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Abstract In this study several novel 4-substituted-1-(3-
nitrophenyl)-5-phenyl-1H-pyrazole-3-carboxylic acid
derivatives were synthesized. The structures of these
pyrazole-3-carboxylic acid derivatives were characterized
by FT-IR, '"H NMR, '*C NMR, and elemental analysis
methods. Synthesized molecules were screened to evaluate
their antiproliferative activities against Vero (African green
monkey kidney), C6 (rat brain tumor), and HeLa (human
uterus carcinoma) cells as in vitro. The tests were carried
out as dose-dependent assay starting from 100 to 500 pg/
cm®.  Ethyl  1-(3-nitrophenyl)-5-phenyl-3-(phenylcar-
bamoyl)-1H-pyrazole-4-carboxylate exhibited the highest
performance against HeLa, Vero, and C6 cells among the
synthesized derivatives. Also, it showed better antiprolif-
erative activity compared with S-fluorouracil (5-FU)
against Vero cell. Two compounds showed moderate an-
tiproliferative activities against C6 cell line when
compared with 5-FU. Also moderate antiproliferative ac-
tivities against Vero and HeLa cell lines were found.
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Introduction

Cancer remains the leading cause of death and in 2030 an
estimated 12 million deaths from cancer are projected in
the world [1-3]. This is a group of diseases characterized
by loss of cellular growth control and spreads the cells to
other tissues of body via lymph or blood [4-9]. Some of the
antitumor drugs have side effects such as acute nephro-
toxicity and chronic neurotoxicity [10]. Undoubtedly, there
is a need for novel antitumor agents that demonstrate ef-
ficiency in currently refractory tumors without adding to
the toxicity of therapy [11].

Pyrazole and its derivatives represent one of the most
active classes of compounds possessing a wide spectrum of
biological activities such as antibacterial [12, 13], antifungal
[14, 15], antipyretic [16, 17], inhibitors of carbonic anhy-
drases [18, 19], antiobesity [20, 21], herbicidal [22, 23], and
insecticidal [24, 25]. Also pyrazoles are widely used as core
motifs for development of novel therapeutics for
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inflammation and cancer [26-30]. For instance Celecoxib is
a new NSAID that specifically inhibits COX-2. Therewithal
recent studies show Celecoxib possesses strong chemopre-
ventive activity against mammary carcinogenesis [31].
Appreciation of these findings motivated us to synthesize a
novel series of pyrazole-3-carboxylic acid derivatives as a
potential candidate for antiproliferative studies.

Hence, we report here the synthesis of a series of novel
pyrazole-3-carboxylic acid derivatives, and the preliminary
results of their in vitro ability to inhibit proliferation of the
Vero, C6 and HelLa cells.

Results and discussion

Chemistry

In this study our starting compounds pyrazole carboxylic acids
1 and 9 obtained from the reaction of furan-2,3-diones with

3-nitrophenylhydrazine hydrazones [32] (See Scheme 1).
And their acid chlorides were synthesized via published

Scheme 1
o)
R 0 Ar, M 8o-90°c [32]
/ + IN—N:C\ —_— Ar—
Ph o O H Ph -PhCHO
R: OEt, Ph 1o
Ar : 3-NO,-Ph g

procedures [32, 33]. Then novel 1H-pyrazole-3-carboxamides
3-5 were synthesized from the reaction of acid chloride 2 with
the corresponding amine derivatives. Also an ester derivative
6 was synthesized from the reaction of 2 with phenol in the
presence of pyridine. The structures of all amide 3-5 and ester
6 derivatives were confirmed by analytical, FT-IR, 'H NMR,
and '*C NMR spectroscopic data, based on the structural
analogy of similar compounds [32]. Absorption bands of
amide or ester groups at about 1667—-1692 and 1766/cm, re-
spectively, are structural characteristics. An ureide derivative
7 was prepared from the acid chloride 2 and N-phenylurea in
the usual way. The '>*C NMR and 'H NMR spectra of 7 are also
in full agreement with the proposed structure (see “Ex-
perimental”). As shown in Scheme 2, a new nitrile derivative
8 was prepared from 2 through a two-step reaction route. In the
first step a primary amide was synthesized according to the
literature [32]. Then a cold solution of the amide in a mixture
of N,N-dimethylformamide (DMF) and thionyl chloride
(SOCl,) was stirred at 0-5 °C for 2 h to give a nitrile
derivative 8. The '>C NMR and FT-IR absorptions of the
nitrile group in 8 were found at 112.17 ppm and 2162/cm,
respectively (see “Experimental”).

