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Abstract

An eco-friendly one pot three component green synthesis
of substituted 5-amino-1-(2,4-dinitrophenyl)-1H-
pyrazole-4-carbonitriles have been carried out in presence
of lemon juice as a recyclable catalyst. The use of
biocatalysts is focusing on eco-friendly organic synthesis.
Here, we have shown that Lemon juice is an inexpensive,
safe and eco-friendly catalyst in the one pot three
components reaction of aryl aldehydes, malononitrile and
hydrazinehydrate for the synthesis of pyrazole derivatives
under mild conditions. After optimization of reaction
conditions for synthesis of pyrazoles it was found that 4.0
mL of lemon juice gave 82% yield in 1.4 hrs at room
temperature in solvent free conditions. This novel and
eco-friendly pathway has the merits of high yield, simple
handling and benign synthesis.
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Introduction
C D

Multicomponent reactions are efficient tools for organic
synthesis that have high atom economy, easy bonding and
selectivity. Pyrazole is an important class of heterocyclic
compounds, widely present as the core structure in large
variety of compounds that possess important agrochemical
and pharmaceutical activities [1-2]. In recent times, various
modern homogenous and heterogenous catalysts have also
been introduced for the synthesis of pyrazoles, such as
guanidine [3], sodium benzoate [4], zeolites [5], Al;,03 [6] and
ionic liquid [7]. However in spite of their merits, most of these
pathways suffer from one or more demerits, such as laborious
work-up, high waste generation, long reaction time and

unsatisfactory product yields.Lemon juice is economical and
non toxic and environmentally benign catalyst for synthesis of
pyrazoles. Lemon juice is acidic in nature (pH, about 2-3) due
to presence of citric acid which is a 2-hydroxypropane-2,3-
tricarboxylicacid (Figure.1) The main ingredients of the extract
of Citrus limonium species of lemon are moisture (85%),
carbohydrates (11.2%), citric acid (5-7%), protein (1%),
ascorbic acid or vitamin-C (0.5%), fat (0.9%), minerals (0.3%),
fibres (1.6%) and some other organic acids [8]. Therefore the
focus lies on clean synthesis of pyrazole derivatives.

Figure 1: Chemical structure of citric acid

Experimental

Most of the chemicals used during the research work were
of laboratory grade. All commercial reagents and solvents
were obtained from SRL (Sisco Research Laboratory) & CDH
(Central Drug House) and used without purification. Melting
points were determined in open capillaries on a Ganson
electric melting point apparatus and are uncorrected. Infrared
spectra (4000-350 cm™) of the synthesized compounds and
intermediates were recorded in KBr pellets on Perkin Elmer FT-
IR-R2X spectrophotometer and frequency is expressed in cm™L.
The HNMR spectra were recorded in CDCl3 or DMSO-Dg using
tetra methyl silane (TMS) as internal reference on “Brucker Ac
400 F” (400 MHz) nuclear magnetic resonance spectrometer.
The chemical shifts values are expressed in delta (ppm), while J
value in Hz and are compatible with the assigned structures.

Preparation of catalyst

Fresh lemon was taken and washed it thoroughly with water
and cut by using a knife and then pieces were pressed
manually. Then the juice was filtered through muslin cloth to
remove solid material and to get clear juice which was used as
a catalyst.
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Figure 2: Prepation of catalyst.
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General procedure for synthesis of pyrazole
compounds

A mixture of the selected aldehyde (10 mmol), Malanonitrile
(10 mmol), 2,4-dinitrophenyl hydrazine (10 mmol)and catalyst
juice (lemon juice) (4 ml) were added and stirred at room
temperature. The progress of the reaction was monitored by
TLC. The product was dried and recrystallized from
ethylacetate to obtain the pure product. The reaction was
found to complete within 1.4 hours to give 5-amino-1-(2,4-
dinitrophenyl)-3-(4-methoxyphenyl)-1H-pyrazole-4-carbonitrile
4(i) as product in quantitative yield (Table 2, entry 1). Various
derivatives of pyrazoles and their yield formed are shown in
Table 2 under (Scheme-1), also the speciality of the catalyst in
comparison of others are shown in Table 3.

