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ABSTRACT

A green and efficient one-pot, four-component synthesis of 6-amino-4-aryl-3-methyl-
2,4-dihydropyrano[2,3-c|pyrazole-carbonitrile derivatives catalyzed by borax in water
has been examined and described. This method has several advantages such as
environmental friendliness, shorter reaction time, excellent yields, and simple workup
procedure. The in vitro cytotoxic activity of the synthesized compounds was
investigated against cancer cell lines (SW48, A549, KB, HepG2) in comparison with
doxorubicin, a well-known anticancer drug, using MTT colorimetric assay. The
synthesized compounds showed good and reasonable cytotoxicity compared with
doxorubicin in some studied cell lines. The compounds 5b, 5¢, 5g in KB cell line (ICs
= 8+2.217 uM, 7+2.77 uM, 7.5£1.49 uM respectively), 5f in A549 cell line (ICsy =
31.5£2.02 uM), 5g in HepG2 cell line (ICso = 22.5+3.09 uM), 5e, and 5i in SW48 cell
line (ICso = 23+0.772 uM, 23+4.97 uM respectively) showed the best results in close to
the control drug (ICsp = 6.8+£0.78 uM, 6.3+£0.65 puM, 5.4+0.5 uM, 4.3+0.12 uM in
A549, HepG2, KB, and SW48 cell lines respectively).
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Introduction

Cancer is a disease of worldwide concern and its
incidence is on the rise. According to information
from the World Health Organization (WHO), more
than eleven million people are diagnosed with cancer
and, also, more than 13% of overall deaths, are
directly caused by cancer every year worldwide!".
Cancer cells are characterized by unlimited
replicative  potential, self-sufficiency in-growth
signals, and insensitivity to antigrowth signals,
sustained angiogenesis, metastasis, and evasion of
apoptosis'®). Apoptosis or programmed cell death is
an important phenomenon for remission of damaged
cells. Apoptosis can be activated by two major
pathways: the extrinsic pathway, in which specific
cell death receptors located on the cell surface
membrane are activated by specific ligands; and the
intrinsic pathway, where primarily mitochondria are
involved™. Apoptosis plays a vital role in normal
embryonic development as well as in adult life, such
as elimination of dispensable or excess cells. It has
been known that defects in the apoptosis pathways
and the ability to evade cell death is one of the
hallmarks of cancers, which results in uncontrollable
tumor cell growth, as well as tumor resistance to
chemotherapeutic agents'. Therefore, finding new
therapeutic agents for neoplastic diseases with focus
on the apoptosis pathways is one of the top subjects
in this area of research. It has been well documented
that many of the clinically useful cytotoxic agents
induce apoptosis in cancer cells. The pro-apoptotic
chemotherapeutic  agents that target tubulin
polymerization such as taxol and vinca alkaloids
including vincristine, vinblastine, and vinorelbine are
among the most potent and commonly prescribed
antineoplastic agents. The development of chemo-
resistance, as well as dose-limiting neurologic and
bone marrow toxicity, however, has limited the use
of tubulin targeting agents. This clearly highlights the
urgent need for novel chemotherapeutic agents for
more effective treatment of cancer",
Pyranopyrazoles are the fused heterocyclic
compounds that exhibit bactericidal'®,
molluscicidal™®,  analgestic® and act as
hypoglycemic, and anticancer agents!'“'l. They are
also potential inhibitors of human Chkl kinase!'?.
Due to their biological significance, there has been
considerable interest in developing synthetic methods

2f%r the preparation of pyranopyrazole derivatives''>
Recently, the anti-tumor efficacy of 4-aryl-4H-
chromenes (Fig. 1), as effective apoptosis inducers,
has been characterized. They were found to induce
tubulin destabilization as well as to arrest cells at the
G2/M stage with high selectivity against proliferating
versus resting cells. This series of compounds, also,
were found as tumor vasculature targeting agents>"
1 Green chemistry techniques continue to gain
importance. Alternative processes help to conserve
resources and can reduce costs. The replacement of
conventional solvents with water, which is harmless
to health and is available in large quantities, is an
interesting basic approach along these lines**>%. One
of the tools used to combine economic aspects with
the environmental ones is the multi component
reaction (MCR) strategy, the process consists of two
or more synthetic steps which are carried out without
isolation of any intermediate, thus reducing time,
saving money, energy and raw materials”'.. As part
of our program aimed at developing new selective
and environmentally friendly methodologies for the
preparation of fine chemicals®***!, we performed the
synthesis of 6-Amino-4-aryl-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-carbonitrile
derivatives through a four-component reaction with
borax as catalyst. Then, the in vitro cytotoxic activity
of the synthesized test compounds was investigated
against cancer cell lines (SW48, A549, KB, HepG2)
in comparison with doxorubicin, a well-known
anticancer drug, using MTT colorimetric assay.