Other starting compound 9 in this study was converted
to its amide derivative 10 as described in our previous
studies [32]. Then reduction of the nitro group of 10 by
sodium polysulfide hydrogenation (Na,S/S/H,0) afforded
11 [32]. Finally, 11 were diazotized [34] and a novel
coupling product 12 was obtained from the reaction with f3-
naphthol. 'H NMR, '°C NMR, FT-IR, and elemental ana-
lysis results all of the synthesized compounds were in full
agreement with the proposed structures (Schemes 2, 3).

Scheme 2
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Antiproliferative activity

The antiproliferative activities of all compounds were de-
termined against HeLa, Vero, and C6 cells. 5-Fluorouracil
(5-FU) was used as standard. Cells were treated with
compounds 3-8, 12, and 5-FU at final concentrations of
500, 250, and 100 ug/cm IC50 and IC-5 values of the
compounds were given at Table 1.

The antiproliferative activites of the compounds
against HeLa cells

In terms of antiproliferative activity against HeLa cell
line, compound 3 exhibited the highest performance
among the other compounds (Fig. 1). The synthesized
compounds were shown to increase of the activities
depending to dose increasing against HeLa cells. But
the compounds in all concentrations have the lower

Table 1 ICs, and IC;5 values/pg/cm® of compounds 3-8 and 12

activity compared with positive controls, 5-FU (Fig. 1).
The potency of inhibition (at 500 pg/cm®) for HeLa
cells is in the order of: 5-FU>3>12>6>5>
4>17>8.

The antiproliferative activites of the compounds
against Vero cells

In the investigation the antiproliferative activity of com-
pound 3-8, 12, and 5-FU against Vero cells, compound 3
was determined to have the higher antiproliferative activity
than all the other compounds as well as 5-FU. The com-
pounds exhibited antiproliferative activities against Vero
cell in a concentration-dependent manner. But according to
the standard compound, in all compounds have been ob-
served weak activity (Fig. 2). The potency of inhibition (at
500 pg/cm®) for Vero cells is in the order of: 3 > 5-
FU>7>6>4>5~ 12> 8.

Comp. HeLa cell Vero cell C6 cell
ICso ICss ICso IG5 ICso IC7s
3 348 443 343 425 335 426
4 370 441 368 446 252 364
5 364 447 375 445 386 455
6 382 468 356 436 327 420
7 326 424 308 414 320 426
8 378 455 441 480 365 453
12 346 436 341 438 346 427

@ Springer



1746

R. Kasimogullar1 et al.

Fig. 1 Antiproliferative Helacell M 500 pg/cm? ®m 250 pg/cm? @ 100 pg/cm?
activities of the compounds 3-8 100
and 12 against HeLa cell.
Asterisk indicates that each
substance was tested twice in % 80 B
triplicates against cell lines. §
Data show average of two S 60 - —
individual experiments a
kel
(p < 0.01) = 30 - —
£
20 —
0~ —
-20
3 4 5 6 7 8 12 5-FU
Fig. 2 Antiproliferative Vero cell M 500 yg/cm® @ 250 pglcm® [ 100 pglcm?
activities of the compounds 3-8
and 12 against Vero cell.
Asterisk indicates that each 80 1
substance was tested twice in <
triplicates against cell lines. X 60
Data show average of two E‘
individual experiments B 40
a
(p < 0.01) _g
Rl
0 U T T T o T I_-LJ T

3 4

The antiproliferative activites of the compounds
against C6 cells

In the investigation the antiproliferative activity of com-
pound 3-8, 12, and 5-FU against C6 cells, compound 3 was
determined to have the strongest antiproliferative activity
than all compounds. The compounds exhibited antiprolif-
erative activities against C6 cell in a concentration-
dependent manner. But, all compounds have weak ac-
tivities than 5-FU (Fig. 3). The potency of inhibition (at
500 pg/cm®) for C6 cells is in the order of:
55FU>3>6>8>7>5 ~ 12> 4.

