Experimental 
Melting points were determined on an Electrothermal Gallenkamp apparatus and are uncorrected. The IR spectra were recorded in KBr pellets using a Pye Unicam SP-1000 spectrophotometer. 1H-NMR spectra (300 MHz) and 13C-NMR spectra (75 MHz) were obtained on a Varian EM-300 MHz spectrometer using DMSO-d6 as solvent with TMS as internal standard and the results are expected as δ value. Mass spectra were taken on a Shimadzu GCMS-QP 1000 Ex mass spectrometer at 70 eV. Elemental analyses were carried out by the Microanalytical Center of Cairo University, Giza, Egypt. Compounds 1 and 2 were prepared according to literature [29,30].
Synthesis of 3-amino-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (2).
 A mixture of 3-cyanomethyl-4-cyano-5-aminopyrazole 1 (0.01 mol) and 5 ml of concentrated hydrochloric acid was refluxed for 15 minutes. The solid so formed was filtered off and washed with water and recrystallized from DMF to afford  white crystals, yield 70%, m.p > 360oC [Lit., > 360oC] [30], νmax / cm-1 (KBr) 3402 (NH2), 3336 (NH), 3173 (NH), 1686 (CO); 1H NMR (DMSO) δ = 3.68 (s, 2H, CH2), 5.96 (s, 2H, NH2), 10.38 (s, 1H, NH), 11.81 (s, 1H, NH); m/z 166 = (M+, 40%), 143 (4.9%), 131 (7.0%), 123 (42.2%), 113 (28.3%), 101 (18.6%), 87 (22.8%), 73 (8.4%), 59 (100%);  Anal. Calcd for C6H6N4O2: C, 43.38; H, 3.64; N, 33.72. Found: C, 43.52; H, 3.47; N, 33.49 %.
General procedure of synthesis of compounds 4a-c
A solution of compound 2 (0.01 mol) in N,N-dimethylformamide (10 ml) containing a few drops of piperidine was added to the appropriate aldehyde 3a-c (0.01 mol). The mixture was heated under reflux for 5 h and the reaction mixture was followed by TLC. The solid product that precipitated by cooling was filtered off and recrystallized from N,N-dimethylformamide to give the respective products 4a-c. The physical constants and spectral data are shown below:
3-Amino-7-benzylidene-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (4a). 
Yellow crystals, yield 66%, m.p. 240oC, νmax / cm-1 (KBr) 3402 (NH2), 3200 (NH), 1692 (CO); 1H NMR (DMSO) δ = 6.04 (s, 2H, NH2), 6.95-7.49 (m, 5H, Ar), 8.03 (s, 1H, CH), 10.43 (s, 1H, NH), 12.09 (s, 1H, NH); m/z 254 = (M+, 100%), 238 (22.9%), 210 (22.9%), 166 (24.2%), 127 (29.3%), 91 (64.0%), 77 (48.1%), 66 (20.8%), 51 (16.0%); Anal. Calcd for C13H10N4O2: C, 61.41; H, 3.96; N, 22.04. Found: C, 61.59; H, 3.82; N, 22.31 %.
3-Amino-7-(4-methoxybenzylidene)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (4b).
 Yellow crystals, yield 66%, m.p. 260oC, νmax / cm-1 (KBr) 3387 (NH2), 3189 (NH), 1695 (CO); 1H NMR (DMSO) δ = 3.84 (s, 3H, OCH3), 6.29 (s, 2H, NH2), 7.0 (d, 2H, J = 9 Hz, CH), 7.92 (s, 1H, CH), 8.54 (d, 2H, J = 9 Hz, CH), 10.61 (s, 1H, NH), 12.29 (s, 1H, NH); 13C NMR (DMSO) δ = 55.85, 66.82, 92.69, 114.10, 117.16, 127.18, 135.57, 141.07, 146.14, 149.70, 161.75, 167.59; Anal. Calcd for C14H12N4O3: C, 59.15; H, 4.26; N, 19.71. Found: C, 59.31; H, 4.12; N, 19.43 %.

3-Amino-7-(4-chlorobenzylidene)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (4c). 
Yellow crystals, yield 66%, m.p. 275oC, νmax / cm-1 (KBr) 3399 (NH2), 3180 (NH), 1689 (CO); 1H NMR (DMSO) δ = 6.32 (s, 2H, NH2), 7.46 (d, 2H, J = 8.4 Hz, CH), 7.87 (s, 1H, CH), 8.32 (d, 2H, J = 8.4 Hz, CH), 10.74 (s, 1H, NH), 12.35 (s, 1H, NH); Anal. Calcd for C13H9ClN4O2: C, 54.09; H, 3.14; Cl, 12.28; N, 19.41. Found: C, 54.23; H, 12.44; N, 19.16 %.
General procedure of synthesis of compounds 6a-e
A solution of compound 2 (0.01 mol) and sodium acetate (0.01 mol) in N,N-dimethylformamide (10 ml) was cooled in an ice bath at (0-5 oC) while being stirred. To the resulting cold solution was added portionwise a cold solution of the appropriate diazonium salt 5a-e prepared as usual by diazotizing the corresponding aromatic amine (0.01 mol) in concentrated hydrochloric acid (3 ml) with sodium nitrite (0.01 mol) in water (3 ml). After all the diazonium salt solution was added, the mixture was stirred for further 1h. while cooling in an ice-bath. The solid that precipitated was filtered off, washed with water, dried and finally crystallized from N,N-dimethylformamide to give products 9a-e. The physical constants and spectral data are shown below:
3-Amino-7-(2-phenylhydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (6a). 
Yellow crystals, yield 68%, m.p. 321oC, νmax / cm-1 (KBr) 3423 (NH2), 3341, 3218, 3175 (3NH), 1681 (CO); 1H NMR (DMSO) δ = 6.55 (s, 2H, NH2), 7.02-7.42 (m, 5H, Ar), 10.63 (s, 1H, NH), 12.11 (s, 1H, NH), 12.59 (s, 1H, NH); Anal. Calcd for C12H10N6O2: C, 52.0; H, 4.03; N, 27.99. Found: C, 52.14; H, 4.20; N, 27.81 %.
3-Amino-7-(2-(p-tolyl)hydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (6b). 
Orange crystals, yield 74%, m.p. 315oC, νmax / cm-1 (KBr) 3419 (NH2), 3338, 3211, 3195 (3NH),  1691 (CO); 1H NMR (DMSO) δ = 2.28 (s, 3H, CH3), 6.57 (s, 2H, NH2), 7.18 (d, 2H, J = 8.7 Hz, CH), 7.22 (d, 2H, J = 9  Hz, CH), 10.63 (s, 1H, NH), 12.10 (s, 1H, NH), 12.58 (s, 1H, NH); m/z 284 = (M+, 88.3%), 239 (9.0%), 213 (1.7%), 166 (5.6%), 135 (31.5%), 106 (92.0%), 91 (100%), 77 (69.6%), 65 (59.1%), 52 (42.6%); Anal. Calcd for C13H12N6O2: C, 54.93; H, 4.25; N, 29.56. Found: C, 54.81; H, 4.43; N, 29.79 %.
