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ABSTRACT

Eco-friendly montmorillonite K-10 reusable catalyst mediated three-component reaction in aqueous and organic
medium at room temperature has been developed for the synthesis of dihydropyrano[ 2,3-c] pyrazole derivatives and
studied their biological properties. The compounds 4d, 4¢c and 4h showed excellent antioxidant activity. All the
compounds exhibited higher antibacterial activity towards Gram-negative Escherichia coli bacteria. The compound
4f exhibited antifungal activity almost equal to the standard drug.
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INTRODUCTION

Designing organic reactions in aqueous media ish@n@ttractive area in green chemistry [1]. Waen abundant
and environmentally benign solvent. A number ofsla reactions which were carried out strictly unalehydrous
conditions, in hazardous and toxic organic solverds also be carried out in water with properafseatalysts and
reaction conditions. Multi-component reactions (MJRre those reactions in which three or more agégtreact
together to give the product in a single step ursigtable reaction conditions [2]. MCRs offer thdvantage of
simplicity and synthetic efficiency over conventbrreactions. The MCRs have the additional advastagf
selectivity, synthetic convergency and atom econ@hyMCRs which are carried out in water as a roedpffer
better environmental protection, hence, are comsti@s clean and green reactions. 2-Pyrones and ftised
derivatives have attracted a great deal of intatastto their wide range of biological activities-p]. In addition,
pyrazoles act as core nucleus in various drugstaldbkeir activities such as antidiabetic anti-tumantipyretic,
anti-inflammatory, anti-hypertensive and antidepagg agents [10-15]. It was thought worthwhile ambine both
pharmacophoric groups in one molecular frame [1§—R$ranopyrazoles are an important class of heyetm
compounds. They find applications as pharmaceutiedients and biodegradable agrochemicals [2Z4-Td&e
first reported pyranopyrazole was synthesized ftbm reaction between 3-methyl-1-phenylpyrazolinfg-and
tetracyanoethylene [24]. Various 6-amino-5-cyanarl-4H-pyrazolo[3,4-b]pyrans were synthesized e t
reaction of arylidienemalononitrile with 3-methyhaygoline-5-ones or by the condensation of 4-
arylidienepyrazoline-5-one with malononitrile [2%)ihydropyrano[2,3-c]pyrazole derivatives have venportant
biological activities such as antimicrobial [18]pséecticidal [19] and anti-inflammatory [20]. Furthreore
dihydropyranol[2,3-c]pyrazoles showed molluscicidefivity [27,28]. We report herein, an alternatjwetocol for
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the three-component synthesis of dihydropyranofd;§razoles in the presence of montmorillonite K-49€ a
catalyst in water & ethanol and studied their atitiant and antimicrobial biological assays.

MATERIALS AND METHODS

1. General

Melting points were measured on an Electrotherri@D%pparatus and were uncorrected. IR spectraneeoeded
on an FTIR spectrometer (KBr) and reported in nexipl centimeters (cm-1). NMR spectra were recorfded H
NMR at 300MHz, 500MHZ and for 13C NMR at 75MHz. Fidi NMR, tetramethylsilane (TMS) served as internal
standardd = 0) and data were reported as follows: chemia#, sSntegration, multiplicity (s = singlet, d =odblet,

t= triplet, g =quartet, m = multiplet, br = broadhnd coupling constant in Hz. For 13C NMR, CDQ3=(77.27)
was used as internal standard and spectra weréenethtavith complete proton decoupling. HRMS datareve
obtained using Electrospray ionization (ESI) iotima The compound 3 was prepared as per litergitmeedure
[29].

1.1. Typical procedure for the preparation of 2,4-thydropyrano[2,3-c]pyrazole derivatives (4a-n)
Phenyl-H-pyrazol-5(4)-one (1.0 mmol)§) was added to a magnetically stirred mixture ohtnmrillonite K 10
(2.0 mmol), substituted aromatic aldehyda)((1.0 mmol) and malononitril€) (1.0 mmol) in water-ethanol (2:1)
solvent at room temperature. The mixture was stitnatii completion of reaction (5-9 h), diluted iéthyl acetate
(EtOAc) and filtered through a plug of cotton. Teparate EtOAc solvent and was concentrated underuva to
afford pyranopyrazole derivative. The cotton pluntaining the catalyst was dipped into EtOAc (10)ntL a
beaker when the montmorillonite K 10 settled dowrhe bottom of the beaker. The cotton was remaretithe
EtOAc decanted off. The recovered catalyst aftendeair dried and treated at 10C for 2 h under reduced
pressure. Then again reused this catalyst.

