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Abstract: A series of pyrazolo[3,4-b]quinolines have been synthesized using one-pot water mediated synthet-
ic route under microwave irradiation involving the condensation of 2-chloroquinoline-3-carbaldehydes with
semicarbazide or 2,4-dinitrophenyl hydrazine. The compounds were evaluated for their anti-inflammatory,
analgesic, ulcerogenic and lipid peroxidation actions. The pharmacological evaluation showed that the com-
pounds are good at inhibiting edema induced by carrageenan and also showed prominent analgesic activity with
lesser GI toxicity as indicated by severity index and LPO values.
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The quinoline nucleus is an important class of
heterocyclic compounds found in many synthetic
and natural products with a wide range of pharma-
cological activities, such as anti-malarial (1, 2), anti-
bacterial (3, 4), antifungal (5), anthelmintic (6), car-
diotonic (7, 8), anticonvulsant (9), anti-inflammato-
ry (10), analgesic (11), antiviral (12), anticancer
(13), antiobesity (14), which can be well illustrated
by a variety of formulations possessing this hetero-
cyclic moiety. The quinolones derivatives are exten-
sively used as antibiotics in eradicating many infec-
tions (15, 16).

Pyrazole and its derivatives are gaining impor-
tance in medicinal and synthetic chemistry due to
their diverse types of biological properties such as
antibacterial (17), anti-inflammatory (18), analgesic
(19), antiviral (20) etc. Even condensed pyrazoles
are known for biological activities like pyrazo-
lo[3,4-b]quinolines as potential antivirals (21) and
antibacterials (22).

Due to the presence of versatile biological
activities in pyrazolo[3,4-b]quinolines, several
attempts are made to provide convenient synthetic

route for this fused ring system. According to the
available literature 2-chloroquinoline-3-carbalde-
hyde has been used as precursor for the synthesis of
pyrazolo[3,4-b]quinolines. They can be prepared by
refluxing 2-chloroquinoline-3-carbaldehyde with
hydrazine hydrate using ethanol (23) or microwave
assisted one pot condensation of 2-chloroquinoline-
3-carbaldehyde with semicarbazide or 2,4-dinitro-
phenylhydrazine using organic catalyst PTSA (22,
24). These reactions were found to involve an inter-
mediate Schiff’s base formation which at the end of
reaction gives an impurity to the final product.

The literature available showed that water can
be used to perform organic transformation using
thermal or microwave resources (25). It is also
reported that boiling water under microwave irradi-
ation behaves as hydrophobic medium and helps to
form homogenous mass with organic substrates and
accelerates the reaction rate (26).

Keeping in view the diverse activities of both
pyrazole and quinoline nucleus and difficulties aris-
ing from synthetic methods we have tried to synthe-
size molecules using 2-chloroquinoline-3-carbalde-
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hyde and semicarbazide or 2,4-dinitrophenyl
hydrazine in the presence of water to give eco
friendly and economic synthetic one pot route for
pyrazolo[3,4-b]quinolines and evaluated their anti-
inflammatory and analgesic activity.

EXPERIMENTAL

Chemicals were purchased from Merck and
Sigma-Aldrich as ‘synthesis grade’ and used with-
out further purification. Melting points were deter-
mined in open capillary tubes and are uncorrected.
Elemental analyses were performed on a Perkin-
Elmer model 240 analyzer and found within £0.4%
of theoretical values. The IR spectra were measured
as potassium bromide pellets using a Buck
Scientific M-500 Infrared spectrophotometer. 'H-
NMR spectra were recorded in DMSO as a solvent
(using TMS as an internal standard). “C-NMR of
compound 3a was recorded as a prototype using
DMSO-d, as a solvent. The NMR and mass spectra
were recorded on Bruker Avance-400 MHz and
JEOL BX 102/DA-6000 mass spectrometers,
respectively. Purity of the compounds was checked
by TLC on silica gel G plates using toluene : ethyl
acetate : formic acid (5 : 4 : 1, v/v/v) as solvent sys-
tem and the spots were located either under ultra
violet light or through exposure to iodine vapors.
The reactions were carried out in a Catalyst
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microwave oven having a maximum power output
of 1000 W. Compounds 1(a-d) and 2(a-d) were
prepared by reported methods of Kidwai et al. (27)
(Scheme 1).