3-Amino-7-(2-(4-chlorophenyl)hydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (6c). 
Yellow crystals, yield 81%, m.p. 341oC, νmax / cm-1 (KBr) 3439 (NH2), 3337, 3216, 3181 (3NH), 1683 (CO); 1H NMR (DMSO) δ = 6.56 (s, 2H, NH2), 7.33 (d, 2H, J = 9  Hz, CH), 7.42 (d, 2H, J = 8.4 Hz, CH), 10.67 (s, 1H, NH), 12.08 (s, 1H, NH), 12.63 (s, 1H, NH);  Anal. Calcd for C12H9ClN6O2: C, 47.30; H, 2.98; Cl, 11.63; N, 27.58. Found: C, 47.44; H, 2.82; Cl, 11.49; N, 27.77 %.
3-Amino-7-(2-(4-methoxyphenyl)hydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (6d). 
Orange crystals, yield 77%, m.p. 332oC, νmax / cm-1 (KBr) 3433 (NH2), 3340, 3213, 3191 (3NH), 1687 (CO); 1H NMR (DMSO) δ = 3.75 (s, 3H, OCH3), 6.51 (s, 2H, NH2), 6.96 (d, 2H, J = 9.3 Hz, CH), 7.26 (d, 2H, J = 9 Hz, CH), 10.55 (s, 1H, NH), 12.10 (s, 1H, NH), 12.52 (s, 1H, NH); Anal. Calcd for C13H12N6O3: C, 53.33; H, 3.73; N, 31.10. Found: C, 53.50; H, 3.58; N, 31.29 %.
3-Amino-7-(2-(3-nitrophenyl)hydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (6e). 
Yellow crystals, yield 75%, m.p > 360oC, νmax / cm-1 (KBr) 3436 (NH2), 3342, 3221, 3184 (3NH), 1683 (CO); 1H NMR (DMSO) δ = 6.58 (s, 2H, NH2), 7.62-7.90 (m, 3H, Ar), 8.14 (s, 1H, Ar), 10.75 (s, 1H, NH), 12.20 (s, 1H, NH), 12.67 (s, 1H, NH); Anal. Calcd for C12H9N7O4: C, 45.72; H, 2.88; N, 31.10. Found: C, 45.56; H, 2.70; N, 31.32 %.
General procedure of synthesis of compounds 9a-d
A mixture of compound 2 (0.01 mol) and α,β-unsaturated ketones 7a-d (0.01 mol) in N,N-dimethylformamide (10 ml) containing a few drops of piperidine was heated under reflux for 6 h and the reaction mixture was followed by TLC. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide to give the respective products 9a-d. 
2-Amino-6,8-diphenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (9a).
Brown crystals, yield 74%, m.p. 300oC, νmax / cm-1 (KBr) 3461 (NH2), 3178 (NH), 1688 (CO); 1H NMR (DMSO) δ = 6.64 (s, 2H, NH2), 7.08 (s, 1H, Ar), 7.44-7.45 (m, 3H, Ar), 7.58-7.63 (m, 5H, Ar), 8.12-8.14 (m, 2H, Ar), 10.75 (s, 1H, NH); m/z 354 = (M+, 68.6%), 338 (1.6%), 324 (2.5%), 309 (0.2%), 298 (4.2%), 282 (3.3%), 271 (1.8%), 255 (4.9%), 247 (2.4%), 227 (4.6%), 213 (1.8%), 201 (3.7%), 189 (4.5%), 177 (5.2%), 159 (3.5%), 149 (4.1%), 127 (7.6%), 117 (27.5%), 101 (16.0%), 17.8 (8.1%), 8.8 (43.0%), 59 (100%), 51 (4.3%); Anal. Calcd for C21H14N4O2: C, 71.18; H, 3.98; N, 15.81. Found: C, 71.37; H, 3.84; N, 15.64 %.
2-Amino-8-(4-methoxyphenyl)-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (9b).
Brown crystals, yield 75%, m.p  280oC, νmax / cm-1 (KBr) 3390 (NH2), 3213 (NH), 1701 (CO); 1H NMR (DMSO) δ = 3.83 (s, 3H, OCH3), 6.62 (s, 2H, NH2), 6.99 (d, 2H, J = 8.7 Hz, CH),7.06 (s, 1H, Ar), 7.58-7.62 (m, 5H, Ar), 8.11-8.14 (m, 2H, Ar), 10.78 (s, 1H, NH); Anal. Calcd for C22H16N4O3: C, 68.74; H, 4.20; N, 14.58. Found: C, 68.55; H, 4.37; N, 14.81 %.
2-Amino-8-(4-chlorophenyl)-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione. (9c).
Brown crystals, yield 77%, m.p  345oC, νmax / cm-1 (KBr) 3450 (NH2), 3189 (NH), 1696 (CO); 1H NMR (DMSO) δ = 6.66 (s, 2H, NH2), 7.09 (s, 1H, Ar), 7.48 (d, 2H, J = 8.4 Hz, Ar), 7.58-7.59 (m, 3H, Ar), 7.63 (d, 2H, J = 8.4 Hz, Ar), 8.12-8.14 (m, 2H, Ar), 10.80 (s, 1H, NH); Anal. Calcd for C21H13ClN4O2: C, 64.87; H, 3.37; Cl, 9.12; N, 14.41. Found: C, 64.69; H, 3.51; Cl, 9.28; N, 14.62 %.
2-Amino-8-(benzo[d][1,3]dioxol-5-yl)-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (9d).
Brown crystals, yield 81%, m.p  285oC, νmax / cm-1 (KBr) 3413 (NH2), 3117 (NH), 1681 (CO); 1H NMR (DMSO) δ = 6.26 (s, 2H, CH2), 6.64 (s, 2H, NH2), 7.18 (s, 1H, Ar), 7.27 (d, 2H, J = 8.4 Hz, Ar), 7.57-7.69 (m, 3H, Ar), 7.84-8.41 (m, 3H, Ar), 10.93 (s, 1H, NH). 13C NMR (DMSO) δ = 89.32, 101.75, 108.05, 110.10, 110.89, 117.75, 124.15, 128.97, 130.09, 130.77, 131.27, 131.61, 142.29, 145.04, 146.05, 147.64, 149.87, 160.27, 162.77; m/z 398 = (M+, 2.8%), 386 (1.7%), 363 (0.4%), 343 (0.1%), 326 (0.1%), 317 (0.5%), 305 (1.4%), 281 (0.2%), 268 (0.8%), 247 (1.8%), 229 (0.9%), 213 (0.9%), 201 (1.6%), 189 (2.7%), 175 (2.0%), 159 (2.3%), 148 (4.4%), 131 (3.3%), 117 (17.0%), 105 (100%); Anal. Calcd for C22H14N4O4: C, 66.33; H, 3.54; N, 14.06. Found: C, 66.53; H, 3.65; N, 14.28 %.
