Dawane, et al                                               Dnyanopasak Res. J.  2012, 1(1), 64  73.[image: image7.png]




	Dnyanopasak Research Journal

	ISSN: (Print)


Green approach towards synthesis of pyrano-(2, 3-C)-pyrazoles and Pyrazolo-pyrano-pyrimidine derivatives by using bleaching earth clay in PEG-400 and its biological activity
Bhaskar S.Dawane* Omprakash S. Yemul, Rahul D. Kamble, Ashok P. Aacharya, Snehalkumar D .Patil, Aparna S. Kadam and Santosh S.Chobe
Organic Research Laboratory, School of Chemical Sciences, Nanded (M.S) 431606, 
*Corresponding authors: bhaskardawane@rediffmail.com, omyemul@gmail.com
Abstract 
The bi-functional pyrazolo-pyrimidine and pyrano-pyrazole derivatives were prepared by reaction of 3-methyl-1-phenyl-1-H-pyrazol-5(4H)-one with substituted benzaldehyde, and activated nitrile such as malononitrile in the presence of catalytic amount of bleaching earth clay (pH 12.5) using PEG-400 as green solvent. The compounds “1 a-d” were used as the key intermediate for the preparation of pyrazolo-pyrano-pyrimidine derivatives through its reaction with formic acid and formamide. The reaction proceeded smoothly and product obtained in excellent yields with higher purity. Clay catalyst was recovered just by simple filtration and recycled further several times without reactivation. The characterizations of all synthesized compounds were done by elemental analysis and spectral studies. Moreover these newly synthesized compounds were tested against antimicrobial activity.
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INTRODUCTION
The pyrano-pyrazoles derivatives have occupied a unique position in medicinal chemistry due to their biological activities such as analgesic, antipyretic, bacteriostatic, bactericidal and anti-fungal activities [1-3]. The derivatives of pyrimidine have been reported to exhibit enormous biological activities like anti-cancer, anti-tumour, anti-inflammatory, anti-mycobacterial, and anti-microbial activities. They are also effective as anti-platelet agent and as a new drug for treatment of ‘Insomnia’ [4]. Pyrazole and its synthetic analogues have been found to exhibit industrial, agricultural and some biological application [5-9].
Bentonite or montmorillonite is naturally occurring clay has unique physical and chemical properties such as shape selectivity, acidic, basic nature and thermal stability. The small (5 micron) particle size of the clay renders huge surface area than other solid supported catalysts. Moreover, bleaching earth is easily available in India/US with very low price (0.10 USD per Kg) compared with other acids such as sulphated zirconia, 12-tungstosilicic acid, etc). Bleaching earth is used in refining of vegetable oil [16] fats, greases, catalyst in reactions [17]. We have reported its catalytic activity in synthesis of pyrazolo [3, 4b:4’, 3’e] pyrimidine derivatives. [15]
Liquid or low melting polymers such as (polyethylene glycols) have recently been emerged as alternative green solvent systems with exceptional properties viz. thermal stability, commercial availability, non-volatility, immiscibility with a number of organic solvents and recyclability. [18-21] we have demonstrated its successful use in number of organic reactions [18-21]