Experimental
Chemistry

All starting materials, reagents and solvents were
purchased from Merck and Aldrich Chemical
Companies. All yields refer to isolated yield. The
structure of compounds was characterized by IR, 'H
NMR spectra and MS. Merck silica gel 60 F254
plates were used for TLC. 'H-NMR spectra were
recorded using a Bruker 250 spectrometer and
chemical shifts are expressed as (ppm) with
tetramethylsilane (TMS) as internal standard using
DMSO-d; as solvent. The IR spectra were obtained
on a Shimadzu 470 spectrophotometer (potassium
bromide disks). The melting point was taken on a
Kofler hot stage apparatus and is uncorrected. k). The
mass spectra was run on a Finigan TSQ-70
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spectrometer at 70 eV. The purity of the compound
was monitored by thin layer chromatography.

General procedure for the synthesis of
pyranopyrazoles with borax as catalyst in water

Pyranopyrazole derivatives were synthesized by the
one-pot four component condensation of an aromatic
aldehyde (1.0 mmol, 4a-4j), ethyl acetoacetate (1.0
mmol, 2), hydrazine hydrate (1.0 mmol, 1),
malononitrile (1.0 mmol, 3), and borax (10 mol%) as
the catalyst, in water for a designated time less than
15 min listed in Table 1. After completion of the
reaction followed by TLC analysis, the reaction
mixture was cooled and the precipitated solid was
filtered and washed several times with cooled water.
The obtained products (5a-5j) were crystallized in
appropriate solvent (EtOH) and the corresponding
pyranopyrazoles were obtained in 70-98% yields
(Scheme 1, Table 1). The spectral data of the
compounds 5a-5j are as followed:

CHO

[0} [0}
N R 0(1)
HyNNHy.H,0 (
OE(_NC/\CNJr — 2 2.1’
/
2

Borax, H,0, rt HN

3 da-4j

525

2,5-dimethoxy 5a 3-chloro 5f
2,4-dimethoxy ~ 5b d4-chloro  5g
3,4,5-trimethoxy 5S¢ 2-nitro 5h
2,3,4-trimethoxy 5d 4-nitro i

2-chloro 5¢ 2-hydroxy 5j
Compound R Compound R
5a 2,5-dimethoxy 5f 3-chloro
5b 2,4-dimethoxy 59 4-chloro
5¢c 3,4,5-trimethoxy 5h 2-nitro
5d 2,3,4-trimethoxy 5i 4-nitro
5e 2-chloro 5j 2-hydroxy

Scheme 1. Reagents and conditions for the synthesis of
pyranopyrazoles.

6-Amino-4-(2,5-dimethoxyphenyl)-3-methyl-
2,4-dihydropyranol2,3-c]pyrazole-5-carbonitrile
(5a)

Chemical Formula: Ci4HsN4O3; Molecular Weight:
312.32; m.p. = 210-212 °C; IR (KBr, crn'l): Unnax
3400, 3100, 2924, 2202, 1581, 1500, 1496, 1087,
1045, 871, 800; '"H NMR (DMSO-d,, 250 MHz): ¢

1.79 (s, 3H, CHs), 3.71 (s, 3H, OCH;), 3.74 (s, 3H,
OCH;), 5.2 (s, 2H, CH), 6.90 (s, 2H, NH,), 7.10-7.19
(m, 2H, Ar-H), 7.48-7.49 (m, 1H, Ar-H), 12.10 (s,
1H, NH) ppm; MS (m/z, %): 312 (M7, 5), 297 (95),
270 (25), 215 (30), 199 (20), 150 (90), 77 (50), 51
(20).

6-Amino-4-(2,4-dimethoxyphenyl)-3-methyl-
2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5b)

Chemical Formula: Ci4HsN4O3; Molecular Weight:
312.32; m.p. = 224-226 °C; IR (KBr, cm™): G
3400, 3100, 2924, 2168, 1570, 1504, 1423, 1087,
1041, 821, 802, 756; 'H NMR (DMSO-d,, 250
MHz): ¢ 1.78 (s, 3H, CHj3), 3.87 (s, 3H, OCH3), 3.91
(s, 3H, OCHa), 4.78 (s, 1H, CH), 6.65 (s, 2H, NH,),
7.89-7.92 (m, 2H, Ar-H), 8.26 (s, 1H, Ar-H), 12.01
(s, IH, NH) ppm; MS (m/z, %): 312 (M"), 297 (30),
149 (100), 120 (50), 77 (25), 51 (10).

