantages over reported ones while 

some approaches suffer from disadvantages like a 

costlier and toxic catalyst, lesser yield of product with 

isolation operational problems, higher temperature 

usability incorporating harsh reaction conditions. Thus 

owing to all these advantages along with disadvantages 

there is hope and scope for the utility of a new catalytic 

system that can offer novel applicability to overcome 

all the problems. Again nowadays due to the concern 

of environmental pollution [3-7]., there is a constant 

need for a greener synthetic protocol to save our 

mother earth by every single step that we put by any 

means. 
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Anyhow, it is well known that the synthesis of 

heterocyclic compounds containing heteroatom 

possesses numerous values in heterocyclic chemistry 

and drug chemistry due to its medicinal, industrial, 

pharmaceutical properties in the current era.  Further, 

literature survey has also revealed that compounds 

containing nitrogen-containing pyrazole, bispyrazole, 

and allied heterocyclic systems Figure 1,  have 

received surmount attention due to its worth 

mentioning diverse biological activities including 

bactericides, fungicides, anti-inflammatory, analgesic, 

gastric secretion stimulators’, anti-filarial agents, 

pesticides, dyestuffs, chelating and extracting reagents 

for metal ions, antipyretic activities and inhibitory 

activity against monoamine oxidase for the treatment 

of Parkinson’s and Alzheimer’s disease [8-10]. Again, 

it is worth taking note that, a careful literature survey 

reveals that the said heterocyclic drug candidates have 

potential applications but to date, a handful of 

synthetic approaches have been reported across the 

globe. The reported methods include the use of 

piperidine in ethanolic solution, the tandem 

Knoevenagel–Michael reaction in benzene solutions, 
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use of sodium dodecyl sulphate in aqueous media, 

silica-bonded S-sulfonic acid, PEG-SO3H, PEG-400 at 

110 OC, CAN, electro catalytic synthesis [11-15] etc. 

Although the reported methods have their own merits 

but, these protocols have some limitations like the use 

of toxic catalysts with toxic side products, costlier 

catalyst, tedious operational procedures, longer 

reaction time with low to the moderate yield of the 

products that too at the higher reaction temperature 

(Scheme 1).  

 

Scheme 1: Synthesis of Bispyrazoles 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Representative examples of drug molecules containing Pyrazole moieties 

All these compiled demerits motivated us to take up 

the synthesis of bispyrazoles utilizing a catalyst that 

can bypass all these demerits nicely and we are 

successful the same with the utilization of Zinc Triflate 

as a newer and novel catalyst for carrying out the 

organic transformation of 4,4,9-(arylmethylene)-bis(3- 

methyl-1-phenyl-1H-pyrazol-5-ol)s. To the best of our 

knowledge Zinc triflate [16-18] has not been utilized 

for its catalytic activity for the synthesis of said 

heterocyclic compound. 

Results and discussion 

To formulate and standardize the reaction conditions 

we have performed various set of optimization 

protocols on different parameters that include the 

amount of Zinc Triflate (10 % mole) utilized, time of 

reaction, the solvent used and temperature. Further, the 

set the reaction condition on a primary basis, a model 

reaction of between benzaldehyde (1 mmol) with 

Pyrazolone (2.0 mmol) was selected first. At the start 

when the reaction was performed without the aid of 

any catalyst in water, ethanol as a starting solvent we 

yielded trace amount of product but when we recruited 

our catalyst in 10 mole % of Zinc triflate catalyst we 

able to receive around 68 % & 65 % yield of the 

product respectively at room temperature taking the 

reaction time of around 10 hours in both solvents 

(Table 1). Owing to the solid nature of the starting 
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material we have not performed the reaction under 