General procedure for the synthesis of 1-car-
boamidopyrazolo[3,4-b]quinolines (3a-h)
Conventional method

A mixture of 2-chloroquinoline-3-carbalde-
hyde (1 mmol) and 2,4-dinitrophenylhydrazine or
semicarbazide (1.25 mmol) was refluxed in ethanol
(20 mL). The reaction was monitored by TLC using
toluene : ethyl acetate : formic acid (5 : 4 : 1, v/v/v).
After completion of reaction, the ethanol was con-
centrated to half of its volume and poured into ice
water. The precipitate obtained was filtered, washed
with water and recrystallized from ethanol.

Non-conventional (microwave irradiation) method

A mixture of 2-chloroquinoline-3-carbalde-
hyde (1 mmol) and 2,4-dinitrophenylhydrazine or
semicarbazide (1.25 mmol) was refluxed with stir-
ring in water (5 mL) under microwave irradiation at
1000 W for 2-5 minutes. The reaction was moni-
tored by TLC using toluene : ethyl acetate : formic
acid (5 : 4 : 1, v/v/v). After completion of reaction,
the reaction mixture was cooled and solid obtained
was filtered, washed with water and recrystallized
from ethanol.
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Reagents and Condition: (i) Sodium acetate, Hydroxylamine, Hydrochloric acid; (11) Dlmethyl formamide,
Phosphorus oxychlorlde (iii) Semicarbazide, Water, MW-1
(iv) 2,4-Dintirophenylhydrazine, Water, MW-1000 W

Scheme 1.
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1-Carboamidopyrazolo[3,4-b]quinoline (3a)

Yield: 96%, m.p. 230-232°C, R;: 0.84, IR (cm™):
3375, 3310 (NH,), 1667 (C=0), 1610 (C=N), 1580
(C=N); 'H-NMR (400 MHz, DMSO-d,, 9, ppm):
6.32 (s, 2H,NH,), 7.51 (t, 1H,J = 7.2 Hz, H-6), 7.73
(t, 1H,J =7.6 Hz, H-7), 7.84 (d, 1H, J = 8.4 Hz, H-
5), 8.01 (d, 1H, J = 7.6 Hz, H-8), 8.25 (s, 1H, H-3),
8.30 (s, 1H, H-4); "C-NMR (3, ppm): 122.63,
126.16, 128.45, 130.08, 132.10, 132.82, 136.07,
140.32, 142.46, 147.86, 162.18; MS (m/z): 212
(M"). Analysis: caled. for C;H{N,O (212.2): C,
62.25; H, 3.80; N, 26.41%; found: C, 62.18; H, 3.85;
N, 26.43%.

6-Chloro-1-carboamidopyrazolo[3,4-b]quinoline
(3b)

Yield: 92%; m.p. 258-260°C; R;: 0.78, IR (cm™):
3380, 3315 (NH,), 1664 (C=0), 1608 (C=N), 1575
(C=N); 'H-NMR (400 MHz, DMSO-d;, 3, ppm):
6.34 (s, 2H, NH,), 7.62 (d, 1H, J = 2.4 Hz, H-5),
7.76 (dd, 1H, J = 8.0, 2.4 Hz, H-7), 7.90 (d, 1H, J =
8.0 Hz, H-8), 8.22 (s, 1H, H-3), 8.34 (s, 1H, H-4);
MS (m/z): 246 (M*). Analysis: calcd. for
C,,H,N,OCl1 (246.7): C, 53.66; H, 2.87; N, 22.74%;
found: C, 53.48; H, 2.85; N, 22.76%.

6-Methoxy-1-carboamidopyrazolo[3,4-b]quino-
line (3¢)

Yield: 96%; m.p. 238-240°C; R 0.80, IR (cm™):
3365, 3290 (NH,), 1668 (C=0), 1610 (C=N), 1570
(C=N); 'H-NMR (400 MHz, DMSO-d,, 9, ppm):
3.76 (s, 3H, OCH,), 6.30 (s, 2H, NH,), 7.18 (d, 1H, J
= 2.8 Hz, H-5), 7.42 (dd, 1H, J = 7.6, 2.8 Hz, H-7),
7.84 (d, 1H, J = 7.6 Hz, H-8), 8.28 (s, 1H, H-3), 8.42
(s, 1H, H-4); MS (m/z): 242 (M*). Analysis: calcd.
for C,,H,(N,O, (242.2): C, 59.50; H, 4.17; N, 23.14.
Found: C, 59.68; H, 4.15; N, 23.16.