1.1.1. 6-amino-3-methyl-4-p-tolyl-2,4-dihydropyrano[ 2,3-c] pyrazole-5-carbonitrile (4a).
CH3

CN

=

HN |

\

N~ "O" 'NH,

Off white solid. Mp: 212215 °C;IR wmax (KBr): 1033, 1129, 1218, 1252, 1384, 1494, 1592, 1638623106,
3258 cn'; 'H NMR (300 MHz, CDC}+ DMSO-dg: dy (ppm) 2.02 (s, 3H, CH), 2.47 (s, 3H, Ar-Ch), 4.73 (s, 1H,
4H), 5.53 (s, 1H, Nb), 7.24-7.60 (d, 4H, Ar-H), 11.66 (s, 1H, NHFC NMR (75 MHz, CDCk+DMSO-dg): dc
(ppm) 9.6, 20.5, 35.7, 57.3, 97.6, 117.1, 120.6,.42128.8, 135.4, 141.3, 154.6, 160.dRMS (ES) calcd for
C1sH1sN4O (M + H)'267.12404 founan/z 267.12351.

1.1.2. 6-amino-4-(3-hydroxyphenyl)-3-methyl-2,4-dihydropyranol 2,3-c] pyrazol e-5-carbonitrile (4b).
OH

CN

HN |
N O NH,
Yellow solid. Mp: 256-258 °C;IR vmax (KBr): 1046, 1400, 1481, 1588, 1646, 2174, 3157, 3358; ¢hh NMR
(300 MHz, CROD-d4: dy (ppm) 1.88 (s, 3H, CH), 4.5 (s, 1H, #), 6.59-6.71 (m, 3H, Ar-H), 7.09-7.15 (t, 1H, Ar-
H), **C NMR (75 MHz, CDOD-d,): dc (ppm) 10.0, 38.0, 82.3, 110.8, 115.1, 115.6, 12021..9, 130.5, 138.3,
146.9, 148.4, 158.8, 160.44RMS (ES) calcd for G4H130,N4 (M + H)*269.10330 foundz 269.10296.
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1.1.3. 6-amino-4-(4-methoxy-3-methyl phenyl)-3-methyl-2,4-dihydropyrano[ 2,3-c] pyrazol e-5-carbonitrile (4c).
3
CHj

CN

zZ
N/

(@]
-~ =

H
N~ 07 “NH,
Yellow solid. Mp: 212-215 °C;IR vma (KBr): 1056, 1414, 1493, 1606, 1653, 2190, 3164, 339¢%; ¢hh NMR
(300 MHz, DMSO#s: oy (ppm) 1.21 (s, 3H, C¥), 1.51 (s, 3H, Ck), 3.16 (s, 3H, -OCHJ, 3.83 (s, 1H, H), 5.32 (s,
2H, NH,), 6.10-6.12 (d, 1H, Ar-H), 6.26 (s, 1H, Ar-H), 8:8.36 (d, 1H, Ar-H), 11.11(s, 1H, NH)*C NMR (75
MHz, CDCk + DMSOdg): dc (ppm) 9.6, 15.9, 38.5, 54.8, 58.3, 97.5, 109.2).1,2125.6, 129.2, 135.3, 135.5,
155.9, 160.4HRMS (ES) calcd GgH170,N, (M + H)"297.13460 foundn/z 297.13396.

1.1.4. 6-amino-4-(3,4-dimethoxyphenyl)-3-methyl-2,4-dihydr opyrano[ 2,3-c] pyrazol e-5-carbonitrile (4d).
Hs
OCHj,

CN
H

z
i\ /E

o

_ (@]

N O NH,
White solid. Mp: 235-238 °C; IR vpax (KBr): 1024, 1134, 1218, 1395, 1498, 1590, 1642, 2131223122,
3737cni; 'H NMR (300 MHz, DMSO#ds: 9y (ppm) 1.37 (s, 3H, CY), 3.32-3.35 (s, 6H, -20GH 4.04 (s, 1H, H),
5.27 (s, 2H, NH), 6.26-6.34 (t, 2H, Ar-H), 7.11 (s, 1H, Ar-H), 22. (s, 1H, NH),*C NMR (75MHz, CDC} +
DMSO-): dc (ppm) 9.5, 35.8, 55.2, 58.8, 96.9, 110.2, 11049.4, 120.3, 135.7, 147.2, 148.2, 154.5, 160.0
HRMS (ES) calcd for GgH1705N, (M + H)*313.12952 founavz 313.12901.