Conclusions

In this study we reported the preparation of novel pyrazole-
3-carboxylic acid derivatives and their antiproliferative
activities against some cancer cell lines. All of the com-
pounds showed antiproliferative activities against HelLa,
Vero, and C6 cells in a dose-dependent manner. Com-
pounds 4-8 and 12 have weak activities than 5-FU. Only 3

@ Springer
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showed the higher activity than 5-FU against Vero cell line
and it has moderate antiproliferative activity against HeLa
and C6 cell lines.

Experimental

Chemical compounds used in this research were at analytical
purity, and the solvents were purified by using appropriate
purifying agents and distillation. Tetrahydrofuran (THF) was
distilled from sodium/benzophenone prior to use. All reac-
tions were monitored by analytical thin-layer
chromatography (TLC) on 0.25 mm precoated Kieselgel
60F 254 plates (E. Merck Co., Darmstadt, Germany);
compounds were visualized by Camag TLC devices
(Camag, Upland, CA, USA) UV (254 and 366 nm). Melting
points were determined using Bibby Stuart Scientific SMP3
apparatus (Stuart Scientific, Stone, UK). The structures of
each compound were supported by Bruker Vertex 70 FT-IR
(Bruker Optik GmbH, Ettlingen, Germany) with using of
KBr pellets and by 'H NMR and '>C NMR at 400 MHz on a
BRUKER DPX-400 (Bruker BioSpin GmbH, Rheinstetten,
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Fig. 3 Antiproliferative
activities of the compounds 3-8
and 12 against C6 cell. Asterisk

C6 cell

® 500 yg/cm® @ 250 pg/cm?®* @ 100 pg/cm?

indicates that each substance
was tested twice in triplicates
against cell lines. Data show

average of two individual
experiments (p < 0.01)

Inhibition /%*

Germany) and High Performance Digital FT-NMR
(100 MHz) spectrometers. Elemental analyses (C, H, N)
were performed on a Leco CHNS-932 elemental analyser
(LECO Corporation, Saint Joseph, MI, USA). In this study
the starting compounds (1 and 9) were prepared as described
in our previous studies and their carboxyl groups were ac-
tivated with SOCl, [32, 33].

General procedure for amide derivatives 3-5

Ethyl 3-(chlorocarbonyl)-1-(3-nitrophenyl)-5-phenyl-1H-
pyrazole-4-carboxylate (2, 0.4 g, 1 mmol) was dissolved in
20 cm® dry and freshly distilled THF. To this solution
2 mmol of the corresponding amine was added. Mixture
was refluxed for 4 h and solvent was evaporated. The crude
product was washed with water and purified from an ap-
propriate solvent.

Ethyl 1-(3-nitrophenyl)-5-phenyl-3-(phenylcarbamoyl)-1H-
pyrazole-4-carboxylate (3, Co5sH,oN4O5)

Synthesized from 0.4 g 2 (1 mmol) and 0.184 cm? aniline
(2 mmol) according to the general procedure. Crude
product was crystallized from ethanol to afford 411 mg
(90 %) of 3. M.p.: 165-166 °C; FT-IR (KBr): v = 3314
(NH), 3032 (Ar CH), 2938 (aliphatic CH), 1739 (C=0,
ester), 1689 (C=0, amide), 1614-1444 (Ar C=C and C=N)/
cm; '"H NMR (400 MHz, CDCl3): 6 = 0.99 (t, J = 7.1 Hz,
3H, CHj), 4.17 (q, J = 7.1 Hz, 2H, OCH,), 7.12-8.17 (m,
14H, ArH), 10.79 (s, 1H, CONH) ppm; “C NMR
(100 MHz, CDCly): 6 = 13.4 (CH3), 61.6 (OCH,), 115.1
(pyrazole C-4), 120.5, 123.6, 126.7, 127.3, 128.7, 129.0,
129.5, 129.7, 129.9, 130.2, 133.1, 133.8, 138.2, 1449
(pyrazole C-5), 147.7 (pyrazole C-3), 148.2 (C-NO,),
159.2 (amide C=0), 163.7 (ester C=0) ppm.

Ethyl  3-(naphthalen-1-ylcarbamoyl)-1-(3-nitrophenyl)-5-
phenyl-1H-pyrazole-4-carboxylate (4, C29H,,N405)

Synthesized from 0.4 g 2 (1 mmol) and 0.292 g 1-naph-
thylamine (2 mmol) according to the general procedure.

