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Experimental 
Melting points were uncorrected and were measured on a Gallen Kamp electric melting point apparatus. The infrared spectra were recorded using potassium bromide disks on FTIR Thermo Electron Nicolet 7600 (USA) infrared spectrometer at the Central laboratory of Faculty of Science, Ain Shams University. The 1H-NMR spectra were run at 300 MHz on a GEMINI 300 BB NMR spectrometer using tetramethyl silane (TMS) as internal standard in deuterated dimethylsulphoxide (DMSO-d6) at the main defense chemical laboratory. The mass spectra were recorded on a shimadzu GC-MS QP- 1000EX mass spectrometer operating at 70 ev at the Regional Center for Mycology & Biotechnology of Al-Azhar University. The progress of all reactions was monitored by the thin layer chromatography using Merck Kiesel gel 60 F254 aluminum backed plates.
General procedure for the reaction of the acid hydrazide 2a with ethyl cyanoacetate:
To a solution of the acid hydrazide 2a (10 mmol) in ethanol (40 ml), ethyl cyanoacetate (10 mmol) was added. The reaction mixture was refluxed for 6h., then left to cool at room temperature. The precipitated solid obtained was filtered off and washed with small amount of ethanol, recrystallized from ethanol to give compound 3. 
6-Amino-3-benzylidene-1-phenyl-3H-pyrazolo [1,2-a][1,2,4] triazine-4,8-dione (3)
Yellow crystals (34%), m.p. 188-189 oC, (ethanol); FTIR (KBr) cm1: 3334, 3272 (NH2), 3062, 3027 (aryl-H), 1704 (C=O amide), 1639 (C=N), 1609 (C=C), 766, 687 (δ5H). 1H-NMR (DMSO-d6): δ 5.37 (br.s, 2H, NH2 exchangeable), 7.18 (s, 1H, =CHPh), 7.44 - 8.39 (m, 11H, ArH+ =CH pyrazolone). MS (70 ev) m/z (%): 331 (M.+ +1, 2), 330 (M.+, 8), 328 (12), 285 (22), 263 (43), 248 (25), 233 (33), 178 (25), 161 (42), 151 (47), 122 (29), 89 (30), 81 (59), 74 (94), 61 (39), 49 (23), 41 (100). Anal. Calcd. for C19H14N4O2 (330.34): C, 69.08; H, 4.27; N, 16.96. Found: C, 69.23; H, 4.21; N, 17.09%.
General procedure for the reaction of the acid hydrazide 2b with ethyl cyanoacetate:
To a solution of the acid hydrazide 2b (10 mmol) in ethanol (40 ml), ethyl cyanoacetate (10 mmol) and sodium ethoxide (3 g sodium metal in 40 ml ethanol) were added. The reaction mixture was refluxed for 15h., cooled to room temperature then poured onto ice-water and acidified with dilute hydrochloric acid. The white solid product obtained was collected by filtration, washed several times with cold water and recrystallized from benzene-ethanol to give compound 4.  
N-(1-(3, 5-dioxopyrazolidin-1-yl)-1-oxo-3-phenylpropan-2-yl) benzamide (4)
White crystals (66%), m.p. 180-181oC, (benzene-ethanol); FTIR (KBr) cm-1: 3327 (NH), 3064, 3025 (aryl H), 2927, 2854 (alkyl H), 1722, 1614 (C=O amide), 1574 (C=C), 756, 701 (δ5H). 1H-NMR (DMSO-d6): δ 3.02-3.22 (m, 4H, 2CH2, J=10.8, 13.8 Hz), 4.58-4.63 (dd, 1H, CH, J=10.2, 10.5 Hz), 7.15 – 7.79 (m, 10H, ArH), 8.65 (d, 1H, NHCOPh exchangeable), 12.71 (br.s, 1H, NNHCO exchangeable). MS (70 ev) m/z (%): 353 (M.++2, 3), 351 (M.+, 1), 339 (5), 313 (15), 299 (6), 264 (11), 236 (15), 225 (8), 148 (47), 105 (100), 97 (20), 91 (23), 83 (24), 77 (43), 71 (25), 69 (27), 57 (41), 55 (30). Anal. Calcd. for C19H17N3O4 (351.36): C, 64.95; H, 4.88; N, 11.96. Found: C, 65.15; H, 4.59; N, 11.65%.