1.1.5. 6-amino-3-methyl-4-(4-nitrophenyl)-2,4-dihydropyrano[ 2,3-c] pyrazol e-5-carbonitril e (4€).
2

CN
H

=z
i\ /S

4

_ (@)

N~ 07 “NH,
white solid.Mp: 263-265 °C;IR vmay (KBr) : 1048, 1350, 1401, 1515, 1592, 1647, 2194, 30881 33474cril; *H
NMR (300 MHz, DMSO¥€: 6, (ppm) 1.42 (s, 3H, C4), 4.30 (s, 1H, W), 5.47-5.53 (s, 2H, N§J, 6.92-7.00 (d, 2H,
Ar-H), 7.73-7.78 (d, 2H, Ar-H), 11.44 (s, 1H, NHJC NMR (75MHz, DMSOék): 5 (ppm) 9.6, 35.7, 55.8, 96.4,
120.3, 123.7, 128.7, 135.7, 146.2, 151.9, 154.8,061RMS (ES) calcd for GsH;,0sNs (M + H)"298.09347
foundm/z 298.09296.

1.1.6. 6-amino-4-(4-chlorophenyl)-3-methyl-2,4-dihydr opyrano[ 2,3-c] pyrazol e-5-car bonitril e (4f).
Cl

CN

zZ
;\ /S

H
N~ ~0” “NH,
Yellow solid. Yellowish solid.Mp: 160-164 °C;IR vmax (KBr): 1089,1149, 1214, 1296, 1518, 1656, 2310,
3737cmt; 'H NMR (300 MHz, DMSO#ds: dy (ppm) 1.90 (s, 3H, C¥), 3.88-3.94 (d, 1H, H), 4.71-4.75 (d, 1H,
NH), 6.62-6.72 (m, 4H, Ar-H)}3C NMR (75 MHz, DMSO#): dc (ppm) 9.5, 16.9, 48.7, 97.4, 112.5, 128.3, 128.5,
133.0, 137.1, 138.7, 159.4RMS (ES") calcd for G,H1,0N,Cl (M + H)"287.06942 founaz 287.06885.
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1.1.7. 6-amino-3-methyl-4-phenyl-2,4-dihydropyrano[ 2,3-c] pyrazole-5-carbonitrile (4g).

CN
H

=z
i\ /S

N~ ~O” “NH,

white solid.Mp: 174-178 °C;IR vmax (KBr) : 1063, 1160, 1216, 1293, 1519, 1656, 2311, 338366m"; 'H NMR
(300 MHz, DMSO#: dy (ppm) 1.78 (s, 3H, C4), 3.96-4.01 (d, 1H, NH), 4.93-4.96 (s, 1H{)46.98-7.02 (m, 2H,
Ar-H), 7.16-7.23 (m, 3H, Ar-H)**C NMR (75MHz, CDCL + DMSO«s): 6c (ppm) 9.5, 26.8, 42.4, 48.6, 97.9,
112.7, 127.2, 127.4, 128.3, 138.5, 159.4, 1.7MRMS (ES) calcd for G4H:15N,O (M + H)" 253.10839 foundz
253.10792 (M + H).

1.1.8. 6-amino-4-(4-methoxyphenyl)-3-methyl-2,4-dihydropyrano[ 2,3-c] pyrazole-5-carbonitrile (4h).
OCHj3

CN
H

=z
i\ /E

N~ 07 “NH,

Pale Yellowish solidMp: 170-175 °C;IR vmax (KBr): 1013, 1175, 1270, 1504, 1553, 2214, 2309, 3737¢kh
NMR (300 MHz, DMSO€: 64 (ppm) 2.00 (s, 3H, C¥), 3.69 (s, 3H,Ar-OCh), 4.15-4.20 (d, 1H,H), 5.12-5.21 (t,
1H, NH), 6.74-6.78 (d, 2H, Ar-H), 7.32-7.35 (d, 2&-H), *C NMR (75 MHz, CDC} + DMSO-dg): 5 (ppm) 9.5,
27.1, 41.8, 55.3, 98.2, 113.5, 114.5, 123.6, 12830.8, 133.0, 138.3, 159.3, 164HRMS (ES) calcd for
CisH15N,O4 (M + H)*283.11895 founavz 283.11851.