6-Amino-4-(3,4,5-trimethoxyphenyl)-3-methyl-
2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5¢)

Chemical Formula: Ci;HsN4O4; Molecular Weight:
342.35; m.p. = 210-212 °C; IR (KBr, cm™): Oax
3400, 3100, 2924, 2187, 1543, 1500, 1400, 1126,
1095; '"H NMR (DMSO-ds, 250 MHz): 6 1.87 (s, 3H,
CH3), 3.72 (s, 3H, OCH3;), 3.73 (s, 3H, OCH3), 3.84
(s, 3H, OCH3), 4.58 (s, 1H, CH), 6.47 (s, 1H, Ar-H),
6.85 (s, 2H, NH,), 7.22 (s, 1H, Ar-H), 12.08 (s, 1H,
NH) ppm; MS (m/z, %): 342 (M", 15), 311 (3), 276
(10), 241 (5), 181 (100), 77 (4), 53 (3).

6-Amino-4-(2,3,4-trimethoxyphenyl)-3-methyl-
2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5d)

Chemical Formula: Ci;HsN4O4; Molecular Weight:
342.35; m.p. = 188-190 °C; IR (KBr, cm™): G
3400, 3100, 2924, 2168, 1543, 1500, 1400, 1091,
806; "H NMR (DMSO-d,, 250 MHz): ¢ 1.87 (s, 3H,
CHs), 3.79 (s, 3H, OCHs), 3.87 (s, 3H, OCH;), 3.88
(s, 3H, OCH3), 4.77 (s, 1H, CH), 6.85 (s, 2H, NH,),
6.93 (s, J = 8.1 Hz, 1H, Ar-H), 7.73 (s, J = 8.1 Hz,
1H, Ar-H), 11.98 (s, 1H, NH) ppm; MS (m/z, %): 342
(MH), 311 (3), 241 (1), 179 (100), 150 (40), 107 (15),
77 (25), 51 (12).
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6-Amino-4-(2-chlorophenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(Se)

Chemical Formula: C;4H;;CIN4O; Molecular Weight:
286.72; m.p. = 145-147 °C; IR (KBr, cm™):
3500, 3300, 2924, 2191, 1400-1500, 1527, 1087, 750,
790; 'H NMR (DMSO-d,, 250 MHz): J 1.82 (s, 3H,
CH,), 5.06 (s, 1H, CH), 6.75 (s, 2H, NH,), 7.05-7.15
(m, 2H, Ar-H), 8.50 (s, 1H, Ar-H), 8.52-8.60 (m, 1H,
Ar-H) ppm; MS (m/z, %): 286 (M", 25), 260 (5), 206
(20), 175 (100), 125 (50), 66 (90), 51 (60).

6-Amino-4-(3-chlorophenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5f)

Chemical Formula: C,4H;;CIN4O; Molecular Weight:
286.72; m.p. = 159-161 °C; IR (KBr, cm™):
3100-3400, 2927, 2195, 1400-1500, 1519, 1087, 678
& 790; '"H NMR (DMSO-d,, 250 MHz): ¢ 2.01 (s,
3H, CH;), 4.45 (s, 1H, CH), 6.55 (s, 2H, NH,), 7.09-
7.83 (m, 4H, Ar-H) ppm; MS (m/z, %): 286 (M),
250 (6), 220 (30), 205 (4), 175 (43), 165 (75), 125
(100), 75 (60), 51 (23).

6-Amino-4-(4-chlorophenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(59)

Chemical Formula: C;4H;,;CIN,O; Molecular Weight:
286.72; m.p. = 173-175 °C; IR (KBr, cm'l): Uinax
3300-3500, 2924, 2205, 1400-1500, 1087, 821; 'H-
NMR (DMSO-ds, 250 MHz): § 1.79 (s, 3H, CH3),
4.63 (s, 1H, CH), 6.93 (s, 2H, NH,), 7.18 (d, J = 8.0
Hz, 2H, Ar-H), 7.36 (d, J = 8.0 Hz, 2H, Ar-H) ppm;
MS (m/z, %): 286 (M, 12), 250 (4), 220 (23), 175
(99), 153 (45), 125 (50), 66 (46), 51 (22).