 Reactions of 3 with different aldehydes and istain
To a solution of 3 (10 mmol) in ethanol (40 ml), benzaldehyde (10 mmol) or p-anisaldehyde (10 mmol) or p-chloro benzaldehyde (10 mmol) or istain (10 mmol) was added in the presence of acetic acid (1 ml). The reaction mixture was refluxed for 6-12 h. The precipitated solid while hot was filtered off and washed with ethanol. Recrystallization from suitable solvents gave compounds 5a-c and 7, respectively. After evaporating the residual mother liquors in case of the reactions of compound 3 with aromatic aldehydes, they gave compounds 6a-c.
3-Benzylidene-6-(benzylideneamino)-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]triazine-4,8-dione (5a).
Yellow crystals (64%), m.p. 176-178 oC, (ethanol-dioxane); FTIR (KBr) cm-1: 3085, 3052, 3029 (aryl H), 2929 (alkyl H), 1707, 1668 (C=O amide), 1638 (C=N), 1597 (C=C), 756, 687 (δ5H). 1H-NMR (DMSO-d6): δ 7.30 (s, 1H, =CHPh), 7.46 - 8.37 (m, 16H, ArH+ =CH pyrazolone), 9.34 (s, 1H, N=CH). MS (70 ev) m/z (%): 418 (M.+, 5), 387 (6), 370 (13), 351 (34), 259 (18), 237 (31), 218 (31), 186 (17), 153 (30), 145 (33), 129 (47), 122 (26), 102 (100), 82 (48), 52 (70). Anal. Calcd. for C26H18N4O2 (418.45): C, 74.63; H, 4.34; N, 13.39. Found: C, 74.76; H, 4.24; N, 13.22%.
3-Benzylidene-6-(4-methoxybenzylideneamino)-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]-triazine-4,8-dione (5b)
Yellow crystals (70%), m.p. 166-167 oC, (ethanol-dioxane);  FTIR (KBr) cm-1: 3063, 3029, 3002 (aryl H), 2937, 2839 (alkyl H), 1702, 1665 (C=O amide), 1642 (C=N), 1605 (C=C), 833 (δ2H), 747, 694 (δ5H). 1H-NMR (DMSO-d6): δ 3.84 (s, 3H, OCH3), 7.07 – 7.81 (m, 12H, ArH + 2CH=), 8.20 (d, 2H, Jm=7.2 Hz), 8.36 (d, 2H, Jo=7.2 Hz), 9.33 (s, 1H, N=CH). MS (70 ev) m/z (%): 448 (M.+, missed), 420 (M.+-CO, 3), 381 (65), 248 (69), 145 (57), 134 (59), 117 (100), 107 (25),  104 (26), 102 (25), 92 (23), 77 (61), 76 (25), 64 (16), 51 (10). Anal. Calcd. for C27H20N4O3 (448.47): C, 72.31; H, 4.49; N, 12.49. Found: C, 72.54; H, 4.31; N, 12.35%.
3-Benzylidene-6-(4-chlorobenzylideneamino)-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]-triazine-4,8-dione (5c)
Yellow crystals (74%), m.p. 194-195 oC, (ethanol-dioxane);  FTIR (KBr) cm-1: 3054, 3027 (aryl H), 2924 (alkyl H), 1704 (C=O amide), 1638 (C=N), 1595 (C=C), 824 (δ2H), 745, 685 (δ5H). 1H-NMR (DMSO-d6): δ 7.31 (s, 1H, =CHPh), 7.51 – 7.87 (m, 11H, ArH + CH=), 8.17 (d, 2H, Jm=7.8 Hz), 8.36 (d, 2H, Jo=7.8 Hz), 9.51 (s, 1H, N=CH). MS (70 ev) m/z (%): 454 (M.+ +2, 1), 452 (M.+, 3), 387 (9), 292 (9), 236 (51), 172 (14), 156 (16), 152 (18), 138 (43), 125 (43), 109 (44), 95 (100), 81 (52), 71 (66), 69 (89), 55 (92). Anal. Calcd. for C26H17ClN4O2 (452.89): C, 68.95; H, 3.78; Cl, 7.83; N, 12.37. Found: C, 68.78; H, 3.91; Cl, 7.75; N, 12.48%.
