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The synthesis of 5-methyl-4-substituted benzylidene-2,4-dihydro-3H-pyrazol-3-one 3a-d is achieved by the condensation reaction of 5-methyl-2,4-dihydro-3H-pyrazol-3-one 1 with 4-substituted benzaldehydes 2a-d. Compound 1 is prepared by the cyclization reaction between ethylacetoacetate and hydrazine hydrate in absolute alcohol. Compounds 3a-d are converted into corresponding ethoxyphthalimide derivatives 5a-d by treatment with phthalimidoxyethyl bromide 4. 1-N-Ethoxyphthlimido-3-methyl-4-(4-substituted benzylidene)pyrazol-5-ones 5a-d are reacted with thiosemicarbazide/NaOH and isoniazid/AcONa/AcOH separately to yield 6-N-ethoxyphthalimido-4-methyl-3-(4-substituted phenyl)-2-thiocarbamoyl-3,3a-dihydro pyrazolo[3,4-c]pyrazoles 6a-d and 6-N-ethoxyphthalimido-2-isonicotinoyl-4-methyl-3-(4-substituted phenyl)-3,3a-dihydro pyrazolo[3,4-c]pyrazoles 7a-d respectively. Structures of the synthesized compounds have been elucidated by means of IR, 1H NMR and mass spectral data. 
Keywords: Thiosemicarbazide, isoniazid, phthalimidoxyethyl bromide, pyrazolo[3,4-c]pyrazoles
The pyrazole ring is a prominent structural motif found in numerous pharmaceutically active compounds. This is mainly due to the ease preparation and the important biological activity. Pyrazole framework plays an essential role in biologically active compounds and therefore represents an interesting template for combinatorial as well as medicinal chemistry1-5. The pyrazole nucleus is a ubiquitous feature of pharmacological interest and has been proven to be a fertile source of medicinal agents such as antibacterial6, antifungal7, antiviral8, antitubercular9,  antiamoebic10, antiandrogenic11, etc. Some of these compounds have also exhibited anti-inflammatory12, antidiabetic13, anaesthetic14, analgesic15 and antiparasitic16 properties. Many pyrazoles have been found to be luminescent and fluorescent17,18 agents. In addition pyrazoles have played a crucial role in the development of theory in heterocyclic chemistry and also used extensively as useful synthon in organic synthesis19-23. It is interesting to note that fused bis-pyrazoles are reported as well known pharmacophores24. This has prompted us to synthesize some of the pyrazolopyrazole derivatives by using thiosemicarbazide and isoniazid. It has been considered worthwhile to incorporate a suitable functionality into these derivatives to potentiate  their  pharmacological activity25,26. Several derivatives of alkoxyphthalimide have been synthesized27,28 by our research group and reported to demonstrate a wide range of pharmacological activities viz. anticancer, antimalarial and antimicrobial etc29,30. Encouraged by these results, it was planned to synthesize new chemical entities incorporating the two active pharmacophores namely, pyrazoline and ethoxyphthalimide in a single molecular framework using chalcones of pyrazolone and substituted benzaldehydes as basic building blocks.

Results and Discussion

 In the present work the synthesis of ethoxyphthalimide derivatives of some pyrazolo pyrazoles 6a-d and 7a-d (Scheme I) from a series of reactions was carried out. In order to achieve this aim, 5-methyl-2,4-dihydro-3H-pyrazol-3-one 1 was used as starting material, which was prepared by the reaction between ethylacetoacetate and hydrazine hydrate in absolute alcohol. Compound 1 on condensation with substituted benzaldehydes 2a-d in the presence of sodium acetate as a base furnished 5-methyl-4-substituted benzylidene-2,4-dihydro-3H-pyrazol-3-one 3a-d. Their structures were confirmed by means of IR and 1H NMR spectral analysis. An intense   band   between    3439-3392   cm-1   for   NH
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Scheme I