 
General procedure of synthesis of compounds 10a-p
A mixture of compounds 6a-d (0.01 mol) and α,β-unsaturated ketones 7a-d (0.01 mol) in N,N-dimethylformamide (10 ml) containing a few drops of piperidine was heated under reflux for 6 h and the reaction mixture was followed by TLC. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide to give the respective products 10a-p. 
2,4-Diphenyl-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10 (7H,9H)-dione (10a).
Brown crystals, yield 70%, m.p. 315oC, νmax / cm-1 (KBr) 3369 (NH), 3185 (NH), 1689 (CO); 1H NMR (DMSO) δ = 7.21 (d, 2H, J = 7.2 Hz, Ar), 7.42-7.46 (m, 3H, Ar), 7.60-7.80 (m, 6H, Ar), 8.20 (s, 1H, CH), 8.29-8.43 (m, 4H, Ar), 11.09 (s, 1H, NH), 12.36 (s, 1H, NH); Anal. Calcd for C27H18N6O2: C, 70.73; H, 3.96; N, 18.33. Found: C, 70.55; H, 3.80; N, 18.55 %.
2,4-Diphenyl-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10b).
Yellow crystals, yield 66%, m.p. 320oC, νmax / cm-1 (KBr) 3430 (NH), 3189 (NH), 1701 (CO); 1H NMR (DMSO) δ = 2.25 (s, 3H, CH3), 7.03 (d, 2H, J = 8.4 Hz, Ar), 7.15 (d, 2H, J = 8.1 Hz, Ar), 7.56-7.58 (m, 3H, Ar), 7.75-7.77 (m, 3H, Ar), 8.13 (s, 1H, CH), 8.25-8.27 (m, 2H, Ar), 8.38-8.41 (m, 2H, Ar), 11.01 (s, 1H, NH), 12.27 (s, 1H, NH); Anal. Calcd for C28H20N6O2: C, 71.18; H, 4.27; N, 17.79. Found: C, 71.34; H, 4.46; N, 17.54 %.
7-(2-(4-Chlorophenyl)hydrazono)-2,4-diphenylpyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10c).
Brown crystals, yield 72%, m.p. 335oC, νmax / cm-1 (KBr) 3378 (NH), 3148 (NH), 1689 (CO); 1H NMR (DMSO) δ = 7.18 (d, 2H, J = 8.4 Hz, Ar), 7.41 (d, 2H, J = 8.7 Hz, Ar), 7.59-7.85 (m, 6H, Ar), 8.13 (s, 1H, CH), 8.27-8.45 (m, 4H, Ar), 11.13 (s, 1H, NH), 12.42 (s, 1H, NH); m/z 492 = (M+, 30.2%), 494 (M++2, 11.7%), 452 (1.8%), 423 (1.3%), 396 (2.0%), 367 (3.6%), 346 (17.6%), 323 (24.6%), 304 (28.7%), 282 (17.0%), 231 (16.5%), 204 (21.5%), 165 (22.8%), 129 (55.3%), 111 (97.9%), 99 (48.5%), 77 (100%); Anal. Calcd for C27H17ClN6O2: C, 65.79; H, 3.48; Cl, 7.19; N, 17.05. Found: C, 65.62; H, 3.32; Cl, 7.41; N, 17.28 %.
7-(2-(4-Methoxyphenyl)hydrazono)-2,4-diphenylpyrido[4',3':3,4]pyrazolo[1,5-a] pyrimidine-8,10(7H,9H)-dione (10d).
Brown crystals, yield 60%, m.p. 325oC, νmax / cm-1 (KBr) 3265 (NH), 3184 (NH), 1692 (CO); 1H NMR (DMSO) δ = 3.81 (s, 3H, OCH3), 7.14 (d, 2H, J = 8.7 Hz, Ar), 7.39 (d, 2H, J = 8.4 Hz, Ar), 7.53-7.72 (m, 5H, Ar), 8.09 (s, 1H, CH), 8.21-8.39 (m, 5H, Ar), 11.07 (s, 1H, NH), 12.35 (s, 1H, NH); Anal. Calcd for C28H20N6O3: C, 68.84; H, 4.13; N, 17.20. Found: C, 68.69; H, 4.29; N, 17.43 %.

4-(4-Methoxyphenyl)-2-phenyl-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10e).
Yellow crystals, yield 63%, m.p. 317oC, νmax / cm-1 (KBr) 3215 (NH), 3189 (NH), 1693 (CO); 1H NMR (DMSO) δ = 3.86 (s, 3H, OCH3), 7.19 (d, 2H, J = 8.4 Hz, Ar), 7.43 (d, 2H, J = 8.7 Hz, Ar), 7.58-7.79 (m, 5H, Ar), 8.19 (s, 1H, CH), 8.26-8.41 (m, 5H, Ar), 10.92 (s, 1H, NH), 12.24 (s, 1H, NH); Anal. Calcd for C28H20N6O3: C, 68.84; H, 4.13; N, 17.20. Found: C, 68.68; H, 4.24; N, 17.42 %.
4-(4-Methoxyphenyl)-2-phenyl-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]-pyrimidine-8,10(7H,9H)-dione (10f).
Yellow crystals, yield 75%, m.p. 321oC, νmax / cm-1 (KBr) 3311 (NH), 3187,  (NH), 1702 (CO); 1H NMR (DMSO) δ = 2.25 (s, 3H, CH3), 3.79 (s, 3H, OCH3), 7.17 (d, 2H, J = 8.4 Hz, Ar), 7.37-7.67 (m, 9H, Ar), 8.12 (s, 1H, CH), 8.44 (d, 2H, J = 8.4 Hz, Ar), 10.97 (s, 1H, NH), 12.30 (s, 1H, NH); Anal. Calcd for C29H22N6O3: C, 69.31; H, 4.41; N, 16.72. Found: C, 69.50; H, 4.32; N, 16.46 %.
7-(2-(4-Chlorophenyl)hydrazono)-4-(4-methoxyphenyl)-2-phenylpyrido[4',3':3,4]pyrazolo [1,5-a]pyrimidine-8,10(7H,9H)-dione (10g).
Yellow crystals, yield 81%, m.p. 343oC, νmax / cm-1 (KBr) 3216 (NH), 3195 (NH), 1697 (CO); 1H NMR (DMSO) δ = 3.84 (s, 3H, OCH3), 7.10-7.37 (m, 6H, Ar), 6.45- 7.55 (m, 5H, Ar), 8.11 (s, 1H, CH), 8.41 (d, 2H, J = 8.4 Hz, CH), 11.04 (s, 1H, NH), 12.41 (s, 1H, NH); Anal. Calcd for C28H19ClN6O3: C, 64.31; H, 3.66; Cl, 6.78; N, 16.07. Found: C, 64.48; H, 3.47; Cl, 6.57; N, 16.29 %.