In our effort to develop compounds containing the fused heterocycles with possible biological activity here with this communication reporting synthesis of bifunctional pyrazolo- pyrimidine and pyrano-pyrazole derivatives and their biological activity. The one pot reaction of 3- methyl-1-phenyl-1-H-pyrazol-5(4H)-one with substituted benzaldehyde and malononitrile in the presence catalytic amount of bleaching earth clay (pH 12.5) using green solvent PEG-400 afforded the bifunctional compound “1a-d” which were used as key intermediate for the preparation of pyrimidine derivatives in their reaction with formic acid and formamide.
RESULTS AND DISCUSSIONS
In view of the recent emphasis toward the development of new, selective, and environmental friendly methodologies we have used bleaching earth clay catalyst and PEG-400 as green solvent. As a part of continuation of our research effort to develop biologically important molecules [10-12], herein we report an efficient method for the synthesis of 6-Amino-3-methyl-1,4-diphenyl-1,4-dihydro-pyrano [2,3-c] pyrazole-5-carbonitrile by one-pot condensation of 3- methyl-1-pheny-1-H-pyrazol-5(4H)-one with substituted benzaldehyde , malononitrile by using PEG-400 as green reaction solvent [14] and bleaching earth clay (pH 12.5) as catalyst [15] (Scheme 1). The reaction time, yield and melting point of pyrano-(2, 3C)-pyrazole derivatives has been presented in Table I. In further reaction, the bifunctional compound was used for the preparation of pyrazolo-pyrano-pyrimidine derivatives. The reaction with formic acid afforded product (2a-d) and the treatment with formamide in PEG-400 obtained product (3a-d). A reaction time, yield and melting point of pyrazolo-pyrano-pyrimidine has been presented in Table II. The reaction proceeded rapidly and completed within 2-3 hrs. The newly synthesized compounds 2a-d and 3a-d were established on the basis of spectroscopic method. The IR spectra of the compounds showed the presence of unsaturated >C=O stretch at(1680-1740), –N-H stretch at (3250-3300) and C=N stretch at (1595-1610) indicating the formation of product 2a-d on the basis of IR and also proton NMR spectra, the –N-H peak appear at singlet δ 8.68 ppm and singlet of –C-H proton of pyrano at δ 4.20 ppm while other aromatic and aliphatic protons were observed at expected regions. On other hand IR spectra of the compounds 3a-d showed the characteristics band of –NH2, and C=N. In proton NMR spectra, singlet at δ 4.88 ppm due to presence of -NH2 group, other aromatic and aliphatic protons was observed as desired regions. The mass spectra of the pyrazolo-pyrano-pyrimidine derivatives were showed molecular ion peak corresponding to their molecular formula.
The results of antimicrobial data are summarized in Table III. In comparison with standard antibacterial penicillin, compounds 2d and 3c found to be active against Escherichia coli (MTCC2939). Compounds 2a and 3a were also found to be active against Staphylococcus aureus (MTCC 96.) Compounds 3c showed good activity comparatively active against Bacillus subtilis (MTCC 441). On the other hand, compound 2c 3b and 3d were found to be reduced growth activity against Aspergillus niger (MTCC 281). Compounds 2d, 3b and 3d were observed no fungal growth against Candida albicans (MTCC 183). Compounds 2a, 2c, 3a and 3d found to be reduced growth activity against Trichoderma viridae (MTCC 167).
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Table I. Table showing data for synthesis of pyrano-(2, 3-C)-pyrazole derivatives
Catalysed by bleaching earth clay in PEG-400. 
	Entry
	Ar
	Time (in min)
	Isolated yield (%)
	M.P.(0C)