1.1.9. 6-amino-3-methyl-4-(3-nitrophenyl)-2,4-dihydropyrano[ 2,3-c] pyrazole-5-carbonitrile (4i).

O,

CN
H

z
i\ /E
~ Z

N~ S0 "NH,

white solid.Mp: 248-250 °C;IR vpax (KBr): 1045, 1167, 1349, 1401, 1519, 1597, 1651, 2198933216, 3742
cm?; 'H NMR (300 MHz, DMSOdg: dy (ppm) 1.27 (s, 3H, C§), 4.17 (s, 1H, 4), 5.55-5.63 (s, 2H, Np), 6.96-
7.10 (m, 2H, Ar-H), 7.44-7.57 (t, 2H, Ar-H}°C NMR (75 MHz, CDC} + DMSO<dg): dc (ppm) 9.5, 36.0, 57.1,
95.8, 119.9, 121.4, 121.7, 129.0, 133.5, 135.5,714B17.7, 154.5, 160.6{RMS (ES) calcd for GsH1,0:Ns (M +
H)*298.09347 foundn/'z 298.09279.

1.1.10. 6-amino-4-(3,4-dihydroxyphenyl)-3-methyl-2,4-dihydropyrano[ 2,3-c] pyrazol e-5-carbonitrile (4j).
OH

OH

CN

=z
i\ /S

H
N~ 0" “NH,
Pale yellow solidMp: 184-187 °C;IR vy (KBr): 1049, 1108, 1215, 1275, 1404, 1489, 1592, 1642423162,
3738cnt; *H NMR (300 MHz, DMSO#dg: 6,4 (ppm) 1.82 (s, 3H, CH, 3.62 (s, 1H, W), 5.25 (s, 2H, NK), 6.73-
6.93 (m, 3H, Ar-H),"*C NMR (75 MHz, DMSOd): Jc (ppm) 9.6, 35.5, 45.6, 57.8, 98.0, 114.4, 11518.1,
120.7, 135.3, 143.9, 145.0, 154.5, 1604RMS (ES) calcd for G4H.50:N, (M + H)'285.09822 foundwz
285.09790.
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1.1.11. 6-amino-4-(2-hydroxyphenyl)-3-methyl-2,4-dihydr opyr ano[ 2,3-c] pyrazole-5-carbonitrile (4k).

OH
CN

%

HN
N~ ~O” "NH,
white solid.Mp: 228-230 °C;IR vyax (KBr): 1041, 1177, 1401, 1490, 1601, 1647, 2193, 31364 33394cni; *H
NMR (300 MHz, DMSO#ds: 6 (ppm) 2.00 (s, 3H, Ck), 4.76 (s, 1H, H), 5.62 (s, 2H, NH), 6.90-7.18 (m, 4H, Ar-
H), 7.59 (s, 1H, NH)*C NMR (75 MHz, DMSO#s): dc (ppm) 9.7, 28.5, 54.9, 104.8, 115.4, 120.7, 128241,
127.4, 128.8, 136.4, 148.3, 158.9, 160.BIRMS (ES") calcd for G4H130:N4 (M + H)"269.10330 foundwz
269.10260.

1.1.12. 6-amino-3-methyl-4-(2-nitrophenyl)-2,4-dihydropyrano[ 2,3-c] pyrazole-5-carbonitrile (41).

NO,
CN

=z
i\ /S

H
N~ 0" “NH,
Pale yellow solidMp: 238-240 °C;IR vmayx (KBr): 1124, 1215, 1304, 1356, 1519, 1653, 2311, 29087&8"; 'H
NMR (300 MHz, CDC}+ DMSOs: oy (ppm) 2.02 (s, 3H, CH), 5.15-5.30 (t, 3H, d + NH,), 7.26-7.30 (m, 1H,
Ar-H), 7.47-7.98 (m, 3H, Ar-H)*C NMR (75 MHz, DMSO#): dc (ppm) 9.6, 27.2, 48.3, 96.6, 113.3, 124.4,
129.0, 129.5, 132.0, 133.1, 138.5, 148.8, 159.8,60 HRMS (ES) calcd for G4H;.NsO; (M + H)'298.09347
foundnvz 298.09309.