5 6 7 8 12 5-FU

Crude product was crystallized from ethanol to afford
369 mg (73 %) of 4. M.p.: 186-187 °C; FT-IR (KBr):
v = 3733 (NH), 3047 (Ar CH), 2982 (aliphatic CH), 1738
(C=0, ester), 1692 (C=0, amide), 1528-1432 (Ar C=C and
C=N)/cm; 'H NMR (400 MHz, CDCl;): 6 = 1.01 (t,
J =7.1 Hz, 3H, CH3), 421 (q, / = 7.1 Hz, 2H, OCH,),
7.25-8.29 (m, 16H, ArH), 10.94 (s, IH, CONH) ppm; '*C
NMR (100 MHz, CDCl3): 6 = 13.5 (CH3), 61.8 (OCH,),
114.0 (pyrazole C-4), 120.4, 120.6, 121.5, 123.1, 125.6,
125.8, 126.0, 126.3, 127.1, 128.3, 128.6, 128.7, 129.9,
130.0, 130.1, 131.1, 132.7, 134.1, 139.4, 147.2 (pyrazole
C-5), 147.4 (pyrazole C-3), 148.0 (C-NO,), 158.7 (amide
C=0), 164.5 (ester C=0) ppm.

Ethyl 1-(3-nitrophenyl)-3-(4-nitrophenylcarbamoyl)-5-
phenyl-1H-pyrazole-4-carboxylate (85, C,5sH19N50O5)
Synthesized from 0.4 g 2 (1 mmol) and 0.282 g 4-
nitroaniline (2 mmol) according to the general procedure.
Crude product was crystallized from toluene to afford
371 mg (74 %) of 5. M.p.: 223-224 °C; FT-IR (KBr):
v = 3330 (NH), 3050 (Ar CH), 2978 (aliphatic CH), 1703
(C=0 ester), 1667 (C=0 amide), 1570-1444 (Ar C=C and
C=N)lem; 'H NMR (400 MHz, CDCly): & = 0.97 (,
J =7.1 Hz, 3H, CHj3), 4.10 (q, J = 7.1 Hz, 2H, OCH,),
7.25-8.19 (m, 13H, ArH), 11.22 (s, 1H, NH) ppm; "°C
NMR (100 MHz, CDCl3): 6 = 18.4 (CH3), 66.1 (OCH,),
119.1 (pyrazole C-4), 120.2, 124.6, 124.8, 125.1, 128.0,
128.4, 129.7, 132.5, 133.5, 134.8, 135.0, 135.8, 144.1
(pyrazole C-5), 1479 (pyrazole C-3), 149.5, 152.9 (C-
NO,), 164.5 (amide C=0), 167.9 (ester C=0) ppm.

4-Ethyl 3-phenyl 1-(3-nitrophenyl)-5-phenyl-1H-pyrazole-
3,4-dicarboxylate (6, C,5sH{9N3Og)

A mixture of 0.4 g acid chloride 2 (1 mmol) and 0.094 g
phenol (1 mmol) was refluxed in xylene together with a
catalytic amount of pyridine for 6 h. After cooling, the
solution was acidified by adding diluted hydrochloric acid
(12 %) to give a crude solid that was recrystallized from
ethanol to afford 351 mg (77 %) of 6. M.p.: 112-113 °C;
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FT-IR (KBr): v = 3062 (Ar CH), 2986 (aliphatic CH),
1766, 1722 (C=0, ester), 1591-1430 (Ar C=C and C=N)/
cm; 'H NMR (400 MHz, CDCly): § = 1.16 (t, J = 7.1 Hz,
3H, CH3), 4.24 (g, J = 7.1 Hz, 2H, OCH,), 7.26-8.21 (m,
14H, ArH) ppm; 'C NMR (100 MHz, CDCl5): § = 13.5
(CH;), 61.8 (OCH,), 114.2 (pyrazole C-4), 120.5, 123.4,
125.9, 126.5, 127.3, 128.6, 129.6, 129.8, 129.9, 130.2,
132.6, 133.8, 139.3, 144.5 (pyrazole C-5), 147.4 (pyrazole
C-3), 148.1 (C-NO,), 163.6, 164.1 (ester C=0) ppm.