	1a
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	30
	95
	122

	1b
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	30
	94
	134

	1c
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	35
	91
	136

	1d
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Table. II. Tabulated data showing Synthesis of 1H-pyrimid-4-one and pyrimidin-4-ylamine derivatives in PEG-400 as green solvent.
	Entry
	Time (in hrs)
	Isolated yield (%)
	M.P. (0C)

	2a
	2
	89
	130

	2b
	2.5
	87
	143

	2c
	2
	85
	135

	2d
	3
	86
	145

	3a
	3
	84
	138

	3b
	3
	87
	142

	3c
	2.5
	89
	155

	3d
	3
	89
	150


EXPERIMENTAL
Melting points were determined in an open capillary tube and are uncorrected. The chemicals solvents used were purified prior to use. Bleaching earth clay was gift from Supreme Silicones Pune. Completion of the reaction was monitored by thin layer chromatography on precoated sheet of silica gel-G using iodine vapour for detection. IR spectra were recorded in KBr on Shimanzu spectrometer. 1H-NMR were recorded in DMSO-d6 with an Avance spectrometer at 300-MHz frequency using TMS as an internal standard. Mass spectra were recorded on an EI-Shimandzu QP2010PLUS GC-MS. Elemental analysis was performed on a Carlo Erba 106 Perkin-Elmer model 240 analyzer.
General procedure for preparation of substituted pyrano-pyrazole derivatives
A mixture of 3- methyl-1-phenyl-1-H-pyrazol-5(4H)-one (1 mmol), substituted benzaldehyde (1 mmol), malononitrile (1 mmol) and bleaching earth clay (10 mol %) were stirred in PEG-400 (15 ml) at 40°C for 30 mins. After completion of reaction (monitored by TLC), the solid catalyst in the resulting reaction mixture was recovered by filtration.  The reaction mixture was poured in ice cold water the solid separates out , the separated solid were filtered and purified by crystallization 1(a-d). The experimental data, reaction time, yield and melting points of compounds were presented in Table I.
General procedure for preparation of 1H-pyrimid-4-one derivatives.
A mix of compound 1(a-d) (1mmol) and formic acid (excess) were taken in PEG-400; the content was refluxed for 2hr The progress of the reaction was followed by TLC, after completion of reaction as indicated by TLC the reaction mixture was quenched with cold water and extracted with ethyl acetate (3 X 10 ml) the clay was separated by filtration to obtained. The organic phase was separated, filtered, and washed by brine. The organic phase was then dried (Na2SO4) and filtered, and the solvent was removed under vacuum. The crude product recystallized with ethanol to yield (2a-d). The experimental data, reaction time, yield and melting points of compounds were presented in Table II.
General procedure for preparation of pyrimidin-4-ylamine derivatives.
A mix of compound “1a-d” (1mmol) and formamide (excess) were taken in PEG-400; the content refluxed for 2-3 hr. The progress of the reaction was followed by TLC, completion of reaction as indicated by TLC the reaction mixture was quenched with cold water and extracted with ethyl acetate (3 X 10 ml) the clay was separated by filtration to gives as product. The organic phase was separated, filtered, and washed by brine. The organic phase was then dried (Na2SO4) and filtered, and the solvent was removed under vacuum. The crude product recystallized from ethanol to yield (3a-d). The experimental data reaction time, yield and melting points of compounds were presented in Table II.