2-Benzamido-N'-benzylidene-3-phenylacrylohydrazide (6a)
White crystals, m.p. 170-172 oC, (Lit.[17] m.p. = 228-231 oC);  FTIR (KBr)  cm-1: 3212 (NH), 3057, 3028 (aryl H), 1707, 1644 (C=O amide), 1604 (C=N), 1576 (C=C), 756, 691 (mono substituted benzene). 1H-NMR (DMSO-d6): δ 7.16 (s,1H,=CHPh), 7.32 - 8.03 (m,15H,ArH), 8.42 (s,1H,N=CH), 10.09 (br.s,1H,NHN exchangeable), 11.68 (br.s,1H,NHCOPh exchangeable). MS (70 ev) m/z (%): 370 (M.+ +1, 3), 369 (M.+, 11), 351 (7), 264 (20), 250 (90), 221 (8), 145 (9), 120 (38), 117 (25), 106 (47), 105 (100), 89 (23), 77 (100), 51 (18).
N'-(4-methoxybenzylidene)-2-benzamido-3-phenylacrylohydrazide (6b)
White crystals; m.p. 140-142 oC, (Lit. [17] m.p. = 137-141 oC).
N'-(4-chlorobenzylidene)-2-benzamido-3-phenylacrylohydrazide (6c)
White crystals; m.p. 212-214 oC, (Lit. [18] m.p. = 214-215 oC).
3-Benzylidene-6-(2-oxoindolin-3-ylideneamino)-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]-triazine-4,8-dione (7)
Orange crystals (34%), m.p. 259-260 oC, (dioxane); FTIR (KBr) cm-1: 3200, 3169 (NH), 3062, 3027 (aryl H), 1727, 1641 (C=O amide), 1617 (C=N), 1597, 1526 (C=C), 760 (δ4H), 742, 683 (δ5H). 1H-NMR (DMSO-d6): δ 6.94 - 8.41 (m, 16H, ArH+ =CHPh+ 2CH=), 11.08 (br.s, 1H, NH exchangeable). MS (70 ev) m/z (%): 461 (M.+ +2, 1), 459 (M.+, 2), 393 (15), 351 (76), 323 (13), 275 (11), 227 (14), 203 (33), 179 (31), 159 (24), 143 (29), 123 (25), 109 (82), 89 (76), 67 (44), 64 (67), 59 (41), 43 (93), 41 (100). Anal. Calcd. for C27H17N5O3 (459.46): C, 70.58; H, 3.73; N, 15.24. Found: C, 70.75; H, 3.58; N, 15.41%.
Reactions of 3 with acetic anhydride under different conditions
A solution of 3 (10 mmol) in acetic anhydride (20 ml) was refluxed on hot plate for 4h. The reaction mixture was cooled and then poured onto ice-water. The solid obtained was filtered off, washed with cold water for several times and recrystallized from petroleum ether 60-80 to give compound 8a. However, heating of 3 (10 mmol) in acetic anhydride (20 ml) on water bath for 4h., gave a mixture of compounds 8a and 8b. This solid mixture was fractionally recrystallized from petroleum ether 60-80 to give compound 8a; yield=45%. The insoluble part in petroleum ether 60-80 was recrystallized from benzene to give compound 8b; yield=45%. 
3-Benzylidene-6-diacetylamino-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]triazine-4,8-di-one (8a).