1.1.13. 6-amino-3-methyl-4-(pyridin-3-yl)-2,4-dihydropyrano 2,3-c] pyrazol e-5-carbonitrile (4m).
=N
| =

— CN
N ||

N~ 0" “NH,
white solid.Mp: 246-248 °C;IR vmax (KBr): 1053, 1152, 1184, 1224, 1259, 1404, 1534, 1658623349, 3414,
3445¢cm; 'H NMR (300 MHz, CROD-dg: 0y (ppm) 1.87 (s, 3H, CH, 4.74 (s, 1H, H), 7.41-7.46 (t, 1H, Ar-H),
7.64-7.70 (d, 1H, Ar-H), 8.43-8.46 (d, 2H, Ar-H3C NMR (75 MHz, CDOD-d,): dc (ppm) 10.0, 35.3, 58.2, 79.5,
98.2, 121.4, 125.6, 137.8, 138.2, 141.8, 148.9.5,4156.7, 163,0HRMS (ES) calcd for GsHi,0Ns (M +
H)*254.10364 foundvz 254.10311.

5.1.1.14.6-amino-4-(4-fluor ophenyl)-3-methyl - 2,4-dihydr opyrano[ 2,3-c] pyrazole-5-carbonitrile (4n).
F

CN

AN ||
N O” 'NH,
white solid. Mp: 242-244 °C;IR vgax (KBr): 1050, 1157, 1223, 1397, 1494, 1592, 1643, 219363 3225,
3477cni; *H NMR (300 MHz, DMSOdg: dy (ppm) 1.43 (s, 3H, C¥, 4.18 (s, 1H, M), 5.30-5.32 (s, 2H, N},
6.54-6.61 (g, 2H, Ar-H), 6.73-6.79 (t, 2H, Ar-H)23C NMR (75 MHz, CDC} + DMSOds): c (ppm) 9.4, 26.3,
35.5, 59.0, 96.7, 114.4, 114.6, 119.9, 128.5, 135%3B.8, 160.0 HRMS (ES) calcd for G4H,ON,F(M +
H)"271.09897 foundn/z 271.09844.

2. Biological assays

2.1. DPPH radical scavenging activity. The hydrogen atom or electron donation ability loé ttompound was
measured from the bleaching of the purple coloumethanol solution of 2, 2- diphenyl-1-picrylhydraZlPPH)
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[30,31]. This spectrophotometric assay uses tH#estadical DPPH as a reagent. 1mL of various cotnagons of
the compound (25, 50, 75 and 100ug/mL) in metharese added to 4 mL of 0.004% (w/v) methanol sohutid
DPPH. After a 30 minutes incubation period at raemperature, the absorbance was read against &t&ik nm.
Along with test compounds, a standard ascorbic a@d analyzed in the same concentration. The pexfen
inhibition (I %) of free radical production from PP was calculated by using the following equation.

1% = [(A control — A of sample / A control)] x 100.

where Acontrol is the absorbance of the controttiea (containing all reagents and Ascorbic ackBample is the
absorbance of the test compound (containing ajeets and test compound) and Ablank is the absoebahthe
blank (containing only reagents).

2.2. Nitric oxide (NO) scavenging activity. Nitric oxide scavenging activity was measured highilymodified
methods of Green et al. [32] and Marcocci et aB].[Nitric oxide radicals (NO) were generated framdium
nitroprusside. One milliliter of sodium nitroprudsi(10 mM) and 1.5 mL of phosphate buffer saling (@, pH 7.4)
were added to different concentrations (25, 50,ars, 100 mg/mL) of the test compounds and incubate2b°C

for 150 min. After incubation, 1 mL of the reactianixture was treated with 1 mL of Griess reagent
(1%sulfanilamide, 2% HPO,, and 0.1% naphthylethylenediamine dihydrochloridEhe absorbance of the
chromatophore was measured at 546 nm. Ascorbicveasdused as standard. Nitric oxide scavengingipctvas
calculated by the following equation

1% = [(A control — A of sample / A control)] x 100.

where Acontrol is the absorbance of the controttiea (containing all reagents and Ascorbic ackBample is the
absorbance of the test compound (containing ajeeis and test compound) and Ablank is the absoebahthe
blank (containing only reagents).