6-Amino-4-(2-nitrophenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5h)

Chemical Formula: Ci4H;;N5O3; Molecular Weight:
297.27; m.p. = 185-187 °C; IR (KBr, cm™): Unax
3100-3400, 2924, 2187, 1350, 1527, 1500, 1400,
1080, 1040, 790, 740; 'H- NMR (DMSO-d,, 250
MHz): 6 1.86 (s, 3H, CHs3), 4.26 (s, 1H, CH), 6.40 (s,
2H, NH,), 7.34-7.81 (m, 4H, Ar-H,), 12.15 (s, 1H,

NH) ppm; MS (m/z, %): 297 (M, 4), 280 (18), 251
(80), 231 (11), 185 (97), 77 (46), 66 (35), 51 (30).

6-Amino-4-(4-nitrophenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5i)

Chemical Formula: Ci4H;;N5O;5; Molecular Weight:
297.27; m.p. = 190-192 °C; IR (KBr, cm™): Gnax
3100-3400, 2924, 2189, 1597, 1519, 1350, 1500,
1400, 1087, 806; 'H- NMR (DMSO-d;, 250 MHz): &
1.80 (s, 3H, CHs), 4.83 (s, 1H, CH), 6.20 (s, 2H,
NH,), 7.05 (d, J = 8.2 Hz, 2H, Ar-H), 8.12 (d, J = 8.2
Hz, 2H, Ar-H), 11.90 (s, 1H, NH,), ppm; MS (m/z,
%): 297 (M, 35), 271 (6), 251 (16), 214 (13), 175
(100), 109 (45),76 (38).

6-Amino-4-(2-hydroxyphenyl)-3-methyl-2,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5))

Chemical Formula: C4H;N,O,; Molecular Weight:
268.27; m.p. = 208-210 °C; IR (KBr, cm'l): Uinax
3500, 3100, 2924, 2187, 1400-1500, 1543, 1257,
1091, 750 & 790; '"H- NMR (DMSO-dy, 250 MHz): 6
1.96 (s, 3H, CHs), 4.63 (s, 1H, CH), 5.60 (s, 1H,
OH), 6.56 (s, 2H, NH,), 6.66-7.18 (m, 2H, Ar-H),
7.21-7.71 (m, 2H, Ar-H) ppm; MS (m/z, %): 268
(M", 5), 240 (98), 223 (47), 170 (10), 121 (65), 93
(64), 65 (83), 51 (42).

Cell culture conditions

HepG2, NCBI-C158 (Human Liver Carcinoma), KB,
NCBI-C152 (Human Mouth Carcinoma), SW48,
NCBI-C480 (Human Colon Adenocarcinoma) and
A549, NCBI-C137 (Human Lung Carcinoma) cell
lines, were purchased from Pasture Institute (Iran).
Cell lines were grown and maintained in a humidified
incubator at 37 °C with 5% CO, atmosphere. Cells
were cultured in DMEM-F12 (Dulbecco’s Modified
Eagle’s Medium) supplemented with 10% (V/V) heat
inactivated fetal bovine serum (FBS), and antibiotics
(100 TU/ml penicillin and 100 pl/ml streptomycin).
Doxorubicin, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT), penicillin and
streptomycin were purchased from Sigma-Aldrich.
The test compounds were dissolved in
dimethylsulfoxide (DMSO), and stored as the stock
solutions with a concentration of 1.0 mg/mL at —20
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°C (The concentration of DMSO was less than 1%)5*
34] [36-38]

MTT cytotoxicity assay

Cellular toxicities of pyranopyrazole derivatives were
analyzed against four cell lines (A549, SW48, KB
and HepG2) and compared to DMSO and
doxorubicin as negative and positive controls
respectively. To evaluate the number of live and dead
cells, the cells were stained with trypan blue and
counted using hemocytometer. To determine the
growth inhibitory activity of the test compounds,
1x10* cells were plated into each well of 96-well
plates in 180 ul of growth medium. After 24 h of
seeding, the cells in each set of three wells were
treated with certain concentrations of
pyranopyrazoles derivatives. After 24 hours of
incubation, the growth rate was determined using the
MTT assay as described in literature®*>*. Cells were
then washed in PBS (Phosphate Buffer Saline) and
100 puL of fresh media and 20 pL of MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) solution (5 mg/mL) were added to each
well. Additional 4 h of incubation at 37 °C were done
and then the medium was  discarded.
Dimethylsulfoxide (60 puL) was added to each well
and the solution was vigorously mixed to dissolve the
purple formazan crystals. The absorbance of each
well was measured by plate reader (Synergy 1;
BioTek) at a wavelength of 540 nm. The amount of
produced purple formazan is proportional to the
number of viable cells. ICsy (uUM) were calculated by

