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Microwave assisted alum[KAl (SO4)2.12H2O] catalyzed multi-component 
synthesis of Bis-pyrazole derivatives

Abstract: A green approach multicomponent easy access to some known bis-pyrazole synthesis has been 
successfully achieved bycondensation between pyrazole-5-one and aromatic aldehydes in the presence of 
alum[KAl (SO4)2.12H2O] as anenvironmentally benign, reusable catalyst in water-ethanol solvent under 
microwave irradiation method.This efficient and novel protocol has some advantages such as mild, high 
efficiency, high rate, a very less time of reaction and environmentally benign.
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Introduction

Nitrogen containing five member heterocycles, 
particularly pyrazole derivatives have become 
among the most extensively investigated 
biologically active compounds with various 
applications and uses in agriculture as well 
as medicinal chemistry [1-3]. They exhibit 
considerable antibacterial [4], antifungal 
[5], antitubercular [6], anti-inflammatory 
[7], and antitumor activities [8]. In various 
heterocycles[9-14].Previously reported pyrazole 
and its derivatives in the presence of several 
catalytic systems including cellulose sulfuric acid 
[15], sulfuric acid ([3-(3-silicapropyl)sulfanyl]

propyl)ester[16],silica bonded s-sulfonic acid 
[17], 2-hydroxyethylammonium acetate [18], 
nano-Fe2O3 [19], PEG-400 [20], 1,3-disulfonic 
acid imidazoliumtetrachloroaluminate [21], 
electrolysis [22], sodium dodecyl sulfate [23], 
ceric ammonium nitrate(CAN) [24], PEG-
SO3H [25], lithium hydroxide, Mohr’s salt 
[26], and sonication method [27]. Among these, 
some suffer from shortcoming of these such 
as low product yield, timeconsuming reaction, 
use of extra tools and expensive catalysts, 
environmental pollution etc.

Alum [KAl(SO4)2
.12H2O], which is used in 

organic transformations, for example the 
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Beginelli, coumarins, benzylpyrazolyl coumarin 
and quinolinone, trisubstituted dimidazole,1H-
s p i r o [ i s o i n d o l i n e - 1 , 2 ’ - q u i n a z o l i n e ] -
3,4’(3H)-diones, 1,3,4-oxadiazoles, 
1,5-benzodiazepines[28].Useofwater or 
water-ethanol as a reaction medium results in 
increase the rate and selectivity of many organic 
reactions[29]. In addition to using of green 
solvent, microwave irradiation reactions were 
performed and reduced the time compared to 
thermal reactions[30-38].  Herein, we report 
a facile, mild and effective methodology by 
using environmentally benign catalyst under 
microwave irradiation method for the synthesis 
of Bis-pyrazole.

In continuation of our research interest to search 
an environmentally benign method and protocol 
[39-44]. Herein, we wish to report a new access 
for the synthesis of bis-pyrazole 3 by using alum 
an efficientcatalyst as alum in under microwave 
irradiation method.(Scheme 1).

Results and discussion

In our literature survey there is no any report 
synthesis of Bis-pyrazole using alum as catalyst 
under the microwave irradiation method.

Initially, we optimized reaction conditions 
for the reaction of 3-methyl-1-phenyl-5-
pyrazolone with benzaldehyde was chosen as 
a model (compound 3a) in various solvent at 
different time interval, series of solvents DCM, 
EtOH, MeOH, CH3CN,THF and CHCl3were 
screenedwith selected alum catalyst (5 mol%) 
and we  found that the use of protic solvents 
such as EtOH and MeOH forcefully reduces the 
reaction time with improved yield of product 
at room temperature, especially with water-
ethanol(1:1) (Table 1).