4-(4-Methoxyphenyl)-7-(2-(4-methoxyphenyl)hydrazono)-2-phenylpyrido[4',3':3,4] pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10h).
Yellow crystals, yield 72%, m.p. 334oC, νmax / cm-1 (KBr) 3272 (NH), 3198 (NH), 1689 (CO); 1H NMR (DMSO) δ = 3.79 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 7.14-7.30 (m, 4H, Ar), 7.48-7.65 (m, 7H, Ar), 8.13 (s, 1H, CH), 8.49 (d, 2H, J = 8.4 Hz, Ar), 11.02 (s, 1H, NH), 12.32 (s, 1H, NH); Anal. Calcd for C29H22N6O4: C, 67.17; H, 4.28; N, 16.21. Found: C, 67.29; H, 4.11; N, 16.44 %.
4-(4-Chlorophenyl)-2-phenyl-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10i).
Yellow crystals, yield 73%, m.p. 323oC, νmax / cm-1 (KBr) 3380 (NH), 3157 (NH), 1686 (CO); 1H NMR (DMSO) δ = 7.13 (d, 2H, J = 8.7 Hz, Ar), 7.39 (d, 2H, J = 8.4 Hz, Ar), 7.55-7.87 (m, 6H, Ar), 8.16 (s, 1H, CH), 8.31-8.47 (m, 4H, Ar), 11.14 (s, 1H, NH), 12.39 (s, 1H, NH); Anal. Calcd for C27H17ClN6O2: C, 65.79; H, 3.48; Cl, 7.19; N, 17.05. Found: C, 65.58; H, 3.38; Cl, 7.32; N, 17.31 %.
4-(4-Chlorophenyl)-2-phenyl-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a] pyrimidine-8,10(7H,9H)-dione (10j).
Yellow crystals, yield 79%, m.p. 335oC, νmax / cm-1 (KBr) 3346 (NH), 3190 (NH), 1699 (CO); 1H NMR (DMSO) δ = 2.28 (s, 3H, CH3), 7.40-7.65 (m, 9H, Ar),  8.12 (s, 1H, CH), 8.07-8.34 (m, 4H, Ar), 11.09 (s, 1H, NH), 12.42 (s, 1H, NH); Anal. Calcd for C28H19ClN6O2: C, 66.34; H, 3.78; Cl, 6.99; N, 16.58. Found: C, 66.22; H, 3.59; Cl, 6.79; N, 16.34 %.
4-(4-Chlorophenyl)-7-(2-(4-chlorophenyl)hydrazono)-2-phenylpyrido[4',3':3,4pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10k).
Yellow crystals, yield 85%, m.p. 352oC, νmax / cm-1 (KBr) 3219 (NH), 3187 (NH), 1691 (CO); 1H NMR (DMSO) δ = 7.13-7.28 (m, 4H, Ar), 7.43-7.76 (m, 5H, Ar), 8.16 (s, 1H, CH), 8.11-8.41 (m, 4H, Ar), 11.07 (s, 1H, NH), 12.44 (s, 1H, NH); Anal. Calcd for C27H16Cl2N6O2: C, 61.49; H, 3.06; Cl, 13.44; N, 15.94. Found: C, 61.31; H, 3.27; Cl, 13.57; N, 15.67 %.
4-(4-Chlorophenyl)-7-(2-(4-methoxyphenyl)hydrazono)-2-phenylpyrido[4',3':3,4] pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10l).
Yellow crystals, yield 72%, m.p. 339oC, νmax / cm-1 (KBr) 3326 (NH), 1703 (CO); 1H NMR (DMSO) δ = 3.88 (s, 3H, OCH3), 7.17 (d, 2H, J = 8.4 Hz, Ar),  7.48-7.68 (m, 7H, Ar), 8.07 (s, 1H, CH), 8.16-8.38 (m, 4H, Ar), 10.98 (s, 1H, NH), 12.31 (s, 1H, NH); Anal. Calcd for C28H19ClN6O3: C, 64.31; H, 3.66; Cl, 6.78; N, 16.07. Found: C, 64.43; H, 3.51; Cl, 6.59; N, 16.31 %.
4-(Benzo[d][1,3]dioxol-5-yl)-2-phenyl-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10m).
Yellow crystals, yield 63%, m.p. 308oC, νmax / cm-1 (KBr) 3266 (NH), 3199 (NH), 1701 (CO); 1H NMR (DMSO) δ = 6.28 (s, 2H, CH2), 7.03-7.16 (m, 2H, Ar), 7.20-7.39 (m, 4H, Ar), 7.48-8.07 (m, 3H, Ar), 8.16 (s, 1H, CH), 8.31 (d, 2H, J = 8.4 Hz, Ar), 11.02 (s, 1H, NH), 12.38 (s, 1H, NH); Anal. Calcd for C28H18N6O4: C, 66.93; H, 3.61; N, 16.73. Found: C, 66.79; H, 3.50; N, 16.48 %.
4-(Benzo[d][1,3]dioxol-5-yl)-2-phenyl-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo- [1,5-a] yrimidine-8,10(7H,9H)-dione.(10n).
Yellow crystals, yield 73%, m.p. 310oC, νmax / cm-1 (KBr) 3201 (NH), 3176 (NH), 1684 (CO); 1H NMR (DMSO) δ = 2.29 (s, 3H, CH3), 6.30 (s, 2H, CH2), 7.17-7.31 (m, 5H, Ar), 7.59-7.60 (m, 3H, Ar), 7.84-7.96 (m, 2H, Ar), 8.12 (s, 1H, CH), 8.40-8.41 (m, 2H, Ar), 11.03 (s, 1H, NH), 12.42 (s, 1H, NH); m/z 516 = (M+, 10.1%), 481 (20.3%), 455 (70.1%), 405 (77.5%), 347 (25.6%), 289 (35.3%), 247 (49.2%), 201 (71.3%), 189 (52.3%), 143 (42.7%), 113 (68.3%), 87 (38.7%), 73 (10.9%), 59 (100%); Anal. Calcd for C29H20N6O4: C, 67.44; H, 3.90; N, 16.27. Found: C, 67.60; H, 3.73; N, 16.51 %.
4-(Benzo[d][1,3]dioxol-5-yl)-7-(2-(4-chlorophenyl)hydrazono)-2-phenylpyrido[4',3':3,4] pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10o).
Yellow crystals, yield 76%, m.p. 331oC, νmax / cm-1 (KBr) 3214 (NH), 3193 (NH), 1689 (CO); 1H NMR (DMSO) δ =  6.30 (s, 2H, CH2), 7.10-7.28 (m, 5H, Ar), 7.25-7.35 (m, 2H, Ar), 7.48-7.68 (m, 3H, Ar), 8.14 (s, 1H, CH), 8.43 (d, 2H, J = 8.7 Hz, Ar), 11.03 (s, 1H, NH), 12.43 (s, 1H, NH); Anal. Calcd for C28H17ClN6O4: C, 62.64; H, 3.19; Cl, 6.60; N, 15.65. Found: C, 62.55; H, 3.32; Cl, 6.39; N, 15.40 %.
