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Abstract: Pyrazolines are prominent nitrogen-containing heterocyclic compounds and therefore, 
various procedures have been worked out for their synthesis. Pyrazolines have variety of methods 
for their synthesis but one of the popular methods is of Fischer and Knoevenagel i.e. the reaction 
of α, β-unsaturated ketones with phenyl hydrazine in acetic acid under refluxing condition. 
However depending on the reactivity of molecules and need of the chemist, they had synthesized 
the pyrazolines under different solvent media and acidic or basic conditions. 
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Introduction 

Many heterocyclic compounds due to their specific activity are employed in the treatment of 
many infectious diseases. Their use in the treatment is attributed to their inherent toxicity to 
various pathogens. Among a wide range of heterocyclic compounds that have been explored 
for the development of pharmaceutically important molecules, pyrazolines constitute an 
interesting class of heterocycles due to their synthetic versatility and effective biological 
activities such as anticancer1, antioxidant2, antibacterial3, antifungal4, antidepressant5-7, anti-
inflammatory8, anticonvulsant9, antitumor10, analgesic11 properties.  

 Literature survey reveals several synthetic protocols for the synthesis of these compounds 
and the presence of this core in any molecule plays a key role in enhancing the activity. Phenyl 
ring containing halogen and methoxy groups have shown significant biological activities or 
enhance the biological activities of heterocyclic derivatives drastically12-14. An especially 
popular procedure is based on the reaction of α, β-unsaturated aldehydes and ketones with 
hydrazines15-20. Such a glamour history prompted us to review the synthesis of pyrazolines as 
an urgent need which can possess biological and medicinal importance.  

Review 
Gupta21 et al., (2010) reported a new, ultrasonic method for the synthesis of chalcones 
and pyrazolines. This is a two step process. In first step, 1, 3-diarylprop-2-en-1-ones were  
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synthesized by Claisen-Schmidt condensation of aryl methyl ketones and 4-chlorobenzaldehyde 
in the presence of sdium hydroxide under ultrasonic irradiation. In the second step, synthesis 
of 2-pyrazolines was carried out by glacial acetic acid under ultrasonic irradiation at 25-45 0C 
temperature within 25-150 minutes. It had been observed that in conventional method, the 
mixture of chalcone, phenylhydrazine and glacial acetic acid was refluxed at 30- 40 0C for  
3-4 hours to produce 2- pyrazolines in 70% yield. However when this reaction was carried 
out under sonication, the reaction completed rapidly within 30 minutes and yield was 80%. 
The synthesized compounds were screened for their antimicrobial activity against bacteria 
and fungi and they showed good activity. 

 

 
X= 4-H, 4-Br, 4-Cl, 4-F, 4-CH3 

Scheme 1 

 Holla22 et al.(2006) synthesized 3-aryl-5-(substituted phenyl/phenylfuranyl/thienyl)-2-
pyrazolines using Amberlyst-15 catalyst. 1-Aryl-3-(substituted phenyl/phenylfuranyl/ thienyl)-
2-propan-1-ones were synthesized by the condensation of a series of aromatic ketones with 
aromatic aldehydes under aldol conditions. The resulting propanones were subjected to a facile 
and clean cyclization reaction with hydrazine and substituted hydrazine derivatives to yield 3-
aryl-5--(substituted phenyl/phenylfuranyl/thienyl)-2-pyrazolines. This reaction was carried out 
in the presence of Amberlyst-15 catalyst to afford the pyrazolines in considerably good yield. 
All the synthesized compounds were characterized by spectral studies. 

 
Scheme 2 

 Jayashankara and Rai23 (2008) synthesized a new series of pyrazoline bearing bis-
heterocycles via 1, 3-dipolar cycloaddition reactions. 2-Butyl-5-chloro-3H-imidazole-4-
carbaldehyde was alkylated using 4`-bromomethyl-biphenyl-2-carbonitrile and potassium 
carbonate in DMF. The product was further reacted with phenyl hydrazine in the presence of 
sodium acetate to give corresponding phenyl hydrazone. Then oxidative dehydrogenation of 
phenyl hydrazone derivative by chloramines-T (CAT) afforded nitrile imine which was 
trapped by different olefins under refluxing condition in ethanol and the final product 4,5-
dihydro-3-(substituted imidazole)-5-substituted-1-phenyl-1H-pyrazoline was obtained in 
good quality and yield which was identified by NMR spectroscopy and elemental 
analysis. These final compounds were screened for antimicrobial activity and showed potent 
to weak activity. The compounds with chloro and bromo groups showed better inhibition.  
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X = H, CH3 Z = Ph, CH2CN, CH2CI, Ch2Br, CH2OH, COOMe, COOEt 

Scheme 3 

 A series of 1, 3, 5-trisubstituted-2-pyrazoline derivatives were synthesized by 
Maleki24 et al., (2009) through cyclization of phenylhydrazine with α, β-unsaturated ketones 
using methanoic acid as catalyst under thermal conditions. The effect of different solvents 
and amount of catalyst on the yield and time of the same reaction was investigated. It was 
found that ethanol was the best solvent and 2.5 mL of catalyst was sufficient to mediate the 
reaction towards the formation of 1, 3, 5- trisubstituted-2-pyrazoline derivatives in terms of 
time and yield. 