Prism analysis, expressed in mean+SEM (Figures 1-
8)(36-38]

Results and discussion

Although, the reported methods for the synthesis of
pyranopyrazole derivatives are effective, they are
confronted with certain drawbacks of environment
compatibility by the use of toxic and expensive
catalysts, which also lack recyclability. While
catalyst used in this project (borax) is eco-friendly
and inexpensive catalyst. In this approach we used
water instead of large amounts of organic solvents,
work-up is simplified, and the reaction time is
considerably decreased. The experimental procedure
is very simple and convenient, and can withstand a
variety of functional groups under the reaction
conditions used. Simply by adding catalyst to a

mixture of reactants, rapid and convenient
condensation is achieved at 25 °C in water. After the
completion of the reaction (monitored by TLC), the
residue was filtered and washed with cooled water
then was purified by recrystallization from ethanol to
produce the desired solid and confirmed by physical
and spectral data.

The in vitro cytotoxic activity of pyranopyrazole
derivatives 5a-5j was evaluated by MTT assay on
A549, SW48, KB and HepG2 cell lines (Table 1).
The dose effect curves were generated and the
sensitivity to pyranopyrazole derivatives expressed as
a drug concentration that caused 50% growth
inhibition (Figures 1-8). Pyranopyrazole derivatives
efficiently inhibited all cell growth tested in a dose-
dependent manner (Table 1 and Figures 1-8).

—=— 2-hydroxy(Sj)
«— 2-chloro(5e)
v 3-chloro(5f)
4-chloro(5g)

1000 4

100 ®— 4-nitro(5i)
-

ICso |- =-—=-ou, - TEem e mem e

Viability (%)

10 4

'S 25  so 75 100 135 %0
concentration (M)

Fig.1. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line KB (Human Mouth
Carcinoma). ICs, value was obtained by plotting the log,
of the percentage of proliferation values versus drug
concentrations. Data are expressed as the mean+SEM of
three separate experiments (n = 3).

1000 - —a— 2-nitro(Sh)
-«— 2,5-dimethoxy({5a)
*— 2,4-dimethoxy(Sh)
+— 2,3, 4-trimethoxy(5d)

—e— 3,4,5-trimethoxy(5c)
100 4

Viability (%)

ICso

10

(o] 215 5‘0 ?I5 1 60 1 éﬁ 1 éO
concentration (M)

Fig. 2. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line KB (Human Mouth
Carcinoma). ICs, value was obtained by plotting the logy,
of the percentage of proliferation values versus drug
concentrations. Data are expressed as the mean+SEM of
three separate experiments (n = 3).
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=— 2-hydroxy(5j)
- 2-chloro(se)

—— 3-chloro(sf)
+— a-chloro(sg)
= 4-pitro(Si)

1000 4

100 *\;_‘.

ICso |--

Viability (%)

10 v . T T . J
8] 25 50 75 100 125 150
concentration (uMM)
Fig. 3. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line SW48 (Human
Colon Adenocarcinoma). ICsy value was obtained by
plotting the log;, of the percentage of proliferation values
versus drug concentrations. Data are expressed as the
mean+SEM of three separate experiments (n = 3).
—a— 2-nitro{Sh)
1000 4 —a— 2,5-dimethoxy(5a)

*— 2, 4-dimethoxy(Sb)
—— 2,3, 4-trimethoxy(5d)

—=— 3, 4,5-trimethoxy(5c)

Viability (%)

o 25 50 75 100 125 150
concentration (M)

Fig.4. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line SW48 (Human
Colon Adenocarcinoma). ICs, value was obtained by
plotting the log, of the percentage of proliferation values
versus drug concentrations. Data are expressed as the

mean+SEM of three separate experiments (n = 3).
-— 2-hydroxy(5j)
- 2-chloro(5e)

1000
— w  3-chloro(5f)
é +— a-chloro(Sg)
E 100 $——g —=— 4-nitro(5i)
E ICso
=
10
1

o 2‘5 Sb 7‘5 1 L:IO 1 2‘5 1 5‘0
concentration (M)

Fig. 5. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line HepG2 (Human
Liver Carcinoma). ICsy value was obtained by plotting the
log;o of the percentage of proliferation values versus drug
concentrations. Data are expressed as the meantSEM of
three separate experiments (n = 3).