4-(Benzo[d][1,3]dioxol-5-yl)-7-(2-(4-methoxyphenyl)hydrazono)-2-phenylpyrido[4',3':3,4]-pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (10p).
Yellow crystals, yield 69%, m.p. 319oC, νmax / cm-1 (KBr) 3189 (NH), 3189 (NH), 1684 (CO); 1H NMR (DMSO) δ = 3.86 (s, 3H, OCH3), 6.18 (s, 2H, CH2),7.07-7.17 (m, 3H, Ar), 7.29-7.39 (m, 2H, Ar), 7.41-8.05 (m, 5H, Ar), 8.13 (s, 1H, CH), 8.38 (d, 2H, J = 8.4 Hz, Ar), 11.07 (s, 1H, NH), 12.45 (s, 1H, NH); Anal. Calcd for C29H20N6O5: C, 65.41; H, 3.79; N, 15.78. Found: C, 65.28; H, 3.63; N, 15.56 %.
General procedure of synthesis of compounds 13a-e.
A mixture of compound 2 (0.01 mol) and enaminones 11a-e (0.01 mol) in N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under reflux for 6 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide. 
2-Amino-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (13a).
Brown crystals, yield 70%, m.p 300oC, νmax / cm-1 (KBr) 3454 (NH2), 3168 (NH), 1687 (CO); 1H NMR (DMSO) δ = 6.68 (s, 2H, NH2), 7.32 (d, 1H, J = 7.5 Hz, CH), 7.58-7.64 (m, 3H, Ar), 8.04-8.10 (m, 3H, Ar), 10.91 (s, 1H, NH); Anal. Calcd for C15H10N4O2: C, 64.74; H, 3.62; N, 20.13. Found: C, 64.61; H, 3.76; N, 20.35 %.
2-Amino-6-(4-chlorophenyl)-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (13b).
Brown crystals, yield 74%, m.p 310oC, νmax / cm-1 (KBr) 3409 (NH2), 3212 (NH), 1702 (CO); 1H NMR (DMSO) δ = 6.70 (s, 2H, NH2), 7.34 (d, 1H, J = 7.8 Hz, CH), 7.66 (d, 2H, J = 8.4 Hz, Ar), 8.03 (d, 1H, J = 7.5 Hz, CH), 8.12 (d, 2H, J = 8.7 Hz, Ar),  10.92 (s, 1H, NH); Anal. Calcd for C15H9ClN4O2: C, 57.61; H, 2.90; Cl, 11.34; N, 17.92. Found: C, 57.44; H, 2.74; Cl, 11.53; N, 17.68 %.
2-Amino-6-(p-tolyl)-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (13c).
Brown crystals, yield 79%, m.p 295oC, νmax / cm-1 (KBr) 3466 (NH2), 3208 (NH), 1701 (CO); 1H NMR (DMSO) δ = 2.42 (s, 3H, CH3 ), 6.66 (s, 2H, NH2), 7.32 (d, 1H, J = 7.5 Hz, CH), 7.39 (d, 2H, J = 8.10 Hz, Ar), 8.01-8.05 (m, 3H, Ar), 10.89 (s, 1H, NH);  m/z 292 = (M+, 28.7%), 273 (3.0%), 259 (5.6%), 247 (7.1%), 227 (1.9%), 213 (1.9%), 201 (4.8%), 189 (7.1%), 175 (3.3%), 159 (4.6%), 143 (5.8%), 131 (6.8%), 117 (27.4%), 101 (18.0%), 87 (21.1%), 73 (7.2%), 59 (100%), 55 (3.4%);  Anal. Calcd for C16H12N4O2: C, 65.75; H, 4.14; N, 19.17. Found: C, 65.90; H, 4.31; N, 19.39%.
2-Amino-6-(4-methoxyphenyl)-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (13d).
Brown crystals, yield 70%, m.p 320oC, νmax / cm-1 (KBr) 3441 (NH2), 3198 (NH), 1691 (CO); 1H NMR (DMSO) δ = 3.85 (s, 3H, OCH3 ), 6.65 (s, 2H, NH2), 7.09 (d, 2H, J = 9 Hz, Ar), 7.28 (d, 1H, J = 7.8 Hz, CH), 7.99 (d, 1H, J = 7.8 Hz, CH), 8.10 (d, 2H, J = 8.7 Hz, Ar), 10.86 (s, 1H, NH); 13C NMR (DMSO) δ = 55.42, 88.02, 113.02, 113.49, 113.90, 122.99, 128.27, 131.16, 142.68, 144.17, 158.05, 159.81, 161.17, 163.03; m/z 308 = (M+, 100%), 289 (7.7%), 265 (4.6%), 237 (5.8%), 210 (9.2%), 194 (5.4%), 178 (2.0%), 166 (3.5%), 139 (4.8%), 117 (2.4%), 104 (3.6%), 89 (6.6%), 76 (10.0%), 63 (4.5%), 51 (2.1%); Anal. Calcd for C16H12N4O3: C, 62.33; H, 3.92; N, 18.17. Found: C, 62.47; H, 3.75; N, 18.43 %.
2-Amino-6-(4-bromophenyl)-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (13e).
Brown crystals, yield 79%, m.p > 360oC, νmax / cm-1 (KBr) 3378 (NH2), 3203 (NH), 1689 (CO); 13C NMR (DMSO) δ = 88.65, 114.82, 124.90, 128.77, 130.62, 131.92, 142.11, 144.54, 158.62, 160.32, 162.70, 163.51, 171.80; Anal. Calcd for C15H9BrN4O2: C, 50.44; H, 2.54; Br, 22.37; N, 15.69. Found: C, 50.59; H, 2.70; Br, 22.56; N, 15.46 %.
General procedure of synthesis of compounds 14a-c
A mixture of compounds 13a,d (0.01 mol) and acetic anhydride (5 ml) was refluxed for 2 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide. 
N-(3,5-Dioxo-6-phenyl-4,5-dihydro-3H-pyrazolo[4,5,1-ij][1,6]naphthyridin-2-yl)acetamide (14a). 
Brown crystals, yield 60%, m.p 200oC, νmax / cm-1 (KBr) 3217 (NH), 3165 (NH), 1716 (CO), 1689 (CO); 1H NMR (DMSO) δ = 2.20 (s, 3H, CH3 ), 7.40-7.50 (m, 3H, Ar), 7.61-8.01 (m, 3H, Ar), 10.30 (s, 1H, NH), 13.60 (s, 1H, NH); m/z 320 = (M+, 22.0%), 305 (8.1%), 278 (100%), 259 (10.2%), 235 (12.0%), 208 (32.2%), 193 (20.5%), 180 (17.6%), 178 (16.5%), 152 (15.4%), 122 (14.3%), 105 (58.7%), 102 (21.1), 77 (72.5%), 45 (20.1%), 40 (7.5%); Anal. Calcd for C17H12N4O3: C, 63.75; H, 3.78; N, 17.49. Found: C, 63.63; H, 3.62; N, 17.72%.
