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Mild and Ecofriendly Tandem Synthesis, and Spectral and
Antimicrobial Studies of N1-Acetyl-5-aryl-3-(substituted
styryl)pyrazolines

Vijai N. Pathak,1 Rahul Joshi,1 Jaimala Sharma,1

Neetu Gupta,1 and Vijay Mohan Rao2

1Centre of Advanced Studies, Department of Chemistry, University
of Rajasthan, Jaipur, India
2Department of Botany, University of Rajasthan, Jaipur, India

N1-acetyl-5-aryl-3-(substituted styryl)pyrazolines were synthesized by the cyclocon-
densation of 1,5-substituted diphenyl-1,4-pentadien-3-ones with hydrazine hydrate
and a cyclizing agent such as acetic acid in ethanol. The title compounds were syn-
thesized using conventional and solvent-free approaches, which involves mechano-
chemical mixing, microwave-irradiation, and ultrasound-irradiation methods in
the presence of a solid support. The synthesized compounds have been character-
ized by elemental analyses and spectral data (IR, PMR, and FAB-mass). All the
synthesized compounds have been evaluated for their antibacterial and antifungal
activities. Some compounds have shown promising biological activity.

Keywords Bischalcones; microwave-irradiation; pyrazolines; ultrasound-irradiation

INTRODUCTION

Pyrazoles1 and allied derivatives are well-known, biologically im-
portant, nitrogen-containing heterocyclic compounds associated with
various pharmacological activities such as COX-2 inhibiting,2

antimicrobial,3 antidepressant,4 antinociceptive,5 insecticidal,6 anti-
mycotic,7 anti-inflammatory,8 antibacterial,9 antiandrogenic,10 and
antiamoebic.11 A few nitrogen-containing five-membered heterocyclic
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compounds are reported to have been used in the treatment of Parkin-
son’s and Alzheimer’s diseases and cerebral edema.12,13

Pyrazoles and their derivatives are known to act as antitubercular14

and antitumor agents.15 They also have a vasoconstrictor and vasodila-
tor effect on hypoxia15 and play the role of PR-antagonist.17

α, β-Unsaturated carbonyl compounds (chalcones) have been used
as synthons in the preparation of various biologically active com-
pounds. Keeping these observations in view, we synthesized a num-
ber of bischalcones, and then these were condensed with hydrazine
hydrate and phenyl hydrazine to give pyrazolines as biologically ac-
tive molecules. In this method, hydrazone is formed as an inter-
mediate, which is than cyclized to the corresponding pyrazolines
in the presence of a suitable cyclizing agent such as glacial acetic
acid.18,19

The title compounds have been synthesized using various techniques
involving conventional and green chemistry routes, namely grindstone
chemistry,20 ultrasound,21–26 and microwave chemistry.27–29

In the light of the above facts, we report in this article the synthesis of
N1-acetyl-5-aryl-3-(substituted styryl)pyrazolines from 1,5-substituted
diphenyl-1,4-pentadien-3-ones. These compounds have been synthe-
sized using all the above-mentioned procedures, and a comparative
study has been done. Among the four methods used, the microwave
irradiation procedure was found to be the best one due to higher yields,
shorter reaction time, and enhanced selectivity.

A few representative compounds were screened for their antibac-
terial and antifungal activity, and some of the compounds exhibited
promising activity.

RESULTS AND DISCUSSION

Synthesis

1,5-Substituted diphenyl-1,4-pentadien-3-ones were synthesized by an
aldol condensation with substituted benzaldehydes and acetone in a
2:1 ratio in the presence of ethanolic NaOH solution. This bischal-
cone 3 was subjected to hydrazone formation via cyclization reac-
tion with hydrazine hydrate to give N1-acetyl-5-aryl-3-(substituted
styryl)pyrazolines 4. This reaction takes place through the mediation
of an appropriate α,β -unsaturated hydrazone, which immediately cy-
clizes to give a pyrazoline ring in the presence of a suitable cycliz-
ing agent such as glacial acetic acid under refluxing or irradiation
conditions (Scheme 1). N1-acetyl-5-aryl-3-(substituted styryl) pyrazo-
lines were synthesized by employing various reaction conditions. In
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1856 V. N. Pathak et al.

SCHEME 1 X = H; 4 Cl; 4 OCH3; 2 OCH3; 3,4,5 (OCH3)3; 4F; 2 Cl; 3 F;
2F; 2,4 (Cl)2.

the conventional process, the bischalcone 3, hydrazine hydrate, and
glacial acetic acid used as a cyclizing agent were dissolved in ethanol
and refluxed for 10–30 h.