stretching appeared in IR and 1H NMR signal for CH of C=CH-Ar at  6.07-6.36 and for NH at  8.12-8.25 confirmed the formation of 3a-d. Treatment of 3a-d with phthalimidoxyethyl bromide 4 in acetone using K2CO3 as a base afforded 1-N-ethoxyphthalimido-3-methyl-4-(4-substituted benzylidene) pyrazol-5-one 5a-d. This was characterized by disappearance of the band in the region of 3439-3392 cm-1 due to NH functionality, presence of a new band for C=O of CO-N-CO at 1741-1694 cm-1 and appearance of new signals for N-O and C-O bond at 1352 and 1078 cm-1 respectively in IR spectra. In the 1H NMR spectra the disappearance of NH signal at 8.12 and presence of new triplets for NCH2 and OCH2 protons resonating at 3.65 and 4.82 respectively of the ethyl side chain also helped assigning the structure of 5a-d. Formation of 5a-d were also supported by the positive chemical test (fluorescence test); characteristic for the phthalimido group. Compounds 5a-d were used as common precursors for the target pyrazolopyrazoles 6a-d and 7a-d. The 6-N-Ethoxyphthalimido-4-methyl-3-(4-substituted phenyl)-2-thiocarbamoyl-3,3a-dihydro pyrazolo[3,4-c]pyrazoles 6a-d were  obtained by the treatment of 5a-d with thiosemicarbazide in NaOH. The spectral data are in good agreement with the proposed structure. IR showed intense bands at 3430 and 3380 cm-1, corresponding to the NH2 group and a weak absorption band at 1185 cm-1, corresponding to C=S group, confirming the occurrence of ring closure in the form of thioaminopyrazoline ring. The 1H NMR spectra substantiated the results of the IR analysis and exhibited a singlet at  6.78 for NH2 proton. The structure of compound 6a was also confirmed by mass spectral data (molecular ion peak at 482 and M+2 peak at 484) corresponding to the molecular formula C22H19N6O3SCl.

	Table I — Physical and analytical data of synthesized compounds


	Compd
	Mol. formula
	Mol. wt
	X
	m.p.oC
	Yield (%)
	Found/Calcd (%)

	
	
	
	
	
	
	N

	1
	C4H6N2O
	98
	-
	222
	91
	28.48/28.57

	3a
	C11H9N2OCl
	220
	Cl
	156
	70
	12.65/12.72

	3b
	C12H12N2O2
	216
	OCH3
	167
	71
	12.85/12.96

	3c
	C13H15N3O
	229
	N(CH3)2
	164
	69
	18.25/18.34

	3d
	C11H10N2O
	186
	H
	171
	68
	14.98/15.05

	5a
	C21H16N3O4Cl
	409
	Cl
	140
	65
	10.18/10.26

	5b
	C22H19N3O5
	405
	OCH3
	129
	67
	10.29/10.37

	5c
	C23H22N4O4
	418
	N(CH3)2
	150
	60
	13.30/13.39

	5d
	C21H17N3O4
	375
	H
	166
	61
	11.10/11.20

	6a
	C22H19N6O3SCl
	482
	Cl
	310
	63
	17.33/17.42

	6b
	C23H22N6O4S
	478
	OCH3
	280
	65
	17.48/17.57

	6c
	C24H25N7O3S
	491
	N(CH3)2
	290
	53
	19.84/19.95

	6d
	C22H20N6O3S
	448
	H
	315
	58
	18.67/18.75

	7a
	C27H21N6O4Cl
	528
	Cl
	270
	67
	15.84/15.90

	7b
	C28H24N6O5
	524
	OCH3
	255
	64
	15.94/16.03

	7c
	C29H27N7O4
	537
	N(CH3)2
	300
	60
	18.16/18.24

	7d
	C27H22N6O4
	494
	H
	245
	65
	16.93/17.00


 In an alternative reaction pathway, 5a-d were converted to 6-N-ethoxyphthalimido-2-isonicotinoyl-4-methyl-3-(4-substitutedphenyl)-3,3a-dihydro pyra-zolo[3,4-c]pyrazoles 7a-d by the cyclization with isoniazid in the presence of sodium acetate and acetic acid. Their 1H NMR spectra were conclusive is assigning the structures. Two doublets at and for 7awas attributed to the CH-CH group of pyrazolopyrazole rings and disappearance of singlet for C=CH-Ar in 1H NMR spectra confirmed the cyclization. Compounds 7a-d were also verified by their N analysis and MS fragmentation pattern data (Table I).