solvent-free conditions as we thought heating the 

starting material at a higher temperature may 

decompose the starting products or form a complex 

product.  We have studied various solvent systems and 

after studying various reactions on the different solvent 

systems, Dichloromethane, Chloroform, water, 

ethanol, and ethanol: water system, but we are happy 

to note that we ended the reaction giving the product in 

41%, 44%, 68%, 65%, and 88 % yield respectively, 

proving that ethanol: water (1:1) system will be more 

efficient to yield the product in 8 hrs at room 

temperature. Further, we have checked and examined 

the effect of mole % Zinc Triflate catalyst in aforesaid 

reaction protocol and as expected we ended the 

reaction yielding trace, 52 %, 90 %, 91 % of the 

product when 0%, 5 %, 10 %, and 20 % of catalyst was 

utilized (Table 2).  Further, we have carried out 

standardization of reaction on the temperature of the 

reaction and as per expectation at room temperature, 

50OC, 80OC, and 100OC it yielded 68%, 90% and 

91% of the product within 8 hrs. Thus from the above 

observation, it is clear that a 10% mole of the catalyst 

was sufficient to carry out the reaction at 80OC 

utilizing ethanol: water as a solvent system.  Finally, to 

set reaction time, we have performed the reaction 

under the set reaction conditions for 30 min, 120 min, 

180 min, and 240 min. To our surprise, the reaction 

was good enough to give the expected product in 240 

minutes of reaction time in 90% yield. Extended 

reaction time doesn’t yield a major amount of product 

which indicated that to obtain the maximum amount of 

product yield only 240 minutes of reaction time was 

sufficient (Table 3). 

 
Table 1. Screening of solvents (Room temperature). 

 
Entry Solvent Time Yield 

1 No Solvent 10 Hrs No reaction 

2 No Catalyst 12 Hrs Trace 

3 Dichloromethane 8 Hrs 41 % 

4 CHCl3 8 Hrs 44 % 

5 Water 8 Hrs 68 % 

6 Ethanol 3-4 Hrs 65% 

7 Ethanol: Water 8 Hrs 88% 

 
Table 2. Mole % of Catalyst. 

 
Entry Catalyst Time Yield 

1 No Catalyst 20 Hrs Trace 

2 5 % 6-8  Hrs 52% 

3 10% 3-4 Hrs 90 % 

4 20% 3-4 Hrs 91 % 

Table 3. Screening of temperature in solvent system. 

Entry Solvent Time Yield 

1 Ethanol: Water 10 Hrs, RT 88% 

2 Ethanol: Water 3-4 Hrs/ 50
O
C 68% 

3 Ethanol: Water 3-4 Hrs/ 80
O
C 90% 
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4 Ethanol: Water 3-4 Hrs/ 100
O
C 91% 

     

Conclusion 

Thus to conclude, we are successful in synthesizing, 

and developing a newer approach towards performing 

a two component synthesis of pharmaceutically valued 

bispyrazoles and its derivatives by the recruitment of 

Zinc Triflate. Further we are also successful in 

exploring catalytic activity of Zinc Triflate which is a 

cheap, mild, environmental benign, nontoxic catalyst. 

Further the present protocol has many advantages over 

the existing approaches that include mainly use of 

cheap and non-toxic catalyst, operational simplicity, 

higher yield of products with shorter reaction time in 

ethanol: water system. 

Experimental 

Chemicals were purchased from commercial 

suppliers and used without further purification. Yields 

refer to isolated products. Melting points were 

determined by an Electrothermal 9100 apparatus and 

are uncorrected. The IR spectra were obtained on an 

FT-IR Hartman- Bomen spectrophotometer as KBr 

disks, or neat. The 
1
H NMR (400 MHz) spectra were 

recorded on a Bruker Avance NMR spectrometer in 

CDCl3 solution. The progress of the reaction was 

monitored by TLC using silica-gel SILG/UV 254 

plates. All products are identified by their spectral 

characterization and also compared with the reported 

ones. 

General procedure  

A mixture of various aldehyde (1 mmol), 

pyrazolones (2 mmol) was taken in a round bottom 

flask which was dissolved in ethanol: water (10 ml). 

After adding 10 mole % of  Zinc Triflate catalyst, the 

reaction was vigorously stirred at room temperature for 

10 min. Further, the reaction was subjected to heating 

in an ethanol: water system at 80 °C for 3-4 hours. The 

progress of the reaction was monitored by TLC. After 

completion of the reaction, the reaction mixture was 

poured on crushed ice. Further, it was filtered off and 

washed with cold H2O (3×10 mL). Finally, the crude 

product was recrystallized from hot ethanol to give the 

pure product in 84 to 94 % yield which is characterized 

by comparing their physical and spectral data with 

those of the authentic samples (Table 4). 

 

Table 4. Synthesis of various bispyrazole derivatives. 