Plausible mechanism for the synthesis of bis-
pyrazole
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Scheme 1.Synthesis of Bis(pyrazolyl) methanes using Alum.
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The required amount of the catalyst evaluated 
for this transformation of same compound. 
Without catalyst, the reaction did not carried 
out even for 10 min. Further,increase amount 
catalystby 1-6,8 and 10mol%, the reaction 
showed an significant progress and completed 
in about 3 min with excellent yield (98%) There 
is no considerable improvement on the yield 
of product and reaction time was observed by 
further increasing amount catalyst. We also the 
reaction was established at room temperature 
in the presence of alum catalyst (5mol%) as 
catalyst, but the reaction rate decreased and 
did not complete even after 08 min. In our 

observation for model reaction an excellent 
yield was obtained in presence of alum in 
water-ethanol, thus all examples were tested 
in 5mol% of alum in 12mL of water-ethanol 
(1:1)reasonably good to excellent yield.(Table 
2).The product 3a-3mwere purified by simple 
filtration and recrystallization from hot EtOH. 
Reactions of aromatic aldehydes bearing 
electron-withdrawing/donating group with 
phenyl pyrazolone gave the corresponding 
products in excellent yields under the same 
reaction conditions. The yield and structure 
of the compounds 3 were confirmed by CHN 
analyses, 1H, and 13C NMR spectroscopy and 

Table 1.Solvent effect in the synthesis of model compound 3a.
Entry Solvent Time (min) Yield (%)

1 DCM 6 48
2 THF 6 55
3 MeOH 4 89
4 EtOH 3 93
5 H2O-Ethanol 3 98
6 CH3CN 5 78
7 CHCl3 6 58

Catalyst(alum) selected as 5 mol% for each entry of solvent.

Table 2.Synthesis of bispyrazoles 3 using Alum (5 mol%) under microwave irradiation 
method.

Entry Aldehyde Product Time (min) Yielda (%) [Lit.]

1 C6H5CHO 3a 3 98[20]
2 2,4-(MeO)2C6H3CHO 3b 4 92
3 3-(EtO)-4-(HO)C6H3CHO 3c 4 94
4 1-NaphthylCHO 3d 4 90
5 4-(C6H5)C6H4CHO 3e 3 96
6 3-IndolylCHO 3f 4 92
7 2,4-Cl2C6H3CHO 3g 3 97[15]
8 3-O2NC6H4CHO 3h 3 97 [20]
9 4-O2NC6H4CHO 3i 3 97 [20]

10 4-MeC6H4CHO 3j 4 96 [20]
11 2-ClC6H4CHO 3k 3 97 [20]
12 3-BrC6H4CHO 3l 3 96 [20]
13 4-MeOC6H4CHO 3m 3 95 [26]

a Isolated yields. bReaction condition: aromatic aldehyde 1 (1 mmol), the pyrazolone2 (2 mmol) and Alum (5 mol %) in H2O-EtOH 
12 mL)
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compared with those reported methods (Table 
3.) According to our observation, summarized 
data, the presence of alum catalyst on water-
ethanol as solvent for the synthesis of compound 
3 under microwave method can be considered 
as an efficient, environmentally benign method 

for the preparation of desired product in high 
yield, short reaction time and environmentally 
safe conditions using a environmentally benign 
catalyst in comparison with previously reported 
method.

Table 3. Comparison of present work with other reported methods in the literature for 
synthesis of 3a.

Entry Catalyst and Conditions Time (min) Yielda (%) [Lit.]

1 Alum K[AlSO4. 10(H2O)], H2O-EtOH, MWI 3 98b

2 Mohr’s salt (2 mol%), H2O/EtOH, Reflux 20 90 [26b]

3 SBSSAc (0.1 g), EtOH, Reflux 120 80 [15]

4 SASPSPEd (0.1 g), EtOH, Reflux 180 90 [16]
5 Cellulose sulfuric acid (0.2 g), H2O/EtOH, Reflux 120 74 [17]
6 2-HEAAe (5 mol%), EtOH, r.t. 15 90 [18]

7 NPS- -Fe2O3f (2 mol%), H2O, r.t. 180 93 [19]

8 PEG-400g, 110 °C 120 92 [20]

9 [Dsim]AlCl4h (1 mol%), 50 °C 60 86 [21]

10 Electrolysis, EtOH, NaBr (0.1 g), 20 °C 33 82 [22]

11 Sodium dodecyl sulfate (5 mol%), H2O, Reflux 60 87 [23]

a Isolated yields. 98b Present work.cAlum K[AlSO4. 10(H2O)],. dH2O-EtOH, MWI

Experimental

General

The melting points of the compounds were 
determined in open head capillary and are 
uncorrected. Elemental analyses were performed 
on a PerkinElmer 2400 Series II analyzer. 1H 
and 13C NMR spectra were recorded on a Bruker 
spectrometer 300 MHz, DMSO- d6 as a solvent.  
Chemical shifts are reported as δ ppm units.All 
the compounds were checked for purity by thin 
layer chromatography.

