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I N T R O D U C T I O N

The heterocyclic compounds constitute one of the most
complex branches in chemistry of organic chemistry. In parti-
cular, the heterocyclic compounds have been comprehensively
studied not only for their intrinsic interest, but also because of
many natural products, many drugs and medicines and many
dyes belong to this group [1,2]. Pyrazole constitutes an impor-
tant family of the heterocyclic compounds which are having
special place in chemistry as well as medicinal chemistry.
Pyrazole nucleus was first reported by Ludwig Knorr in 1883
[3]. It is equally interesting for its theoretical implications, the
diversity of its synthetic procedures and the physiological as
well as industrial significance of heterocyclic compounds [4-
6]. These heterocycles have been studied for over a century as
an important class of heterocyclic compounds and continue
to attract considerable interest due to the broad range of
biological activities they possess. Pyrazoles are of interest as
potent bioactive molecules [7-11]. They are known to exhibit
pharmaceutical activities such as CNS depressant, neuroleptic,
tuberculostatic, antihypertensive, antileishmanial, analgesic,
antidiabetic, anti-tumor and antimicrobial [12-15]. Fig. 1 shows

A library of new dihydropyrazole derivatives have been synthesized
from well designed curcumin analogues by reaction of chalcone
derivatives with phenylhydrazine. All the synthesized compounds
were characterized by spectroscopic (1H and 13C NMR, IR spectra),
spectrometric (Mass spectra) data and elemental analysis. Dihydro-
pyrazoles exhibited characteristic dd (double doublet) due to presence
of optically active carbon of pyrazole ring. All the synthesized compounds
were also evaluated for their antifungal potential against six different
fungal starins. Evaluated heterocyles showed potent inhibitory
property against tested fungal strains with minimum inhibitory
concentration (MIC) values upto 3.12 µg/mL. Heterocyles with nitro
and methoxy substitutions were showing best antifungal activities.
Among 20 different derivatives tested for biological activity SAR
has been developed between the various substitutions at phenyl ring
of synthesized heterocycles.
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several mole-cules bearing pyrazole nucleus which are used
in clinics for treatment of various health problems. Moreover,
pyrazole analogues of curcumin were synthesized and
investigated for lipoxygenase inhibitory activity [16], cytotoxic
activity [17,18] and antioxidant activity [19]. Recently,
curcumin has been shown to have synergistic effects with
artemisinin against Plasmodium berghei in vivo [20,21].
Among the different drug molecules illustrated in Fig. 1
pyrazole nucleus is considered as active pharmacophore due
to its intrinsic activity. Further-more, the presence of enone
function of chalcone moiety with pyrazole ring also enhanced
the biological activity. We have previously reported the
synthesis of fabricated curcumin based chalcone analogues
[22]. This time we hypothesize the incor-poration of the
essential structural features of pyrazoles with a curcumin
moiety could provide new derivatives with unex-pected and/
or enhanced biological activities since several curcumin
derivatives have already been shown to be active against a
number of tumors [23,24]. Prompted by all these observations,
we report here the synthesis of curcumin based chalcones and
corresponding dihydropyrazoles by utilizing condensation
reaction between chalcones and phenyl hydrazine. Curcumin
based chalcones previously reported by our group were used
for synthesis of dihydropyrazoles [25]. All the synthe-sized
hetrocycles were characterized by 1H and 13C NMR, IR spectra,
mass spectra as well as elemental analysis measure-ments.
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Fig. 1. Some pyrazoles based drug molecules

E X P E R I M E N T A L

Unless otherwise specified all the reagents and catalysts
were purchased from Sigma-Aldrich and were used without
further any purification. The common solvents were purchased
from Ranbaxy India. Organic solutions were concentrated
under reduced pressure on a Büchi rotary evaporator. Reactions
were monitored by thin-layer chromatography (TLC) on 0.25
mm silica gel plates visualized under UV light, iodine or KMnO4

staining. 1H and 13C NMR spectra were recorded on a Brucker

DRX-200 MHz spectrometer. Chemical shifts (δ) are given in
ppm relative to TMS and coupling constants (J) in Hz. IR
spectra were recorded on a FTIR spectrophotometer Shimadzu
8201 PC and are reported in terms of frequency of absorption
(cm-1). Mass spectra (ESIMS) were obtained by micromass
quattro II instrument.

General procedure for synthesis of dihydro pyrazoles
(23-42): Chalcone analogues (1 mmol) and phenyl hydrazine
(1.5 mmol) were mixed with 10 mL of ethanol in a 100 mL
round bottom flask. To this solution catalytic amount of acetic
acid (10 mol %) was added followed by stirring under refluxing
condition up to completion of reaction. Progress of reaction
was monitored by thin layer chromatography. After completion
of reaction solvent was evaporated under the reduced pressure
in rotavapour. Solid residue was poured in ice water under
stirring and filtered off. After filtration the solid residue was
recrystallized with ethanol and dried under vacuum to afford
the pure dihydro pyarazole derivatives (23-42), which were
further characterized by spectroscopic and spectrometric data.

Analytical data for compounds (23-42)

3-(1,5-Diphenyl-4,5-dihydro-1H-pyrazol-3-yl)-4-
hydroxy-6-methyl-2H-pyran-2-one (23): Yellow solid; m.p.:
153 °C; IR (KBr, νmax, cm–1): 3452, 3022, 1640, 1526, 1216,
1022; 1H NMR (CDCl3, 300 MHz): 7.29-7.13 (m, 5H); 6.92-
6.78 (m, 3H); 6.71-6.67 (m, 2H); 5.20 (dd, J = 8 Hz, J = 12
Hz); 4.17 (dd, J = 12 Hz, J = 18 Hz); 3.48 (dd, J = 8 Hz, J =
22 Hz); 2.26 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ = 192.4,
183.7, 167.4, 153.6, 151.1, 136.1, 133.2, 131.1, 129.2, 126.4,
122.1, 116.4, 101.3, 98.4, 51.6, 33.8, 20.6. MS (ES): m/z (%)
= 347 (100) [M+1]+; Ana. calcd. for C21H18N2O3: C, 71.82; H,
5.24; N, 8.09 Found: C, 71.78; H, 5.21; N, 8.12 %.