Experimental Section
 Melting points were taken in open capillary tubes and are therefore uncorrected. Purity of the compounds was checked on silica gel G TLC plates of 2 mm thickness using n-hexane and ethyl acetate as solvent system. The visualization of spot was carried out in an iodine chamber. The IR spectra were recorded on Perkin-Elmer spectrometer. The 1H NMR spectra were scanned on a Bruker DRX-300 MHz. spectrometer (300 MHz) in CDCl3 using TMS as internal standard and chemical shifts are expressed in δ ppm. The mass spectra were recorded on a Jeol SX-102 (FAB) spectrometer. Phthalimidoxyethyl bromide31 4 was synthesized by reported method.

 Synthesis of 5-methyl-2,4-dihydro-3H-pyrazol-3-one32 1: Ethyl acetoacetate (0.1 mole) was taken in conical flask and hydrazine hydrate (0.2 mole) in ethanol (20 mL) was added dropwise to it with stirring. The temperature raised during this addition and it was maintained at 60(C when a crystalline solid separated. The reaction-mixture was further stirred for 1 hr at room temperature then cooled in an ice bath to complete the crystallization. Separated solid was washed with ice cold ethanol.

 Synthesis of 4-(4-chlorobenzylidene)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 3a: 5-Methyl-2,4-dihydro-3H-pyrazol-3-one (1, 0.01 mole), p-chloro-benzaldehyde 2a (0.01 mole) and anhydrous sodium acetate (0.02 mole) were dissolved in acetic acid and refluxed for 10 hr. The reaction-mixture was filtered and the filtrate was poured on crushed ice. The solid obtained was recrystallized from ethanol.

 IR (KBr, cm-1): 3410 (N-H str.), 3082 (C-H str., Ar-H), 2958 (C-H str., CH3), 1722(C=O str.), 1610 (C=N str.), 732 (C-Cl str.); 1H NMR (CDCl3) ( 8.12 (s, 1H, NH), 7.08-7.69 (m, 4H, Ar-H), 6.18 (s, 1H, =CH-Ar), 1.86 (s, 3H, CH3).

 Similarly, compounds 3b-d were also prepared with some change in reflux time and reaction work up. Their characteristic spectral and analytical data are given below:

 4-(4-Methoxybenzylidene)-5-methyl-2,4-dihydro -3H-pyrazol-3-one 3b: IR (KBr, cm-1): 3439 (N-H str.), 3081 (C-H str., Ar-H), 2959 (C-H str., CH3), 1686 (C=O str.), 1606 (C=N str.), 1095 (C-O str.); 1H NMR (CDCl3): ( 8.23 (s, 1H, NH), 7.18-7.53 (m, 4H, Ar-H), 6.07 (s, 1H, =CH-Ar), 3.75 (s, 3H, OCH3), 1.76 (s, 3H, CH3).

 4-(4-N,N-Dimethylaminobenzylidene)-5-methyl-2,4-dihydro-3H-pyrazol-3-one 3c: IR (KBr, cm-1): 3412 (N-H str.), 3070 (C-H str., Ar-H), 2953 (C-H str., CH3), 1682 (C=O str.), 1604 (C=N str.); 1H NMR (CDCl3): ( 8.25 (s, 1H, NH), 7.31-7.66 (m, 4H, Ar-H), 6.11 (s, 1H, =CH-Ar), 3.29 (s, 6H, N(CH3)2), 1.93 (s, 3H, CH3).
 4-Benzylidene-5-methyl-2,4-dihydro-3H-pyrazol -3-one 3d: IR (KBr, cm-1): 3392 (N-H str.), 3066 (C-H str., Ar-H), 2949 (C-H str., CH3), 1708 (C=O str.), 1595 (C=N str.); 1H NMR (CDCl3): ( 8.16 (s, 1H, NH), 7.18-7.63 (m, 5H, Ar-H), 6.36 (s, 1H, =CH-Ar), 1.83 (s, 3H, CH3).