 

Entry 

 

 

Compound 

 

Ar 

 

Time (Hrs) 

 

Yield (%) 

 

M.P. (°C) 

1 1a Ph 4 90 170-172
[11] 

2 1b 3-NO2-Ph 3 95 233-235
[11]

 

3 1c 4-Me-Ph 3 94 202-204
[11] 

4 1d 4-Cl-Ph 3 94 215-217
[11]

 

5 1e 4-MeO-Ph 2.5 95 173-175
[11] 

6 1f 4-OH-Ph 3.5 95 151-153
[11] 

7 1g 3,4-OMe-Ph 4 84 202-204
[11] 

8 1h 3-Br-Ph 3 90 143-145
[11] 

 

 

4,4'-(phenylmethylene)bis(3-methyl-1-phenyl-1H-

pyrazol-5-ol) (1a):  

M.P.=170-172 ºC; 
1
H NMR (Avance  Neo, DMSO-

d6, 500 MHz): δ (ppm) 2.33 (s, 6H, CH3), 4.87 (s, 

1H), 7.08 (m, 1H), 7.19 (m, 6H), 7.43 (t, J = 7.5 Hz, 

4H), 7.59 (d, J = 7.8 Hz, 4H); 
13

C NMR (Avance  Neo, 

DMSO-d6, 500 MHz): δ (ppm) 12.0, 33.4, 121.5, 

126.1, 126.9, 127.7, 128.3, 129.2, 137.4, 143, 146.2, 

ESI/MS= 436. 
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4, 4'-((3-nitrophenyl)methylene)bis(3-methyl-1-

phenyl-1H-pyrazol-5-ol)(1b):  

M.P.= 233-235ºC; 
1
H NMR (Avance  Neo, DMSO-

d6, 500 MHz): δ: 2.26 (s, 3H), 2.50 (s, 3H), 5.15(s,1 

H), 7.24-7.27 (m, 2H), 7.43-7.46 (d, J =8.0 Hz, 4H), 

7.59-7.62 (m, 1H), 7.7=7.75 (m, 5H), 8.07-8.09 (m, 

2H), 12.5 (bs, 1H), 13.87(bs, 1H), ; 
13

C NMR (Avance  

Neo, DMSO-d6, 500 MHz) δ: 33.6, 121.12, 121.67, 

122.21, 126.23. 129.44, 130.17, 134.80, 

145.10,146.79,148.26; ESI/MS=482. 

4, 4'-(p-tolylmethylene)bis(3-methyl-1-phenyl-1H-

pyrazol-5-ol)(1c): 

 M.P.= 202-204ºC; 
1
H NMR (CDCl3, 400 MHz) δ: 

5.36 (s, 1H), 7.24-7.35 (m, 10H), 7.49-7.54, (t, J =8.0 

Hz, 6H), 7.64-7.70 (m, 2H), 7.84 (d, J =8.0 Hz, 4H), 

8.0 (s, 1H), 8.14 (d, J =7.9 Hz, 1H), 14.47 (s, 1H); 
13

C 

NMR (Avance  Neo, DMSO-d6, 500 MHz) δ: 33.9, 

121.4, 121.6, 121.9, 122.0, 126.1, 126.6, 126.9, 128.6, 

129.3, 129.5, 130.6, 134.4, 144.5, 148.5, 149.3. 

ESI/MS=605. 

4, 4'-((4-chlorophenyl)methylene)bis(3-methyl-1-

phenyl-1H-pyrazol-5-ol) (1d): 

M.P.= 233-235ºC; 
1
H NMR (CDCl3, 400 MHz) δ: 

5.36 (s, 1H), 7.24-7.35 (m, 10H), 7.49-7.54, (t, J =8.0 

Hz, 6H), 7.64-7.70 (m, 2H), 7.84 (d, J =8.0 Hz, 4H), 

8.0 (s, 1H), 8.14 (d, J =7.9 Hz, 1H), 14.47 (s, 1H); 
13

C 

NMR (Avance  Neo, DMSO-d6, 500 MHz) δ: 33.9, 

121.4, 121.6, 121.9, 122.0, 126.1, 126.6, 126.9, 128.6, 

129.3, 129.5, 130.6, 134.4, 144.5, 148.5, 149.3. 

ESI/MS=605. 

Acknowledgment 

We are sincerely thankful to Dr. M. N. Sarnaik, 

Principal, Shri Muktanand College, Gangapur, Dist-

Aurangabad (MS), India & Principal, Lal Bahadur 

Shastri, Mahavidyalaya, Dharmabad, Tq.-Dharmabad, 

Dist.-Nanded, Maharashtra, India, for his constant 

encouragement and providing us laboratory facilities 

during the work. We are also thankful to SAIF, 

Chandigarh for providing NMR analysis of compounds 

in required solvent system. 

References 

[1] Anastas, P. T.; Warner J. C. Green Chemistry: 

Theory and Practice , Oxford University Press, USA, 

1998 Grasso, S.; DeSarro, G.; Micale, N.; Zappala, M.; 

Puia, G.; Baraldi, M.; Demicheli, C., J. Med. Chem. 