4-Hydroxy-3-(5-(4-methoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-2-one (24):
Yellow solid; m.p.: 164 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 7.23-
7.16 (m, 5H); 6.91 (d, J = 8.4 Hz, 2H); 6.86-6.81 (m, 2H);
6.04 (s, 1H); 5.22 (dd, J = 8.4 Hz, J = 12 Hz, 1H); 4.26 (dd, J
= 12.2 Hz, J = 19 Hz, 1H); 3.91 (s, 3H); 3.48 (dd, J = 8.4 Hz,
J = 12 Hz, 1H); 2.28 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ =
192.7, 181.1, 169.0, 168.3, 153.7, 153.5, 141.4, 131.6, 129.3,
124.2, 123.9, 118.7, 113.3, 113.5, 101.4, 56.1, 20.6. MS (ES):
m/z (%) = 377 (100) [M+1]+; Ana. calcd. for C22H20N2O4: C,
70.20; H, 5.36; N, 7.44 Found: C, 70.16; H, 5.30; N, 7.50 %.

4-Hydroxy-3-(5-(3-methoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-2-one (25):
Yellow solid; m.p.: 173 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 7.41-
7.21 (m, 5H); 6.93-6.86 (m, 3H); 6.85-6.83 (m, 1H); 6.06 (s,
1H); 5.18 (dd, J = 8.2 Hz, J = 11 Hz, 1H); 4.26 (dd, J = 11.2
Hz, J = 18 Hz, 1H); 3.89 (s, 3H); 3.48 (dd, J = 8.0 Hz, J = 18
Hz, 1H); 2.26 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ = 192.9,
182.4, 169.2, 167.2, 151.4, 150.5, 143.4, 132.6, 130.1, 128.2,
123.9, 115.4, 111.3, 103.6, 101.4, 56.4, 20.6. MS (ES): m/z
(%) = 377 (100) [M+1]+; Ana. calcd. for C22H20N2O4: C, 70.20;
H, 5.36; N, 7.44 Found: C, 70.16; H, 5.30; N, 7.50 %.

3-(5-(3,4-Dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (26):
Yellow solid; m.p.: 168 °C; IR (KBr, νmax, cm–1): 3430, 3022,
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2922, 1630, 1485, 1216; 1H NMR (CDCl3, 300 MHz): 13.4
(s, 1H); 7.22-7.19 (m, 3H); 6.92-6.83 (m, 5H); 6.06 (s, 1H);
5.07 (dd, J = 8.5 Hz, J = 12.1 Hz, 1H); 4.17 (dd, J = 12.1 Hz,
J = 18.9 Hz, 1H); 3.86 (s, 3H); 3.84 (s, 3H); 3.50 (dd, J = 8.4
Hz, J = 18.9 Hz, 1H); 2.28 (s, 3H).13C NMR (CDCl3, 75 MHz):
δ = 190.8, 184.2, 168.2, 162.4, 158.7, 142.7, 133.6, 128.4,
123.6, 122.9, 121.8, 112.1, 103.3, 99.8, 62.4, 56.0, 20.6. MS
(ES): m/z (%) = 407 (100) [M+1]+; Ana. calcd. for C23H22N2O5:
C, 67.97; H, 5.46; N, 6.89 Found: C, 67.94; H, 5.41; N, 6.92 %.

4-Hydroxy-6-methyl-3-(5-(4-nitrophenyl)-1-phenyl-
4,5-dihydro-1H-pyrazol-3-yl)-2H-pyran-2-one (27): Yellow
solid; m.p.: 164 °C; IR (KBr, νmax, cm–1): 3406, 2880, 1717,
1590, 1418, 1353, 1173; 1H NMR (CDCl3, 300 MHz): 8.23-
8.19 (m, 2H); 7.51-7.47 (m, 2H); 7.26-7.18 (m, 2H); 6.91-
6.79 (m, 3H); 6.06 (s, 1H); 5.24 (dd, J = 7.9 Hz, J = 19.1 Hz,
1H); 4.24 (dd, J = 12.4 Hz, J = 19 Hz, 1H); 3.51 (dd, J = 7.9
Hz, J = 18.9 Hz, 1H); 2.27 (s, 3H). 13C NMR (CDCl3, 75
MHz): δ = 191.8, 183.6, 167.8, 153.4, 151.2, 144.3, 136.1,
130.7, 129.5, 126.2, 122.2, 116.2, 101.3, 98.7, 51.3, 33.4, 20.7.
MS (ES): m/z (%) = 392 (100) [M+1]+; Ana. calcd. for
C21H17N3O5: C, 64.45; H, 4.38; N, 10.74 Found: C, 64.40; H,
4.33; N, 10.77 %.

4-Hydroxy-6-methyl-3-(5-(2-nitrophenyl)-1-phenyl-
4,5-dihydro-1H-pyrazol-3-yl)-2H-pyran-2-one (28): Yellow
solid; m.p.: 144 °C; IR (KBr, νmax, cm–1): 3452, 3022, 1640,
1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 8.20-8.17
(m, 2H); 7.48-7.44 (m, 2H); 7.17-7.06 (m, 2H); 6.90-6.82 (m,
3H); 6.05 (s, 1H); 5.18 (dd, J = 8 Hz, J = 18.6 Hz, 1H); 4.24
(dd, J = 11 Hz, J = 18.1 Hz, 1H); 3.51 (dd, J = 8 Hz, J = 18.4
Hz, 1H); 2.25 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ = 192.8,
185.6, 166.3, 158.8, 153.6, 142.4, 134.6, 131.2, 129.4, 124.7,
121.3, 116.5, 112.4, 103.8, 56.3, 37.4, 21.6. MS (ES): m/z
(%) = 392 (100) [M+1]+; Ana. calcd. for C21H17N3O5: C, 64.45;
H, 4.38; N, 10.74 Found: C, 64.40; H, 4.33; N, 10.78 %.