6-Methyl-1-carboamidopyrazolo[3,4-b]quinoline
(3d)

Yield: 92%; m.p. 235-238°C; R;: 0.74, IR (cm™):
3367, 3285 (NH,), 1676 (C=0), 1611 (C=N), 1570
(C=N); 'H-NMR (400 MHz, DMSO-d;, 3, ppm):
2.32 (s, 3H, CH,), 6.22 (s, 2H, NH,), 7.53 (d, 1H, J
=2.4 Hz, H-5), 7.67 (dd, 1H, J = 7.2, 2.4 Hz, H-7),
7.94 (d, 1H, J =7.2 Hz, H-8), 8.20 (s, 1H, H-3), 8.28
(s, 1H, H-4); MS (m/z): 226 (M*). Analysis: calcd.
for C,H,(N,O (226.2): C, 63.72; H, 4.46; N,
24.77%; found: C, 63.82; H, 4.44; N, 24.76%.

1-(2,4-Dinitrophenyl)pyrazolo[3,4-b]quinoline (3e¢)

Yield: 94%, m.p. > 300°C, R;: 0.86, IR (cm™):
1618 (C=N), 1586 (C=N), 1524 (-NO,), 1325
(-NO,); 'H-NMR (400 MHz, DMSO-d,, d, ppm):

7.54 (t, 1H,J =7.2 Hz, H-6), 7.79 (t, 1H,J = 7.6 Hz,
H-7),7.87 (d, 1H, J = 8.4 Hz, H-5), 8.05 (d, 1H, J =
7.6 Hz, H-8), 8.18 (d, 1H, J = 8.4 Hz, H-6, phenyl
ring), 8.38 (s, 1H, H-4), 8.69 (d, 1H, J = 8.4 Hz, H-
5, phenyl ring), 8.79 (s, 1H, H-3), 9.04 (s, 1H, H-3,
phenyl ring); MS (m/z): 335 (M*). Analysis: calcd.
for C,H,N;O, (335.3): C, 57.31; H, 2.70; N,
20.89%; found: C, 57.19; H, 2.72; N, 20.87%.

6-Chloro-1-(2,4-dinitrophenyl)pyrazolo[3,4-
b]quinoline (3f)

Yield: 84%, m.p. >.300°C, R;: 0.84, IR (cm™):
1615 (C=N), 1582 (C=N), 1520 (-NO,), 1321 (-
NO,); 'H-NMR (400 MHz, DMSO-d,, 8, ppm): 7.70
(d, 1H, J = 2.4 Hz, H-5), 7.82 (dd, 1H, J = 8.0, 2.4
Hz, H-7), 7.96 (d, 1H, J = 8.0 Hz, H-8), 8.23 (d, 1H,
J =8.4 Hz, H-6, phenyl ring), 8.42 (s, 1H, H-4), 8.56
(s, 1H, H-3), 8.71 (d, 1H, J = 8.4 Hz, H-5, phenyl
ring), 9.06 (s, 1H, H-3, phenyl ring); MS (m/z): 369
(M"). Analysis: calcd. for C,;H;N;O,Cl (369.7): C,
52.03; H, 2.18; N, 18.97%. found: C, 52.21; H, 2.17;
N, 18.95%.

6-Methoxy-1-(2,4-dinitrophenyl)pyrazolo[3,4-
b]quinoline (3g)

Yield: 94%, m.p. > 300°C, R;: 0.82, IR (cm™):
1620 (C=N), 1591 (C=N), 1522 (-NO,), 1326 (-
NO,); 'H-NMR (400 MHz, DMSO-d,, 8, ppm): 3.80
(s, 3H, OCH,), 7.22 (d, 1H, J = 2.8 Hz, H-5), 7.44
(dd, 1H,J =17.6, 2.8 Hz, H-7), 7.88 (d, 1H, J = 7.6
Hz, H-8), 8.20 (d, 1H, J = 8.4 Hz, H-6, phenyl ring),
8.36 (s, 1H, H-4), 8.52 (s, 1H, H-3), 8.62 (d, 1H, J =
8.4 Hz, H-5, phenyl ring), 8.96 (s, 1H, H-3, phenyl
ring); MS (m/z): 365 (M*). Analysis: calcd. for
C;H,;;N;O5 (365.3): C, 55.89; H, 3.03; N, 19.17%;
found: C, 55.72; H, 3.01; N, 19.15%.