In contrast, under solvent-free conditions, the same reactants were
ground together using a mortar and pestle to afford target compounds
4, in higher yields and shorter reaction time. Under ultrasound-
irradiation conditions, the same reactants were dissolved in a small
quantity of ethanol, and the reaction mixture was sonochemically irra-
diated for 10–25 min. by using an ultrasonic bath. In the microwave-
irradiation conditions, the reactant 3, hydrazine hydrate, and a
calculated amount of glacial acetic acid over K2CO3 were irradiated
in a domestic microwave oven for 0.5–5 min. The results obtained are
tabulated in Table I.

The physical, spectral, and analytical data of compounds (4a–j) are
given in Tables II and III.

EXPERIMENTAL

All melting points were determined in open glass capillary tubes
and are uncorrected. The IR spectra (vmax in cm−1) were recorded
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TABLE I Results and Conditions for the Synthesis of N1-Acetyl-5-
aryl-3-(substituted styryl)pyrazolines (4)

Time required
Yield (%) Temp. (◦C)

Compound i ii iii iv
i

min.
ii

min.
iii

min.
iv

hrs. i ii

4a 90 86 80 73 0.5 10 25 12 70 30
4b 91 87 78 70 2.5 12 25 14 50 30
4c 89 85 80 75 1.0 15 20 24 65 30
4d 84 80 73 68 0.8 20 35 24 60 30
4e 92 87 82 76 2.7 12 28 18 62 30
4f 94 91 80 75 2.9 22 30 25 70 30
4g 88 84 76 69 3.2 25 38 28 75 30
4h 90 78 70 64 3.0 22 36 24 68 30
4i 87 82 78 65 2.5 15 25 18 70 30
4j 79 76 70 63 3.0 25 35 15 55 30

i. By Microwave irradiation with K2CO3; reactions were carried out in a LG
MS-194A domestic microwave oven with maximum 800W power.

ii. By ultrasound irradiation with ethanol; reactions were carried out in an
ultrasonic bath Toshniwal SW-4,150W with ± 37 KHz output frequency.

iii. By mechano-chemical mixing with Mg(HSO4)2.
iv. By conventional method.

on a Shimadzu IR 435U-04 infrared spectrophotometer using potas-
sium bromide pellets. PMR spectra were recorded on JEOL FX-90 Q
(89.55Hz) spectrometer using CDCl3 as a solvent. TMS was used as an
internal standard (chemical shift in δ ppm). Mass spectra were recorded
on Jeol SX-102 (FAB) mass spectrometer. The purity of compounds was

TABLE II Physical Data of N1-Acetyl-5-aryl-3-(substituted
styryl)pyrazolines (4)

Compounds No. X Molecular Formula
Molecular

Weight
Melting

Point(◦C)

4a H C19H18N2O 290 76
4b 4-Cl C19H16Cl2N2O 359 216
4c 4-OCH3 C21H22N2O3 350 167
4d 4-F C19H16F2N2O 326 135
4e 2-Cl C19H16Cl2N2O 359 192
4f 2,4-(Cl2) C19H14Cl4N2O 428 231
4g 3-F C19H16F2N2O 326 119
4h 2-OCH3 C21H22N2O3 350 147
4i 3,4,5-(OCH3)3 C25H30N2O7 470 180
4j 2-F C19H16F2N2O 326 95
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checked by TLC using silica gel-G as an adsorbent and UV light– or
iodine-accomplished visualization. The microwave-assisted reactions
were carried out in domestic MW oven (LG MS-194 A) with 800 W
and the ultrasound-assisted reactions were carried out in an ultrasonic
bath (Toshniwal SW-4) operating at 37 KHz output frequency.

1,5-substituted diphenyl-1,4-pentadien-3-ones 3 and N1-acetyl-5-
aryl-3-(substituted styryl)pyrazolines 4 were synthesized by the fol-
lowing routes.

1,5-Substituted diphenyl-1,4-pentadien-3-ones (3a–j)

Various 1,5-substituted diphenyl-1,4-pentadien-3-ones were prepared
by a method on the literature method (conventional).30

Ultrasound-Irradiation Method
A mixture of substituted benzaldehydes (5 mmol), acetone (2.5 mmol,

0.14 g), and ground sodium hydroxide pellets (0.5 g) was placed in a
conical flask. Ethanol (5 mL) was added, and the conical flask was
covered with porous parafilm. This reaction mixture was introduced
under ultrasonic waves at 12◦C for 10–15 min. using an ultrasonic
bath to afford the substituted bischalcones. This reaction mixture was
neutralized by pouring into ice cold 2N HCl. The solid was suction-
filtered, washed with water, dried, and recrystallized from rectified
spirit to afford the substituted bischalcones.