Ethyl 1-(3-nitrophenyl)-5-phenyl-3-(phenylcarbamoylcar-
bamoyl)-1H-pyrazole-4-carboxylate (7, C,6H»1N50¢)

A mixture of 0.4 g acid chloride 2 (1 mmol) and
0.136 g N-phenylurea (1 mmol) was refluxed in xylene
for 4 h. The solvent was evaporated and the formed crude
product was recrystallized from ethanol to afford 404 mg
(81 %) of 7. M.p.: 155-156 °C; FT-IR (KBr): v = 3234
(NH), 3066 (Ar CH), 2974 (aliphatic CH), 1707 (C=0),
1595-1443 (Ar C=C and C=N)/cm; 'H NMR (400 MHz,
CDCl3): 6 =1.06 (t, J=7.1 Hz, 3H, CHj), 4.23 (q,
J = 7.1 Hz, 2H, OCH,), 7.10-8.21 (m, 14H, ArH), 10.39
(s, IH, NH), 10.57 (s, 1H, NH) ppm; "*C NMR (100 MHz,
CDCl3): 6 = 13.6 (CH3), 61.9 (OCH,), 115.4 (pyrazole
C-4), 120.2, 120.3, 123.4, 124.2, 127.6, 128.8, 129.0,
130.0, 130.1, 130.3, 130.7, 137.3, 139.1, 144.7 (pyrazole
C-5), 147.2 (pyrazole C-3), 148.2 (C-NO,), 150.5 (urea
C=0), 161.1 (amide C=0), 163.3 (ester C=0) ppm.

Ethyl 3-cyano-1-(3-nitrophenyl)-5-phenyl-1H-pyrazole-4-
carboxylate (8, C1oH4N4O4)

Firstly, amide derivative was prepared and purified of acid
chloride 2 with excess amount of ammonia according to the
literature [32]. Then 0.38 g (1 mmol) of this amide
derivative was dissolved in 5 cm’ DMF, and 0.292 cm’®
SOCI, (4 mmol) was added. After stirring for 2 h in ice
bath and 12 h in room temperature, some ice water was
added to the mixture. Precipitated solid product was filtered
and purified from ethanol by crystallization to afford
300 mg (83 %) of 8. M.p.: 117-118 °C; FT-IR (KBr):
v = 3087 (Ar CH), 2975 (aliphatic CH), 2162 (CN), 1721
(C=0 ester), 16111447 (Ar C=C and C=N)/cm; '"H NMR
(400 MHz, CDCl3): 6 = 1.30 (t, / = 7.1 Hz, 3H, CH,),
4.32 (q, J = 7.1 Hz, 2H, OCH,), 7.28-8.24 (m, 9H, ArH)
ppm; *C NMR (100 MHz, CDCl;): 6 = 13.8 (CH3), 61.5
(OCH,), 112.2 (CN), 117.4 (pyrazole C-4), 120.3, 123.6,
126.4, 128.3, 128.8, 130.2, 130.3, 130.6, 130.7, 138.9
(pyrazole C-5), 147.0 (pyrazole C-3), 148.3 (C-NO,),
160.0 (ester C=0) ppm.

4-Benzoyl-1-[3-[(2-hydroxynaphthalen-1-yl)di-
azenyl[phenyl]-N,5-diphenyl-1H-pyrazole-3-carboxamide
(12, C30H27N505)

Firstly the diazonium solution of 11 was prepared accord-
ing to the literature [34]. f-Naphthol (0.144 g, 1 mmol)

@ Springer

was dissolved in a sufficient amount of ethanol, then cooled
and added dropwise into the prepared diazonium solution.
The pH of the mixture was maintained at 7-8 through the
coupling process by adding 1 M NaOH solution. Then the
resulting red precipitate was filtered under vacuum and the
residue recrystallized from ethanol to give bright red
crystals of 12. Yield: 398 mg (65 %); m.p.: 246247 °C;
FT-IR (KBr): v = 3550 (OH), 3042 (Ar CH), 2966
(aliphatic CH), 1698 (C=0), 1602-1456 (Ar C=C and
C=N)/cm; 'H NMR (400 MHz, CDCl;): § = 6.95-8.30
(m, 25H, ArH), 10.52 (s, 1H, CONH), 15.99 (s, 1H, Ar-
OH) ppm; *C NMR (100 MHz, CDCly): 6 = 115.4
(pyrazole C-4), 119.9, 120.9, 122.1, 122.5, 124.1, 124.8,
124.9, 126.9, 127.7, 128.1, 128.9, 129.0, 1294, 129.5,
129.8, 129.9, 130.1, 130.2, 131.2, 133.1, 133.6, 133.9,
138.2, 138.8, 140.5, 142.6, 144.1, 146.0 (pyrazole C-5),
147.2 (pyrazole C-3), 159.8 (C-OH), 171.4 (amide C=0),
191.4 (benzoyl C=0) ppm.