 Synthesis of 4-(4-chlorobenzylidene)-1-N-ethoxyphthalimido-3-methyl pyrazol-5-one 5a: A mixture of compound 3a (0.01 mole), phthalimidoxyethyl bromide 4 (0.01 mole) and K2CO3 (0.02 mole) as base in acetone was refluxed for 20 hr, cooled and poured on crushed ice. The solid obtained was filtered and recrystallised from ethanol.

 IR (KBr, cm-1): 3058 (C-H str., Ar-H), 2940 (C-H str., CH3), 1735, 1704 (C=O str.), 1606 (C=N str.), 1352 (N-O str.), 1078 (C-O str.), 731 (C-Cl str.); 1H NMR (CDCl3): ( 7.23-7.85 (m, 8H, Ar-H), 6.62 (s, 1H, =CH-Ar), 4.82 (t, 2H, OCH2), 3.65 (t, 2H, NCH2), 1.72 (s, 3H, CH3).
 Compounds 5b-d were also prepared with some change in reaction conditions. Their characteristic spectral and analytical data are given below:

  1-N-Ethoxyphthalimido-4-(4-methoxybenzylide-ne)-3-methyl pyrazol-5-one 5b: IR (KBr, cm-1): 3074 (C-H str., Ar-H), 2936 (C-H str., CH3), 1741, 1708 (C=O str.), 1601 (C=N str.), 1378 (N-O str.), 1082 (C-O str.); 1H NMR (CDCl3): ( 7.34-7.62 (m, 8H, Ar-H), 6.72 (s, 1H, =CH-Ar), 4.73 (t, 2H, OCH2), 3.80 (t, 2H, NCH2), 3.66 (s, 3H, OCH3), 1.93 (s, 3H, CH3).

 4-(4-N, N-Dimethylaminobenzylidene)-1-N-eth-oxyphthalimido-3-methyl pyrazol-5-one 5c: IR (KBr, cm-1): 3065 (C-H str., Ar-H), 2943 (C-H str., CH3), 1737, 1698 (C=O str.), 1608 (C=N str.), 1383 (N-O str.), 1091 (C-O str.); 1H NMR (CDCl3): ( 7.04-7.88 (m, 8H, Ar-H), 6.47 (s, 1H, =CH-Ar), 4.78 (t, 2H, OCH2), 3.67 (t, 2H, NCH2), 3.27 (s, 6H, N(CH3)2), 2.00 (s, 3H, CH3).

 4-Benzylidene-1- N-ethoxyphthalimido-3-methyl pyrazol-5-one 5d: IR (KBr, cm-1): 3065 (C-H str., Ar-H), 2949 (C-H str., CH3), 1727, 1694 (C=O str.), 1608 (C=N str.), 1382 (N-O str.), 1097 (C-O str.); 1H NMR (CDCl3): ( 7.12-7.56 (m, 9H, Ar-H), 6.83 (s, 1H, =CH-Ar), 4.80 (t, 2H, OCH2), 3.57 (t, 2H, NCH2), 1.96 (s, 3H, CH3).

 Synthesis of 3-(4-chlorophenyl)-6-N-ethoxy-phthalimido-4-methyl-2-thiocarbamoyl-3,3a-dihydro pyrazolo[3,4-c]pyrazoles 6a: To a mixture of  compound 5a (0.01mole) and thiosemicarbazide
(0.01mole) in 50 mL of ethanol, a solution of NaOH
(0.02 mole) in 5 mL of water was added and refluxed for 10 hr. The product was poured into crushed ice, which was filtered, dried and recrystalised from DMF. 