 
Scheme 4 

 Levai25 et al., (2007) reported a method for the synthesis of tricyclic fused 
pyrazolines from chromanones and hydrazine hydrate. For the reaction, 3-arylidene-
chromanones and 3-arylidene-1-thiochromanones were allowed to react with hydrazine 
hydrate in hot acetic acid or in hot propionic acid and diastereomeric mixture of 
tricyclic fused pyrazolines were obtained in good yields. The diastereomeric mixture 
was separated by silica gel column chromatography using toluene:ethylacetate (4:1) as 
solvent. The structure and stereochemistry of isolated isomers were determined by 
spectroscopic methods. 
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X = O, R1 = H, R2 = Me, X = O, R1 =R2 = Me, X = O, R1 = MeO, R2 = Me, X = O, R1 = Cl, R2 = Me, 
X = O, R1 = H, R2 = Et, X = O, R1 =Me, R2=Et, X = O, R1 = MeO, R2 = Me, X = O, R1 = Cl, R2 = Et, 
X=S, R1 = H, R2 = Me, X=S, R1 =R2 = Me, X=S, R1 = MeO, R2 = Me, X=S, R1 = H, R2 = Et, X=S, R1 
= Me, R2 = Et, X=S, R1 = MeO, R2 = Et  

Scheme 5 

 Four pyrazole compounds namely 3-(4-flourophenyl)-5-phenyl-4,5-dihydro-1H-
pyrazole-carbaldehyde, 5-(4-bromophenyl)-3-(4- flourophenyl) -4,5-dihydro-1H-pyrazole-
carbaldehyde, 1-[5-(4-chlorophenyl)-3-(4-flourophenyl) -4,5-dihydro-1H-pyrazol-1-yl] 
ethanone and 1-[3-(4-flourophenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-1-yl]propan-1-one 
have been prepared by Loh26 et al., (2013) by condensing chalcones with hydrazine hydrate 
in the presence of aliphatic acids namely formic acid, acetic acid and propionic acid. The 
structures were characterized by x-ray single crystal structure determination. 

F R1

O

NH2NH2.H2O

R2CO2H
Reflux

 

 
R1=H, Br, Cl, R2=H, CH3, CH2CH3 

Scheme 6 

 Synthesis of some new substituted 1, 3, 5-triaryl pyrazolines was reported by Shandala27 
et al (2008). Substituted chalcones were synthesized by the Claisen-Schmidt condensation of 
substituted  benzaldehydes and  acetophenones. Then  these chalcones were reacted with  
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phenyl hydrazine under phase transfer catalysis (PTC) conditions employing tetrabutyl 
ammonium iodide (TBAI) as a catalyst to synthesize 1, 3, 5-triarylpyrazolines. The 
structures of all products were elucidated by physical and spectroscopic methods. 

  
X=H, 2-Cl, 4-Cl, 2,4-diCl, 3,4-diCl, 
Y=H, 4-Cl, 4-Me, 2-OMe 

X=H, 2-Cl, 4-Cl, 2,4-Cl, 3,4-Cl, Y=H, 
4-Cl, 4-Me, 2-OMe 

Scheme 7 
 Some new 2- pyrazolines were synthesized by Mokle28 et al., (2010) using triethanolamine 
as reaction solvent. The starting material, chalcones were produced by conventional Claisen-
Schmidt condensation of 2-chloro-6-methyl-quinoline-3-carbaldehyde and substituted 
acetophenones. These chalcones were reacted with hydrazine hydrate/ phenyl hydrazine hydrate 
in the presence of triethanolamine within 15-20 minutes. The structures of synthesized 
compounds were determined by spectroscopic data and elemental analysis. These compounds 
were screened for antibacterial activity and they showed better activity against all tested bacteria. 