Scheme-1: Synthesis of pyrazoles.

Result and Discussion

The model reaction between 4-methoxy benzaldehyde 1(i)
(10 mmol), malanonitrile (2) (10 mmol) and 2,4-dinitrophenyl
hydrazine (3) (10 mmol) in presence of Lemon juice was taken
in flask and stirred for 1.4 hours on magnetic stirrer. Progress
of the reaction was monitored with the help of TLC. After
completion of the reaction, the solid that separated out and
worked up with cold water and recrystallized from ethyl
acetate to furnish 4(i) as product in quantitative yield (Table 2,
Entry 1). Inspired by this result concentration of catalyst was
optimized through the above reaction by using different
concentrations 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 ml (Table 1, Entry
1-6) of Lemon juice at room temperature for 1.4 hours to give
the desired products 4(i). The reaction procedure was
performed in absence of catalyst at the same condition a low
yield is obtained which shows the value of the prescribed
catalyst. Lemon juice is a reusable biocatalyst which shows
catalytic behaviour without any loss of activity (Table 3). The
use of citric acid in the synthesis of pyrano-pyrazoles [16]
which have shown that use of citric acid requires ethanol as a

solvent and 80°C temperature to synthesize desired product.
Hence lemon juice was found, very economic and safe
biocatalyst.

Table 1: Optimization of Lemon juice for the synthesis of 4(i).

Entry Amount of Catalyst (ml) Time (hours) Yield (%)
1 1 3.3 63
2 2 25 71
3 3 2 78
4 4 14 82
5 5 1.4 80
6 6 1.3 80

Table 2: Synthesis of pyrazoles in presence of Lemon juice.

Reactan Yiel M.pt
t R R R Compound d P
) 2 3 No
No (%) (o C) [Ref]
1(i) H H SC 4(i) 82 229-231[9]
3
1(ii) H H Cl 4(ii) 74 178-179[9]
183-184
1(iii) Cl H CH3 A4(ii) 81 [10]
. . 168-170
1(iv) H H H 4(iv) 80 [10]
N
1(v) H 0, H 4(v) 81 179-180[9]
. o . 232-234
1(vi) H H H 4(vi) 82 [10]
1 (vii) H H OH 4(vii) 84 188-190[9]
o 214-215
1(viii) H H OH 4(viii) 79 [10]
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Table 3: Reusability of catalyst (Lemon juice).

Reuse Cycle Fresh First Second Third
Time (hrs) 14 1.4 1.45 1.45
Yield (%) 82 82 80 81

Plausible Mechanism for Synthesis of Pyrazoles
in presence of Lemon juice

We proposed a possible mechanism for synthesis of
pyrazoles (Scheme 1). Nitrile ion is activated by removal of
acidic hydrogen from malanonitrilecatalyzed by acidic catalyst.
Finally, the arylidene nitrile intermediate formed through the
Knoevenagel condensation reaction of the intermediate nitrile
anion with aldehyde. On the other hand, the reaction of 2,4-
dinitrophenylhydrazine with arylidene nitrile afforded an
intramolecular cyclized product.

Spectral data of some selected compounds

4(i) 5-amino-1-(2,4-dinitrophenyl)-3-(4-
methoxyphenyl)-1H-pyrazole-4-carbonitrile: yellow solid. mp:
228-2309C; 'H NMR (400 Hz, CDCI3): § 2.53 (s, 3H, OCH3);
6.09-7.11 (m, 3H, Ar-H); 7.15-7.61 (m, 4H, Ar-H); 9.67 (s, 2H,
NH2), IR (KBr) cm™ 3165 (N-H), 3031(C=CH), 2229 (CN), 1618
(C=C, aromatic), 1335 (NO,)

