Synthesis and biological evaluation of some novel 1,8-naphthyridine derivatives
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Abstract
A series of substituted 1,8-Naphthyridine derivatives was synthesized to be used as cytotoxic and antioxidant agents by using 1,4-dihydro-4-oxo-1,8-naphthyridine-3-carbohydrazide (1) as starting material. Compound 1 was reacted with different reagents to afford the corresponding 3-heterarylcarbonyl-1,8-naphthyridine derivatives 3-19 which tested for their In vitro cytotoxicity against Ehrlich Ascites Carcinoma, and antioxidant activity. Compound 15 showed the best cytotoxicity and antioxidant activity.
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1. INTRODUCTION

Studies on the synthesis of 1,8-naphthyridines have served as a fertile field of research in the perusal for antibacterial agents.1-3 Nalidixic acid (1-ethyl-3-carboxy-7-methyl-1,8-naphthyridine-4-one) has been found to be effective particularly against gram negative bacteria found in chronic urinary tract infections.4 1,8-Nphthyridine derivatives were found to display moderate cytotoxic activity against murine p388 leukemia, when changes were carried out at N-1 and N-7 positions.5,6 It has been reported that C-3 carboxamide derivatives with a spacer, which have shown good cytotoxicity along with anti-inflammatory activity.7
Pharmacologically, pyrazole and its derivatives represent one of the most important class of organic heterocyclic compounds, possessing anti-bacterial, anti-fungal,8 herbicidal9 and anti-viral activities.10
Moreover, the chemistry of carbohydrazole has gained increased interest in both synthetic organic chemistry and biological fields and has considerable value in many useful applications, such as the assessment process of the three dimensional ultra structure examination techniques of interphase nuclei and tissues, besides these therapeutic importance.11
2. EXPERIMENTAL

2.1. MATERIALS AND METHODS 

2.1.1. Chemicals and Reagents 

All the chemicals and solvents used in this study were obtained from Merck (Germany) and Sigma-Aldrich chemical company (Germany). 

2.1.2. Instruments

All melting points are recorded on Gallenkamp electric melting point apparatus and are uncorrected. The IR spectra υ cm-1 (KBr) were recorded on Perkin Elmer Infrared Spectrophotometer Model 157, Grating. The 13C- and 1H-NMR spectra were run on Varian Spectrophotometer at 400 MHz and 100 MHz. using TMS as an internal reference and DMSO-d6 as solvent. The mass spectra (EI) were recorded on 70 eV with Kratos MS equipment and/or a Varian MAT 311 A Spectrometer at Cairo Univ., Giza, Egypt, and at Assuit university central lab. Elemental analyses (C, H, and N) were carried out at the Microanalytical Center of Cairo University, Giza, Egypt (automatic analyzer CHNS, Vario ELIII-elementar, Germany). The results were found to be in good agreement with the calculated values.

2.2. Synthesis

2.2.1. Synthesis of 1,4-dihydro-N-(2-methyl-4-oxoquinazolin-3(4H)-yl)-4-oxo-1,8-naphthyridine-3-carboxamide (3)

A mixture of separated or freshly prepared benzoxazine 212 (1.16 g, 10 mmol) and 4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide (1) (2.04 g, 10 mmol) in ethanol (25 ml) containing glacial acetic acid (5 ml) was refluxed for 4 h. The formed precipitate was filtered off, dried and recrystallized from ethanol to give compound 3. Yield 63%; White crystal; m.p 289 оC; IR (KBr): υmax, cm-1: b. 3230-3238 (2 NH), 1668, 1671 (C=O, amidic), 1614 (α,β-unsaturated C=O)13, 1569 (C=N); 1H-NMR(DMSO-d6) δ (ppm): 1.93 (s, 3H, CH3), 7.62-8.24 (m, 7H, Ar-H), 9.01 (s, 1H, C2-H of naphthyridine ring), 9.21 (s, 1H, NH), 10.66 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 21.6, 113.8, 114, 121.1, 122.3, 123.9, 126.6, 127.8, 134.2, 138.1, 141.7, 148.2, 151.4, 152.6, 162.1, 164.4, 165.9, 176.8; MS (EI, 70 ev) m/z (%) = 347 (M+, 4.03), 272 (6.05), 259 (5.26), 230 (10.31), 173 (61.90), 138 (8.82), 123 (8.09), 104 (62.02), 89 (9.44), 77 (100), 75 (17.03), 63 (24.58), 51 (67.43), 49 (13.12); Anal. For C18H13N5O3 (347.33): C, 62.24; H, 3.77; N, 20.16%. Found: C, 62.36; H, 3.59; N, 20.31%.
2.2.2. Synthesis of ethyl 3-(2-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)hydrazono)butanoate (4)