 

 

 
R=OH, H R1=I, R2=H, OH R2=1, Cl R4=H 

Scheme 8 

 Sridhar and Rajendraprasad11 (2012) synthesized some new 2-pyrazolines and studied 
their analgesic activity. Pyrazolines were synthesized in a two step process. In first step, 3-
acetyl-2,5-dimethylfuran and appropriate aldehydes were reacted in the presence of ethanol 
and aqueous KOH to afford 1-(2`,5`-dimethyl-3`-foryl)-3-(aryl)-2-propen-1-one. Then these 
compounds were condensed with phenyl hydrazine in the presence of pyridine in refluxing 
ethanol to prepare 1-phenyl-3-(2`,5`-dimethyl-3`-foryl)-3-(aryl)-2-pyrazoline. 

 
Scheme 9 
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 Claisen-Schmidt condensation was used for the synthesis of chalcone intermediates 
from various halogen substituted benzaldehydes and 20 acetyl indole in ethanol in the 
presence of 10% NaOH solution. All the chalcones were treated with hydrazine hydrate in 
hot glacial acetic acid to afford 1-acetyl-3,5-diaryl-2-pyrazolines in good yield. These 
synthesized acetylated pyrazoline derivatives were screened for their anti-inflammatory 
activity by membrane stabilization method. These compounds showed effective stabilization 
of RBC membrane. This work was reported by Suman29 et al., (2011).  

 
Scheme 10 

 1-(2-Carboxyphenyl)-2-pyrazolines and 1-(4-Carboxyphenyl)-2-pyrazolines had been 
synthesized by Levai and Jeko30 (2009) by the treatment of appropriate 3-aryl-1-(3-
coumarinyl) propen-1-ones with (2-carboxyphenyl) hydrazine and (4-carboxyphenyl) 
hydrazine in hot acetic acid. The structures of all new synthesized 2-pyrazolines had been 
elucidated by microanalysis and spectroscopic measurements.  

 
R1=H, Me, iPr, MeO, F, Cl, Br-, R2=R3=H, COOH 

Scheme 11 

 Hawaiz31 et al., (2011) reported a method for the synthesis of some new chalcones and 
then their transformation of pyrazoline derivatives. A series of new chalcone derivatives 
containing benzyloxy moiety have been synthesized on the basis of base catalyzed Claisen-
Schmidt condensation in high yields from the reaction of prepared starting material              
3-(4-chlorobenzyloxy)paraldehyde with different substituted acetophenones. The prepared 
chalcones were treated with hydrazine hydrate according to the Michael addition reaction to 
obtain new pyrazoline derivatives. 

R=H, F, Cl
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R=4-Br, 4-F, 4-Cl, 4-Me, 4-OMe, 4-H, 2-Naph, 4-Ph, 4-OCH2Ph 

 Based on the biological activities exhibited by the pyrazoline compounds, 
Revanasiddappa32 et al., (2010) reported the synthesis and biological evaluation of some 
novel pyrazoline derivatives. First, the chalcones were prepared fron substituted aldehydes 
and ketones in the presence of alkali NaOH and alcohol as solvent medium. Then the 
chalcones were converted into 1,3,5-trisubstituted pyrazoline derivatives by reacting with 
isoniazid (INH) in glacial acetic acid medium. The structures of newly synthesized 
compounds were established by spectroscopy. All the synthesized compounds were 
evaluated for their antibacterial and antifungal activities and it was found that most of the 
compounds were moderately active against both bacteria and fungi. 

 

 
R=2-furfural, p-CH3, p-Cl, C6H5, p-OCH3, 2-Thiophene, m-NO2, p-(CH3)2-N, p-OCH3, p-Cl, p-OH, 
p-NO2, C6H5, p-Br 

Scheme 13 

Scheme 12
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 A series of novel pyrazolines were synthesized by refluxing piperazine chalcones and 
hydrazine hydrate in the presence of alkali. This was reported by Shah33 et al., . The synthesized 
pyrazolines were subjected to antimicrobial studies and exhibited moderate to good activity. 

 
R=H, OCH3, OH; R1=H, F, Br, Cl, I; R2=H, Br, OCH3, OH, CH3; R3=H, OCH3, Cl, CH3; R4=H 

Scheme 14 
 Hareesh34 et al., (2012) synthesized some novel pyrazoline derivatives from 
commercially available 2-hydroxy-aceto-naphthanone and substituted vanillin derivative. 
First the key intermediate chalcone was prepared by treting 2-hydroxy-aceto-naphthanone 
with aldehyde in the presence of NaOH in methanol. chalcones were then treated with 
hydrazine hydrate in the presence of sodium acetate in ethanol to give a pyrazoline that was 
further alkylated to some new pyrazoline derivatives. These derivatives were then screened 
for their antibacterial activity. All the compounds exhibited good activity. The compounds 
having amide functionality exhibited excellent activity against bacteria. 