3-(5-(4-(Dimethylamino)phenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-
2-one (29): Yellow solid; m.p.: 171 °C; IR (KBr, νmax, cm–1):
3406, 2880, 1717, 1590, 1418, 1353, 1173; 1H NMR (CDCl3,
300 MHz): 7.29-7.13 (m, 4H); 6.92-6.78 (m, 3H); 6.71-6.67
(m, 3H); 5.07 (dd, 1H, J = 8 Hz, J = 12 Hz); 4.12 (dd, 1H, J =
12 Hz, J = 18 Hz); 3.50 (dd, 1H, J = 8 Hz, J = 22 Hz); 2.93 (s,
6H); 2.26 (s, 3H).13C NMR (CDCl3, 75 MHz): δ = 191.2, 183.3,
168.4, 159.6, 144.3, 132.6, 130.3, 128.7, 119.4, 104.6, 100.2,
98.9, 52.1, 35.4, 20.5 MS (ES): m/z (%) = 390 (100) [M+1]+;
Ana. calcd. for C23H23N3O3: C, 70.93; H, 5.95; N, 10.79 Found:
C, 70.89; H, 5.91; N, 10.82 %.

3-(5-(3-Chlorophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (30):
Yellow solid; m.p.: 157 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 7.26-
7.11 (m, 5H); 7 61 (d, J = 6.4 Hz, 1H); 6.91-6.80 (m, 4H);
6.06 (s, 1H); 5.44 (dd, J = 7.4 Hz, J = 12.0 Hz); 4.17 (dd, J =
12.0 Hz, J = 18 Hz); 3.42 (dd, J = 7.4 Hz, J = 18 Hz); 2.25 (s,
3H). 13C NMR (CDCl3, 75 MHz): δ = 192.6, 184.2, 167.4,
153.7, 151.2, 144.9, 136.3, 130.5, 129.1, 126.2, 122.6, 116.5,
101.5, 98.6, 51.3, 33.4, 20.4. MS (ES): m/z (%) = 381 (100)
[M+1]+; Ana. calcd. for C21H17ClN2O3: C, 66.23; H, 4.50; N,
7.36 Found: C, 66.18; H, 4.46; N, 7.38 %.

3-(5-(4-Chlorophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (31):
Yellow solid; m.p.: 148 °C; IR (KBr, νmax, cm–1): 3406, 2880,
1717, 1590, 1418, 1353, 1173; 1H NMR (CDCl3, 300 MHz):
7.23-7.16 (m, 5H); 6.89-7.81 (m, 4H); 6.05 (s, 1H); 5.12 (dd,
J = 8 Hz, J = 12 Hz, 1H); 4.17 (dd, J = 12.2 Hz, J = 19 Hz,
1H); 3.51 (dd, J = 8.0 Hz, J = 11.9 Hz, 1H); 2.26 (s, 3H).13C
NMR (CDCl3, 75 MHz): 13C NMR: δ = 191.4, 183.1, 166.8,
162.3, 158.2, 142.1, 133.4, 128.4, 123.3, 121.7, 120.6, 112.1,
103.3, 99.8, 61.5, 56.2, 20.8.; MS (ES): m/z (%) = 381 (100)
[M+1]+; Ana. calcd. for C21H17ClN2O3: C, 66.23; H, 4.50; N,
7.36 Found: C, 66.18; H, 4.46; N, 7.38 %.

3-(5-(3,5-Dichlorophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (32):
Yellow solid; m.p.: 143 °C; IR (KBr, νmax, cm–1): 3430, 3022,
2922, 1630, 1485, 1216; 1H NMR (CDCl3, 300 MHz): 13.25
(s, 1H); 8.26 (d, J = 8.1 Hz, 2H) 7.54 (d, J = 8.2 Hz, 2H);
7.29-7.22 (m, 3H); 6.93-6.83 (m, 3H); 6.09 (s, 1H); 5.27 (dd,
J = 8.07 Hz, J = 12.3 Hz, 1H); 4.27 (dd, J = 12.7 Hz, J = 19.2
Hz, 1H); 3.49 (dd, J = 7.5 Hz, J = 18.9 Hz, 1H); 2.27 (s,
3H).13C NMR (CDCl3, 75 MHz): δ = 191.6, 183.5, 168.2,
167.2, 163.1, 158.8, 144.6, 136.4, 135.3, 128.1, 121.9, 121.1,
113.4, 104.1, 99.6, 58.4, 37.6, 20.4.: MS (ES): m/z (%) = 415
(100) [M+1]+; Ana. calcd. for C21H16Cl2N2O3: C, 60.74; H,
3.88; N, 6.75 Found: C, 60.70; H, 3.83; N, 6.79 %.

4-Hydroxy-3-(5-(4-hydroxy-3-methoxyphenyl)-1-
phenyl-4,5-dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-
2-one (33): Yellow solid; m.p.: 153 °C; IR (KBr, νmax, cm–1):
3328, 2917, 1684, 1597, 1423, 1270, 1127; 1H NMR (CDCl3,
300 MHz): 13.39 (s, 1H); 7.21-7.19 (m, 3H); 7.17 (t, J = 8.2
Hz, 2H); 6.91-6.79 (m, 3H); 6.05 (s, 1H); 5.03 (dd, J = 8 Hz,
J = 12 Hz, 1H); 4.31 (s, 1H); 4.16 (dd, J = 8 Hz, J = 12.4 Hz,
1H); 3.84 (s, 3H); 3.49 (dd, J = 12.2 Hz, J = 19 Hz, 1H); 2.27
(s, 3H).13C NMR (CDCl3, 75 MHz): δ = 190.4, 184.6, 168.8
167.2, 162.6, 156.7, 148.2, 146.3, 138.3, 135.4, 127.3, 121.9,
122.2, 113.0, 103.8, 99.4, 57.6, 37.3, 20.6. MS (ES): m/z (%)
= 393 (100) [M+1]+; Ana. calcd. for C22H20N2O5: C, 67.34; H,
5.14; N, 7.14 Found: C, 67.29; H, 5.11; N, 7.41 %.