4(iii) 5-amino-1-(2,4-dinitrophenyl)-3-(4-methylphenyl)-1H-
pyrazole-4-carbonitrile: pale yellow solid. mp: 183-1842C; H
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NMR (400 Hz, CDCI3):6 2.42 (s, 3H, CH3); 7.32-7.44 (m, 3H, Ar-
H); 7.66-7.83 (m, 4H, Ar-H); 8.13 (s, 2H, NH2);IR(KBr)cm—1:
3262 (NH), 3110 (C=CH), 2221(C=N), 1614 (C=C, aromatic),
1331(NO2)

4(iii)  5-amino-1-(2,4-dinitrophenyl)-3-(3-nitrophenyl)-1H-
pyrazole-4-carbonitrile: pale yellow solid. mp: 177-178°C; 1H
NMR (400 Hz, CDCI3): 6 7.41-7.55 (m, 3H, Ar-H); 7.69-7.80 (m,
4H, Ar-H); 8.12 (s, 2H, NH2); IR (KBr) cm™1: 3261 (NH), 3108
(C=CH), 2229 (C=N), 1616 (C=C, aromatic), 1335 (NO2)

4(vi) 5-amino-1-(2,4-dinitrophenyl)-3-(3-nitrophenyl)-1H-
pyrazole-4-carbonitrile: pale yellow solid. mp: 177-178°C; 1H
NMR (400 Hz, CDCI3): & 7.41-7.55 (m, 3H, Ar-H); 7.69-7.80 (m,
4H, Ar-H); 8.12 (s, 2H, NH2); IR (KBr) cm~1: 3261 (NH), 3108
(C=CH), 2229 (C=N), 1616 (C=C, aromatic), 1335 (NO,).

Comparison of the results of the present
method for the synthesis of pyrazoles with the
reported methods

Table 4 indicates the comparison of the activity of different
catalysts by considering the yield of the reaction. We observed
that the lemon juicegive catalytic activity in terms of product
yield, solvent and reaction time compared to other catalysts in
the literature such as 1,/K,CO3, ZnCl,, Al;03, NaH, Glycine and
citric acid. Lemon juice easily available and inexpensive
catalyst, which makes this method green and mild. In addition,
above catalyst is a renewable catalyst which follows one of the
green chemistry principles regarding the maximum yield of
renewable resources.

Table 4 (VI): Comparison of the results of the present methods used for synthesis of pyrazoles with the reported methods.

S.No. Catalyst Solvent Temperature (°C) Time (hours) Yield (%) Reference
1 1,/K,CO3 THF 100 40 65 [11]

2 ZnCI2 THF 80 14 46-70 [12]

3 AI203 DMF RT 10 72 [6]

4 NaH THF 100 20-24 60-80 [13]

5 Chloranil Toluene RT 4 62-90 [14]

6 Glycine DMSO RT 9 80 [15]

© Copyright iMedPub

_,T T O ETT T ODY T M

-



Der Chemica Sinica

2020

ISSN 0976-8505 Vol.11 No.3:1
’ 8 ‘ Lemon juice Solvent Free RT 1.4 82 Present work
H 5. Katkar SS, Lande MK, Arbad BR, Rathod SB (2010) Indium
CO“CIUSlon modified mesoporous zeolite AIMCM-41 as a heterogenous

The present study focused on the importance of fruit juice cataly§t for t.he Knoevenagel condensation. Bulletin of Korean
. . . . . L. Chemical Society. 31:1301-1304.
in organic synthesis with natural and biocatalyst exclusivity.

Therefore benefit of fruit juice in organic synthesis is based on 6.  Kwon PS, Kim YM, Kang CJ, Kwon TW, Chung SK, Chang YT (1997)

acidic nature, benign, safe and cheap biocatalyst. Catalyst Synthesis and biological evaluation of novel pyrazoles. Synth

based activity is consisting of the appraisal of fruit juices in I

various organic transformations including the carbon-carbon 7. Hangarge RV, Jarikote DV, Shingare MS (2002) Knoevenagel

and carbon-nitrogen bond formation in various biologically Condensation Reactions in an lonic Liquid. Green Chem.

important organic compounds. Hence green chemistry 4:266-268.

willinvade an era of benign design regarding organic synthesis 8. Deshmukh MB, Patil SS, Jadhav SD, Pawar PB (2012) Green

and their mechanisms in near future. approach for Knoevenagel condensation of aromatic aldehydes
with active methylene group. Synth Commun. 42(8):1177-1183.