General Procedure to the Synthesis of 

reported Bispyrazols Using Alum catalyst

A solution of the aromatic aldehyde 1 (1 
mmol), the pyrazolone2 (2 mmol) and Alum 
(5 mol %) in H2O-EtOH (1:1)12 mL) were 
subjected to a microwave oven for appropriate 
time programmed at 400 w. The progress of 
the reaction was monitored by TLC. After 
completion, the reaction mixture was cooled 
at room temperature cold water was added 
precipitate formed filtered and recrystallized 
from ethyl alcohol to pure product yield (90-
98%).

Spectral characterization data:
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4,4’-(Phenylmethylene)bis(3-methyl-1-
phenyl-1H-pyrazol-5-ol) (3a)

Light yellow; mp 165-167 °C (lit.20 168-170 
°C);1H NMR (300 MHz,DMSO-d6 ) (ppm): 
13.93 (s, 1H, OH), 12.37 (s, 1H, OH), 7.73 
(d, J= 8.4 Hz, 4H, aromatic CH), 7.43 (t, J = 
7.2 Hz, 4H, aromatic CH), 7.32-7.26 (m, 6H, 
aromatic CH), 7.19-7.21 (m, 1H, aromatic CH), 
5.03 (s, 1H, CH), 2.31 (s, 6H, 2CH3); 13C NMR 
(100.62 MHz, DMSO -d6) (ppm): 156.6, 145.4, 
140.6, 136.8, 128.9, 128.5, 127.3, 126.5, 126.3, 
121.5, 105.8, 33.7, 11.6., Elementalanal.for 
C27H24N4O2: M/Z; 436.18

4,4’-((2,4-Dimethoxyphenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3b)

Yellow ; mp 189-190 °C;1H NMR (300 MHz, 
DMSO-d6) (ppm): 14.33 (s, 1H, OH), 12.36 (s, 
1H, OH), 7.67 (d, J= 7.8 Hz, 4H, aromatic CH), 
7.37-7.53 (m, 5H, aromatic CH), 7.19 (t, J= 6.9 
Hz, 2H, aromatic CH), 6.47 (t, J= 9.6 Hz, 2H, 
aromatic CH), 5.07 (s, 1H, CH), 3.78 (s, 3H, 
OCH 3), 3.68 (s, 3H, OCH3), 2.23 (s, 6H, 2CH 
3); 13C NMR (76.46 MHz, DMSO -d6) (ppm): 
158.7, 156.5, 146.2, 137.5, 137.5, 137.5, 137.2, 
136.8, 133.7, 131.7, 128.7, 125.5, 122.8, 120.5, 
104.3, 98.3, 55.3, 55.1, 26.8, 11.5 ;Elemental 
anal. For C29H28N4O4 M/Z; 496.21

4,4’-((3-Ethoxy-4 hydroxyphenyl)methylene)
bis(3-methyl-1-phenyl-1H-pyrazol-5-ol) (3c)

Grey,  mp 214-215 °C; 1H NMR (300 MHz, 
DMSO- d6) (ppm): 13.99 (s, 1H, OH), 12.34 
(s, 1H, OH), 8.68 (s, 1H, OH), 7.58 (d, J= 8.1 
Hz, 4H, aromatic CH), 7.43 (t, J= 7.8 Hz, 4H, 
aromatic CH), 7.20 (t, J= 7.2 Hz, 2H, aromatic 
CH), 6.80 (s, 1H, CH), 6.63 (s, 2H, CH) 4.80 (s, 
1H, CH), 3.91 (q, J = 6.7 Hz, 2H, CH2), 2.26 (s, 
6H, 2CH3), 1.23 (t, J = 6.7 Hz, 3H, CH3). 13C 
NMR (76.46 MHz, DMSO-d6) (ppm): 146.2, 
145.3, 142.5, 137.4, 137.2, 133.3, 131.5, 128.8, 