4-Hydroxy-3-(5-(3-hydroxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-2-one (34):
Yellow solid; m.p.: 168 °C; IR (KBr, νmax, cm–1): 3561, 3157,
1732, 1628, 1346, 1268; 1H NMR (CDCl3, 300 MHz): δ =
10.04 (1H, s), 7.47-7.26 (m, 4H); 6.99-6.76 (m, 3H); 6.62-
6.62 (m, 2H); 5.96 (1H, s), 5.26 (dd, J = 6 Hz, J = 14.2 Hz);
4.18 (dd, J = 14.2 Hz, J = 16 Hz); 3.44 (dd, J = 6 Hz, J = 22
Hz); 2.26 (s, 3H); 13C NMR (CDCl3, 75 MHz): δ = 189.8,
182.3, 163.2, 162.1, 150.6, 147.2, 136.4, 134.3, 129.8, 127.9,
126.7, 123.8, 114.1, 112.3, 111.5, 103.2, 97.6, 21.1.; MS (ES):
m/z (%) = 363 (100) [M+1]+; Ana. calcd. for C21H18N2O4 C,
69.60; H, 5.01; N, 7.73, Found: C, 69.55; H, 4.98; N, 7.78 %.

4-Hydroxy-3-(5-(4-hydroxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-2-one (35):
Bright yellow solid; m.p.: 153 °C; IR (KBr, νmax, cm–1): 3541,
3167, 1724, 1658, 1346, 1268; 1H NMR (CDCl3, 300 MHz):
δ = 10.04 (1H, s), 7.46-7.29 (m, 4H); 6.98-6.74 (m, 3H); 6.68-
6.61 (m, 2H); 5.98 (1H, s), 5.24 (dd, J = 6 Hz, J = 14.2 Hz);
4.16 (dd, J = 14.2 Hz, J = 16 Hz); 3.42 (dd, J = 6 Hz, J = 22
Hz); 2.27 (s, 3H); 13C NMR (CDCl3, 75 MHz): δ = 189.3,
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182.2, 163.4, 162.4, 150.2, 147.6, 136.4, 134.2, 129.8, 127.3,
126.4, 123.2, 114.2, 112.6, 111.5, 103.2, 97.6, 21.0.; MS (ES):
m/z (%) = 363 (100) [M+1]+; Ana. calcd. for C21H18N2O4 C,
69.60; H, 5.01; N, 7.73, Found: C, 69.57; H, 4.97; N, 7.77 %.

3-(5-(4-Fluorophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (36):
Yellow solid; m.p.: 126 °C; IR (KBr, νmax, cm–1): 3406, 2880,
1717, 1590, 1418, 1353, 1173; 1H NMR (CDCl3, 300 MHz):
13.31 (s, 1H); 7.31-7.18 (m, 4H); 7.07-7.02 (m, 2H); 6.89-
6.85 (m, 3H); 6.07 (s, 1H); 5.15 (dd, J = 8.1 Hz, J = 12.2 Hz,
1H); 4.12 (dd, J = 12 Hz, J = 14 Hz, 1H); 3.50 (dd, J = 7.9 Hz,
J = 17.1 Hz, 1H); 2.28 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ =
192.0, 184.1, 167.5, 154.1, 150.5, 144.6, 136.3, 131.6, 129.8,
127.5, 123.21 116.1, 101.4, 98.9, 51.4, 34.7, 20.7 MS (ES): m/
z (%) = 365 (100) [M+1]+; Ana. calcd. for C21H17N2O3F: C,
69.22; H, 4.70; N, 7.69 Found: C, 69.18; H, 4.67; N, 7.85 %.

4-Hydroxy-3-(5-(2-methoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)-6-methyl-2H-pyran-2-one (37):
Yellow solid; m.p.: 161 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 13.4
(s, 1H); 7.28-7.11 (m, 4H); 6 93 (d, J = 8.2 Hz, 1H); 6.92-
6.83 (m, 4H); 6.04 (s, 1H); 5.49 (dd, J = 7.28 Hz, J = 12.3 Hz,
1H); 4.17 (dd, J = 12.3 Hz, J = 19.1 Hz, 1H); 3.93 (s, 3H);
3.42 (dd, J = 7.6 Hz, J = 19.1 Hz, 1H); 2.27 (s, 3H).13C NMR
(CDCl3, 75 MHz): δ = 192.9, 183.3, 168.3, 161.3, 159.1, 141.7,
132.6, 129.5, 123.7, 122.9, 120.8, 112.2, 102.5, 99.4, 55.5,
20.6. MS (ES): m/z (%) = 377 (100) [M+1]+; Ana. calcd. for
C22H20N2O4: C, 70.20; H, 5.36; N, 7.44 Found: C, 70.16; H,
5.30; N, 7.50 %.

3-(5-(2-Chlorophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (38):
Yellow solid; m.p.: 151 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 8.20-
8.02 (m, 5H); 7.31-7.20 (m, 4H); 6.04 (s, 1H); 5.24 (dd, J =
7.4 Hz, J = 18.1 Hz, 1H); 4.18 (dd, J = 11 Hz, J = 19 Hz, 1H);
3.49 (dd, J = 7.4 Hz, J = 18.1 Hz, 1H); 2.26 (s, 3H). 13C NMR
(CDCl3, 75 MHz): δ = 192.2, 184.1, 167.6, 153.4, 151.5, 144.7,
136.1, 130.7, 129.2, 126.8, 122.1, 116.4, 101.5, 98.7, 51.3,
33.4, 20.6. MS (ES): m/z (%) = 381 (100) [M+1]+; Ana. calcd.
for C21H17N2O3Cl: C, 66.23; H, 4.50; N, 7.36 Found: C, 66.18;
H, 4.46; N, 7.38 %.

3-(5-(4-Bromophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (39):
Yellow solid; m.p.: 148 °C; IR (KBr, νmax, cm–1): 3452, 3022,
1640, 1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 13.25
(s,1H); 7.36-7.17 (m, 5H); 7.08-7.01 (m, 2H); 6.86-6.80 (m,
3H); 6.06 (s, 1H); 5.32 (dd, J = 8.4 Hz, J = 11.9 Hz); 4.08
(dd, J = 11.9 Hz, J = 14 Hz); 3.51 (dd, J = 7.9 Hz, J = 17.1
Hz); 2.26 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ = 191.8,
183.7, 167.2, 153.5, 148.4, 144.7, 136.2, 130.8, 129.2, 126.5,
122.1, 116.4, 101.5, 98.6, 51.7, 33.4, 20.5. MS (ES): m/z (%)
= 425 (100) [M+1]+; Ana. calcd. for C21H17N2O3Br: C, 59.31;
H, 4.03; N, 6.59 Found: C, 59.27; H, 3.98; N, 6.62 %.