 
a R= -Me, b R= -Et, c R= -Pr, d R'= -Ph, e R'= -Ph,4Cl, f R'= -Ph,4CH3, g R'= -Ph,4-OMe,                   
h R'= -COCH3, I R'= -COPh, k R'= -COPh, 4-Cl, l R'= -COPh, 4-OME 

Scheme 15 

Reagents and conditions: a) NaOH, Methanol, rt, 12 h b) NH2NH2H2O, NAOAc, ethanol, 
reflux, 6 h; c) R-Br,Et3N DCM,rt, 24h; d) –NH2NH2, NaOAc, ethanol, refulx, 10 h 

 Joshi35 et al., (2012) also synthesized some pyrazolines from chalcones. Chalcones were 
prepared by treatment of furan-2-carbaldehyde with different acetophenones by Claisen-Schmidt 
condensation. Then various pyrazoline derivatives were prepared by reflux reaction of chalcones 
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with phenyl hydrazine/hydrazine hydrate in ethanolic solution. The structures of newly 
synthesized compounds were established on the basis of their spectral data. All synthesized 
pyrazoline derivatives were screened for their antimicrobial activity against some bacteria and fungi. 

 
Scheme 16  

 Azarifar and Shaebanzadeh36 (2002) synthesized some new 3,5-dinaphthyl substituted 
2-pyrazolines and studied their antimicrobial activity. 3, 5-Dinaphthalene-1-yl substituted          
2-pyrazolines containing certain groups as substituents on both the naphthalene and pyrazoline 
rings were prepared by the action of hydrazine reagents on chalcones that were also prepared 
by aldol condensation reaction between the corresponding 1-acetylnaphthalenes and           
1-naphthaldehydes in ethanolic NaOH solution. Formation of all the compounds was 
confirmed by spectroscopy (NMR and FTIR). All the compounds were tested in vitro for 
antimicrobial activity against the test organisms Escherichia coli, Staphylococcus aureus, 
Klebsiella pneumonia, Proteus mirabilis, Shigella dysentery and Salmonella typhii. It was 
observed that 80% of the total tested compounds showed some antimicrobial activity. 

 
R1=H, OH; R2=H, Cl, Me; R3=H, NMe2; R4=H, Ph, CONH2, COCH3 

 Ramesh and Sumana37 synthesized some new pyrazoline derivatives by reacting 
chalcones of 2-acetyl thiophene with phenyl hydrazine hydrochloride in the presence of 
alcohol. The synthesized compounds were tested for their anti-inflammatory activity and 
recorded moderate to considerable activity. 

R= NH2, Br, NO2, Cl, F CH3 

Scheme 17 
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 Jyothi38 et al., (2012) also synthesized some novel pyrazolines with antimicrobial activity. 
This is a two step process. In first step, 3-acetylpyridine and respective aldehydes were reacted 
in alcohol in the presence of 40% aqueous KOH solution to afford chalcones. Then in second 
step, the chalcones were reacted with phenyl hydrazine hydrochloride in ethanol under 
refluxing conditions to get the final product namely 1-phenyl-3-(3`-pyridyl)-5-(substituted 
phenyl)-2-pyrazoline derivatives. These were then screened for their antibacterial and 
antifungal activity and it was observed that pyrazoline containing flouro substitution at para 
position on phenyl ring enhanced both antibacterial and antifungal activities.  

 

 

Scheme 18 

Scheme 19 
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 Some new 3, 5-diphenyl and 1, 3, 5-triphenyl-2-pyrazoline derivatives were synthesized 
by Shinde39 et al., (2004) and the antibacterial activities were studied by using three different 
pathogenic bacteria. 1,3-Diphenyl-2-propen-1-ones (chalcones)were synthesized by 
condensing appropriate acetophenones with benzaldehydes in dilute ethanolic sodium 
hydroxide solution at room temperature. The 3,5-diphenyl-2-pyrazolines and 1,3,5-triphenyl-2-
pyrazolines were synthesized by the reaction of appropriate 1,3-diphenyl propen-1-one 
derivatives with hydrazine hydrate and phenyl hydrazine according to the condensation 
reaction of α,β-unsaturated ketones with hydrazines in yields varying from 83-95%. Most of 
the new synthesized pyrazoline derivatives were tested for their antibacterial activity in vitro 
against bacterial strains such as E.coli, S. Typhi and S.dysentrae and the results showed that all 
the compounds exhibited a marked degree of activity against bacteria at MIC of 50 µg/mL. 