125.6, 120.6, 119.9, 115.3, 113.5, 63.8, 32.8, 
14.8, 11.3;Elemental anal. For C29H28N4O4 M/Z; 
496.21

4,4’-(Naphthalen-1-ylmethylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3d)

White , mp 228-229 °C; 1H NMR (300 MHz, 
DMSO-d6 ) (ppm): 13.19 (s, 1H, OH), 12.13 (s, 
1H, OH), 8.8-8.05 (m, 1H, aromatic CH), 7.91 
(d, J = 6.3 Hz, 1H, aromatic CH), 7.78 (d, J= 
7.2 Hz, 1H, aromatic CH), 7.60-7.31 (m, 5H, 
aromatic CH), 7.32-7.59 (m, 7H, aromatic CH), 
7.11-7.23 (m, 2H, aromatic CH), 5.57 (s, 1H, 
CH), 2.23 (s, 6H, 2CH3). 

13C NMR (76.46 MHz, 
DMSO- d6) (ppm): 146.2, 144.3, 140.7, 137.5, 
136.8, 133.7, 130.9, 128.9, 128.8, 127.2, 125.7, 
125.8, 125.6, 125.5, 123.4, 119.9, 105.5, 30.8, 
11.6, 11.7 ;Elemental anal. For C31H26N4O2 
M/Z; 486.20

4,4’-([1,1’-Biphenyl]-4-ylmethylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3e)

White ; mp 217-219 °C; 1H NMR (300 MHz, 
DMSO-d6) (ppm): 14.01 (s, 1H, OH), 12.53 
(s, 1H, OH), 7.73 (d, J= 7.8 Hz, 4H, aromatic 
CH), 7.52-7.67 (m, 4H, aromatic CH), 7.45-
7.39 (m, 9H, aromatic CH), 7.20 (t, J = 7.6 Hz, 
2H, aromatic CH), 4.98 (s, 1H, CH), 2.33 (s, 
6H, 2CH3); 

13C NMR (76.46 MHz, DMSO -d6) 
(ppm): 146.5, 141.3, 140.1, 137.8, 137.5, 137.5, 
128.7, 128.9, 127.7, 127.3, 126.7, 125.6, 120.6, 
104.7, 104.5, 32., 11.5 ;Elemental anal. For 
C33H28N4O2 M/Z; 512.22

4,4’-((1H-Indol-3-yl)methylene)bis(3-methyl-
1-phenyl-1H-pyrazol-5-ol) (3f)

Yellow ; mp 242-243 °C;1H NMR (300 MHz, 
DMSO-d6 ) (ppm): 12.63 (s, 2H, OH), 9.83 
(s, 1H, NH), 8.15-8.13 (m, 2H, aromatic CH), 
8.07 (s, 1H, aromatic CH), 8.01- 8.05 (m, 2H, 
aromatic CH), 7.58-7.63 (m, 1H, aromatic 
CH), 7.40-7.43 (m, 4H, aromatic CH), 7.32-
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7.28 (m, 4H, aromatic CH), 7.15-7.15 (m, 1H, 
aromatic CH), 7.11-7.31 (m, 2H, aromatic CH), 
3.47 (s, 1H, CH), 2.43 (s, 6H, 2CH3); 

13C NMR 
(100.62 MHz, DMSO- d6) (ppm): 162.5, 150.7, 
138.7, 138.3, 136.7, 136.3, 128.5, 128.2, 123.7, 
123.3, 122.1, 118.3, 118.1, 112.7, 112.3, 18.6, 
12.7;Elemental anal. For C29H25N5O2 M/Z; 
475.20

4,4’-((2,4-Dichlorophenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3g)