3-(5-(2,5-Dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)-4-hydroxy-6-methyl-2H-pyran-2-one (40):
Yellow solid; m.p.: 146 °C; IR (KBr, νmax, cm–1): 3468, 3121,
1725, 1629, 1316, 1252; 1H NMR (CDCl3, 300 MHz): δ =
10.10 (1H, s); 7.47-7.26 (m, 5H); 7.50-7.24 (2H, m); 7.21-

6.86 (2H, m), 5.94 (1H, s); 5.27 (dd, J = 8 Hz, J = 19 Hz);
4.18 (dd, J = 19 Hz, J = 18 Hz); 3.44 (dd, J = 8 Hz, J = 21
Hz); 3.89 (s, 3H), 3.86 (s, 3H); 2.31 (s, 3H); 13C NMR (CDCl3,
75 MHz): δ = 192.1, 183.4, 166.3, 161.9, 150.6, 147.3, 133.8,
131.8, 128.7, 126.6, 124.6, 123.2, 121.2, 116.4, 114.8, 112.5,
111.6, 103.8, 98.6, 56.4, 21.3.; MS (ES): m/z (%) = 407 (100)
[M+1]+; Ana. calcd. for C23H22N2O5: C, 67.97; H, 5.46 ; N,
6.89; Found: C, 67.93; H, 5.42; N, 6.92 %.

4-Hydroxy-6-methyl-3-(1-phenyl-5-(2,3,5-trimethoxy-
phenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2H-pyran-2-one
(41): Orange solid; m.p.: 161 °C; IR (KBr, νmax, cm–1): 3436,
3148, 1718, 1658, 1350, 1261; 1H NMR (CDCl3, 300 MHz):
δ = 9.84 (1H, s), 8.16 (1H, d, J= 15 Hz), 8.04 (1H, d, J= 15
Hz), 7.47-7.26 (m, 5H); 7.24 (1H, s), 7.13 (1H, s), 5.91 (1H,
s), 5.28 (dd, J = 9 Hz, J = 16 Hz); 4.18 (dd, J = 16 Hz, J = 18
Hz); 3.44 (dd, J = 9 Hz, J = 22 Hz); 4.28 (3H, s), 4.19 (3H, s),
3.86 (3H, s,), 2.27 (3H, s); 13C NMR (CDCl3, 75 MHz): δ =
190.8, 181.4, 168.4, 162.1, 153.2, 147.4, 136.8, 133.6, 132.8,
130.4, 129.7, 128.4, 126.5, 124.2, 116.8, 114.3, 112.4, 103.1,
96.5, 56.4, 21.0.; MS (ES): m/z (%) = 437 (100) [M+1]+; Ana.
calcd. for C24H24N2O6 C, 66.04; H, 5.54; N, 6.42; Found: C,
66.00; H, 5.491; N, 6.45 %.

4-Hydroxy-6-methyl-3-(5-(3-nitrophenyl)-1-phenyl-
4,5-dihydro-1H-pyrazol-3-yl)-2H-pyran-2-one (42): Yellow
solid; m.p.: 166 °C; IR (KBr, νmax, cm–1): 3452, 3022, 1640,
1526, 1216, 1022; 1H NMR (CDCl3, 300 MHz): 8.20-8.09
(m, 2H); 7.48-7.40 (m, 2H); 7.21-7.08 (m, 2H); 6.93-6.82 (m,
3H); 6.05 (s, 1H); 5.41 (dd, J = 8.4 Hz, J = 18 Hz); 4.24 (dd,
J = 12.4 Hz, J = 18 Hz); 3.51 (dd, J = 8.4 Hz, J = 16 Hz);
2.24 (s, 3H). 13C NMR (CDCl3, 75 MHz): δ = 192.6, 185.6,
166.2, 158.8, 153.4, 142.1, 134.5, 131.2, 129.4, 124.7, 121.8,
116.5, 112.3, 103.8, 56.3, 37.4, 21.4. (ES): m/z (%) = 392
(100) [M+1]+; Ana. calcd. for C21H17N3O5: C, 64.45; H, 4.38;
N, 10.74 Found: C, 64.41; H, 4.33; N, 10.78 %.

Antifungal activity: Minimum inhibitory concentration
(MIC) and IC50 values are determined using standard broth
microdilution technique as per NCCLS guidelines. The activity
of compounds was determined as per NCCLS protocol using
Mueller Hinton broth (Becton Dickinson, USA) in 96-well
tissue culture plates. Proper growth control, drug control and
the negative control were adjusted onto the plate. The fungal
strains are grown in Sabouraud Dextrose Agar slants at 35 °C.
For yeast like fungi (e.g. Candida sp.) the cells are suspended
in normal saline after 24 h growth (in case of sporulating
mycelial fungi 3-7 days old slant cultures are used) and
approximately 1.0-2.0 × 106 cells/mL by matching with 0.5
McFarland standards. This suspension serves as stock fungal
cell suspension. The activity of compounds is determined by
two-fold microbroth dilution method using RPMI 1640 (1.04
g/100 mL) buffered with MOPS (3.47 g per 100 mL RPMI)
for fungus. Compounds were dissolved in DMSO at a concen-
tration of 1 mg/mL (synthetic compound) or 10 mg/mL (natural
extract) and 20 µL of this was added to each well of 96-well
tissue culture plate having 180 µL Mueller Hinton broth. From
here the solution was serially diluted resulting in two fold
dilution of the test compounds in subsequent wells. 100 µL of
McFarland matched bacterial or fungal suspension was diluted
in 10 mL of media and then 100 µL of it was added in each
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well and kept for incubation. The maximum concentration of
compounds tested was 500 µg/mL. The micro-titer plates were
incubated at 35 °C in a moist, dark chamber and MICs were
recorded visually.