6-Methyl-1-(2,4-dinitrophenyl)pyrazolo[3,4-
b]quinoline (3h)

Yield: 94%, m.p. 271-272°C, R;: 0.78, IR (cm™):
1622 (C=N), 1594 (C=N), 1524 (-NO,), 1326 (-
NO,); 'H-NMR (400 MHz, DMSO-d,, 8, ppm): 2.48
(s, 3H, CH,), 7.58 (d, 1H, J = 2.4 Hz, H-5), 7.73 (dd,
IH, J =7.2,2.4 Hz, H-7), 7.96 (d, 1H, J = 7.2 Hz,
H-8), 8.26 (d, 1H, J = 8.4 Hz, H-6, phenyl ring),
8.46 (s, 1H, H-4), 8.58 (s, 1H, H-3), 8.65 (d, IH, J =
8.4 Hz, H-5, phenyl ring), 8.99 (s, 1H, H-3, phenyl
ring); MS (m/z): 349 (M*). Analysis: calcd. for
C;H,,N;O, (349.3): C, 58.45; H, 3.17; N, 20.05%;
found: C, 58.27; H, 3.15; N, 20.08%.

Animals
Wistar rats and albino mice used in the present
study were housed and kept in accordance with the
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Hamdard University Animal Care Unit, which
applies the guidelines and rules laid down by the
Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA),
Ministry of Social Justice and Empowerment,
Government of India. Wistar rats and albino mice of
either sex weighing 120-150 g and 22-25 g, were
used. The animals were housed in groups of six and
acclimatized to room conditions for at least 2 days
before the experiments. Food and water were freely
available up to the time of experiments. The food
was withdrawn 12h/24h before the start of experi-
ment, but free access to water was allowed.

Anti-inflammatory activity

The synthesized compounds were evaluated
for their anti-inflammatory activity using car-
rageenan-induced paw edema method of Winter et
al. (28). The animals were randomly divided into
groups of six. Group I was kept as control, and
received only 0.5% carboxymethyl cellulose (CMC)
solution. Group II was kept as standard and received
ibuprofen (20 mg/kg p.o.). Carrageenan solution
(0.1% in sterile 0.9% NaCl solution) in a volume of
0.1 mL was injected subcutaneously into the sub-
plantar region of the right hind paw of each rat, 30
min after the administration of the test compounds
and standard drugs. The paw volume was measured
by saline displacement shown on screen of digital
plethysmometer (Ugo Basile) at 2 and 3 h after car-
rageenan injection. Thus the edema volume in con-
trol group (V,) and edema volume in groups treated
with test compounds (V,) was measured and the per-
centage inhibition of edema was calculated using the
formula:

Anti-inflammatory activity (% inhibition) =
= [(V.-V)/V.]x100

where, V, = paw volume of control group, V, =
paw volume of test group.

Analgesic activity

Compounds which showed anti-inflammatory
activity above 70% of ibuprofen inhibition were
screened for analgesic activity. Analgesic activity
was done by acetic acid-induced writhing method
(29) at 20 mg/kg using ibuprofen as reference drug.
Swiss albino mice (25-30 g) of either sex were
divided into groups of six in each. A 1% aqueous
acetic acid solution (i.p. injection in a volume of 0.1
mL) was used as writhing induced agent. Mice were
kept individually in the test cage, before acetic acid
injection and habituated for 30 min. Screening of
analgesic activity was performed after p.o. adminis-
tration of test drugs at a dose of 20 mg/kg. Group I

was taken as control and received CMC suspension
only, group II received reference drug ibuprofen and
rest of the groups were treated with test drugs (20
mg/kg) suspended in 1.0% CMC orally. After 1 h of
drug administration, 0.10 mL of 1% acetic acid solu-
tion was given to mice intraperitoneally. Stretching
movements consisting of arching of the back, elon-
gation of body and extension of hind limbs were
counted for 5-15 min after acetic acid injection. The
analgesic activity was expressed in terms of per-
centage inhibition.
90 Analgesic activity = {(n - n’)/ n} x 100

where, n = mean number of writhes of control
group, n’ = mean number of writhes of test group.