Bisque, mp 228- 229 °C (lit.15 227–229 °C); 1H 
NMR (300 MHz, DMSO-d6) (ppm): 13.98 (s, 
1H, OH), 12.65 (s, 1H, OH), 7.60-7.73 (m, 5H, 
aromatic CH), 7.50 (d, J = 2.6Hz, 1H, aromatic 
CH), 7.39- 7.53 (m, 5H, aromatic CH), 7.30 (t, 
J = 7.5 Hz, 2H, aromatic CH), 5.09 (s, 1H, CH), 
2.29 (s, 6H, 2CH3 ); 13C NMR (62.89 MHz, 
DMSO -d6) (ppm): 148.5, 147.2, 146.1, 137.5, 
134.2, 128.7, 125.5, 120.4, 119.3, 111.7, 111.7, 
104.7, 104.4, 31.4, 11.5 ;Elemental anal. For 
C27H22Cl2N4O2 M/Z; 504.11

4,4’-((3-Nitrophenyl)methylene)bis(3-methyl-
1-phenyl-1H-pyrazol-5-ol) (3h)
Yellow, mp 154-155 °C (lit.20,16  151-153 °C);

1H NMR (300)MHz, DMSO -d6) (ppm): 13.98 
(s, 2H, OH), 8.01-8.17 (m, 2H, aromatic CH), 
7.56-7.79 (m, 5H, aromatic CH), 7.62 (t, J = 8.2 
Hz, 1H, aromatic CH), 7.39 (t, J = 7.8 Hz, 4H, 
aro-matic CH), 7.23 (t, J = 7.6 Hz, 2H, aromatic 
CH), 5.18 (s, 1H, CH), 2.32 (s, 6H, 2CH3). 
13 C NMR (100.62 MHz, DM-SO-d6) (ppm): 
147.9, 146.5, 144.6, 137.5, 134.5, 129.6, 128.7, 
125.3, 125.6, 121.6, 121.3, 120.7, 32.7, 11.4 
;Elemental anal. For C27H33N5O4 M/Z; 481.17

4,4’-((4-Nitrophenyl)methylene)bis(3-methyl-
1-phenyl-1H-pyrazol-5-ol) (3i)

Yellow, mp 229- 231 °C (lit.20 229-231 °C); 
1H NMR (300 MHz, DMSO-d6) (ppm): 13.93 
(s, 1H, OH), 12.53 (s, 1H, OH), 8.23 (d, J = 

8.8 Hz, 2H, aromatic CH), 7.70 (d, J = 8.2Hz, 
4H, aro-matic CH), 7.58 (d, J = 8.6 Hz, 2H, 
aromatic CH), 7.39 (t, J = 8.2 Hz, 4H, aromatic 
CH), 7.20 (t, J = 8.2 Hz, 2H, aromatic CH), 
5.16 (s, 1H, CH), 2.39 (s, 6H, 2CH3); 13C NMR 
(100.62 MHz, DMSO-d6) (ppm): 150.5, 146.3, 
145.6, 137.3, 129.3, 128.8, 128.7, 125.4, 123.5, 
120.4, 104.2, 33.2, 11.3 ;Elemental anal. For 
C27H23N5O4 M/Z; 481.17

4,4’-((4-Methylphenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3j)

White, mp 205-206 °C (lit.20 201-203 °C); 1H 
NMR (300 MHz, DMSO-d6) (ppm): 13.90 (s, 
1H, OH), 12.36 (s, 1H, OH), 7.03–7.73 (m, 14H, 
aromatic CH), 4.93 (s, 1H, CH), 2.33 (s, 6H, 
2CH3), 2.23 (s, 3H, CH3). 13 C NMR (100.62 
MHz, DMSO-d6) (ppm): 147.2, 140.2, 135.5, 
129.7, 129.5, 127.7, 126.3, 121.5, 40.8, 33.6, 
21.3, 12.3 ;Elemental anal. For C28H26N4O2 
M/Z; 450.20

4,4’-((2-Chlorophenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3k)

White, mp 239-241 °C (lit.20,16 236-237 °C); 1H 
NMR (400.13 MHz, DMSO-d6) (ppm): 13.92 
(br, 2H, 2OH), 7.70-7.79 (m, 4H, aromatic CH), 
7.39-7.47 (m, 8H, aromatic CH), 7.27- 7.37 (m, 
2H, aromatic CH), 5.02 (s, 1H, CH), 2.29 (s, 
6H, 2CH3). 