R E S U L T S A N D   D I S C U S S I O N

In present, we have demonstrated the synthesis of 20 member
library of substituted dihydropyrazoles and tried to evaluate
their antifungal property. Dihydropyrazole analogues were
synthesized by reaction of various curcumin based chalcones
bearing nitro, methoxy, chloro, bromo, benzyloxy, N,N-dimethyl,
amino functional groups at phenyl ring with phenylhydrazine.
Reaction of phenylhydrazine with chalcone under neutral
conditions leads to the formation of corresponding dihydro-
pyrazoles. Synthetic scheme for the synthesis of designed
analogue is shown in Scheme-I. Chalcone analogues (3-22)
were synthesized from dehydroacetic acid (1) and substituted
benzaldehydes (2) via condensation reaction by earlier reported
procedure [25].

Further in an attempt to prepare corresponding dihydro-
pyrazole derivatives the chalcone analogues were reacted with
phenyl hydrazine in refluxing condition to afford dihydro-
pyrazole derivatives. First we made our attempt in search of
optimum solvents and reaction conditions for this reaction.
To achieve this we selected reaction of unsubstituted chalcone
and phenyl hydrazine as model reaction and checked the
feasibility of various solvents for the reaction and results are
summarized in Table-1. It is found that the use of ethanol
provides the desired heterocycle in best yield and minimum
time. Hence we had chosen ethanol as solvent for synthesis of
dihydropyrazole nucleus.

TABLE-1 
SOLVENT OPTIMIZATION FOR SYNTHESIS  

OF DIHYDROPYRAZOLE NUCLEUS 

Entry No. Solvent Time (h) Yield (%) 
1 THF 8 55 
2 DMF 8 55 
3 Methanol 6 76 
4 Ethanol 4 93 
5 Dichloromethane 8 65 
6 Chloroform 8 67 
7 Acetonitrile 9 50 
8 1,4-Dioxane 8 50 

 
After optimizing the solvent for reaction we synthesized

a library of dihydropyrazoles by reacting phenyl hydrazine
and chalcone analogues to yield desired heterocycle in satis-
factory yields. Progress of reaction was monitored on silica
TLC by using suitable mobile phase and after completion dihydro-
pyrazoles were precipitated in reaction medium. Precipitate

was filtered off from reaction mass and dihydropyrazole deriva-
tives were further recrystallized in absolute ethanol. All the
synthesized derivatives (Table-2) were found to have their
melting points above 100 °C. All the dihydropyrazoles were
characterized and confirmed by spectroscopic (1H NMR and
13C NMR) and spectrometric (mass) data. Prepared dihydro-
pyrazole derivatives were characterized by presence of an
asymmetric carbon adjacent to methylene carbon. Presence
of optically active centre adjacent to methylene carbon it made
both the methylene protons magnetically non-equivalent in
nature which results in presence of three different double doublet
in proton NMR spectra for each of three protons. All the
dihydropyrazole derivatives also shown characteristic peaks
in 13C NMR at 192 ppm corresponding to carbonyl carbon in
dihydropyrazole structure. All of the prepared heterocycles
shown characteristic (M+1) peak in ESI mass spectra. In the
process of preparation of dihydropyrazole library we have
observed a great deal of substituent effect on the rate and yield
of reaction. It is noticed that the electron withdrawing subs-
tituent like nitro and chloro groups reaction was taking longer
time for completion while with the substituent like methoxy
and N,N-dimethyl amino aromatic ring reaction time was short.
It is also noticed that the dihydropyrazoles with nitro substi-
tution on phenyl ring were found to have poor solubility in
organic solvents. One of the possible explanation for this substi-
tuent effect is the electronic displacement effect of substituent
attached with phenyl ring.

TABLE-2 
SYNTHESIS OF CORRESPONDING PYRAZOLES 

Compd. R Time (h) Yield (%) m.p. (°C) 
23 H 7 84 167 
24 4-OCH3 6 87 155 
25 3-OCH3 6 85 152 
26 3,4-(OCH3)2 6 85 150 
27 4-NO2 7 84 200 
28 2-NO2 7 89 205 
29 N,N-(CH3)2 9 82 180 
30 3-Cl 4 87 141 
31 4-Cl 4 87 130 
32 3,5-Cl2 4 86 162 
33 4-OH, 3-OCH3 7 81 158 
34 3-OH 5 85 164 
35 4-OH 5 86 162 
36 4-F 4 91 138 
37 2-OCH3 6 84 157 
38 2-Cl 4 87 153 
39 4-Br 7 80 149 
40 2,5-(OCH3)2 4 88 161 
41 2,3,5-(OCH3)3 6 84 166 
42 3-NO2 7 85 145 

 

O O

OH O HO

O

OH

O

O

O

OH NN

O
R

piperidine

Chloroform

Ethanol

Phenylhydrazine

1 2 (23-42)
(3-22) R

R

Scheme-I: Synthesis of heterocyclic curcumin analogues and corresponding pyrazoles
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All the synthesized dihydropyrazoles (3-24) were screened
for their antifungal activity against six different fungal strains
Candida albicans, Cryptococcus neoformans, Sporothrix
schenckii, Trichophyton mentagrophyte, Aspergillus fumigates
and Candida parapsilosis. As shown in Table-3, all the
compounds exhibited concentration dependent antifungal
activities, inhibitory values are reported in form of minimum
inhibitory concentration (MIC) values against tested cell lines.
Among all the compounds tested for antifungal property
compounds 26, 27 were exhibited excellent antifungal property
by showing the lower MIC values against tested antifungal
strains. Compound 26 having 3,4-dimethoxy substitution on
phenyl ring exhibited MIC value of 6.25 µg/mL for Candida
albicans, 6.25 µg/mL for Cryptococcus neoformans, 12.5 µg/
mL for Sporothrix schenckii, 25 µg/mL for Trichophyton
mentagrophyte, 25 µg/mL Aspergillus fumigates and 12.5 µg/
mL Candida parapsilosis. While Compound 27 with 4-nitro
substitution at phenyl ring exhibited MIC values of 6.25, 3.12,
6.25, 12.5, 25 and 12.5 µg/mL in Candida albicans, Cryptococcus
neoformans, Sporothrix schenckii, Trichophyton mentagrophyte,
Aspergillus fumigates, Candida parapsilosis strains respec-
tively. These two compounds were found to be selective to
show good inhibition for Cryptococcus neoforman fungal strain.
Compound 28 with 2-nitro group on phenyl ring exhibited
moderate antifungal activity with MIC values of 25, 12.5, 50,
50, 50 and 25 µg/mL against Candida albicans, Cryptococcus
neoformans, Sporothrix schenckii, Trichophyton mentagrophyte,
Aspergillus fumigates, Candida parapsilosis strains respec-
tively. Compound 41 having 2,3,5-trimethoxy substitution was
also showing MIC values of 50, 25, 12.5 and 50 µg/mL against
Candida albicans, Sporothrix schenckii, Trichophyton menta-
grophyte, Aspergillus fumigates strains respectively. On having
closure observation of all the biological activity we have