 IR (KBr) cm-1: 3430, 3380 (N-H str., NH2​), 3050 (C-H str., Ar-H) , 2924 (C-H str., CH3), 1790, 1725 (C=O str.), 1591 (C=N str.), 1378 (N-O str.), 1185 (C=S str.), 1090 (C-O str.), 702 (C-Cl str.); 1H NMR (CDCl3): ( 7.13-8.12 (m, 8H, Ar-H), 6.78 (s, 2H, NH2), 4.48 (t, 2H, OCH2), 4.25 (d, 2H, CH-CH), 4.29 (d, 2H, CH-CH), 3.64 (t, 2H, NCH2), 2.06 (s, 3H, CH3); MS : m/z 482 [M]+., 484 [M+2]+., 430, 371, 345, 306, 278, 264, 224, 132, 101.

 Compounds 6b-d were also prepared in similar manner with change in reflux time. Their characteristic spectral and physical data are given below:
 6-N-Ethoxyphthalimido-3-(4-methoxyphenyl)-4-methyl-2-thiocarbamoyl-3,3a-dihydro pyrazolo[3, 4-c]pyrazoles 6b: IR (KBr,cm-1): 3432, 3350 (N-H str., NH2​),  3025 (C-H str., Ar-H), 2928 (C-H str., CH3), 1789, 1720 (C=O str.), 1590 (C=N str.), 1380 (N-O str.), 1188 (C=S str.), 1085 (C-O str.); 1H NMR (CDCl3): ( 7.17-7.79 (m, 8H, Ar-H), 6.50 (s, 2H, NH2), 4.49 (t, 2H, OCH2), 4.27 (d, 2H, CH-CH), 4.31 (d, 2H, CH-CH), 3.84 (t, 2H, NCH2), 3.59 (s, 3H, OCH3), 2.09 (s, 3H, CH3); MS: m/z 478 [M]+., 426, 371, 345, 302, 274, 260, 220, 132, 101.

 3-(4-N, N-Dimethylaminophenyl)-6-N-ethoxyph-thalimido-4-methyl-2-thiocarbamoyl -3,3a-dihydro pyrazolo[3,4-c]pyrazoles 6c: IR (KBr, cm-1): 3415, 3355 (N-H str., NH2​),  3030 (C-H str., Ar-H), 2970 (C-H str., CH3),  1780, 1715 (C=O str.), 1601 (C=N str.), 1350 (N-O str.), 1182 (C=S str.), 1072 (C-O str.); 1H NMR (CDCl3): ( 7.17-8.51 (m, 8H, Ar-H), 6.52 (s, 2H, NH2), 4.55 (t, 2H, OCH2), 4.31 (d, 2H, CH-CH), 4.35 (d, 2H, CH-CH), 3.80 (t, 2H, NCH2), 3.15 (s, 6H, N(CH3)2), 2.10 (s, 3H, CH3); MS: m/z 491 [M]+., 439, 371, 345, 315, 287, 273, 233, 132, 101.

 6-N-Ethoxyphthalimido-4-methyl-3-phenyl-2-thiocarbamoyl-3,3a-dihydro pyrazolo [3,4-c]pyrazoles 6d: IR (KBr, cm-1): 3415, 3375 (N-H str., NH2​),  3052 (C-H str., Ar-H), 2980 (C-H str., CH3),  1785, 1724 (C=O str.), 1602 (C=N str.), 1386 (N-O str.), 1180 (C=S str.), 1070 (C-O str.); 1H NMR (CDCl3): ( 7.60-7.80 (m, 8H, Ar-H), 6.64 (s, 2H, NH2), 4.50 (t, 2H, OCH2), 4.22 (d, 2H, CH-CH), 4.26 (d, 2H, CH-CH), 3.62 (t, 2H, NCH2),  2.04 (s, 3H, CH3); MS: m/z 448 [M]+., 396, 371, 345, 272, 244, 230, 190, 132, 101.