Spectroscopic data of selected compounds:
Compound (2a) : 4-(4-Chloro-2-hydroxy-phenyl)-3-methyl-1-phenyl-4,8-dihydro-1H-9-oxa-1,2,6,8-tetraaza-cyclopenta[b]naphthalen-5-one: IR (KBr): 3354 (-OH), 3225 (-NH), 1710 (C=O), 1598 (C=N),768 (C-Cl) cm-1; 1H NMR (DMSO-d6, 300 MHz): δ 1.90 (s, 3H, -CH3), δ 4.22(s, 1H, -CH), δ 7.15-8.21 (m, 9H,  Ar-H), ppm; EIMS (m/z): 406(M+); Anal. Calcd. For C21H15O3N4Cl: C, 62.00; H, 3.72; N, 13.77%. Found: C, 61.88; H, 3.52; N, 13.63%
Compound (2d): 4-(2-Hydroxy-4-methoxy-phenyl)-3-methyl-1-phenyl-4,8-dihydro-1H-9-oxa-1,2,6,8-tetraaza-cyclopenta[b]naphthalen-5-one: IR (KBr): 3358 (-OH), 3228 (-NH), 1698 (C=O), 1606 (C=N) cm-1; 1H NMR (DMSO-d6, 300 MHz): δ 1.92 (s, 3H, -CH3), δ 3.93 (s, 3H, -OCH3)δ 4.25(s, 1H, -CH), δ 7.10-8.14 (m, 9H,  Ar-H), ppm; EIMS (m/z): 402(M+); Anal. Calcd. For C21H18O4N4: C, 65.66; H, 4.51; N, 13.92%. Found: C, 65.58; H, 4.32; N, 13.83%
Compound(3a):2-(5-Amino-3-methyl-1-phenyl-1,4-dihydro-9-ox1,2,6,8-tetraaza-cyclopenta[b] naphthalen-4-yl)-5-chloro-phenol: IR (KBr): 3363 (-NH2), 1610 (C=N),768 (C-Cl) cm-1; 1H NMR (DMSO-d6, 300 MHz): δ 1.93 (s, 3H, -CH3), δ 4.20(s, 1H, -CH), δ 4.89(s, 2H, -NH2), δ 7.15-7.89 (m, 9H,  Ar-H), ppm; EIMS (m/z): 405(M+); Anal. Calcd. For C21H16O2N5Cl: C, 62.15; H, 3.97; N, 17.26%. Found: C, 62.00; H, 3.82; N, 17.13%
Compound(3d):2-(5-Amino-3-methyl-1-phenyl-1,4-dihydro-9-oxa1,2,6,8-tetraaza-cyclopenta[b] naphthalen-4-yl)-5-methyl-phenol: IR (KBr): 3360 (-NH2),3350 (-OH), 1602 (C=N) cm-1; 1H NMR (DMSO-d6, 300 MHz): δ 1.95 (s, 3H, -CH3), δ 3.92 (s, 3H, -OCH3)δ 4.22(s, 1H, -CH), δ 4.82(s, 2H, -NH2), δ 7.10-8.14 (m, 9H,  Ar-H), ppm; EIMS (m/z): 401(M+); Anal. Calcd. For C22H19O3N5: C, 65.83; H, 4.77; N, 17.45%. Found: C, 65.78; H, 4.22; N, 17.3
ANTIMICROBIAL ACTIVITY
The antimicrobial activities of the synthesized compounds 2a-d and 3a-d were determined by agar well diffusion method [13]. The compounds were evaluated for antibacterial activity against, Escherichia coli (MTCC2939) Salmonella typhi (MTCC 98), Staphylococcus aureus (MTCC 96), and Bacillus subtilis (MTCC441). The antifungal activity was evaluated against Aspergillus niger (MTCC281), Candida albicans (MTCC183) and Trichoderma viridae (MTCC 167), were procured from Institute of Microbial technology (IMTech), Chandigarh, India. The antibiotic penicillin (25μg/mL) and nystatin (25μg/mL). Solvents: DMSO, water, Escherichia coli (MTCC2939) St – Salmonella typhi (MTCC 98), Sa –Staphylococcus aureus (MTCC 96), Bs – Bacillus subtilis (MTCC 441), An – Aspergillus niger (MTCC 281), and Trichoderma viridae (MTCC 167), Candida albicans (MTCC 183). – Ve -No growth; +ve -Growth of fungi; RD-Reduced growth; NA-Not Applicable.
Table III-Antimicrobial data
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Product Ec St Sa Bs An Ca Tv
2a 12 11 15 10 +ve +ve RD
2b 13 12 10 11 +ve RD -ve
2¢ 12 08 09 RD +ve RD
2d 15 | -——- I +ve -ve +ve
3a 11 13 15 08 +ve RD RD
3b e 12 e 09 RD -ve -ve
3c 14 11 12 12 +ve RD +ve
3d 11 - 12 06 RD -ve RD