Acute ulcerogenesis

Acute ulcerogenesis test was done according to
method of Cioli et al. (30). Albino rats (150-200 g)
were divided into different groups consisting of six
animals in each group. Ulcerogenic activity was
evaluated after p.o. administration of test com-
pounds or ibuprofen at the dose of 60 mg/kg.
Control rats received p.o. administration of vehicle
(suspension of 1% methylcellulose). Food but not
water was removed 24 h before administration of the
test compounds. After the drug treatment, the rats
were fed with normal diet for 17 h and then sacri-
ficed. The stomach was removed and opened along
the greater curvature, washed with distilled water
and cleaned gently by dipping in normal saline. The
mucosal damage was examined by means of a mag-
nifying glass. For each stomach the mucosal damage
was assessed according to the following scoring sys-
tem: 0.5: redness, 1.0: spot ulcers, 1.5: hemorrhagic
streaks, 2.0: ulcers > 3 but < 5, 3.0: ulcers > 5. The
mean score of each treated group minus the mean
score of control group was regarded as severity
index of gastric mucosal damage.

Lipid peroxidation

Lipid peroxidation studies were carried out as
a measure of damage to gastric mucosa. It was deter-
mined according to the method of Ohkawa et al.
(31). After screening for ulcerogenic activity, the
gastric mucosa were scraped with two glass slides
and 10% of that tissue was homogenized at 10,000
rpmin 1.8 mL of 1.15% ice-cold KCI solution. 1 mL
of suspension medium was taken from the super-
natant, 0.5 mL of 30% trichloroacetic acid (TCA)
followed by 0.5 mL of 0.8% thiobarbituric acid
(TBA) reagent were added to it. The tubes were cov-
ered with aluminium foil and kept in a shaking water
bath for 30 min at 80°C. After 30 min, tubes were
taken out and kept in ice cold water for 10 min.
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These were then centrifuged at 3000 rpm for 15 min.
The absorbance of supernatant was read at 540 nm
at room temperature against the blank on UV spec-
trophotometer.

The standard curve was used for estimating the
concentration of malondialdehyde (MDA) prepared
by using 1,1,3,3,-tetracthoxypropane. The results
are presented as nM MDA/mg of protein (Fig. 1).

Statistical analysis

Data were expressed as the mean * standard
error (S.E.) of the mean. For a statistical analysis of
the data, group means were compared by one-way
analysis of variance (ANOVA) with post hoc analy-
sis. The Tukey-Kramer test post hoc was applied to
identify significance among groups; p < 0.05 was
considered to be statistically significant.

RESULTS AND DISCUSSION

Chemistry

Eight new pyrazolo[3,4-b]quinolines (3a-h)
were synthesized as outlined in Scheme 1. The title
compounds were synthesized by refluxing 3-chloro-
quinoline-3-carbaldehyde (2a-d) with semicar-
bazide or 2,4-dinitophenylhydrazine with stirring in
water under microwave irradiation. The boiling
water under microwave irradiation behaves as
hydrophobic medium and helps to form homoge-
nous mass with reagents and accelerates the rate of
reaction. The synthesized compounds under
microwave irradiation give the same compound as

0.57
0.45
0.4 7
0.35
0.3
0.25
0.2
0.15
0.17
0.05

Absorbance

that of conventional method but with lesser time,
higher yield, free from impurities and eco-friendly-
economic condition.

In general, the IR spectral data of all the com-
pounds showed characteristic peaks around 3375,
3310 cm” for NH,, 1667 cm™ for C=0, 1610 and
1580 cm™ for C=N supports the formation of 1-car-
boxamido-pyrazolo[3,4-b]quinoline derivatives.
Similarly, characteristics peaks around 1618 and
1586 cm™ for C=N, 1524 and 1325 cm™ for NO, also
confirms the formation of 1-(2,4-dinitrophen-
yl)pyrazolo[3.,4-b]quinoline derivatives.

In '"H-NMR spectral data, all the compounds
showed characteristic peak at appropriate & values.
The structure of the compounds was further sup-
ported by mass spectral data. The synthesized com-
pounds gave M* peak in reasonable intensities.

Pharmacology

The in vivo anti-inflammatory activity of the
synthesized compounds was evaluated by
carageenan induced rat paw edema method as
described by Winter et al. (28). Ibuprofen was used
as a standard. Three of the eight tested compounds
showed statistically significant anti-inflammatory
activity. Compounds 3b, 3c and 3g have shown the
maximum percentage of anti-inflammatory activity
ie., 61.38, 67.07 and 63.41%, respectively. The
compound 3f, also showed promising anti-inflam-
matory activity.