 
R1 = R2 = H, OH; R3 = Br 

 A series of new pyrazolines and isoxazoles had been synthesized by 
Karabasanagouda40 et al., (2009). The key intermediates 1-[4-(methylthio) phenyl]-3-
aryt/heteroaryl-propen-1-ones were prepared by treating 4-acetylthioanisol with substituted 
aryl/heteroaryl aldehydes inthe presence of NaOH according to Claisen-Schmidt 
condensation. These propanones were used as precursors for the synthesis of pyrazolines 
and osoxazoles. These propanones on treatment with hydrazine hydrate in ethanol afforded 
3-[4-(methylthio) phenyl]-5-aryt/heteroaryl-pyrazolines and on treatment with hydroxyl 
amine hydrochloride in dimethylformamide and sodium acetate yielded 3-[4-(methylthio) 
phenyl]-5-aryt/heteroaryl isoxzoles. All these synthesized compounds were characterized by 
spectroscopy and were screened for their analgesic and anti-inflammatory activities. The 
biological study revealed that a few compounds showed moderate to good activity.  

Scheme 20 
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Ar=4-methylphenyl, phenyl,4-methoxyphenyl, 4-chlorophenyl, biphenyl, 3,4dimethoxyphenyl,          
2-amino-3-pyridyl, 4-methoxy-2,3,6-trimethylphenyl, 2-bromo-6-nitriphenyl, 2,4,5-trichlorophenyl,           
6-methoxy-2napthyl 

 Gothwal and Srivastava41 (2012) reported a novel and easy access to substituted               
2-pyrazolines using a one-pot procedure and demonstrated its superiority over previously 
reported classical heating methods. First the substituted 4`-(4``-nitrophenoxy)chalcones were 
synthesized by irradiating a solution of 4-(4`-nitrophenoxy)acetophenone and substituted aryl 
aldehyde in methanol under microwave irradiation for 3-4 minutes at 300 Watt. Then the 
solution of these chalcones and hydrazine hydrate in hot formic acid was also irradiated under 
microwave oven at 600 watt for 2-4 minutes to afford 3-[4`-(4``-nitrophenoxy)-phenyl]-5-
(substituted aryl)-2-pyrazoline-1-carboxaldehydes. The progress of reaction was monitored by 
TLC and the product was recrystallized. All the synthesized compounds were screened for 
their antimicrobial activities and some of compounds showed potential antimicrobial activities. 

 

Scheme 21 

Scheme 22 
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R = H, 4-N(CH3)2, 4-Cl, 3,4 (OCH3), 4-OCH3,4,5 (OCH)3 

 Adhikari42 et al., (2012) proposed the synthesis, characterization and pharmacological 
study of 4,5-dihydropyrazolines carrying pyrimidine moiety. The reaction of 1,1,3,3-
tetramethoxy propane with urea in the presence of conc. HCl in methanol medium afforded 
2-hydroxypyrimidine, which on further reaction with bromine yielded 5-bromo-2-
hydroxypyrimidine. It was then converted to 5-bromo-2-chlororimidine with POCl3 at 105-
110 0C. 5-Bromo-2-chlororimidine by reacting with hydrazine resulted into 5-bromo-2-
pyrimidinylhydrazine which was then reacted with 1,3-diaryl-2-propen-1-one furnished        
5-bromo-2-(3,5-dihydro-1H-pyrazol-1-yl)pyrimidine using conventional heating and 
microwave irradiation techniques. These pyrazolines were screened for their antioxidant, 
anti-inflammatory and analgesic activities. 
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 With the persuasion to synthesize the molecules of biological interest Shah43 et al., 
(2011) reported the synthesis of pyrazolines from pyrrolidine chalcones. Equimolar solution 
of pyrrolidine chalcones and phenyl hydrazine in methanol was refluxed for few hours in the 
presence of NaOH to afford corresponding pyrazolines. These were also screened for their 
antimicrobial activity using cup plate method and it was found that the synthesized 
compounds recorded moderate to good activity against both bacteria and fungi. 

 
R = H, OCH3, OH; R1=H, Cl, I; R2=H, OCH3, OH, CH3; R3=H, OCH3, Cl; R4 =H 

Scheme 23  

Scheme 24 

Scheme 25 
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Conclusion 
Pyrazolines are well known and important nitrogen containing 5-membered heterocyclic 
compounds and various methods have been worked out for their synthesis. Numerous 
pyrazoline derivatives have been found to possess considerable biological activities, which 
stimulated the research activity in this field. The manuscript is a brief review about different 
methods for the synthesis of biologically active pyrazoline derivatives. 
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