2000, 43, 2851. 

[2] Taylor D., The Pharmaceutical Industry and the 

Future of Drug Development, in Pharmaceuticals in the 

Environment, Issues in Environmental Science and 

Technology, 2015, pp. 1-33. 

[3] Watanabe, N.; Kabasawa, Y.; Takase, Y.; 

Matsukura, M.; Miyazaki, K.; Ishihara, H.; Kodama, 

K.; Adachi, H. J. Med. Chem. 1998, 41, 3367.  

[4] Shi, D.Q.; Chen, J.; Zhuang, Q.Y.; Hu, W. W. 

J. Chem. Res. (S) 2003, 674.  

[5] Li ,Y. L.; Chen, H.; Shi, C. L.; Shi, D.Q.; Ji, S. 

J. J. Comb. Chem. 2010, 12, 231.  

[6] Shi, D.Q.; Chen,, J.; Zhuang, Q.Y.; Hu, W.W. 

J. Chem. Res. (S) 2003, 674.  

[7] Chen, H.; Shi, D.Q. J. Comb. Chem. 2010, 12, 571. 

[8] Sugiura, S.; Ohno, S.; Ohtani, O.; Izumi, K.; 

Kitamikado, T.; Asai, H.; Kato, K. J. Med. Chem. 

1977, 20, 80. 

[9] Singh, D.; Singh, D. J. Indian Chem. Soc. 

1991, 68, 165.  

[10] Rosiere, C. E.; Grossman, M. I. Science 1951, 

113, 651. 

[11] a) Singh, D.; Singh, D. J. Chem. Eng. Data. 1984, 

29, 355; b) Wang, W.; Wang, S.X.; Qin, X.Y.; Li, J. T. 

Synth. Commun. 2005, 35, 1263; c) Shi, D. Q.; Chen, 

J.; Wu, N.; Zhuang, Q.Y.; Wang, X. S. J. Org. Chem. 

2005, 25, 405; d) Niknam, K.; Saberi, D.; Sadegheyan, 

M.; Deris, A. Tetrahedron Lett. 2010, 51, 692- 694; e) 

Hasaninejad, A.; Shekouhy, M.; Zare, A.; Hoseini, 

S.M.S.; Ghattali, N. J.; Golzar, N. Iran. Chem. Soc. 

2011, 8, 411. 

[13] a) Hasaninejad, A.; Zare, A.; Shekouhy, M.; 

Golzar, N. Org. Prep. Proced. Int. 2011, 43, 131; b) 

Sujatha, K.; Shanthi, G.; Selvam, N. P.; Manoharan, 

S.; Perumal, P.T.; Rajendran, M. Bioorg. Med. Chem. 

Lett. 2009, 19, 4501.  

[14] Elinson, M. N.; Dorofeev, A. S.; Nasybullin, R.F.; 

Nikishin, G. I., Synthesis, 2008, 1933.  

[15] Hasaninejad, A.; Shekouhy, M.; Golzar, N.; Zare, 

A.; Doroodmand, M. M. Appl. Cat. A: General, 2011, 

402, 11. 

[16] Srinivasulu, R.; Ravi Kumar K.; Veera Venkata 

Satyanarayana P., Green Sust.Chem. 2014. 4, 33-37. 

[17]  Kushal, C.; Lekhok, D.; Bhuyan, D.; Prajapati, R. 

C.; Boruah, Mol. Divers. 2010, 14, 841. 

[18] Zhou, M.;  En, K.;  Hu, Y.;  Xu, Y.;  Shen, H. 

C.;  Qian, X. RSC Adv., 2017, 7, 3741. 

 

 

https://pubs.rsc.org/doi/10.1039/1350-7583
https://pubs.rsc.org/doi/10.1039/1350-7583
https://link.springer.com/article/10.1007/s11030-009-9214-0#auth-Kushal_C_-Lekhok
https://link.springer.com/article/10.1007/s11030-009-9214-0#auth-Debajyoti-Bhuyan
https://link.springer.com/article/10.1007/s11030-009-9214-0#auth-Dipak-Prajapati
https://link.springer.com/article/10.1007/s11030-009-9214-0#auth-Romesh_C_-Boruah
https://link.springer.com/article/10.1007/s11030-009-9214-0#auth-Romesh_C_-Boruah
https://link.springer.com/journal/11030
https://doi.org/10.1039/2046-2069/2011