The obtained pharmacological results revealed
that the 1-carboxamido-pyrazolo[3,4-b] quinoline

y = 0.0734x - 0.0047
R’ =0.9962

TEP (pg)

Figure 1. The standard curve for estimation of the concentration of malondialdehyde prepared by using 1,1,3,3,-tetracthoxypropane (TEP).

The results are presented as nM MDA/mg of protein
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Table 1. Anti-inflammatory and analgesic activity along with ulcerogenic and lipid peroxidation effect of the synthesized compounds 3a-h.
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6. "Relative to the standard (ibuprofen) and data were analyzed

*p < 0.05; **p < 0.01; **#p < 0.001. ‘Relative to their respective control and data were analyzed by one-way ANOVA followed by Tukey test for n

6. "Lipid peroxidation activity is expressed as nmoles of MDA / mg of protein

by one-way ANOVA followed by Tukey test for n

derivatives have better anti-inflammatory-
analgesic profile as compared to 1-(2,4-dini-
trophenyl)pyrazolo[3,4-b]quinoline deriva-
tives. Furthermore, the activity is higher in
case of substitution with negative hydrophobic
and electronic constants (methoxy substitu-
tion) as compared to that of the substitutions
with both positive or negative hydrophobic
and electronic constants; as was seen with the
methyl and chloro substitution. However, the
activity was found to decline in compounds
with no substitution.

Test compounds that exhibited above
75% of anti-inflammatory activity of ibupro-
fen (3b, 3c and 3g) were further evaluated for
their analgesic and ulcerogenic activity and
lipid peroxidation.

The compounds were evaluated for anal-
gesic effects using acetic acid induced
writhing method. The results of analgesic
activity (Table 1) indicated that compounds
3b, 3¢ and 3g showed 42.65, 44.35 and
47.09% protection against acetic acid-induced
writhings. The analgesic activity of com-
pounds followed same pattern as anti-inflam-
matory activity.

The tested compounds showed low
ulcerogenic activity ranging from 0.17 £ 0.11
to 0.34 £ 0.17 whereas the standard drug
ibuprofen showed high severity index of 0.92
+ 0.15. The maximum reduction in ulcero-
genic activity (0.17 £ 0.11) was found in the
compounds 3¢ and 3g. The LPO was measured
as nmoles of malondialdehyde (MDA)/mg of
protein. Ibuprofen exhibited high lipid peroxi-
dation 0.597 + 0.007 whereas control group
showed 0.239 + 0.002.

Thus, these compounds showed superior
GI safety profile along with reduction in LPO
in comparison with ibuprofen. Results are pre-
sented in Table 1.

As our interest was to develop pyrazole
derivatives as safer anti-inflammatory and
analgesic agents using eco-friendly and eco-
nomic method, the synthesized compounds
were found potent as anti-inflammatory and
analgesic agent with lesser GI irritation.
Compound 3¢ was found to be most active
potent anti-inflammatory and analgesic agent.

CONCLUSION

Title compounds were successfully syn-
thesized by following Scheme 1. The devel-



Microvawe assisted one pot synthesis of some pyrazole derivatives... 441

oped one-pot microwave assisted synthesis provides
a safe, economic and convenient synthetic route for
bioactive pyrazolo[3,4-b]quinolines.

The pharmacological evaluation showed that
the compounds are good at inhibiting edema
induced by carrageenan and also showed prominent
analgesic activity with lesser GI toxicity as indicat-
ed by severity index and LPO values.

Among the newer derivatives, it can be con-
cluded that compound 3¢ can be taken as lead to
develop safer anti-inflammatory analgesic agents. It
is conceivable that these derivatives could be further
modified to develop potent and safer anti-inflamma-
tory and analgesic agents. Further studies to acquire
more information about quantitative structure-activ-
ity relationship (QSAR) are in progress in our labo-
ratory.

REFERENCES

1. Chibale K., Moss J.R., Blackie M., Schalkwyk
D., Smith P.J.: Tetrahedron Lett. 41, 6231
(2000).

2. Mahajan A., Yeh S., Nell M., Rensburg C.E.J.,
Chibale K.: Bioorg. Med. Chem. Lett. 17, 5683
(2007).

3. Raghavendra M., Naik S.H.B., Sherigara B.S.:
J. Sulfur Chem. 27, 347 (2006).

4. Nandeshwarappa B.P., Aruna Kumar D.B.,
Bhojya Naik S.H., Mahadevan K.M.: J. Sulfur
Chem. 26, 373 (2005).

5. Gholap A.R., Toti K.S., Shirazi F., Kumari R.,
Bhat M.K., Deshpande M.V., Srinivasan K.V.:
Bioorg. Med. Chem. 15, 6705 (2007).