Golden yellow crystals (83%), m.p. 147-149 oC, (ethanol); FTIR (KBr) cm-1: 3087, 3064, 3055 (aryl H), 2984, 2938 (alkyl H), 1732 (C=O amide), 1640 (C=N), 1596 (C=C), 754, 691 (δ5H). 1H-NMR (DMSO-d6): δ 2.43 (s, 6H, 2CH3), 7.41 (s, 1H, =CHPh), 7.51 - 8.39 (m, 11H, ArH+ =CH pyrazolone). MS (70 ev) m/z (%): 414 (M.+, missed), 386 (M.+-CO, 2) 349 (10), 348 (53), 347 (100), 305 (55), 263 (75), 246 (10), 161 (33), 119 (86), 105 (33), 104 (34), 102 (46), 89 (16), 77 (46), 63 (10), 51 (11). Anal. Calcd. for C23H18N4O4 (414.41): C, 66.66; H, 4.38; N, 13.52. Found: C, 66.42; H, 4.47; N, 13.35%.
N-(3-benzylidene-4,8-dioxo-1-phenyl-4,8-dihydro-3H-pyrazolo[1,2-a][1,2,4]triazin-6-yl)acetamide (8b).
Yellow crystals (45%), m.p. 183-184 oC, (benzene); FTIR (KBr) cm-1: 3248, 3225 (NH), 3063 (aryl H), 2989 (alkyl H), 1733, 1692 (C=O amide), 1639 (C=N), 1596 (C=C), 753, 690 (δ5H). 1H-NMR (DMSO-d6): δ 1.78 (s, 3H, CH3), 7.26 (s, 1H, =CHPh), 7.47 - 8.34 (m, 11H, ArH+ =CH pyrazolone), 10.98 (br.s, 1H, NH exchangeable). MS (70 ev) m/z (%): 373 (M.+ +1, 1), 372 (M.+, 2), 353 (15), 271 (12), 222 (30), 220 (27), 197 (16), 192 (17), 160 (30), 137 (57), 121 (49), 94 (24), 82 (99), 68 (61), 42 (100). Anal. Calcd. for C21H16N4O3 (372.38): C, 67.73; H, 4.33; N, 15.05. Found: C, 67.89; H, 4.50; N, 15.17%.
General procedure for the reaction of 3 with phenyl isocyanate
To a solution of 3 (10 mmol) in dry benzene (40 ml), phenyl isocyanate (10 mmol) was added. The reaction mixture was refluxed for 6h. A solid product was precipitated while hot, filtered off and washed with dry benzene. Recrystallization from ethanol gave compound 9. 
1-(3-Benzylidene-4,8-dioxo-1-phenyl-4,8-dihydro-3H-pyrazolo[1,2-a][1,2,4]triazin-6-yl)-3-phenylurea (9)
Pale green crystals (49%), m.p. 268-270 oC, (ethanol); FTIR (KBr) cm-1: 3285 (NH), 3066, 3028 (aryl H), 1739 (C=O amide), 1651 (C=N), 1597 (C=C), 743, 686 (δ5H). 1H-NMR (DMSO-d6): δ 6.96 - 8.36 (m, 17H, ArH+ 2CH=), 9.15 (br.s, 1H, CONHPh exchangeable), 9.44 (br.s, 1H, NHCO exchangeable). MS (70 ev) m/z (%): 450 (M.+ +1, 2), 449 (M.+, 8), 414 (12), 380 (13), 367 (13), 349 (13), 313 (22), 285 (16), 260 (55), 255 (30), 231 (15), 196 (17), 168 (25), 154 (30), 151 (94), 111 (34), 96 (28), 86 (46), 47 (30), 46 (100). Anal. Calcd. for C26H19N5O3 (449.46): C, 69.48; H, 4.26; N, 15.58. Found: C, 69.76; H, 4.35; N, 15.67%.
Reaction of 3 with benzoyl isothiocyanate
A mixture of 3 (10 mmol) and benzoyl isothiocyanate in dry acetonitrile (30 ml) was refluxed on water bath for 2h., then left to cool at room temperature. The solid obtained was filtered off, washed with dry acetonitrile and recrystallized from ethanol-dioxane to give compound 10. 