 Synthesis of 3-(4-chlorophenyl)-6-N-ethoxyphthalimido-2-isonicotinoyl-4-methyl-3, 3a-dihydro pyrazolo[3,4-c]pyrazoles 7a: Anhydrous sodium acetate (0.01 mole) was dissolved in hot acetic acid. Compound 5a (0.01 mole) is taken in absolute alcohol (10 mL) and to it isoniazid (0.01 mole) in absolute alcohol (10 mL) was added. The solution of sodium acetate in acetic acid was transferred to this reaction-mixture and refluxed for 10 hr. It was poured into ice-cold water, the product obtained was filtered and recrystallised from DMF.

 IR (KBr, cm-1): 3021 (C-H str., Ar-H) , 2894 (C-H str., CH3), 1788, 1729, 1662 (C=O str.), 1602 (C=N str.), 1492 (N-O str.), 1080 (C-O str.), 789 (C-Cl str.); 1H NMR (CDCl3): ( 7.26-8.14 (m, 12H, Ar-H), 4.46 (t, 2H, OCH2), 4.26 (d, 2H, CH-CH), 4.30 (d, 2H, CH-CH), 3.62 (t, 2H, NCH2), 2.27 (s, 3H, CH3); MS: m/z 528 [M]+., 530 [M+2]+., 450, 394, 324, 297, 257, 204, 162, 147, 104.
 Compounds 7b-d were also prepared by a similar method with the required change in reflux time. Their characteristic spectral and physical data are given below:

 6-N-Ethoxyphthalimido-2-isonicotinoyl-3-(4-methoxyphenyl)-4-methyl-3,3a-dihydro pyrazolo [3,4-c]pyrazoles 7b: IR (KBr, cm-1): 3075 (C-H str., Ar-H) , 2889 (C-H str., CH3), 1784, 1718, 1654 (C=O str.), 1592 (C=N str.), 1485 (N-O str.), 1064 (C-O str.); 1H NMR (CDCl3): ( 7.23-8.17 (m, 12H, Ar-H), 4.50 (t, 2H, OCH2), 4.25 (d, 2H, CH-CH), 4.27 (d, 2H, CH-CH), 3.72 (s, 3H, OCH3), 3.56 (t, 2H, NCH2), 2.22 (s, 3H, CH3); MS: m/z 524 [M]+., 446, 390, 320, 297, 257, 204, 162, 147, 104.

 3-(4-N, N-Dimethylaminophenyl)-6-N-ethoxyph-thalimido-2-isonicotinoyl-4-methyl-3, 3a-dihydro pyrazolo[3,4-c]pyrazoles 7c: IR (KBr, cm-1): 3065 (C-H str., Ar-H) , 2873 (C-H str., CH3), 1772, 1713, 1647 (C=O str.), 1589 (C=N str.), 1464 (N-O str.), 1072 (C-O str.); 1H NMR (CDCl3): ( 7.19-8.12 (m, 12H, Ar-H), 4.48 (t, 2H, OCH2), 4.29 (d, 2H, CH-CH), 4.33 (d, 2H, CH-CH), 3.66 (t, 2H, NCH2), 2.79 (s, 6H,  N(CH3)2), 2.14 (s, 3H, CH3); MS: m/z 537 [M]+., 459, 403, 333, 297, 257, 204, 162, 147, 104.

 6-N-Ethoxyphthalimido-2-isonicotinoyl-4-methyl-3-phenyl-3,3a-dihydro pyrazolo [3,4-c]pyrazoles 7d: IR (KBr, cm-1): 3084 (C-H str., Ar-H), 2880 (C-H str., CH3), 1778, 1728, 1674 (C=O str.), 1586 (C=N str.), 1423 (N-O str.), 1047 (C-O str.); 1H NMR (CDCl3): ( 7.18-8.11 (m, 13H, Ar-H), 4.60 (t, 2H, OCH2), 4.21 (d, 2H, CH-CH), 4.25 (d, 2H, CH-CH),3.58 (t, 2H, NCH2), 2.20 (s, 3H, CH3); MS: m/z 494 [M]+., 416, 360, 290, 297, 257, 204, 162, 147, 104.
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