13C NMR (100.62 MHz, DMSO -d6) 
(ppm): 141.3, 140.5, 137.4, 135.7, 130.5, 129.3, 
128.7, 128.2, 126.8, 123.7, 120.5, 32.3, 11.5 
;Elemental anal. For C27H23ClN4O2M/Z; 470.15

4,4’-((3-Bromophenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3l)

White, mp 175-176 °C (lit.20 172-175 °C); 1H 
NMR (300 MHz, DMSO-d6) (ppm): 13.90 (s, 
1H, OH), 12.38 (s, 1H, OH), 6.78-7.86 (m, 14H, 
aromatic CH), 4.86 (s, 1H, CH), 2.35 (s, 6H, 
2CH3). 13C NMR (125 MHz, DMSO-d6) (ppm): 
154.5, 145.7, 140.5, 133.5, 132.5, 129.6, 128.5, 
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128.2, 127.6, 127.3, 125.3, 123.5, 117.3, 14.2, 
10.1 ;Elemental anal. For C27H23BrN4O2 M/Z; 
514.10

4,4’-((4-Methoxyphenyl)methylene)bis(3-
methyl-1-phenyl-1H-pyrazol-5-ol) (3m)

White, mp 165-166°C (lit.26 162-163 °C); 1H 
NMR (300 MHz, DMSO-d6) (ppm): 13.89 (br, 
2H, 2OH), 7.56 (d, J = 8.2 Hz, 4H, aromatic 
CH), 7.43 (d, J = 7.2 Hz, 4H, aromatic CH), 
7.23 (t, J = 7.45 Hz, 2H, aromatic CH), 7.15 (d, 
J = 8.4 Hz, 2H, aromatic CH), 7.3 (d, J = 8.2 
Hz, 2H, aromatic CH), 4.83 (s, 1H, CH), 3.89 
(s, 3H, OCH3), 2.49 (s, 6H, 2CH3). 13C NMR 
(125 MHz, DMSO-d6) (ppm): 157.3, 146.3, 
137.4, 134.5, 129.3, 128.5, 128.2, 125.1, 120.3, 
113.7, 105.1, 54.3, 32.4, 11.4 ;Elemental anal. 
For C28H26N4O3 M/Z; 466.20

Conclusion:

In conclusion, the present work describedan 
efficient facile, novel strategy for the synthesis 
of reported Bis-pyrazole compound in easily 
available, reusable catalyst under the microwave 
irradiation method. The notable advantages 
forthisprotocol short reaction times, simplicity, 
excellent yields and environmental impact.
Conflict of interest:

The authors confirm that this article content has 
no con-flict of interest.

Acknowledgements:

We are thankful to the Head Dept. of Chemical 
Technology, Dr. Babasaheb Ambedkar 
Marathwada University Aurangabad for 
providing laboratory facilities.

References:

1. S.Fustero,Simón-Fuentes, A.Sanz-Cervera, F. Org. Prep.
Proced. Int.,(2009),41, 253-290.

2. M.Krasavin, I.O.Konstantinov, Lett. Org. Chem.,(2008), 5, 
594-598.

3. A.Burguete, E. Pontiki,D.Hadjipavlou-Litina, R.Villar, 
E.Vicente, B.Solano, S.Ancizu, S.Perez-Silanes, I. Aldana, 
A.Monge, Bioorg. Med. Chem. Lett.,(2007), 17, 6439-
6443. 

4. F.Moreau, N.Desroy, J.M.Genevard, V.Vongsouthi, V. 
Gerusz, Le Fralliec, G. Oliveira, A. Denis, S. Escaich, 
K. Wolf, M. Busemann, A. Aschenbrenner, Bioorg. Med. 
Chem. Lett.,(2008), 18, 4022-4026.