Microwave-Irradiation Method
1,5-Substituted diphenyl-1,4-pentadien-3-one 3 could not be synthe-

sized by using this method, due to the low boiling point of acetone
(56◦C).

N1-Acetyl-5-aryl-3-(substituted styryl)pyrazolines 4(a–j)

Ultrasound-Irradiation Method
A mixture of ground 1,5-substituted diphenyl-1,4-pentadien-3-one 3

(2 mmol), hydrazine hydrate (16%, 1 mL), and glacial acetic acid (1 mL)
was dissolved in ethanol (15 mL) in a conical flask (250 mL). The conical
flask was covered with porous parafilm. This reaction mixture was
introduced under ultrasonic waves at 30◦C for 5–25 min. (indicated in
Table I). After completion of the reaction, the alcohol was removed, and
the resultant residue was neutralized by pouring into ice cold NaHCO3
solution. The resultant solid was suction filtered, washed with water,
dried, and recrystallized from benzene.
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Synthesis of of N1-Acetyl-5-aryl-3-(substituted styryl)pyrazolines 1861

Microwave-Assisted Solvent-Free Synthesis
A mixture of ground 1,5-substituted diphenyl-1,4-pentadien-3-one 3

(2 mmol), hydrazine hydrate (16%, 1 mL), and glacial acetic acid (1 mL)
impregnated on potassium carbonate as a solid support were placed
in a conical flask (250 mL), and this reaction mixture was irradiated
inside a microwave oven at 800 W for a few minutes (indicated in
Table I). After completion of the reaction, benzene was added to it. The
mixture was filtered, benzene was removed, and the resultant residue
was neutralized by pouring into ice cold NaHCO3 solution. The product
was suction-filtered, washed with water, dried, and recrystallized from
benzene. The catalyst left as a residue during filtration was washed
2–3 times with hot benzene and dried in vacuum for reuse.

Mechano-Chemical Mixing (Solvent-Free Synthesis)
A mixture of 1,5-substituted diphenyl-1,4-pentadien-3-one 3

(2mmol), hydrazine hydrate (16%, 1 mL), Mg(HSO4)2 (0.3g), and glacial
acetic acid (1 mL) were ground together in a mortar using a pestle. An
orangish-colored tacky solid was obtained in 10–30 min. (indicated in
Table I). The reaction proceeds exothermically, as indicated by a rise in
temperature of 12–15◦C. After completion of the reaction, the reaction
mixture was neutralized by pouring into NaHCO3 solution. The product
was collected by filtration, washed with water, dried, and recrystallized
from benzene.

Conventional Method
A solution of 1,5-substituted diphenyl-1,4-pentadien-3-one 3 (2

mmol), hydrazine hydrate (16%, 1 mL), and glacial acetic acid (1 mL) in
ethanol was refluxed for 12–30 h. The reaction progress was monitored
by TLC. The reaction mixture was kept overnight at room temperature.
The reaction mixture was neutralized by pouring into ice cold NaHCO3
solution. The resulting solid was suction-filtered, washed with water,
dried, and recrystallized from benzene.

All the synthesized compounds along with their characteristics data
are given in Table II.

The comparative yields by all the four methods viz ultrasound-
irradiation, microwave-assisted, mechano-chemical, and conventional
are given in the Table I.

The structure of the synthesized compounds (4a–j) was confirmed
by their IR, 1H NMR, and FAB mass spectral analysis.
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Antimicrobial Activity

All the representative compounds were screened for their antimi-
crobial activity against the gram-negative bacteria Escherichia coli;
gram-positive bacteria Bacillus subtilis; fungi Candida albicans, a
diploid sexual fungus31; and Trichophyton rubrum, a causative agent
of dermatophytosis,32 which may cause infection in immunocomprised
hosts33 at different concentrations by disc diffusion method.34 Strep-
tomycin and Griseofulvin were used as standard drugs for evaluating
antibacterial and antifungal activities, respectively. Compounds 4b, 4f,
and 4i showed enhanced antibacterial and antifungal activity at 200
ppm, 400 ppm, 800 ppm, and 1000 ppm due to the presence of chlorine
and methoxy moieties attached with the pyrazole ring. Compounds 4f
and 4i showed very effective antibacterial compared to the other com-
pounds. The results obtained are presented in Tables IV and V.
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