1-Benzoyl-3-(3-benzylidene-4,8-dioxo-1-phenyl-4,8-dihydro-3H-pyrazolo[1,2-a]-[1,2,4]triazin-6-yl)thiourea (10)
Pale brown crystals (67%), m.p. 224-225 oC, (ethanol-dioxane);  FTIR (KBr) cm-1: 3229 (NH), 3062, 3030 (aryl H), 1733, 1669 (C=O amide), 1641 (C=N), 1597 (C=C), 1255 (C=S), 769, 688 (δ5H). 1H-NMR (DMSO-d6): δ 7.30 (s, 1H, =CHPh), 7.48 - 8.37 (m, 16H, ArH+ =CH pyrazolone), 11.96 (br.s, 1H, NHCS exchangeable), 12.63 (br.s, 1H, NHCOPh exchangeable). MS (70 ev) m/z (%): 493 (M.+, 15), 472 (13), 468 (11), 418 (12), 367 (12), 360 (17), 264 (25), 224 (18), 174 (41), 168 (42), 161 (18), 134 (19), 129 (100), 151 (94), 107 (24), 105 (31), 92 (46), 87 (43), 71 (73), 53 (46), 42 (59). Anal. Calcd. for C27H19N5O3S (493.54): C, 65.71; H, 3.88; N, 14.19; S, 6.50. Found: C, 65.59; H, 3.76; N, 14.31; S, 6.57%.
Reaction of 10 with phenyl hydrazine
To a solution of 10 (10 mmol) in ethanol (20 ml) and dioxane (20 ml), phenyl hydrazine (10 mmol) and acetic acid (2 ml) were added. The reaction mixture was refluxed for 15h. The excess solvent was removed under reduced pressure and then the obtained oil was triturated with ethanol. The deposited solid was fractionally recrystallized from ethanol to give compound 3. The insoluble part was then recrystallized from ethanol-dioxane mixture (1:1) to give compound 11. 
1,5-diphenyl-1,2-dihydro-1,2,4-triazole-3-thione (11)
White crystals; m.p. 250-253 oC, (Lit. [19] m.p. = 255-257 oC).
FTIR (KBr) cm-1: 3436, 3117 (NH), 3059, 3001 (aryl H), 1673, 1601 (C=N), 1581, 1533 (C=C), 1314 (C=S), 761, 707 (δ5H). 1H-NMR (DMSO-d6): δ 7.54 – 8.16 (m, 10H, ArH), 13.16 (br.s, 1H, NH exchangeable).
Reaction of 3 with p-toluenesulphonyl chloride
To a solution of 3 (10 mmol) in dry benzene (40 ml), p-toluenesulphonyl chloride (10 mmol) was added. The reaction mixture was refluxed for 14h. An orange solid product was precipitated while hot, filtered off and washed with dry benzene. Recrystallized from benzene-ethanol gave compound 12. 
N-(3-benzylidene-4,8-dioxo-1-phenyl-4,8-dihydro-3H-pyrazolo[1,2-a][1,2,4]triazin-6-yl)-4-methylbenzenesulfonamide (12)
Yellow crystals (56%), m.p. 174-176 oC, (benzene-ethanol);  FTIR (KBr) cm-1: 3347, 3267, 3229 (NH), 3057, 3029 (aryl H), 2912, 2860 (alkyl H), 1740 (C=O amide), 1628 (C=N), 1599, 1570 (C=C), 1163 (S=O), 819 (δ2H), 751, 680 (δ5H). 1H-NMR (DMSO-d6): δ 2.28 (s, 3H, CH3), 7.18 (br.s, 1H, NH exchangeable), 7.09-8.37 (m, 16H, ArH+ 2CH=). MS (70 ev) m/z (%): 484 (M.+, 6), 471 (4), 421 (6), 412 (6), 383 (11), 336 (15), 280 (10), 278 (16), 268 (16), 256 (19), 250 (41), 216 (18), 189 (12), 176 (21), 167 (22), 166 (23), 148 (23), 123 (100), 112 (14), 49 (18). Anal. Calcd. for C26H20N4O4S (484.53): C, 64.45; H, 4.16; N, 11.56; S, 6.62. Found: C, 64.73; H, 4.25; N, 11.39; S, 6.73%.