—=— 2-nitro(5h)
1000 q «— 2,5-dimethoxy(Sa)
*— 2,4-dimethoxy(Sb)

= —+— 2,3,4-trimethoxy(5d)
B *— 3,4,5-trimethoxy(5c)
= 100
=]

ICso —————

-
10 T T T T T .
o] 25 S50 75 100 125 150

concentration (M)

Fig. 6. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line HepG2 (Human
Liver Carcinoma). ICsy value was obtained by plotting the
logyo of the percentage of proliferation values versus drug
concentrations. Data are expressed as the meantSEM of
three separate experiments (n = 3).

1000 - - 2-hydroxy(5j)
«— 2-chloro(5e)
—=— 3-chloro(5f)

- 4-chloro(Sg)

—e— 4-nitro(5i)

Viahility (%)

o 25 S50 75 100 125 150
concentration (M)

Fig.7. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line A549 (Human Lung
Carcinoma). ICsy value was obtained by plotting the logj,
of the percentage of proliferation values versus drug
concentrations. Data are expressed as the mean+SEM of
three separate experiments (n=3).

- 2-nitro(sh)

1000 - 2,5-dimethoxy(Sa)
= —=— 2, 4-dimethoxy(S5b)
=
; +— 2,3, 4-trimethoxy(5d)
i—”-s‘ - — 3,4,5-trimethoxy(Sc)
= 100
= - = 3 D
[ o Sy Esosyssnuse NP
10+ - g
S50 75 100 125 150

concentration [(phM)

Fig. 8. The percentage of cytotoxicity versus concentration
by MTT exclusion on cancer cell line A549 (Human Lung
Carcinoma). ICsy value was obtained by plotting the logj,
of the percentage of proliferation values versus drug
concentrations. Data are expressed as the mean+SEM of
three separate experiments (n = 3).
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The data for doxorubicin as a positive control was
included for comparison. The most potent
compounds were 5b, 5c, 5g against KB cell line (ICs,
= 842217 puM, 7277 uM, 7.5+ 149 uM
respectively), 5f against A549 cell line (IC5 =
31.542.02 pM), 5g against HepG2 cell line (ICsy =
22.54+3.09 uM), 5e and 5i against SW48 cell line
(ICso = 23+ 0.772 uM, 23+ 4.97 uM respectively)
which seem to be the best ones compared with the
control drug. It should be mentioned that both
electron-donating substituent (methoxy) and electron-
withdrawing one (chlorine) are effective on the
potency of the test compounds so that the best results
were obtained for these groups. According to Table
1, compound 5b with 2,4-dimethoxy substituent was
more potent than compound 5a against all cell lines.
Substitution of dimethoxy group with trimethoxy one
at 3,4,5 positions f the phenyl ring increased the
cytotoxic effect on KB and SW48 cell lines with 1Cs
equal to 7£2.77 uM and 35+6.38 puM, respectively.
Substitution of chlorine at different positions of the
phenyl ring caused a moderate activity so that
compound 5g (p-Chloro) showed the best results
against KB cell line (ICso = 7.5£1.49 uM) compared
to other positions. Replacement of chlorine atom with
nitro group led to lower cytotoxic activity
(compounds 5h, 5i, Table 1). Compound 5j with
hydroxyl group at ortho position could not
significantly improve the cytotoxicity in comparison
with other derivatives, but showed good cytotoxicity
profile against HepG2 and SW48 cell lines. The
overall activity profiles of derivatives demonstrated
that the KB cell line has more sensitivity with respect
to other cell lines.

Conclusion

In conclusion, we have been able to introduce an
efficient and environmentally friendly approach for
the synthesis of pyranopyrazoles via a four
component condensation, using borax as a solid base
catalyst in heterogeneous conditions. The reactions
are characterized by non-corrosiveness, safety, low
cost and waste, ease of separation, and high yields
and short reaction times. Replacement of liquid acids
with a solid base catalyst is a desirable feature of the
reactions that may be important in their industrial
manufacturing process. The reaction in water has
special advantages over existing solvent and is a
green chemistry approach to the preparation of

biological compounds. Furthermore, in vitro
cytotoxic activity of the test compounds was
evaluated against a panel of cancer cell lines
comparable to doxorubicin. Some of the
pyranopyrazoles showed the high tumor-specific
cytotoxicity, indicating a new drug candidate for
cancer chemotherapy. Also, in our laboratory, further
work is in process to design more potent anticancer
agents containing pyranopyrazole moiety.
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