2.3. Hydrogen peroxide (H,O,) scavenging activity. The HO, scavenging ability of the test compound was
determined according to the method of Ruch et34].[A solution of HO, (40 mM) was prepared in phosphate
buffer (pH 7.4). 25, 50, 75, and 100 mg/mL concaitns of the test compounds in 3.4 mL phosphatiebwere
added to HO, solution (0.6 mL, 40 mM). The absorbance valuehef reaction mixture was recorded at 230 nm.
The percent of scavenging of®} was calculated by the following equation

1% = [(A control — A of sample / A control)] x 100
where Acontrol is the absorbance of the controttiea (containing all reagents and ascorbic addpgmple is the

absorbance of the test compound (containing aieeis and test compound) and Ablank is the absoebahthe
blank (containing only reagents).
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Table. 1 Substitutions, time and yields of the prodcts 4a—n

S.No Aromatic aldehydes (1) Products (4a-n) Time(h) Yield(%)
NC  NH,
a H3C‘QCHO H4C o 8 75
N
NN
H
HO HO NC NH,
— 7 78
e ;
N
NN
H
HaC HsC NC  NH,
c H@O@CHO H,CO o) 7 80
]\
N,N
H
HaC HsCO NC  NH,

Q
d H@O@»CHO

OZNQCHO O:N
f
o Do
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h H300~©~CH0 H,CO 0 7 75

OzN NC  NH,

O,N
. - 6 77
D :
Y
N
H
HO HO  NC  NH,
T
N
H
NC  NH,
k <::2>—CH0 0 7 76
T
OH
OH N
H
NG NH,
NO NO
2 \N,NH
N
NC  NH,
- 7 82
n F—<<::>—CHO F 0
T
N
H
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Table 2.1n vitro antioxidant activity of compounds 4a—n by DPPH métod

Compouni 25 pg/ml | 50 pg/ml | 75 pg/ml | 100 pg/ml
4a 36.05 40.11 58.41 64.09
4b 24.19 34.70 48.12 52.44
4c 40.71 46.24 65.71 70.05
4d 41.23 49.57 67.21 73.15
4e 6.17 9.51 11.0z 14.11
4f 14.1% 21.2¢ 29.7( 31.6¢
4g 20.91 29.32 36.11 47.20
4h 38.61 42.54 60.92 67.15
4 04.91 07.24 10.62 12.87
4 35.43 40.01 56.24 60.72
4k 30.27 36.72 51.08 57.04
4 3.2¢ 5.0¢ 8.4¢ 10.1¢
4m 19.15 24.20 30.15 41.23
4n 08.10 11.34 15.71 18.11

Ascorbic Acid 42.0 54.0 68.0 76.0

Table 3.1n vitro antioxidant activity of compounds 4a—n by NO methd

Compound 25ug/my 50 pg/mL 75 pg/mL 100 pg/mL

4a 40.53 43.19 60.22 63.01
4b 29.50 36.75 50.97 55.41
4c 45.22 52.34 65.92 72.54
4d 48.7¢ 59.2] 69.0¢ 76.1¢
4e 10.1¢ 13.2¢ 21.4¢ 29.71
Af 18.67 24.13 31.28 40.91
4g 24.91 30.18 43.56 51.28
4h 42.08 47.28 61.70 69.25
4i 07.11 11.84 15.48 22.47
4 38.4% 41.1% 58.41 60.12
4k 33.3¢ 38.0¢ 53.1¢ 58.2:
41 04.48 08.57 15.42 21.10
4m 20.06 26.41 34.78 45.11
4n 14.54 19.71 26.40 34.18

Ascorbic Acid 51.15 62.43 71.62 83.08

Table 4.1n vitro antioxidant activity of compounds 4a—n by HO, method

Compouni 25 ug/ml | 50 pg/ml | 75 pg/ml | 100 pg/ml
4a 21.82 31.56 45.03 64.17
4b 18.56 29.53 43.10 59.25
4c 23.93 34.41 52.08 69.46
4d 24.76 36.35 58.95 70.68
4e 07.64 11.4% 17.9¢ 25.2¢
4f 13.4¢ 19.5 25.1¢ 38.4i
4g 16.14 26.04 38.69 44.05
4h 22.45 32.80 49.26 68.24
4 05.25 09.01 14.79 21.46
4 20.63 31.46 47.92 65.09
4k 19.64 29.95 43.51 58.93
4 02.22 08.41 11.37 17.84
4m 15.1 22.35 34.07 42.86
4n 10.87 16.70 21.38 32.51
Ascorbic Acid 46.39 65.36 77.34 85.21
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Table 5.1n vitro antibacterial activity of compounds 4a-n