TABLE-3 
ANTIFUNGAL ACTIVITY OF SYNTHESIZED PYRAZOLES 

Minimum inhibitory concentration (MIC) in  
µm against various fungal strains Compd. 

No. 
1 2 3 4 5 6 

23 50 50 50 50 > 50 > 50 
24 50 50 50 50 > 50 > 50 
25 > 50 > 50 > 50 > 50 > 50 > 50 
26 6.25 6.25 12.5 25 25 12.5 
27 6.25 3.12 6.25 12.5 25 12.5 
28 25 12.5 50 50 50 50 
29 50 50 > 50 > 50 > 50 > 50 
30 50 50 50 > 50 > 50 > 50 
31 > 50 > 50 > 50 > 50 > 50 > 50 
32 > 50 > 50 > 50 > 50 > 50 > 50 
33 > 50 > 50 > 50 > 50 > 50 > 50 
34 > 50 > 50 > 50 > 50 > 50 > 50 
35 > 50 > 50 > 50 50 > 50 > 50 
36 > 50 > 50 > 50 > 50 > 50 > 50 
37 50 > 50 > 50 > 50 > 50 > 50 
38 50 > 50 > 50 50 > 50 > 50 
39 50 > 50 > 50 50 > 50 > 50 
40 > 50 > 50 > 50 > 50 > 50 > 50 
41 50 > 50 25 12.5 50 > 50 
42 > 50 > 50 > 50 > 50 > 50 > 50 

1 = Candida albicans, 2 = Cryptococcus neoformans, 3 = Sporothrix 
schenckii, 4 = Trichophyton mentagrophyte, 5 = Aspergillus fumigates, 
6 = Candida parapsilosis 

 

developed SAR (structure activity relationship) between the
antifungal activity of evaluated dihydropyrazoles and groups
attached with the phenyl ring of dihydropyrazole analogues.
Interestingly compounds having nitro substitution (27 and 28)
and methoxy substitution (24, 26 and 41) were showing exce-
llent antifungal potential against all the evaluated antifungal
strains, whereas compounds with halogens substituted on
phenyl ring were showing no inhibitory potential against fungal
cell lines. One of the compounds containing N,N-dimethyl
substitution on phenyl ring (29) was showing moderate activity
with MIC value of 50 µg/mL against Candida albicans,
Sporothrix schenckii fungal strains.

Conclusion

In summary we have reported an easy and facile method
for synthesis of new curcumin based dihydropyrazole library.
All the synthesized compounds were characterized by spectro-
scopic and spectrometric techniques. 1H NMR clearly shows
double doublets for methylene protons. All dihydrpyrazoles
were also screened for their antifungal activity. Two compounds
with nitro substitutions were exhibited excellent antifungal
property against evaluated atrains. The work reported by us in
the manuscript is of great interest from chemistry as well as
biological perspective and could be of great interest in drug
discovery programme in near future.

A C K N O W L E D G E M E N T S

The authors acknowledge to SAIF-CDRI for providing
characterization data and CSIR-CDRI for providing laboratory
space to work. The authors also acknowledge financial support
from CSIR, New Delhi for this work.

R E F E R E N C E S

1. A. Gomtsyan, Heterocycles in Drugs and Drug Discovery, Chem. Heterocycl.
Compd., 48, 7 (2012);
https://doi.org/10.1007/s10593-012-0960-z.

2. R. Dua, S. Shrivastava, S.K. Sonmane and S.K. Shrivastava,
Pharmacological Significance of Synthetic Heterocycles Scaffold: A
Review, Adv. Biol. Res. (Faisalabad), 5, 120 (2011).

3. L. Knorr, Einwirkung von Acetessigester auf Phenylhydrazin, Chem.
Ber., 16, 2597 (1883);
https://doi.org/10.1002/cber.188301602194.

4. T. Eicher, S. Hauptmann and A. Speicher, The Structure of Heterocyclic
Compounds in the Chemistry of Heterocyclic Structure Synthesis and
Applications, Wiley-VCH: Weinheim, Germany, edn 3, pp. 1-4 (2012).

5. N.M. Abd El-Salam, M.S. Mostafa, G.A. Ahmed and O.Y. Alothman,
Synthesis and Antimicrobial Activities of Some New Heterocyclic
Compounds Based on 6-Chloropyridazine-3(2H)-thione, J. Chem.,
2013, 890617 (2013);
https://doi.org/10.1155/2013/890617.

6. M. Azab, M. Youssef and E. El-Bordany, Synthesis and Antibacterial
Evaluation of Novel Heterocyclic Compounds Containing a Sulfonamido
Moiety, Molecules, 18, 832 (2013);
https://doi.org/10.3390/molecules18010832.

7. X. Cao, Z. Sun, Y. Cao, R. Wang, T. Cai, W. Chu, W. Hu and Y. Yang,
Design, Synthesis, and Structure-Activity Relationship Studies of Novel
Fused Heterocycles-Linked Triazoles with Good Activity and Water
Solubility, J. Med. Chem., 57, 3687 (2014);
https://doi.org/10.1021/jm4016284.

8. A. Ansari, A. Ali, M. Asif and S. Shamsuzzaman, Review: Biologically
Active Pyrazole Derivatives, New J. Chem., 41, 16 (2017);
https://doi.org/10.1039/C6NJ03181A.