Preparation of samples

Stock solution of the samples were prepared in DMSO and
diluted with Dulbecco’s modified eagle medium (DMEM).
The final concentration of DMSO is below 1 % in all tests.

Cell culture and antiproliferative activity

Vero, C6 and HeLa cells were grown in Dulbecco’s
modified eagle’s medium (DMEM, Sigma), supplemented
with 10 % (v/v) fetal bovine serum (Sigma, Germany) and
PenStrep solution (Sigma, Germany) at 37 °C in a 5 %
CO; humidified atmosphere. For proliferation assay, cells
were plated in 96-well culture plates (COSTAR, Corning,
USA) at a density of 3 x 10* cells per well. Vehicle
(DMSO), 5-fluorouracil, and the samples in various con-
centrations (100-500 pg/cm’) were added to each well.
Cells were than incubated for overnight before applying the
BrdU Cell Proliferation ELISA assay reagent (Roche,
Germany) according to manufacturer’s procedure [35-37].
Briefly, cells were pulsed with BrdU labeling reagent for
4 h followed by fixation in FixDenat solution for 30 min at
room temperature. Thereafter, cells were incubated with
1:100 dilution of anti-BrdU-POD for 1.30 h at room tem-
perature. The amount of cell proliferation was assessed by
determining the absorbance at 450 nm of the culture media
after addition of the substrate solution by using a mi-
croplate reader (Ryto, China). Results were reported as
percentage of the inhibition of cell proliferation, where the
optical density measured from vehicle-treated cells was
considered to be 100 % of proliferation. All assays were
repeated at least twice using against HeLLa, Vero, and C6
cells. Percentage of inhibition of cell proliferation was
calculated as follows:
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[1 = (Atreatment/Avehicle control)] % 100.

Statistical analysis

The results of investigation in vitro are the mean &+ SD of
nine measurements for each cell type. Differences between
treated groups were tested with ANOVA. p values of <0.01
were considered as significant.

Determination of ICsy and IC;5 values

In this paper, ICsy and IC75 values were determined using
ED50 plus v1.0.

Acknowledgments This study was financially supported by the
grants from The Scientific and Research Council of Turkey (Grant
No: TBAG-2376) and Dumlupinar University Research Fund (Grant
No: 52). The authors would like to thank Department of Chemistry,
Faculty of Sciences, Atatiirk University for providing spectro-
analytical facilities and Department of Physics, Faculty of Arts and
Sciences, Dumlupinar University for FT-IR measurements.

References

1. Soares MA, Lessa JA, Mendes IC, Da Silva JG, dos Santos RG,
Salum LB, Daghestani H, Andricopulo AD, Day BW, Vogt A,
Pesquero JL, Rocha WR, Beraldo H (2012) Bioorg Med Chem
20:3396

2. Landis SH, Murray T, Bolden S, Wingo PA (1998) CA Cancer J
Clin 48:6

3. Desplat V, Moreau S, Gay A, Fabre SB, Thiolat D, Massip S,
Macky G, Godde F, Mossalayi D, Jarry C, Guillon J (2010) J
Enzyme Inhib Med Chem 25:204

4. Kamb A (1995) Trends Genet 11:136

5. Micucci C, Orciari S, Catalano A (2010) Curr Med Chem
17:3462

6. Witte MH, Jones K, Wilting J, Dictor M, Selg M, McHale N,
Gershenwald JE, Jackson DG (2006) Cancer Metastasis Rev
25:159

7. Bardeesy N, DePinho RA (2002) Nat Rev Cancer 2:897

8. Alvarez MG, Besa PC (2000) Surg Clin North Am 80:443

9. Gediya LK, Njar VCO (2009) Expert Opin Drug Discov 4:1099

0. Nishiyama N, Kato Y, Sugiyama Y, Kataoka K (2001) Pharm Res
18:1035

11. Susini C, Buscail L (2006) Ann Oncol 17:1733

12. Ahmad S, Rathish IG, Bano S, Alam MS, Javed K (2010) J

Enzym Inhib Med Chem 25:266

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.
29.

30.

31.

32.

33.

34.

