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A simple, efficient, and environment friendlymethod has been developed for the synthesis of pyrazoline by the cyclocondensation of
chalcones and hydrazine hydrate using very cheaper catalyst, baker’s yeast (Saccharomyces cerevisiae).The 3,5-diphenyl pyrazolines
are synthesized in moderate to good yield. The method also overcomes drawbacks of the previous pyrazoline synthetic methods
and provides a new efficient route to 3,5-diphenyl pyrazoline derivatives.

1. Introduction

The pyrazolines are important nitrogen containing hetero-
cyclic compounds possessing various pharmacological activ-
ities and therefore they are useful material in pharmaceutical
industry for drug development [1–3].

2-Pyrazoline is present in number of pharmacological
active molecules such as Phenazone, Methampyrone, Azolid,
Tandaril, Indoxacarb, and Anturane, and they are useful as
analgesic, antipyretic, anti-inflammatory, and insecticidal[4,
5].

Triaryl pyrazoline is showing antidepressant activity and
also inhibits the flavivirus infection of cell culture and was
identified through high-throughput screening of compound
library using luciferase west Nile virus [6].

Amir et al. [7] synthesized a series of 3-(4-biphenyl)-
5-substituted phenyl-2-pyrazolines and 1-benzoyl-3-(4-
biphenyl)-5-substituted phenyl-2-pyrazolines and screened
them for their anti-inflammatory and analgesic activity.
Gökhan-Kelekçi et al. [8] have synthesized a new series of
pyrazoline derivatives and evaluated them for antidepressant,
anxiogenic, and MAO-A and MAO-B inhibitory activities
by in vivo and in vitro tests, respectively. Palaska et al.
[9] synthesized 3,5-diphenyl-2-pyrazoline derivatives and
evaluated their antidepressant activities by the “Porsolt
Behavioral Despair Test” on Swiss Webster mice.

In view of the applications of 3,5-diphenyl pyrazolines,
various methods are available for their synthesis using dif-
ferent catalysts like acetic anhydride [10], pyridine [11], and
acetic acid [12].

The above-mentioned catalysts suffer from drawbacks
like need of elevated temperature, longer time, and some
catalysts which are hazardous; that is why green method
for the synthesis of pyrazoline is required. Till date there is
not any biocatalytical method reported; therefore we have
developed baker’s yeast catalyzed protocol for the cyclocon-
densation of chalcone and hydrazine hydrate to obtain pyra-
zolines.

Nowadays biocatalysis is playing vital role in organic
synthesis; however, among those baker’s yeast is whole cell
biocatalyst, used for various organic reactions, for example,
Michael addition [13], Aldol reaction [14], Henry reaction
[15], and Knoevenagel condensation [16, 17].

The nonaqueous biocatalysis in organic solvent offers
various advantages like solubility of organic substrates, easy
workup, and isolation of the product and sometimes reusabil-
ity of biocatalysts [15, 18–22].

Considering the above facts, we have developed an effi-
cient methodology for synthesis of pyrazoline from chalcone
and hydrazine hydrate in organic solvent by using inexpen-
sive biocatalyst, baker’s yeast.
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2. Materials and Methods

2.1. Materials. All chemicals were purchased from com-
mercial suppliers and used as they are. 1H NMR and 13C
NMR Spectra were recorded on Bucker Advance II 400MHz
spectrometer at ambient temperatures in CDCl

3
as solvent.

Thin layer chromatographywas carried out usingMerk’s silica
plates. The dry baker’s yeast is purchased from local market.

2.2. Method: General Experimental Procedure for Synthesis of
Pyrazolines (3a–m). To the mixture of chalcone (5mmol)
and hydrazine hydrate (10mmol) in methanol (15mL),
baker’s yeast (2 g) was added. The resulting reaction mixture
was continuously stirred at room temperature on magnetic
stirrer. The progress of the reaction was monitored by thin
layer chromatography using petroleum ether : ethyl acetate
(3 : 1). After completion of the reaction (32 h), reaction mix-
ture was filtered using silica bed to remove the catalyst and
washed with methanol (50mL). The reaction mixture was
concentrated under vacuum and obtained crude products.
The purification was done by recrystallization in ethanol.

2.3. Spectral Data of Compounds

N,N-Dimethyl-4-(3-phenyl-4,5-dihydro-1H-pyrazol-5-yl)ani-
line (3d). 1H NMR-(400MHz, CDCl

3
) 𝛿 (ppm) 2.86 (s, 6H),

3.29 (dd, 1H), 4.76 (dd, 1H), 6.65 (2H, d, 𝐽 = 7.78Hz), 7.19
(d, 2H, 𝐽 = 7.80Hz), 8.12 (1H, t, 𝐽 = 7.78Hz), 8.32 (t, 2H,
𝐽 = 7.60Hz), 8.62 (d, 2H, 𝐽 = 8.58Hz). 13C NMR-(100MHz,
CDCl

3
) 𝛿 (ppm) 39.87, 63.41, 78.79, 112.27, 125.21, 127.88,

127.74, 128.24, 130.23, 133.27, 148.58, 149.70.

4,5-Dihydro-5-(4-Methoxyphenyl)-3-Phenyl-1H-Pyrazole (3h).
1H NMR-(400MHz, CDCl

3
) 𝛿 (ppm) 2.72 (dd, 1H), 3.72 (S,

3H), 3.76 (dd, 1H), 4.67 (dd, 1H), 6.74–8.13 (m, 8H), 9.64 (s,
1H), 10.22 (s, 1H). 13C NMR-(100MHz, CDCl

3
) 𝛿 (ppm) =

25.0, 55.0, 62.9, 113.7, 114.1, 115.3, 115.5, 129.3, 126.3, 127.0, 127.7,
129.3, 129.7, 130.5, 149.5, 157.75.