Asian Journal of Organic & Medicinal Chemistry  99



9. S. Fustero, M. Sánchez-Roselló, P. Barrio and A. Simón-Fuentes, From
2000 to Mid-2010: A Fruitful Decade for the Synthesis of Pyrazoles,
Chem. Rev., 111, 6984 (2011);
https://doi.org/10.1021/cr2000459.

10. Y.-T. Wang, T.-Q. Shi, H.-L. Zhu, C.-H. Liu, Synthesis, Biological
Evaluation and Molecular Docking of Benzimidazole Grafted Benzsul-
famide-Containing Pyrazole Ring Derivatives as Novel Tubulin Polymer-
ization Inhibitors, Bioorg. Med. Chem., 27, 502 (2019).

11. T. Nakahata, K. Tokumaru, Y. Ito, N. Ishii, M. Setoh, Y. Shimizu, T.
Harasawa, K. Aoyama, T. Hamada, M. Kori and K. Aso, Design and
Synthesis of 1-(1-Benzothiophen-7-yl)-1H-pyrazole, A Novel Series
of G Protein-Coupled Receptor 52 (GPR52) Agonists, Bioorg. Med. Chem.,
26, 1598 (2018);
https://doi.org/10.1016/j.bmc.2018.02.005.

12. L.-W. Zheng, L.-L. Wu, B.-X. Zhao, W.-L. Dong and J.-Y. Miao,
Synthesis of Novel Substituted Pyrazole-5-carbohydrazide Hydrazone
Derivatives and Discovery of a Potent Apoptosis Inducer in A549 Lung
Cancer Cells, Bioorg. Med. Chem., 17, 1957 (2009);
https://doi.org/10.1016/j.bmc.2009.01.037.

13. M. Bonesi, M.R. Loizzo, G.A. Statti, S. Michel, F. Tillequin and F.
Menichini, The Synthesis and Angiotensin Converting Enzyme (ACE)
Inhibitory Activity of Chalcones and their Pyrazole Derivatives, Bioorg.
Med. Chem., 20, 1990 (2010);
https://doi.org/10.1016/j.bmcl.2010.01.113.

14. B.P. Bandgar, S.S. Gawande, R.G. Bodade, N.M. Gawande and C.N.
Khobragade, Synthesis and Biological Evaluation of a Novel Series of
Pyrazole Chalcones as Anti-inflammatory, Antioxidant and Antimicrobial
Agents, Bioorg. Med. Chem., 17, 8168 (2009);
https://doi.org/10.1016/j.bmc.2009.10.035.

15. A.M. Isloor, B. Kalluraya and P. Shetty, Regioselective Reaction:
Synthesis, Characterization and Pharmacological Studies of Some New
Mannich Bases Derived from 1,2,4-Triazoles, Eur. J. Med. Chem., 44,
3784 (2009);
https://doi.org/10.1016/j.ejmech.2009.04.038.

16. W. Cunico, C.A. Cechinel, H.G. Bonacorso, M.A.P. Martins, N. Zanatta,
M.V.N. de Souza, I.O. Freitas, R.P.P. Soares and A.U. Krettli, Anti-
malarial Activity of 4-(5-Trifluoromethyl-1H-pyrazol-1-yl)-chloroquine
Analogues, Bioorg. Med. Chem. Lett., 16, 649 (2006);
https://doi.org/10.1016/j.bmcl.2005.10.033.

17. S. Mishra, K. Karmodiya, N. Surolia and A. Surolia, Synthesis and
Exploration of Novel Curcumin Analogues as Anti-Malarial Agents,
Bioorg. Med. Chem., 16, 2894 (2008);
https://doi.org/10.1016/j.bmc.2007.12.054.

18. S. Shu, A. Dai, J. Wang, B. Wang, Y. Feng, J. Li, X. Cai, D. Yang, D. Ma,
M.-W. Wang and H. Liu, A Novel Series of 4-Methyl Substituted
Pyrazole Derivatives as Potent Glucagon Receptor Antagonists: Design,
Synthesis and Evaluation of Biological Activities, Bioorg. Med. Chem.,
26, 1896 (2018);
https://doi.org/10.1016/j.bmc.2018.02.036.

19. J.-B. Liu, F.-Y. Li, J.-Y. Dong, Y.-X. Li, X.-L. Zhang, Y.-H. Wang, L.-X.
Xiong and Z.-M. Li, Anthranilic Diamides Derivatives as Potential
Ryanodine Receptor Modulators: Synthesis, Biological Evaluation and
Structure Activity Relationship, Bioorg. Med. Chem., 26, 3541 (2018);
https://doi.org/10.1016/j.bmc.2018.05.028.

20. S. Shishodia, M.M. Chaturvedi and B.B. Aggarwal, Role of Curcumin
in Cancer Therapy, Curr. Probl. Cancer, 31, 243 (2007);
https://doi.org/10.1016/j.currproblcancer.2007.04.001.

21. J. Devassy, I. Nwachukwu and P. Jones, Curcumin and Cancer: Barriers
to obtaining a Health Claim, Nutr. Rev., 73, 155 (2015);
https://doi.org/10.1093/nutrit/nuu064.

22. V.D. Tripathi and A.M. Jha, Design and Synthesis of Heterocyclic
Curcumin Analogues as Filarial Topoisomerase II Inhibitors, J. Biol.
Chem. Chron., 4, 59 (2018).

23. A. Sharma, B. Chakravarti, M.P. Gupt, J.A. Siddiqui, R. Konwar and
R.P. Tripathi, Synthesis and Antibreast Cancer Activity of Biphenyl
Based Chalcones, Bioorg. Med. Chem., 18, 4711 (2010);
https://doi.org/10.1016/j.bmc.2010.05.015.

24. R.A. Sharma, A.J. Gescher and W. Steward, Curcumin: The Story So
Far, Eur. J. Cancer, 41, 1955 (2005);
https://doi.org/10.1016/j.ejca.2005.05.009.

25. V.D. Tripathi and A.K. Shukla, Design and Synthesis of Novel Hetero-
cyclic Curcumin Analogues as Anticancer Agents and Filarial Topoiso-
merase II Inhibitors, Asian J. Org. Med. Chem., 3, 164 (2018);
https://doi.org/10.14233/ajomc.2018.AJOMC-P149.

100  Tripathi et al.


