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INTRODUCTION

Recently, in organic synthesis, ultrasound technique is
widely used. The chemical reaction is enhanced by the ultrasonic
irradiation with the help of the process of the acoustic cavita-
tion. The reaction time is shortened by the use of ultrasonic
irradiation. In the field of organic chemistry, additional conve-
nience is offered through simple procedure of experiments,
increased yields, selectivity and clean reactions of many organic
transformations [1-4]. Loomis and Richards [5] first time intro-
duced the chemical effects, which were resulted from ultrasonic
irradiation in aqueous medium. There has been report of zinc-
Cu(I) ultrasound-mediated conjugate addition reactions deve-
loped by Luche & co-workers which involves reactions carried
out under aqueous conditions [6,7]. This methodology has been
utilized in synthesis of vitamin D analogues. According to a
recent trend of synthetic organic chemistry, ultrasound has
been emerged as a significant tool to be used for high yield
and shorter reaction time in the chemical reactions [8]. In the
synthesis of natural products nitrogenous heterocycles and their
derivatives are broadly applied [9]. For carbon-nitrogen bond
formation, aza-Michael addition of nucleophiles to α,β-un-
saturated ketones, esters and nitriles is proved as an effective
tool. These reactions are used in synthesis of kinase inhibitor
[10], alkaloids [11], β-lactams [12], amino acids [13]. The
most popular method for the preparation of 2-pyrazolines
refluxing with α,β-unsaturated aldehydes and ketones using
phenyl hydrazine in acetic acid [14]. The substituted pyrazo-
lines have biological activities such as antibacterial [15], analgesic
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[16], anti-inflammatory [17], antiviral [18], antifungal [19],
antiarthritic [20] properties. In reported method, substituted
pyrazolines were synthesized using catalyst and solvent such
as glacial acetic acid under heating or ultrasound irradiation
[21], sodium hydroxide in ethyl alcohol under ultrasound
irradiation [22], K2CO3-mediated microwave irradiation [23],
glacial acetic acid in EtOH under microwave irradiation
[24,25], EtOH [26], SOCl2 in benzene [27] under conventional
heating, H3PW12O40 [28], Amberlyst 15 in refluxing toluene
[29], triethanolamine [30], pyridine in refluxing ethanol [31],
ethyl lactate [32] and cerium chloride heptahydrate in refluxing
ethyl lactate [33]. Benzene and DMSO are the conventional
solvents that have the impacts on the environment [34].

Reported methods have some limitations such as longer
reaction time, poor to moderate yields, conventional method.
Therefore, there is need of developing the efficient and environ-
mental protocol for synthesis of pyrazolines derivatives. We
have developed efficient, high yielding ultrasound assisted
methodology for synthesis of pyrazolines derivatives using
KOH in EtOH and nitratobis(triphenyl phosphine) copper(I)
[Cu(PPh3)2NO3] as a catalyst (Scheme-I). Nitratobis(triphenyl
phosphine) copper(I) catalyst for the synthesis of pyrazolines
is not used in the previous work.

EXPERIMENTAL

All melting points are uncorrected and were determined
in a capillary tube. The IR spectra were recorded on a Shimadzu
Miracle-10 ATR. The 1H NMR spectra were obtained on a
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Scheme-I: General scheme of reaction

Bruker 400 MHz spectrometer with CDCl3 as the solvent using
tetramethylsilane (TMS) as the internal standard. Sonication
was performed in an ultrasonic cleaner with frequency of 33
KHz and a normal power of 250 W. All reactions were checked
by TLC using pet, ether/ethyl acetate (8:2) as the mobile phase.
The spots were visualized using UV cabinet. Crude product
was purified by recrystallization using ethanol and column
chromatography using pet. ether/ethyl acetate as a solvent.

Synthesis of 1,5-diaryl pyrazolines and 1,3,5-triaryl-
2-pyrazolines: The chalcones were prepared from acetone or
acetophenone and aromatic aldehydes by reported method.
Pyrazoline derivatives were prepared by dissolving chalcones
(10 mmol) and phenyl hydrazine (10 mmol) in alcoholic KOH
(1 g KOH in 40 mL ethanol) in a 100 mL conical flask. Then
Cu(PPh3)2NO3 catalyst (10 mol % i.e. 62 mg) was added in the
reaction mixture. The mixture was irradiated in the water bath
of an ultrasonic cleaner for the period shown in Table-2. After
completion of the reaction, the reaction mixture was poured
in ice water and filtered. The crude products were recrystallized
in ethanol to obtained the 1,5-driaryl pyrazolines and 1,3,5-
triaryl-2-pyrazolines. The compounds were analyzed by FTIR
and 1H NMR spectroscopy.