A mixture of compound 1 (2.04 g, 10 mmol) and ethyl acetoacetate (1.3 g, 10 mmol) was refluxed in ethanol (25 ml) containing drops of glacial acetic acid for 2h. The reaction mixture was cooled to room temperature. The solid product that formed was filtered off, dried, and recrystallized from ethanol to give compound 4. Yield (95%); Pale yellow crystal; m.p. 209 оC; IR (KBr): υmax, cm-1: br 3237-3255 (NH), 1724 (C=O of ester group), 1689 (C=O, amidic), 1625 (α,β-unsaturated C=O), 1567 (C=N); 1H-NMR(DMSO-d6) δ (ppm): 0.91 (s, 3H, CH3), 1.38 (t, 3H, CH3), 2.35 (s, 2H, CH2), 4.25 (q, 2H, CH2), 7.60-8.24 (m, 3H, CH-pyridine ring),  8.61 (s, 1H, C2-H of naphthyridine ring), 10.81 (s, 1H, NH), 11.01 (s, 1H, NH); MS (EI, 70 ev) m/z (%) = 316 (M+, 17.5), 271 (2.8), 245 (0.2), 229 (69.0), 204 (0.5), 202 (1.4), 189 (1.6), 173 (100), 145 (2.3), 104 (12.3), 76 (10.6); Anal. For C15H16N4O4 (316.31): C, 56.96; H, 5.10; N, 17.71%. Found: C, 56.96; H, 5.12; N, 17.93%.
2.2.3. Synthesis of 3-(3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (5)

Compound 4 (3.16 g, 10 mmol) was refluxed in ethanol (30 ml) containing sodium metal (0.23 g, 10 mmol) for 5h, cooled to room temperature, and poured into ice cold water. The separated solid was filtered, dried, and recrystallized from ethanol to give 5. Yield (59%); Pale brown powder;  m.p. over 300 оC; IR (KBr): υmax, cm-1: 3134 (NH), 1669, 1674 (C=O, amidic), 1636 (α,β-unsaturated C=O), 1606 (C=N); 1H-NMR(DMSO-d6) δ (ppm): 1.22 (s, 3H, CH3), 2.07 (s, 2H, CH2), 6.76-8.63 (m, 3H, CH-pyridine ring), 8.41 (s, 1H, C2-H of naphthyridine ring), 9.83 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 26.5, 43.2, 113.8, 114, 122.3, 138, 141.7, 151.4, 152.6, 158.2, 161.4, 167.1, 176.8 ;MS (EI, 70 ev) m/z (%) = 270 (M+, 0.26), 173 (0.4), 168 (2.07), 125 (0.64), 111 (8.76), 97 (0.63), 84 (13.67), 77 (1.54), 68 (4.23), 52 (100); Anal. For C13H10N4O3 (270.24): C, 57.78; H, 3.73; N, 20.73%. Found: C, 57.77; H, 3.64; N, 20.71%.

2.2.4. Synthesis of 4-oxo-N'-(4-oxopentan-2-ylidene)-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide (6)
A mixture of 1 (2.04 g, 10 mmol) and acetylacetone (1g, 10 mmol) was refluxed in ethanol (25 ml) containing drops of glacial acetic acid for 2h. The reaction mixture was left to cool, and then poured into ice cold water. The solid product was filtered off, dried, and recrystallized from ethanol to give compound 6. Yield (41%); Dark yellow powder; m.p. over 300 оC; IR (KBr): υmax, cm-1: b. 3251 (NH), 1743 (C=O, ketonic), 1681 (C=O, amidic), 1627 (α,β-unsaturated C=O), 1569 (C=N), 1548 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 1.20 (s, 3H, CH3), 2.11 (s, 3H, CH3), 2.54 (s, 2H, CH2), 8.48 (s, 1H, C2-H of naphthyridine ring), 7.62-8.76 (m, 3H, CH-pyridine ring), 10.49 (s, 1H, NH), 11.20 (s, 1H, NH); MS (EI, 70 ev) m/z (%) = 286 (M+, 11.0), 285 (41.57), 148 (38.57), 134 (53.00), 117 (36.02), 77 (78.89), 64 (88.82), 50 (100), 49 (63.92), 45 (64.72); Anal. For C14H14N4O3 (286.29): C, 58.73; H, 4.93; N, 19.57%. Found: C, 58.72; H, 4.83; N, 19.69%.