N-(6-(4-Chlorophenyl)-3,5-dioxo-4,5-dihydro-3H-pyrazolo[4,5,1-ij][1,6]naphthyridin-2-yl)acetamide (14b).
Brown crystals, yield 79%, m.p 275oC, νmax / cm-1 (KBr) 3241 (NH), 3176 (NH), 1719 (CO), 1703 (CO); 1H NMR (DMSO) δ = 2.24 (s, 3H, CH3 ), 7.38-7.49 (m, 3H, Ar), 7.59-8.11 (m, 3H, Ar), 10.43 (s, 1H, NH), 13.71 (s, 1H, NH); m/z 354 = (M+, 17.1%), 339 (2.8%), 312 (100%), 294 (7.1%), 269 (11.6%), 241 (9.1%), 214 (11.9%), 178 (23.7%), 150 (12.4%), 139 (27.4%), 111 17.7%), 76 (24.1%), 74 (8.4), 63 (8.1%), 43 (43.0%); Anal. Calcd for C17H11ClN4O3: C, 57.56; H, 3.13; Cl, 9.99; N, 15.79. Found: C, 57.42; H, 3.32; Cl, 9.82; N, 15.55%.
Synthesis of N,N-dimethyl-N'-(4-oxo-5-phenyl-2a,2a1,4,5-tetrahydro-3H-pyrazolo[4,5,1-ij]-[1,7]naphthyridin-2-yl)formimidamide (15a).
A mixture of compound 13a (0.01 mol) and dimethylformamide dimethylacetal (0.01 mol) in dry dioxane (20 ml) was heated under reflux for 5 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide to give brown crystals, yield 70%, m.p 350oC, νmax / cm-1 (KBr) 3194 (NH), 1695 (CO); 1H NMR (DMSO) δ = 3.02 (s, 3H, CH3), 3.12 (s, 3H, CH3), 7.40 (d, 1H, J = 7.5 Hz, Ar), 7.59-7.62 (m, 3H, Ar), 8.07-8.12 (m, 3H, Ar), 9.12 (s, 1H, CH), 10.99 (s, 1H, NH); Anal. Calcd for C18H15N5O2: C, 64.86; H, 4.54; N, 21.01. Found: C, 64.69; H, 4.41; N, 21.23 %.
Synthesis of N'-(3,5-dioxo-6-phenyl-4,5-dihydro-3H-pyrazolo[4,5,1-ij][1,6]naphthyridin-2-yl)-N-hydroxyformimidamide (17).
A mixture of compound 15a (0.01 mol), hydroxylamine hydrochloride (0.01 mol) and anhydrous sodium acetate (0.01 mol) in N,N-dimethylformamide (20 ml) was heated under reflux for 7 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide
Brown crystals, yield 70%, m.p ˃350oC, νmax / cm-1 (KBr) 3411 (OH), 3270 (NH), 1694 (CO); 1H NMR (DMSO) δ = 7.53 (d, 1H, J = 7.5 Hz, Ar), 7.62-7.65 (m, 5H, Ar and CH), 8.09-8.22 (m, 4H, Ar and NH), 10.61 (s, 1H, NH), 11.24 (s, 1H, OH); Anal. Calcd for C16H11N5O3: C, 59.81; H, 3.45; N, 21.80. Found: C, 59.64; H, 3.26; N, 21.56 %.
General procedure of synthesis of compounds 19a-i.
A mixture of compounds 4a-c (0.01 mol) and enaminones 11a-c (0.01 mol) in N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under reflux for 6 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide
7-Benzylidene-4-phenylpyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19a).
Yellow crystals, yield 54%, m.p 281oC, νmax / cm-1 (KBr) 3189 (NH), 1693 (CO); 1H NMR (DMSO) δ = 6.96-7.05 (m, 4H, Ar), 7.40-7.60 (m, 6H, Ar), 7.79 (s, 1H, CH ), 8.03 (d, 1H, J = 7.5 Hz, CH), 8.18 (d, 1H, J = 8.4 Hz, CH), 11.21 (s, 1H, NH); Anal. Calcd for C22H14N4O2: C, 72.12; H, 3.85; N, 15.29. Found: C, 72.26; H, 3.74; N, 15.55 %.
7-(4-Methoxybenzylidene)-4-phenylpyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10-(7H,9H)-dione (19b).
Yellow crystals, yield 64%, m.p 311oC, νmax / cm-1 (KBr) 3211 (NH), 1701 (CO); 1H NMR (DMSO) δ = 3.80 (s, 3H, OCH3 ), 6.89-7.17 (m, 6H, Ar), 7.39-7.76 (m, 4H, Ar and CH), 8.07 (d, 1H, J = 7.5 Hz, CH), 8.26  (d, 1H, J = 8.1 Hz, CH), 11.13 (s, 1H, NH); Anal. Calcd for C23H16N4O3: C, 69.69; H, 4.07; N, 14.13. Found: C, 69.51; H, 4.19; N, 14.33%.
7-(4-Chlorobenzylidene)-4-phenylpyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19c).
Yellow crystals, yield 73%, m.p 325oC, νmax / cm-1 (KBr) 3243 (NH), 1697 (CO); 1H NMR (DMSO) δ = 6.96-7.01 (m, 4H, Ar), 7.40-7.80 (m, 6H, Ar and CH), 8.11 (d, 1H, J = 7.8 Hz, CH), 8.28 (d, 1H, J = 8.1 Hz, CH), 11.0 (s, 1H, NH); Anal. Calcd for C22H13ClN4O2: C, 65.93; H, 3.27; Cl, 8.84; N, 13.98. Found: C, 65.76; H, 3.42; Cl, 8.65; N, 13.71 %.
7-Benzylidene-4-(4-chlorophenyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19d).
Yellow crystals, yield 72%, m.p 320oC, νmax / cm-1 (KBr) 3216 (NH), 1699 (CO); 1H NMR (DMSO) δ = 7.19-7.31 (m, 3H, Ar), 7.40 (d, 2H, J = 8.7 Hz, Ar), 7.59-7.68 (m, 3H, Ar and CH), 7.90 (d, 2H, J = 8.4 Hz, Ar), 8.01 (d, 1H, 7.5 Hz, CH), 8.17 (d, 1H, 7.8 Hz, CH), 11.0 (s, 1H, NH); Anal. Calcd for C22H13ClN4O2: C, 65.93; H, 3.27; Cl, 8.84; N, 13.98. Found: C, 65.75; H, 3.36; Cl, 8.72; N, 13.72 %.
4-(4-Chlorophenyl)-7-(4-methoxybenzylidene)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19e).