3. Result and Discussion

Herein, we report an efficient and economic synthesis of
pyrazoline from chalcone and hydrazine hydrate under mild
conditions catalyzed by baker’s yeast. Resulting products
are obtained in high yields in methanol. The chalcones
are prepared by the reaction of substituted acetophenones
and benzaldehydes in the presence of sodium hydroxide in
aqueous ethanol [23, 24].

Table 1: Effect of solvent on synthesis of pyrazoline catalyzed by
baker’s yeasta.

Entry Solvent Time (h) Yieldb (%)
1 Ethanol 32 82
2 Methanol 32 86
3 Ethanol + water 32 70
4 Methanol + water 32 70
5 can 32 55
6 DCM 32 55
7 DMF 32 50
8 DMSO 32 57
9 THF 32 54
aReaction condition: chalcone (5mmol), hydrazine hydrate (10mmol), and
baker’s yeast (2 g) in solvent (15mL) under room temperature. bIsolated
yields.

In order to get best experimental condition, we consid-
ered the reaction of chalcone and hydrazine hydrate using
baker’s yeast catalyst as model reaction (Scheme 1).

To have the best experimental results, baker’s yeast was
utilized as a catalyst in different organic solvents includ-
ing polar protic, aprotic like ethanol (C

2
H
5
OH), methanol

(CH
3
OH), acetonitrile (ACN), dichloromethane (DCM),

dimethylformamide (DMF), dimethyl sulphoxide (DMSO),
and tetrahydrofuran (THF) as well as aqueous methanol and
ethanol. The reaction proceeds in all anhydrous and hydrous
organic solvents (Table 1, entries 1–9).

From Table 1 it is concluded that the protic solvents are
best for this reaction and among those methanol was found
to be best solvent for this reaction because reactions required
less time and high yield of product is obtained (Table 1, entry
2) as compared to other solvents. Therefore, methanol was
selected as a solvent for further study. Model reaction was
carried out in the absence of catalyst in methanol but there
no conversion takes place even after 32 hrs (Table 2, entry 1).

Then model reaction was forwarded using different
amount of catalyst, starting with 0.5 g baker’s yeast but there
was no formation of product in 32 hours. When 1 g of baker’s
yeast was used, 35% yield in 32 hours is obtained. 2 g baker’s
yeast gives 89% yield, and 3 g and 4 g baker’s yeast get 90%
yield in 32 hrs. Though increased amount of catalysts yielded
90% of product but it required more solvent (20mL) because
3 g and 4 g of catalyst were difficult to stir in 15mL of
methanol. We analyzed the yield after isolation of product
(3a); we considered that model reactions with 2 g of baker’s
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Scheme 2: Synthesis of pyrazoline derivatives.

Table 2: Effect of amount of catalyst on the synthesis of pyrazolinea.

Entry Catalyst (g) Time (h) Yieldb (%)
1 — 32 00
2 0.5 32 00
3 1 32 30
4 2 32 89
5 3 32 90
6 4 32 90
aReaction condition: chalcone (5mmol), hydrazine hydrate (10mmol), and
baker’s yeast in methanol (15mL) at room temperature. bIsolated yield.

Table 3: Baker’s yeast catalyzed synthesis of pyrazoline derivatives
in organic solventa.

S. N. R
1

R
2

Product Yieldb (%)
1 H H 3a 86
2 H 4-Cl 3b 88
3 H 4-NO

2
3c 82

4 H 4-N(CH
3
) 3d 86

5 H 4-OCH
3

3e 78
6 4-OH H 3f 75
7 4-OH 4-Cl 3g 76
8 4-OH 4-OCH

3
3h 84

9 2-OH H 3i 78
10 2-OH 4-N(CH

3
)
2

3j 82
11 2-OH 4-Cl 3k 78
12 3,4 OCH

3
H 3l 68

13 3,4 OCH
3

4-Cl 3m 66
aReaction condition: chalcone (5mmol), hydrazine hydrate (10mmol), and
baker’s yeast (2 g) in methanol (15mL) under room temperature at 32 h.
bIsolated yield.

yeast in methanol are the best because of higher yield in less
amount of solvent and catalyst (Table 2, entries 2–5).

To generalize the methodology, the variety of chalcones
reacted with hydrazine hydrate using baker’s yeast (2 g) in
methanol (Table 3, entries 1–13).

A variety of chalcones containing electron donating and
electron withdrawing group attached to either acetophe-
none ring or benzaldehyde ring or both the rings were
successfully employed to prepare corresponding products.
Firstly simple acetophenone with benzaldehydes, 4-chloro,
4-nitro, 4-N,N dimethyl amine, and 4-methoxy substituted

benzaldehydes containing chalcone to give desired products
in good to better yields, (Table 3, entries 1–5), and then
4-hydroxyacetophenone with benzaldehyde and 4-chloro
and 4-methoxy substituted benzaldehyde ring containing
chalcone to give good yield of the products, (Table 3, entries
6–8) and then the chalcones of 2-hydroxyacetophenone
and 4-chloro and 4-N,N-dimethyl substituted benzaldehyde
successfully and yielded the pyrazolines, (Table 3, entries
9–11) and when the chalcone prepared from 4-methoxy
acetophenone and 4-chlorobenzaldehyde is allowed to react
with hydrazine hydrate in the presence of baker’s yeast, it
gives good yield of the corresponding pyrazoline (Table 3,
entries 12-13 and Scheme 2).

4. Conclusion

In summary, here baker’s yeast is successfully employed to
synthesize value added heterocycle, pyrazoline from chalcone
in organic solvent, with moderate to good yield under mild
conditions.The highlight of this work is the cost effectiveness
and eco-friendliness.
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