Acknowledgement 9. Weber L (2002) Multi-component reactions and evolutionary
chemistry. Drug Discov Today. 7:143-147.

We are very thankful to Chaudhary Chara.n.S.lngh HAU Hisar 1 Hawang SH, Wagner KM, Morisseau C, Liu JY, Dong H etal (2011)
for providing necessary research facilities and also Synthesis and structure activity relationship of urea containing
Sophisticated ~ Analytical  Instrumentation  Facility, PU pyrazoles as dual inhibitors of cyclooxygenase-2 and soluble
Chandigarh for NMR and IR analysis. epoxide hydrolase. ) Med Chem. 54:3037-3050.

11. Ren YM, Cai C (2007) Knoevenagel condensation of aromatic
Confhct of interest aldehydes with active methylene compounds using a catalytic
amount of iodine and K2CO3 at room temperature. Synth

Authors declare that there is no conflict of interest regarding Commun. 37:2209-2213.
the publication of this article. 12. Rao PS, Ratnam RV (1991) Zinc chloride as a new catalyst for

Knoevenagel condensation. Tetrahed Lett. 32, 5821-5822.
References 13. Almirante N, Cerri A, Fedrizzi G, Marazzi G, Santagostino MA
) ) (1998) General, [1+4] approach to the synthesis of 3(5)-
1. Kuo SC, Haung LJ, Nakamura H (1984) Synthesis and analgesic substituted pyrazoles from aldehydes. Tetrahed Lett. 39,
and anti-inflammatory activities of 3,4-dimethylpyrano(2,3- 3287-3290.
c]pyrazol-6-one derivatives. ) Med Chem. 27:539-544,
] ) ) 14. Pinto DCGA, Silva AMS, Levai A, Cavaleiro JAS, Patonay T etal
2. Elguero J{ G<.)ya P, Jagerov.lce N, S|I\{a AMS (2002) Synthesis, (2000) Synthesis of 3-Benzoyl-4-styryl-2-pyrazolines and their
characterization and biological screening of some novel sulphur oxidation to the corresponding pyrazoles. Eur J Org Chem. 14,
bridged pyrazole, thiazole, coumarin and pyrimidine derivatives. 2593-2599.
Targets heterocycl Sys-Chem Prop. 6:52-98
o 15. Chaudhry F, Asif N, Shafgat SS, Khan AA, Munawar MA etal
3. HanJ,XuY,SuY, She X, Pan X (2008) Guanidine catalyzed Henry (2016) Efficient ecofriendly synthesis of pyrazole-acryloylanalogs
reaction and Knoevenagel condensation. Cat Commun. by amino acid catalysis. Synth Commun. 46(8):701-709.
9:2077-2079.
16. Pawara PB, Jadhava SD, Patila BM, Shejwalb RV, Patila S (2014)

4. Liu Q, Ai HM (2012) Sodium benzoate as a green, efficient and
recyclable catalyst for Knoevenagel condensation. Synth
Commun. 42:3004-3010.

Rapid one-pot four component synthesis of bioactive
pyranopyrazoles using citric acid as a mild organocatalyst. Arch
App Sci Res. 6 (1):150-158.

This article is available from: https://www.imedpub.com/der-chemica-sinica/archive.php


https://www.imedpub.com/der-chemica-sinica/archive.php

	内容
	Lemon juice as an Efficient Biocatalyst for One Pot Three Component Green Synthesis of Substituted 5-amino-1-(2,4-dinitrophenyl)-1H-pyrazole-4-carbonitriles
	Abstract
	Introduction
	Experimental
	Preparation of catalyst
	General procedure for synthesis of pyrazole compounds

	Result and Discussion
	Plausible Mechanism for Synthesis of Pyrazoles in presence of Lemon juice
	Spectral data of some selected compounds
	Comparison of the results of the present method for the synthesis of pyrazoles with the reported methods

	Conclusion
	Acknowledgement
	Conflict of interest
	References