Yellow crystals, yield 75%, m.p 331oC, νmax / cm-1 (KBr) 3188 (NH), 1701 (CO); 1H NMR (DMSO) δ = 3.82 (s, 3H, OCH3 ), 6.89 (d, 2H, J = 8.7 Hz, Ar), 7.41 (d, 2H, J = 8.4 Hz, Ar), 7.60 (d, 2H, J = 8.1 Hz, Ar), 7.92 (d, 2H, J = 8.4 Hz, Ar), 8.07 (d, 1H, J = 7.5 Hz, CH), 8.21 (d, 1H, J = 7.8 Hz, CH), 8.90 (s, 1H, CH), 11.19 (s, 1H, NH); Anal. Calcd for C23H15ClN4O3: C, 64.12; H, 3.51; Cl, 8.23; N, 13.00. Found: C, 64.27; H, 3.38; Cl, 8.42; N, 13.29 %.
7-(4-Chlorobenzylidene)-4-(4-chlorophenyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19f).
Yellow crystals, yield 81%, m.p 352oC, νmax / cm-1 (KBr) 3182 (NH), 1691 (CO); 1H NMR (DMSO) δ = 7.38 (d, 2H, J = 9 Hz, Ar), 7.48 (d, 2H, J = 8.4 Hz, Ar), 7.61 (d, 2H, J = 8.1 Hz, Ar), 7.94 (d, 2H, J = 8.4 Hz, Ar), 8.02 (d, 1H, J = 7.5 Hz, CH), 8.19 (d, 1H, J = 7.8 Hz, CH), 8.89 (s, 1H, CH), 11.21 (s, 1H, NH); Anal. Calcd for C22H12Cl2N4O2: C, 60.71; H, 2.78; Cl, 16.29; N, 12.87. Found: C, 60.55; H, 2.67; Cl, 16.49; N, 12.62%.
7-Benzylidene-4-(p-tolyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19g).
Yellow crystals, yield 69%, m.p 297oC, νmax / cm-1 (KBr) 3190 (NH), 1689 (CO); 1H NMR (DMSO) δ = 2.34 (s, 3H, CH3 ), 7.02 (d, 2H, J = 7.8 Hz, Ar), 7.27-7.32 (m, 3H, Ar), 7.46-7.59 (m, 4H, Ar), 7.79 (s, 1H, CH ), 8.10 (d, 1H, J = 7.5 Hz, CH), 8.26 (d, 1H, J = 7.8 Hz, CH), 10.97 (s, 1H, NH); Anal. Calcd for C23H16N4O2: C, 72.62; H, 4.24; N, 14.73. Found: C, 72.75; H, 4.43; N, 14.51 %.
7-(4-Methoxybenzylidene)-4-(p-tolyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10-(7H,9H)-dione (19h).
Yellow crystals, yield 64%, m.p 301oC, νmax / cm-1 (KBr) 3214 (NH), 1694 (CO); 1H NMR (DMSO) δ = 2.32 (s, 3H, CH3 ), 3.79 (s, 3H, OCH3 ), 6.87-7.12 (m, 4H, Ar), 7.58-7.69 (m, 4H, Ar), 7.78 (s, 1H, CH ),  8.01 (d, 1H, J = 7.5 Hz, CH), 8.19 (d, 1H, J = 7.8 Hz, CH), 11.22 (s, 1H, NH); Anal. Calcd for C24H18N4O3: C, 70.23; H, 4.42; N, 13.65. Found: C, 70.41; H, 4.53; N, 13.42 %.
7-(4-Chlorobenzylidene)-4-(p-tolyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (19i).
Yellow crystals, yield 71%, m.p 319oC, νmax / cm-1 (KBr) 3252 (NH), 1703 (CO); 1H NMR (DMSO) δ = 2.31 (s, 3H, CH3 ), 7.10 (d, 2H, J = 7.4 Hz, Ar), 7.56-7.78 (m, 7H, Ar and CH), 8.04 (d, 1H, J = 7.2 Hz, CH), 8.19 (d, 1H, J = 7.5 Hz, CH), 11.11 (s, 1H, NH); Anal. Calcd for C23H15ClN4O2: C, 66.59; H, 3.64; Cl, 8.55; N, 13.51. Found: C, 66.49; H, 3.53; Cl, 8.71; N, 13.74 %.
General procedure of synthesis of compounds 21a-c.
A mixture of compounds 4a-c (0.01 mol) and acetylacetone (0.01 mol) in N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under reflux for 5 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide.
7-Acetyl-2-amino-8-methyl-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (21a).
Yellow crystals, yield 61%, m.p. 334oC, νmax / cm-1 (KBr) 3417 (NH), 3284 (NH2), 1722 (CO), 1689 (CO); 1H NMR (DMSO) δ = 1.84 (s, 3H, CH3), 2.62 (s, 3H, CH3), 6.86 (s, 2H, NH2), 7.25-7.43 (m, 5H, Ar), 10.69 (s, 1H, NH); Anal. Calcd for C18H14N4O3: C, 64.67; H, 4.22; N, 16.76. Found: C, 64.59; H, 4.34; N, 16.51%.
7-Acetyl-2-amino-6-(4-methoxyphenyl)-8-methyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (21b).
Yellow crystals, yield 66%, m.p. 350oC, νmax / cm-1 (KBr) 3474 (NH), 3279 (NH2), 1720 (CO), 1680 (CO); 1H NMR (DMSO) δ = 1.84 (s, 3H, CH3), 2.61 (s, 3H, CH3), 3.81 (s, 3H, OCH3), 6.80 (s, 2H, NH2), 6.97 (d, 2H, J = 8.7 Hz, Ar), 7.20 (d, 2H, J = 8.7 Hz, Ar), 10.71 (s, 1H, NH); Anal. Calcd for C16H14N4O4: C, 58.89; H, 4.32; N, 17.17. Found: C, 58.76; H, 4.48; N, 17.45 %.
7-Acetyl-2-amino-6-(4-chlorophenyl)-8-methyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione (21c).
Yellow crystals, yield 73%, m.p. 354oC, νmax / cm-1 (KBr) 3453 (NH), 3268 (NH2), 1718 (CO), 1687 (CO); 1H NMR (DMSO) δ = 1.90 (s, 3H, CH3), 2.61 (s, 3H, CH3), 6.32 (s, 2H, NH2), 7.49 (d, 2H, J = 8.7 Hz, Ar), 8.40 (d, 2H, J = 8.7 Hz, Ar), 10.74 (s, 1H, NH); Anal. Calcd for C18H13ClN4O3: C, 58.63; H, 3.55; Cl, 9.61; N, 15.19. Found: C, 58.49; H, 3.42; Cl, 9.69; N, 15.42 %.
General procedure of synthesis of compounds 22a-i 
A mixture of arylhydrazo derivatives 6a-c (0.01 mol) and enaminones 11a-c (0.01 mol) in N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under reflux for 6 h. The solid so formed was filtered off and recrystallized from N,N-dimethylformamide
4-Phenyl-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22a).