Penicillin 16 15 18 14 NA NA NA
Nystatin NA NA NA NA -ve -ve -ve





CONCLUSIONS
Pyrazolo-pyrano-pyrimidine derivatives were prepared in two steps using catalytic amount of bleaching earth clay and PEG-400 as green solvent. Bleaching earth is cheap, easy to handle, recyclable catalyst along with PEG-400 green solvent. The formed compounds showed excellent antibacterial Escherichia coli (MTCC2939) Salmonella typhi (MTCC 98), Staphylococcus aureus (MTCC 96), and Bacillus subtilis (MTCC441). The antifungal activity was evaluated against Aspergillus niger (MTCC281), Candida albicans (MTCC183) and Trichoderma viridae (MTCC 167).
Acknowledgments: 
 
 One of the authors (BSD) is sincerely thankful to University Grant Commission, New Delhi for Post Doctoral Research Award (F.  30-1/2009, SA-II). Authors are also thankful to UGC SAP Award No (F.  3-36/2011 (SAP-II).  Authors gratefully  acknowledge  to  Director,  School  of  chemical  Sciences  Swami  Ramanand  Teerth  Marathwada University and IICT Hyderabad for spectral analysis. 
 REFERENCES 
[1]  Hernab, E., and Gabliks, J.J.,Cancer Chromatography Rept. (1961). 14, 85. 
[2]  Rich,S., J. Horsfall Phytopathology. (1952). 42,457. 
[3]  Potts,K.T., Comprehensive Heterocyclic Chemistry, Pergamon Press, Oxford. (1986). vol 5, part 4A. 
[4] El-Assiery  S.  A.,bdulla.Galaa,  H.S.,  and  Ahmad,  F.,  Acta  Pharma.  (2004).  54,143-150. 
[5] El-Kashef,H.,El-Emary,T.,Gasquet,M.,TImon-David, P., J. Maldonado and pp vanelle (2000). 55, 572. 
[6]  Taha,M.,Moukha-Chafiq,O.,Larek,H.,Vasseur,J.,andImbach,J.,Nucleosides  Nucleotides Nucleic acids.(2001).20,955. 
[7]  Vicentini,C.,Forlani,G.ManFrini,M.,Romagnoli,C.,andMares,D.J.,AgricFood  Chem.(2002). 50, 4839. 
[8]  Brzozonsiki, Z.,and Saczawaski, F., Eur J. Med. Chem (2002). 37, 709. 
[9]  Hough,L.,Nalwalk,J.,Stadel,R.,Timmmerman,H.,Leurs,R.,Leurs,B.,Paria,Wang,X.,  and Dey, S.J., Pharmacol Exp Ther. (2002). 14,303. 
[10]   Dawane,B.S.,Shaikh,B.M.,Khandare,N.T.,Mandawad,G.G.,Chobe,S.S.,Konda,S.G.,   Asian J. Res. Chem. (2010). 13(1), 90. 
[11]Dawane,B.S.,Shaikh,B.M.,Khandare,N.T.,Kamble,V.T,Chobe,S.S.,Konda,S.G.,  Green Chemistry Letters and Reviews, (2010). 3(3), 205-208.  
[12] Dawane,B.S.,Konda,S.G.,Shaikh,B.M., Chobe, S.S., Khandare,N.T., Kamble,V.T,and 
Bhosale,R.B.,  International  j.  of  pharmaceuticl  sciences  and  review  and  Research 
March-April- (2010). vol. 1, 44-48. 
[13] Shrinivasan,D.,Sangeetha,N.,Suresh,T.,P.Lakshmanaperumalsamy.J  Ethnopharmacol, 
(2001).74,217. 
[14]     Dawane B. S.,et al Der Pharma Chemica, (2011). 3 (3), 300-305. 10  
[15] Chobe,S.S.,Mandawad,G.G.,Yemul,O.S.,  Dawane,  B.S.Int.J.  ChemTech    Res.(2011). 3(2) 
[16]  Refining  of  Oils  Dawkins,  Arthur  W.;  Brownlee,  William  H.  British  Patent GB 1077557 (1970). 
[17] Preparation  of  oxetane  polyether  polyols  using  a  bleaching  earth  catalyst  Schuchardt; Jonathan L.  USP 4970295 (1990). 
[18]  Konda,S.G.,Shaikh,  B.M.,  Chavan,S.A.,  Dawane,B.S.,Chinese  Chemical  Letters, (2011). 22(1), 65-68. 
[19] Dawane,B.S.,Shaikh,B.M.,Khandare,N.T.,Kamble,V.T,Chobe,S.S.,Konda,S.G., Green Chemistry Letters and Reviews, (2010). 3(3), 205-208.  
[20]  Shaikh, B.M.,  Konda, S.G.,Chobe S.S., Mandawad,G.G.,  Yemul, O.S  and Dawane, B. 
S.  J. Chem. Pharm. Res., (2011). 3(2),435-443. 
[21] Chobe, S.S., Mandawad, G.G., Yemul, O.S., Kinkar, S.S., and Dawane, B.S. Int. J. Chem Tech Res. April-June (2011). 3(2), 938-943.
64