General procedure for the reaction of 3 with sodium azide and/or -naphthol
To a stirred solution of 3 (10 mmol) in acetic acid (40 ml) and drops of concentrated hydrochloric acid, a solution of sodium nitrite (20 mmol) in 18 ml cold water was added dropwise with stirring. Then a solution of sodium azide (20 mmol) in 12 ml cold water and/or a solution of alkaline -naphthol (10 mmol) in 10ml sodium hydroxide (10%) was added dropwise with stirring. The cooled mixture was stirred for further 1h. Then complete stirring at room temperature for 1h. The yellow preciptate obtained while stirring, was filtered off, washed with acetic acid followed by water and recrystallized from ethanol to give compound 13.
3-Benzylidene-6-hydroxy-1-phenyl-3H-pyrazolo[1,2-a][1,2,4]triazine-4,8-dione (13)
Yellow crystals (59%), m.p. 267-268 oC, (ethanol);  FTIR (KBr) cm-1: 3150, 3124 (OH), 3064 (aryl H), 1699, 1689 (C=O amide), 1628 (C=N), 1598 (C=C), 757, 690 (δ5H). 1H-NMR (DMSO-d6): δ 7.03 (s, 1H, =CHPh), 7.43 - 8.37 (m, 11H, ArH+ =CH pyrazolone), 12.12 (br.s, 1H, OH exchangeable). MS (70 ev) m/z (%): 331 (M.+, 3), 321 (8), 251 (10), 232 (14), 205 (22), 204 (18), 176 (24), 171 (13), 152 (11), 128 (13), 124 (22), 123 (100), 105 (91), 104 (42), 83 (13), 69 (13), 55 (13). Anal. Calcd. for C19H13N3O3 (331.32): C, 68.88; H, 3.95; N, 12.68. Found: C, 68.71; H, 4.03; N, 12.49%.
Reaction of 3 with hydrazine monohydrate
To a solution of 3 (10 mmol) in ethanol (40 ml), hydrazine monohydrate (10 mmol) was added. The reaction mixture was refluxed for 9h. The excess solvent was removed under reduced pressure then poured onto ice-water. The yellow solid obtained was collected by filtration, washed with cold water and recrystallized from benzene to give compound 14.
5-Benzylidene-1-(5-oxo-4,5-dihydro-1H-pyrazol-3-yl)-3-phenyl-1,2-dihydro-1,2,4-triazin-6(5H)-one (14) 
Yellow crystals (58%), m.p. 173-176 oC, (benzene); FTIR (KBr) cm-1: 3367, 3204 (NH), 3059 (aryl H), 2919 (alkyl H), 1660 (C=O amide), 1627 (C=N), 1573 (C=C), 770, 691 (δ5H). 1H-NMR (DMSO-d6): δ 3.81 (d, 2H, CH2), 7.27 (br.s, 1H, NH exchangeable), 7.35 (s, 1H, =CH), 7.38 – 8.03 (m, 10H, ArH), 10.32 (br.s, 1H, NHCO exchangeable). MS (70 ev)  m/z (%): 346 (M.++1, 1), 345 (M.+, missed), 290 (3), 264 (15), 209 (7), 188 (10), 175 (60), 174 (11), 146 (14), 131 (11), 119 (18), 118 (21), 105 (70), 104 (88), 103 (48), 91 (32), 77 (100), 76 (18), 63 (12), 51 (17). Anal. Calcd. for C19H15N5O2 (345.35): C, 66.08; H, 4.38; N, 20.28. Found: C, 66.31; H, 4.30; N, 20.21%.
[bookmark: _GoBack]Biological testing
Measurement of potential cytotoxicity by SRB assay
Potential cytotoxicity of the compounds was tested using the method of Skehan et al. (1990). Cells were plated in 96-multiwell plate (104 cells/well) for 24 h before treatment with the test compound to allow attachment of cell to the wall of the plate. Different concentrations of the compound under test (0, 1, 2.5, 5, and 10 µg/ml) were added to the cell monolayer in triplicate wells were prepared for each individual dose. Monolayer cells were incubated with the compounds for 48 h at 37oC and in atmosphere of 5 % CO2. After 48 h, cells were fixed, washed and stained with SRB stain. Excess stain was washed with acetic acid and attached stain was recovered with Tris EDTA buffer. Color intensity was measured in an ELISA reader. The relation between surviving fraction and drug concentration is plotted to get the survival curve of each tumor cell line after the specified compound and the IC50 was calculated.