Yellow crystals, yield 61%, m.p. 291oC, νmax / cm-1 (KBr) 3309 (NH), 1699 (CO); 1H NMR (DMSO) δ = 6.87-6.97 (m, 5H, Ar), 7.22-7.51 (m, 5H, Ar), 7.65 (d, 1H, J = 8.1 Hz, CH), 7.76 (d, 1H, J = 8.4 Hz, CH), 11.0 (s, 1H, NH), 12.20 (s, 1H, NH); Anal. Calcd for C21H14N6O2: C, 65.96; H, 3.69; N, 21.98. Found: C, 65.84; H, 3.50; N, 21.74%.
4-Phenyl-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22b).
Yellow crystals, yield 64%, m.p. 335oC, νmax / cm-1 (KBr) 3289 (NH), 1702 (CO); 1H NMR (DMSO) δ = 2.34 (s, 3H, CH3 ), 6.91-7.01 (m, 4H, Ar), 7.52-7.63 (m, 5H, Ar), 7.70 (d, 1H, J = 8.1 Hz, CH), 7.81 (d, 1H, J = 8.4 Hz, CH), 11.21 (s, 1H, NH), 12.24 (s, 1H, NH); Anal. Calcd for C22H16N6O2: C, 66.66; H, 4.07; N, 21.20. Found: C, 66.82; H, 4.21; N, 21.46%.
7-(2-(4-Chlorophenyl)hydrazono)-4-phenylpyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22c).
Yellow crystals, yield 62%, m.p. 341oC, νmax / cm-1 (KBr) 3297 (NH), 1693 (CO); 1H NMR (DMSO) δ = 7.01-7.11 (m, 5H, Ar), 7.31-7.49 (m, 4H, Ar), 7.76 (d, 1H, J = 8.1 Hz, CH), 7.83 (d, 1H, J = 8.4 Hz, CH), 11.11 (s, 1H, NH), 12.28 (s, 1H, NH);  Anal. Calcd for C21H13ClN6O2: C, 60.51; H, 3.14; Cl, 8.50; N, 20.16. Found: C, 60.42; H, 3.31; Cl, 8.31; N, 20.38%.
4-(4-Chlorophenyl)-7-(2-phenylhydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22d).
Yellow crystals, yield 71%, m.p. 320oC, νmax / cm-1 (KBr) 3198 (NH), 1701 (CO); 1H NMR (DMSO) δ = 7.30-7.36 (m, 4H, Ar), 7.52 (d, 2H, J = 8.4 Hz, Ar), 7.68 (d, 1H, J = 8.1 Hz, CH), 
7.78 (d, 1H, J = 8.4 Hz, CH), 8.02 (d, 2H, J = 8.7 Hz, Ar), 11.0 (s, 1H, NH), 12.12 (s, 1H, NH);  Anal. Calcd for C21H13ClN6O2: C, 60.51; H, 3.14; Cl, 8.50; N, 20.16. Found: C, 60.40; H, 3.31; Cl, 8.34; N, 20.43%.
4-(4-Chlorophenyl)-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22e).
Yellow crystals, yield 68%, m.p. 350oC, νmax / cm-1 (KBr) 3213 (NH), 1700 (CO); 1H NMR (DMSO) δ = 2.31 (s, 3H, CH3), 7.13 (d, 2H, J = 8.1 Hz, Ar), 7.25 (d, 2H, J = 8.4 Hz, Ar), 7.76 (d, 1H, J = 8.4 Hz, CH), 7.83 (d, 1H, J = 8.1 Hz, CH), 8.22-8.86 (m, 4H, Ar), 11.10 (s, 1H, NH), 12.31 (s, 1H, NH); Anal. Calcd for C22H15ClN6O2: C, 61.33; H, 3.51; Cl, 8.23; N, 19.51. Found: C, 61.51; H, 3.32; Cl, 8.45; N, 19.74%.
4-(4-Chlorophenyl)-7-(2-(4-chlorophenyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22f).
Yellow crystals, yield 79%, m.p. 344oC, νmax / cm-1 (KBr) 3227 (NH), 1702 (CO); 1H NMR (DMSO) δ = 7.01 (m, 4H, Ar), 7.49 (d, 2H, J = 8.4 Hz, Ar), 7.65 (d, 1H, J = 8.1 Hz, CH), 7.81 (d, 1H, J = 8.4 Hz, CH), 8.11 (d, 2H, J = 8.7 Hz, Ar), 11.12 (s, 1H, NH), 12.31 (s, 1H, NH);  Anal. Calcd for C21H12Cl2N6O2: C, 55.89; H, 2.68; Cl, 15.71; N, 18.62. Found: C, 55.79; H, 2.55; Cl, 15.71; N, 18.86%.
7-(2-Phenylhydrazono)-4-(p-tolyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22g).
Yellow crystals, yield 64%, m.p. 302oC, νmax / cm-1 (KBr) 3277 (NH), 1689 (CO); 1H NMR (DMSO) δ = 2.35 (s, 3H, CH3 ), 6.81-7.11 (m, 4H, Ar), 7.49-7.58 (m, 5H, Ar), 7.68 (d, 1H, J = 8.1 Hz, CH), 7.76 (d, 1H, J = 8.4 Hz, CH), 11.18 (s, 1H, NH), 12.19 (s, 1H, NH); Anal. Calcd for C22H16N6O2: C, 66.66; H, 4.07; N, 21.20. Found: C, 66.78; H, 3.88; N, 21.43%.
4-(p-Tolyl)-7-(2-(p-tolyl)hydrazono)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22h).
Yellow crystals, yield 72%, m.p. 313oC, νmax / cm-1 (KBr) 3301 (NH), 1702 (CO); 1H NMR (DMSO) δ = 2.30 (s, 3H, CH3), 2.34 (s, 3H, CH3), 7.21 (d, 2H, J = 8.1 Hz, Ar), 7.39-7.51 (m, 4H, Ar), 7.67 (d, 1H, J = 8.1 Hz, CH), 7.70 (d, 2H, J = 8.7 Hz, Ar), 7.81 (d, 1H, J = 8.4 Hz, CH), 11.08 12.13 (s, 1H, NH), (s, 1H, NH); Anal. Calcd for C23H18N6O2: C, 67.31; H, 4.42; N, 20.48. Found: C, 67.44; H, 4.24; N, 20.73%.
7-(2-(4-Chlorophenyl)hydrazono)-4-(p-tolyl)pyrido[4',3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione (22i).
Yellow crystals, yield 75%, m.p. 327oC, νmax / cm-1 (KBr) 3280 (NH), 1691 (CO); 1H NMR (DMSO) δ = 2.32 (s, 3H, CH3), 7.15-7.38 (m, 6H,  Ar), 7.58 (d, 2H, J = 8.4 Hz, Ar), 7.74 (d, 1H, J = 8.4 Hz, CH), 7.80 (d, 1H, J = 8.1 Hz, CH), 11.08 (s, 1H, NH), 12.21 (s, 1H, NH);  Anal. Calcd for C22H15ClN6O2: C, 61.33; H, 3.51; Cl, 8.23; N, 19.51. Found: C, 61.47; H, 3.39; Cl, 8.41; N, 19.25%.