Spectral data:

1,3,5-Triphenyl-2-pyrazoline (3a): Apricot yellow solid,
m.f.: C21H18N2, m.p.: 136 °C. IR (KBr, νmax, cm-1) 3030 (aromatic
C-H), 1653 (C=N), 1595, 1489 (aromatic C=C), 1H NMR (400
MHz, CDCl3) δ 3.18 (dd, J = 7.2, 16.8 Hz, 1H), 3.88 (dd, J =
12.4, 17.2 Hz, 1H), 5.32 (dd, J = 7.2, 12.4 Hz, 1H), 6.83-7.75
(m, 15 H) ppm.

1,3-Diphenyl-5-(4-nitrophenyl)-2-pyrazoline (3b): Yellow
solid, m.f.: C21H17N3O2, m.p.: 160 °C. IR (KBr, νmax, cm-1) 3053
(aromatic C-H), 1654 (C=N), 1604, 1444 (aromatic C=C),1518
(N-O), 1H NMR (400 MHz, CDCl3) δ 3.18 (dd, J = 7.2, 17.2
Hz, 1H), 3.87 (dd, J = 12.4, 17.2 Hz, 1H), 5.27 (dd, J = 7.2,
12.8 Hz, 1H), 6.85-7.77 (m, 14 H) ppm.

1,3-Diphenyl-5-(3-chlorophenyl)-2-pyrazoline (3c):
Topaz yellow solid, m.f.: C21H17N2Cl, m.p.: 133 °C. IR (KBr,
νmax, cm-1) 3072 (aromatic C-H), 1653 (C=N), 1590, 1490
(aromatic C=C), 1H NMR (400 MHz, CDCl3) δ 3.18 (dd, J =
7.2, 17.2 Hz, 1H), 3.87 (dd, J = 12.4, 17.2 Hz, 1H), 5.27 (dd,
J = 7.2, 12.8 Hz, 1H), 6.85-7.77 (m, 14 H) ppm.

1,3-Diphenyl-5-(4-methoxyphenyl)-2-pyrazoline (3d):
Orange solid, m.f.: C22H20N2O, m.p.: 110 °C. IR (KBr, νmax,
cm-1) 3059 (aromatic C-H), 1656 (C=N), 1595, 1492 (aromatic
C=C), 1H NMR (400 MHz, CDCl3) δ 3.18 (dd, J = 7.2, 17.2 Hz,
1H), 3.87 (dd, J = 12.0, 16.8 Hz, 1H), 3.87 (s, 3H) 5.28 (dd, J
= 7.2, 12.4 Hz, 1H), 6.80-7.77 (m, 14 H) ppm.

1,3-Diphenyl-5-(3-nitrophenyl)-2-pyrazoline (3e): Peach
yellow solid, m.f.: C21H17N3O2, m.p.: 134 °C. IR (KBr, νmax,
cm-1) 3061 (aromatic C-H), 1656 (C=N), 1593, 1489 (aromatic
C=C), 1480 (N-O), 1H NMR (400 MHz, CDCl3) δ 3.16 (dd,

J = 7.2, 17.2 Hz, 1H), 3.90 (dd, J = 12.4, 17.2 Hz, 1H), 5.30
(dd, J = 7.2, 12.0 Hz, 1H), 6.82-7.76 (m, 14 H) ppm.

1,5-Diphenyl-3-methyl-2-pyrazoline (3f): Lemon yellow
solid, m.f.: C16H16N2, m.p.: 150 °C. IR (KBr, νmax, cm-1) 3026
(aromatic C-H), 1660 (C=N), 1593, 1496 (aromatic C=C), 1H
NMR (400 MHz, CDCl3) δ 1.59 (s, 3H) 3.08 (dd, J = 6.8, 16.8
Hz, 1H), 3.78 (dd, J = 12.4, 16.8 Hz, 1H), 5.31 (dd, J = 6.8, 12.4
Hz, 1H), 6.54-7.35 (m, 10 H) ppm.

1-Phenyl-5-(4-chlorophenyl)3-methyl-2-pyrazoline
(3g): Lemon yellow solid, m.f.: C16H15N2Cl, m.p.: 160 °C. IR
(KBr, νmax, cm-1) 3026 (aromatic C-H), 1651 (C=N), 1597,
1496 (aromatic C=C), 1H NMR (400 MHz, CDCl3) δ 1.63 (s,
3H), 3.01 (dd, J = 6.8, 16.8 Hz, 1H), 3.75 (dd, J = 12.4, 16.8 Hz,
1H), 5.29 (dd, J = 6.4, 12.0 Hz, 1H), 6.48-7.39 (m, 9 H) ppm.