6. Rossiter S., Peron J., Whitfield P.J., Jones K.:
Bioorg. Med. Chem. Lett. 15, 4806 (2005).

7. Bernotas R.C., Singhaus R.R., Kaufman D.H.,
Ullrich J., Fletcher 1.H., Quinet E., Nambi P.,
Unwalla R., Wilhelmsson A., Nilsson A.G.,
Farnegardh M., Wrobel J.: Bioorg. Med. Chem.
17, 1663 (2009).

8. Cai Z., Zhou W., Sun L.: Bioorg. Med. Chem.
15, 7809 (2007).

9. Jin H.G., Sun X.Y., Chai K.Y., Piao H.R., Quan
Z.S.: Bioorg. Med. Chem. 14, 6868 (2006).

10. Chen Y.L., Chen LL., Lu C.M., Tzeng C.C.,
Tsao L.T., Wang J.P.: Bioorg. Med. Chem. 11,
3921 (2003).

11. El-Gazzar A.B.A., Hafez H.N., Nawwar
G.A.M.: Eur. J. Med. Chem. 44, 1427 (2009).

12. Dzimbeg G., Zorc B., Kralj M., Ester K.,
Pavelic K., Andrei G., Snoeck R., Balzarini J.,
Clercq E.D., Mintas M.: Eur. J. Med. Chem.
43(6), 1180 (2008).

13. Heiniger B., Gakhar G., Prasain K., Hua D.H.,
Nguyen T.A.: Anticancer Res. 30, 3927 (2010).

14. Warshakoon N.C., Sheville J., Bhatt R.T., Ji
W., Jose LM.A., Kenneth M.M., Nick K., John
W.A., Mitchell C., Paris J.L., Pinney B.B.,
Reizes O., Hu X.E.: Bioorg. Med. Chem. Lett.
16, 5207 (2006).

15. Catherine M.O., Gary M.G.: Am. Fam.
Physician 65, 455 (2002).

16. Grayo S., Join-Lambert O., Desroches M.C., Le
Monnier A.: Antimicrob. Agents Chemother.
52, 1697 (2008).

17. Tanitame A., Oyamada Y., Ofuji K., Erauchi
K., Kawasaki M., Wachi M., Yamagichi J.:
Bioorg. Med. Chem. 4299 (2005).

18. Udupi R.H., Bhat A.D.: Indian J. Heterocycl.
Chem. 7, 217 (1998)

19. Faurun C., Turin M.G., Pourrias B.: Chemical
Abstracts 84, 59477Y (1976).

20. Peter C., Peter H., Paul S.: Chemical Abstracts
126, 74745P (1997).

21. Smirnoff P., Crenshaw R.R.: Antimicrob.
Agents Chemother. 11, 571 (1977).

22. Senniappan T.S., Vetrivel N., Sellappan M.,
Raju S., Manoharan H.: Bioorg. Med. Chem.
14, 3896 (2006).

23. Rajendran S.P., Manomani M., Vijyalakshmi
S.: Org. Prep. Proc. Int. 26, 384 (1994).

24. Vetrivel N., Senniappan T.S.: Der Pharma
Chemica 2(5), 315 (2010)

25. Jyotirling R.M., Umesh R.P., Dhanaji V.J,,
Ramrao A.M.: Tetrahedron Lett. 51, 3890
(2010).

26. Dallinger D., Kappe C.O.: Chem. Rev. 107,
2563 (2007).

27. Kidwai M., Negi N.: Monats. Chem. 128, 85
(1997).

28. Winter C.A., Risley E.A., Nus G.N.: Proc. Soc.
Exp. Biol. 111, 544 (1962).

29. Seigmund E., Cadmus R., Lu G.: Proc. Soc.
Exp. Biol. 95, 729 (1957).

30. Cioli V., Putzolu S., Rossi V. P.: Toxicol. Appl.
Pharmacol. 50, 283 (1979).

31. Ohkawa H., Ohishi N., Yagi K.: Anal.
Biochem. 95, 351 (1979).

Received: 18. 05. 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