Compound Zone of inhibition (in mm) at conc. 200 pg/mL afgt h
code B. subtilis S aureus E. coli P. vulgaris
(ATCC-6633) | (ATCC-19433) | (ATCC-8739) | (ATCC-29213)

4a 15.94 17.28 19.37 18.15
4b 03.36 06.50 7.45 5.22
4c 09.5% 11.9¢ 12.47 10.2¢
4d 11.37 12.86 14.70 10.91
de 14.22 16.04 18.65 15.47
4f 24.13 26.57 28.00 22.45
4g 20.03 21.56 23.78 17.64
4h 06.88 09.67 10.34 09.10
4i 22.52 25.1¢ 26.47 21.7¢
4 05.46 07.19 08.28 06.30
4k 19.24 20.37 20.01 16.57
41 12.08 14.89 16.45 15.09
4m 21.49 23.85 24.18 19.04
4n 22.01 24.11 25.64 20.95

Ciprofloxacin 25.52 27.0¢ 29.7¢ 23.1¢

Table 6.1n vitro antifungal activity of compounds 4a—n

Zone of inhibition (in mm) at conc. 200 pg/mL
Compound after 72 h
code A. niger A. flavus
(MTCC-1881) (MTCC-1884)

4a 15.01 18.24

4b 10.54 11.07

4c 03.92 06.29

4d 06.32 09.11

de 19.71 20.11

Af 25.15 27.91

4g 17.74 19.63

4h 13.63 15.32

4 22.54 22.16

4 23.42 25.75

4k 14.52 17.09

4l 19.71 21.34

4m 08.00 09.57

4n 22.00 23.14
Ketoconazole 25.49 28.05

2.3. Antimicrobial activity

Preparation of test samples. The test solutions of the samples were preparatinrethylformamide (DMF). The
antibiotics: Ciprofloxacin was used as standardafuibacterial screening and Ketoconazole was aselstandard
for antifungal screening. The antibacterial staddaas dissolved in sterile distilled water. Theifangal standard
was dissolved in buffered 70% propanol.

2.3.1. Antibacterial screening test. The antibacterial activity of the synthesized coommis 4a—nwere studied
against different Gram-positiv&84cillus subtilis (ATCC 6633),Saphylococcus aureus (ATCC 19433)] and Gram-
negative Escherichia coli (ATCC 8739),Proteus vulgaris (ATCC 29213)]. For detection of antibacterial waityi
the filter paper disc diffusion method [35] was doyed. Nutrient agar (NA) was used as the basaliunedor test
bacteria. These agar media were inoculated withm.%f the 24 h liquid cultures containing 1¥1dlls/mL. The
diffusion time was 24 h at 5 °C and the incubatiore was 12 hr at 37 °C for bacteria. Discs witly@MSO were
used as control. The diameter (in mm) of the olex®rwnhibition zones were taken as a measure obiiahny
activity.

2.3.2. Antifungal screening test. The antifungal activity of the synthesized compauha-nwere evaluated towards

two plant pathogenic and mold fungiz., Aspergillus niger (MTCC 1881) andAspergillus flavus (MTCC 1884).
The antifungal activity was assessed by poisoned technique [36] with some modifications. PotatexiDose
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agar (PDA) was used as basal medium for test fudlgiss petri dishes were sterilized and 15 mL efilsed
melted PDA medium (~ 45 °C) was poured into ead¢h dish (90 mm). After solidification of the medtusmall
portions of mycelium of each fungus were spreadfally over the center of each PDA plate with thephof
sterilized needles. Thus each fungus was transfeimea number of PDA plates. The PDA plates weenth
incubated at (25 + 2 °C) and after five days ofibation they were ready for use. The prepared ditest samples
were placed gently on the solidified agar platestity seeded with the test organisms with steoiteeips. Control
discs were also placed on the test plates to cartpareffect of solvents, respectively. The platese then kept in
a refrigerator at 4 °C for 24 h in order that thatenials had sufficient time to diffuse to a coesable area of the
plates. Afterwards the plates were incubated & S2Z.for 72 h.