Abdel-Rahman AA-H, Abdel-Megied AE-S, Hawata MAM,
Kasem ER, Shabaan MT (2007) Monatsh Chem 138:889

Li Y, Zhang H-Q, Liu J, Yang X-P, Liu Z-J (2006) J Agric Food
Chem 54:3636

Prakash O, Kumar R, Parkash V (2008) Eur J Med Chem 43:435
Baraldi PG, Vicentini CB, Simoni D, Guarneri M (1983) Farmaco
Sci 38:370

Menozzi G, Mosti L, Schenone P, D’Amico M, Falzarano C,
Rossi F (1993) Farmaco 48:539

Rogez-Florent T, Meignan S, Foulon C, Six P, Gros A, Bal-
Mahieu C, Supuran CT, Scozzafava A, Frédérick R, Masereel B,
Depreux P, Lansiaux A, Goossens J-F, Gluszok S, Goossens L
(2013) Bioorg Med Chem 21:1451

Balseven H, Isgor MM, Mert S, Alim Z, Beydemir S, Ok S,
Kasimogullari R (2013) Bioorg Med Chem 21:21

Tseng S-L, Hung M-S, Chang C-P, Song J-S, Tai C-L, Chiu H-H,
Hsieh W-P, Lin Y, Chung W-L, Kuo C-W, Wu C-H, Chu C-M,
Tung Y-S, Chao Y-S, Shia K-S (2008) J] Med Chem 51:5397
Murineddu G, Lazzari P, Ruiu S, Sanna A, Loriga G, Manca I,
Falzoi M, Dessi C, Curzu MM, Chelucci G, Pani L, Pinna GA
(2006) J Med Chem 49:7502

Ma H-J, Li Y-H, Zhao Q-F, Zhang T, Xie R-L, Mei X-D, Ning J
(2010) J Agric Food Chem 58:4356

Meng L, Lorsbach BA, Sparks TC, Fettinger JC, Kurth MJ (2010)
J Comb Chem 12:129

Finkelstein BL, Strock CJ (1997) Pestic Sci 50:324

Raveton M, Aajoud A, Willison JC, Aouadi H, Tissut M, Ravanel
P (2006) Environ Sci Technol 40:4151

Bekhit AA, Fahmy HTY, Rostom SAF, Bekhit AE-DA (2010)
Eur J Med Chem 45:6027

Caliskan B, Yilmaz A, Evren I, Menevse S, Uludag O, Banoglu E
(2013) Med Chem Res 22:782

Pérez-Fernandez R, Goya P, Elguero J (2014) Arkivoc ii:233
Sharma PK, Kumar S, Kumar P, Kaushik P, Kaushik D, Dhingra
Y, Aneja KR (2010) Eur J Med Chem 45:2650

Sondhi SM, Kumar S, Kumar N, Roy P (2012) Med Chem Res
21:3043

Harris RE, Alshafie GA, Abou-Issa H, Seibert K (2000) Cancer
Res 60:2101

Sener A, Kasimogullari R, Sener MK, Bildirici I, Akcamur Y
(2002) J Heterocycl Chem 39:869

Bulbul M, Kasimogullari R, Kufrevioglu OI (2008) J Enzyme
Inhib Med Chem 23:895

Kasimogullari R, Zengin B, Maden M, Mert S, Kazaz C (2010) J
Serb Chem Soc 75:1625

. Demirtas I, Sahin A (2013) J Chem. doi:10.1155/2013/125286
. Demirtas I, Sahin A, Ayhan B, Tekin S, Telci I (2009) Rec Nat

Prod 3:104

. Mert S, Yaglioglu AS, Demirtas I, Kasimogullari R (2014) Med

Chem Res 23:1278

@ Springer


http://dx.doi.org/10.1155/2013/125286

	Design, synthesis, characterization, and antiproliferative activity of novel pyrazole-3-carboxylic acid derivatives
	Abstract
	Graphical abstract
	Introduction
	Results and discussion
	Chemistry
	Antiproliferative activity
	The antiproliferative activites of the compounds against HeLa cells
	The antiproliferative activites of the compounds against Vero cells
	The antiproliferative activites of the compounds against C6 cells

	Conclusions
	Experimental
	General procedure for amide derivatives 3--5
	Preparation of samples
	Cell culture and antiproliferative activity
	Statistical analysis
	Determination of IC50 and IC75 values

	Acknowledgments
	References