1,3-Diphenyl-5-(3-bromophenyl)-2-pyrazoline (3h):
Pale yellow solid, m.f.: C21H17N2Br, m.p.: 140 °C. IR (KBr,
νmax, cm-1) 3030 (aromatic C-H), 1654 (C=N), 1602, 1498
(aromatic C=C), 1H NMR (400 MHz, CDCl3) δ 3.05 (dd, J =
6.8, 17.2 Hz, 1H), 3.35 (dd, J = 12.4, 17.2 Hz, 1H), 5.63 (dd,
J = 6.8, 12.4 Hz, 1H), 6.79-7.70 (m, 14 H) ppm.

RESULTS AND DISCUSSION

The effect of reaction conditions on the formation of
substituted pyrazolines under ultrasound irradiation was
summarized in Table-1.

TABLE-1 
EFFECT OF REACTION CONDITION ON SYNTHESIS OF 
PYRAZOLINES UNDER ULTRASOUND IRRADIATION 

Entry Base Molar ratio of 
EtOH:H2O 

Isolated yield 
(%) 

3a LiOH EtOH 0 
3a K2CO3 EtOH 0 
3b KOH H2O 0 
3c KOH EtOH:H2O 1:3 Trace 
3d KOH EtOH:H2O 1:1 35 
3e KOH EtOH:H2O 3:1 65 
3f KOH EtOH 91 

 
When we performed the reaction using other bases such

as LiOH, K2CO3, no product (Table-1, 3a) was obtained. It is
also important to mention that when reaction was performed
in water (Table-1, 3b) no product was obtained. The substrates
chalcones and phenyl hydrazine are insoluble in water at room
temperature. Therefore reaction does not proceeded in water.
When the molar ratio of chalcones and phenyl hydrazine was
1:1 the yield of 2-pyrazoline (Table-2 entry, 3a-3h) was obtained
in 97 % yield. The increasing molar ratio of EtOH:H2O the
yield of 2-pyrazoline (Table-1, 3e) was increased. It is apparent
that the reaction can be finished in shorter time to give excellent
yield under ultrasound. However, for the substrate possessing
electron withdrawing groups (Table-2, 3b, 3e) excellent yields
were obtained. The electron withdrawing and donating substi-
tuted aldehydes are used in synthesis of substituted pyrazolines
and there is no effect on yield of the product. The KOH is the
base, ethanol as a reaction solvent and Cu(PPh3)2NO3 is the
catalyst.

In nitratobis(triphenyl phosphine) copper(I) (Cu(PPh3)2NO3)
reaction proceeded smoothly under ultrasound irradiation and
water is not efficient solvent for the synthesis of 2-pyrazolines.
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From Table-2, it is suggested that using catalyst such as
Cu(PPh3)2NO3 shortened the reaction time of the preparation
of pyrazolines derivatives from 2 h under classical conditions
to 6 min. In addition, the yields of the products were improved
by 10-15 % in comparison with those obtained by the previous
method.

Conclusion

In conclusion, we found that 1,5-driaryl-2-pyrazolines and
1,3,5-triaryl-2-pyrazolines were synthesized from acetone or
acetophenone and substituted aldehydes with phenyl hydrazine
in alcoholic KOH using Cu(PPh3)2NO3 as a catalyst under
ultrasound irradiation to obtained excellent yields. The short
reaction time, easy work up and high yields makes this catalyst
a more convenient alternative to the reported catalysts.
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TABLE-2 
SYNTHESIS OF 1,5-DRIARYL-2-PYRAZOLINES AND 1,3,5-TRIARYL-2-PYRAZOLINES IN  

ALCOHOLIC KOH UNDER ULTRASOUND IRRADIATION AT ROOM TEMPERATURE 

Entry Ar1 Ar2/R Time (min) Yield (%) m.p. (found) (°C) Ref. 
3a C6H5 C6H5 1 97 136 (134-135) [21] 
3b 4-NO2C6H4 C6H5 6 97 160 (156-158) [33] 
3c 3-ClC6H4 C6H5 5 95 134 (134-135) [21] 
3d 4-CH3OC6H4 C6H5 6 92 110 (110-111) [21] 
3e 3-NO2C6H4 C6H5 2 95 134 (133-135) [21] 
3f C6H5 CH3 2 91 150  
3g 4-ClC6H4 CH3 1 90 161  
3h 3-BrC6H4 C6H5 5 88 140 (141-142) [21] 
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