RESULTS AND DISCUSSION

Chemistry

In our interest towards the exploitation of montithonite K-10 as a catalyst in organic synthesisl aeveloped
new synthetic rout. Herein, we wish to report a-poe multicomponent synthesis of highly substitupsdidines.
Experimental protocol was simple and has been waetliecoy the reaction of electron donating or electro
withdrawing, mono and di functional groups at difiet positions in aromatic aldehydds{n), malononitrile ),
and 3-methyl-H-pyrazol-5(4H)-one @) using montmorillonite K-10 in agueous and etham@dium at room
temperature (Scheme 1). It was found that, varengsnatic aldehydes containing electron donatinglectron
withdrawing functional groups at different positiodid show a difference in the reaction time b tfelds of
products were almost same (Tablel&:n). But, the presence of electron with drawing ngroup in aromatic ring
at Ortho, Para and Meta shows variations sligitlyields which was negligible. Ortho nitro subdti aldehyde
shows negligible higher yield than the correspogdieta and Para substituted aldehydes, even reatitie also
less. This may be due to presence of nitro grouprtio easily condensed with malononitrile comparether.
Thus, we have demonstrated a simple, efficient,andvel one-pot three-component protocol for thetesis of
some new pyranopyrazole derivatives in water aacetethanol using montmorillonite K-10 as a readifgilable,
inexpensive, and efficient catalyst involves enwimentally friendly procedure. The advantages offeog this
method were simple reaction condition, short reactime, ease of product isolation, and excelléaldg without
using chromatography techniques. All the synthesigempounds were characterized by IR, NMR and HRMS
analysis.

Scheme 1. One-pot synthesis of pyranopyrazole deatives

O

0]
AP CHen), /L_fq\H
N

la-n 2 3

Scheme 10ne-pot synthesis of Pyranopyrazole Derivatives

Biological results

1. Antioxidant activity

The compoundda—n were tested for antioxidant property by 2,2',-@ipyl-1-picrylhydrazyl (DPPH), nitric oxide
(NO) and hydrogen peroxide £8,) methods. The observed data on the antioxidantitycdbf the compounds and
control drug were shown in Tabl@s4. The aim of this study was to identify the potahtieterocyclic compound
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for antioxidant activity. We observed that subsiitn effect means electron donating and with drawgnoups
present on the moiety influences the antioxidatitviag The compound4gd, 4c and4h showed excellent radical
scavenging activity in all the three methods. Timay be due to more electron donating groups thae vixo
methoxy groups imd, methyl & methoxy groups irlc and methoxy group idh leads to higher antioxidant
property than the other compounds when compareudtivit standard drug ascorbic acid. While the comgsda,

4j and 4k exhibited good activity, whereas the compou#ids4g, 4m and4f displayed low activity. However, the
other compounds which contain electron withdrawgrgups present on the aromatic ring showed nedgigib
activity. Thus the compoundm, 4e 4i and4l exhibited least antioxidant property. Besides, perusal of Tables
indicated that radical scavenging activity in DPRH) and HO, methods increases with increase in concentration.

2. Antimicrobial activity

The compoundgla—n was evaluated for antibacterial and antifungalviétds at concentration 200 pg/mL. The
results of antibacterial activity data presentedaile 5 revealed that the compoudéis4i and4n displayed higher
antibacterial activity than the other compoundsilithe Gram-positive and Gram-negative bacteriastioned in
the table 5. On the other hand, the compoutgiglm and4k exhibited good antibacterial activity, while thiner
compounds were moderate to low activity. In additio this all the compounds exhibited higher artieaal
activity towards Gram-negativeEscherichia coli bacteria. Ciprofloxacin used as a standred drdgth#& tested
compounds inhibited the spore germination agahlmesfungi Aspergillus niger andispergillus flavus. In fact all the
compounds displayed slightly higher antifungalattitowardsA. flavus than A. niger. The compourtf exhibited
greater antifungal activity particularly toward flavus at 200 pg/mL than the rest of the compounds. When
compared to the standard dikigtoconazole (Table 6) it almost equal activity.

CONCLUSION

We have developed montmorillonite K 10 reusablelgat mediated three-component reaction in aquemas
organic medium at room temperature for the synshestdihydropyrano[2,3-c]pyrazole derivatives atutiged their
antioxidant and antimicrobial properties. The coomuts4d, 4c and4h showed excellent antioxidant activity. All
the compounds exhibited higher antibacterial agtitowards Gram-negativeEscherichia coli bacteria. The
compounddf exhibited antifungal activity almost equal to #iaendard drug.
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