5. Da.Singh,De. Singh,J. IndianChem. Soc., (1991), 68, 165-
167.

6. D. Castagnolo, F. Manetti, M. Radi, B. Bechi,M.  Saddi, 
M.Botta, Bioorg. Med. Chem.,(20090, 17, 5716-5721.

7. A. Tantawy, H. Eisa, A. Ismail, J. Pharm. Sci.,(1988), 2, 
113-116. 

8. F.A. Pasha, M. Muddassar, M.M. Neaz, S.J. Cho, J. Mol. 
Graph. Model.,2009, 28, 54-61. 

9. D.M.Pore, P.B. Patil, D.S. Gaikwad, P.G.Hegade, J.D.Patil, 
K.A.Undale, Tetrahedron Lett.,(2013),54, 5876-5878. 

10. D.Sil, R. Kumar, A. Sharon, P.R. Maulik, V. J.Ram, 
TetrahedronLett.(2005), 46, 3807-3809.

10. D.C.Beshore,  R.M. DiPardo, S.D. Kuduk, Tetrahedron 
Lett.,(2010),51, 970-973.

12. M. Radia,V. Bernardoa, B. Bechia, D.Castagnoloa, 
M.Paganoa, M. Botta, Tetrahedron Lett.,(2009), 50, 6572-
6575. 

13. M.M.Heravi, M. Saeedi,NY.S. Beheshtiha, H.A. Oskooie, 
Mol.Divers.,(2011),15, 239-243.

14. J. Tan, M. Li, Y. Gu, Green Chem., (2010), 12, 908-914. 
15. E. Mosaddegh, A. Hassankhani, J. Chil. Chem. Soc.,(2010), 

55, 419-420. 
16. S.Tayebi, M. Baghernejad, D. Saberi, K. Niknam, Chin. J. 

Catal.,(2011), 32, 1477-1483.
17. K. Niknam, D. Saberi, M. Sadegheyan, A. Deris, Tetra-

hedronLett.,(2010), 51, 692-694. 
18. S. Sobhani, R. Nasseri, M. HonarmandCanadian J. 

Chem.,(2012), 90, 798-804. 
19. S. Sobhani, Z. Pakdin-Parizi, R. Nasseri, J. Chem. 

Sci.,(2013), 125, 975-979. 
20. A. Hasaninejad, A. Zare, M. Shekouhy, M.; N. Golzar, 

Org.Prep.Proced. Int., (2011),43, 131-137.
21. A. Khazaei, M.A. Zolfigol, A.R. Moosavi-Zare, Z. Asgari, 

M. Shekouhy, A. Zare, A. Hasaninejad, RSC Adv.,(2012), 
2, 8010-8013.

22. M.N. Elinson, A.S. Dorofeev, R.F. Nasybullin, G.I. 
Nikishin, Synthesis, 2008, 1933-1934. 

23. W. Wang, S.X. Wang, X.Y. Qin, J.T. Li,Synth. 
Commun.,(2005), 35, 1263-1269. 

24. Sujatha, K.; Shanthi, G.; Selvam, N. P.; Manoharan, 
S.; Perumal, P. T.; Rajendran, M. Bioorg. Med. Chem. 
Lett.,2009, 19, 4501-4503. 

25. A.M. Hasaninejad, A. Shekouhy, A. Zare,  N. Golzar, N. J. 
Iran. Chem. Soc.,(2011),8, 411-423.

Chemistry & Biology Interface, 2016, 6, 2, 118-125



Chemistry & Biology Interface Vol. 6 (2), March – April 2016125

26. (a)M.A. Gouda, A.A. Abu-Hashem, Green Chem. 
Lett. Rev.,2012, 5, 203-209.(b) Khalil Eskandari, 
BahadorKaramia, Saeed Khodabakhshib and 
MahnazFarahia, Letters in Organic Chemistry,(2015), 12, 
38-43

27. J.J.V.  Eynde, K. Mutonkole, Y.V. Haverbeke, Ultrason. 
Sonochem.,(2001), 8, 35-39.

28. (a)J.Azizian,; A.A. Mohammadi, A.R. Karimi, M.R. 
Mohammadizadeh, Appl. Catal. (2006), 300, 85-88.; (b) 
Dabiri, M.; Baghbanzadeh, M.; Kiani, S.; Vakilzadeh, Y. 
Monatsh. Chem. (2007), 138, 997-999 ;(c) S.A. Jadhav, 
M.G. Shioorkar, O.S. Chavan, A.P.Sarkate, D.B. Shinde, 
R.K. Pardeshi.,Chemistry and Materials Research, 
(2015), 7, 8, 105-111.;(d) A.A.Mohammadi, M. Mivechi, 
H. Kefayati, Monatsh. Chem. (2008), 139,935.;(e) A.A. 
Mohammadi, H. Qaraat, Monatsh. Chem. (2009), 140, 
401.;(f)M. Dabiri, P. Salehi, S. Otokesh, M. Baghbanzadeh, 
M. Bahramnejad, Monatsh. Chem. (2007), 38, 253.;(g) D. 
Mahajan, T. Naqvi, R.L. Sharma, K.K. Kapoor, Aust. J. 
Chem. (2008), 61, 59.

29. (a) K. Aplander, K.O.Katebzadeh, K.; U.M. Lindstrom, 
Green Chem. (2006), 8, 22-24.;(b)Gupta M.; Paul S.; 
R. Gupta.Current Sci. (2010), 99,1341-1360.; (c) R.N. 
Butler, A.G. Coyne,Chem. Rev. (2010), 110, 6302-6337.; 
(d) K. Kumaravel, G. Vasuki, Multi-component reactions 
in waterCurr. Org. Chem. (2009), 13, 1820-1841; (e) A. 
Chanda, V.V. FokinChem. Rev. (2009), 109, 725-748.

30. J.D. Moseley, C.O. Kappe, Green Chem. (2011), 13, 794-
806.

31. P. Lidstrom, J. Tierney, B. Wathey, J. Westman. 
Tetrahedron.(2001), 57,9225–9283.

32. C.O. Kappe, Chem. Soc. Rev. (2008), 37, 1127-1139.
33. Y. Sarrafi, M. Sadatshahabi, K. Alimohammadi, M. 

Tajbakhsh, Green Chem. 2011, 13,2851-2858.
34. J.D. Moseley, C.O. Kappe, Green Chem. (2011), 13, 794-

806.
35. F. Ke, Y. Qu.; Z. Jiang.; Z. Li.; D. Wu.; X. Zhou. Org. Lett. 

(2011), 13, 454-457.
36. S. De, S. Dutta.; B. Saha. Green Chem. (2011), 13, 2859-

2868.
37. L.C.R Carvalho,.M.M.B. Marques Chem. Eur. J. (2011), 

17, 12544-12555.
38. G. Farruggia, S. Iotti, M. Lombardo, C. MarracciniM. 

Sgarzi, C. Trombini, N. Zaccheroni, J. Org. Chem., (2010), 
75, 6275-6278.

39. S.A. Jadhav, M.G. Shioorkar, O.S. Chavan, A.P. Sarkate, 
D.B. Shinde, R.K. Pardeshi,Chemistry and Materials 
Research, 2015, 7 8, 105-111.

40. S.A. Jadhav, M.G. Shioorkar,O.S. Chavan, D. B. Shinde, 
R.K. Pardeshi,Heterocyclic Letters, (2015),5, 3 375-382.

41. S.A. Jadhav, M.G. Shioorkar, O.S. Chavan. 
R.V.Chavan,D.B. Shindeand R.K. Pardeshi, Der pharma 
chemica,,(2015), 7(5):329-334.   

42. O.S. Chavan, S.A. Jadhav, M.G. Shioorkar, S.B. Chavan,  

Chemistry & Biology Interface, 2016, 6, 2, 118-125

M.A. Baseer and Y.M. Pawar, Journal of Chemical and 
Pharmaceutical Research,(2015), 7(5):899-902

43. O.S. Chavan,S.A.Jadhav, M.G. Shioorkar,M. A.Baseer, 
Heterocyclic Letters, (2015), 5, 3, 391-394. 

44. S.Jadhav, M. Shioorkar, O. Chavan, A. Sarkate, D. 
Shinde, R. Pardeshi, European Journal of Chemistry, 
(2015), 6 (4) 410-416.(Accepted)