2.2.5. Synthesis of 3-(3,5-dimethyl-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (7)

A mixture of 6 (2.86 g, 10 mmol) and acetylacetone (1g, 10 mmol) was refluxed in ethanol (30 ml) containing sodium metal (0.23 g, 10 mmol) for 4h. The reaction mixture was cooled to room temperature, the separated solid filtered off, washed with a little cold ethanol and recrystallized from ethanol to give 7. Yield (85%); Pale yellow powder; m.p sharing at 230 оC; IR (KBr): υmax, cm-1: 3205 (NH), 1706 (C=O, amidic), 1625 (α,β-unsaturated C=O), 1567 (C=N), 1548 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 1.74, 1.79 (2s, 6H, 2 CH3), 6.08 (s, 1H, CH), 7.45-8.21 (m, 3H, CH-pyridine ring), 8.47 (s, 1H, C2-H of naphthyridine ring), 10.12 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 14.2, 19.6, 106.5, 114, 122.3, 125.5, 138, 140.3, 141.7, 151.4, 152.6, 153.1, 176.8, 193.9; MS (EI, 70 ev) m/z (%) = 271 (M++3, 0.8), 270 (M++2, 0.5), 204 (9.8), 174 (12.9), 173 (100), 145 (3.3), 120 (0.4), 105 (56.2), 95 (0.2), 90 (4.1), 78 (76.5); Anal. For C14H12N4O2 (268.27): C, 62.68; H, 4.51; N, 20.88%. Found: C, 62.81; H, 4.60; N, 20.73%.
2.2.6. Synthesis of N'-((2-hydroxynaphthalen-1-yl)methylene)-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide (8)

A mixture of 1 (2.04 g, 10 mmol) and 2-hydroxy-1-naphthaldehyde (1.72 g, 10 mmol) was refluxed in ethanol containing a catalytic amount of glacial acetic acid (5 drops) for 4h. The reaction mixture was cooled to room temperature, the separated product filtered off, dried, and recrystallized from ethanol to give the hydrazone derivative 8. Yield (92%); Pale yellow sheet; m.p 176 оC; IR (KBr): υmax, cm-1: 3450 (OH), 3330 (NH), 1702 (C=O, amidic), 1626 (α,β-unsaturated C=O), 1574 (C=N); 1H-NMR(DMSO-d6) δ (ppm): 1.89 (s, 1H, CH), 6.97-8.61 (m, 9H, Ar-H), 9.09 (s, 1H, C2-H of naphthyridine ring), 9.21 (s, 1H, NH), 9.68 (s, 1H, NH), 12.24 (s, 1H, NH), 12.95 (s, 1H, OH); Anal. For C20H14N4O3 (358.35): C, 67.03; H, 3.94; N, 15.63%. Found: C, 67.29; H, 3.78; N, 15.57%.

2.2.7. Synthesis of 3-(3H-benzo[e]indazole-3-carbonyl)-1,8-naphthyridin-4(1H)-one (9)

Pathway (1)

Compound 8 (3.58 g, 10 mmol) was refluxed in ethanol containing drops of pipridine or triethylamine for 4h. The reaction mixture was cooled to room temperature, the separated product filtered off, dried, and recrystallized from ethanol to give compound 9.
Pathway (2)

An equimolar amounts of 1 (2.04 g, 10 mmol) and 2-hydroxy naphthaldehyde (1.72 g, 10 mmol) in ethanol (25 ml) in presence of a catalytic amount of piperidine or triethylamine (4 drops) or sodium ethoxide (10 mmol) was refluxed for 3 h. The reaction mixture was left to cool at room temperature overnight. The formed precipitate was filtered off, dried and recrystallized from ethanol to give compound 9. Yield (83%); Yellow powder; m.p. 291 оC; IR (KBr): υmax, cm-1: 3340 (NH), 1710 (C=O, amidic), 1622 (α,β-unsaturated C=O), 1579 (C=N), 1549 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 8.08 (s, 1H, C2-H of naphthyridine ring), 8.20 (s, 1H, CH-pyrazole ring), 7.72-8.31 (m, 9H, Ar-H), 11.24 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 113.5, 118.0, 121.6, 122.8, 123.6, 124.4, 124.7, 124.9, 125.7, 127.2, 127.3, 127.8, 134.6, 141.9, 151.2, 152.5, 161.7, 164.3, 177.5; MS (EI, 70 ev) m/z (%) = 340 (M+, 6.95), 208 (3.42), 170 (26.02), 152 (13.20), 128 (19.71), 115 (72.86), 89 (13.88), 77 (8.22), 62 (13.54), 51 (17.97), 45 (100); Anal. For C20H12N4O2 (340.33): C, 70.58; H, 3.55; N, 16.46%. Found: C, 70.67; H, 3.34; N, 16.62%.
2.2.8. Synthesis of 3-(1H-indazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one(10)
An equimolar amounts of 1 (2.04 g, 10 mmol) and salicyaldehyde (1.22 g, 10 mmol) in ethanol (25 ml) in presence of a catalytic amount of pipridine (4 drops) was refluxed for 3 h. The reaction mixture was left to cool at room temperature overnight. The formed precipitate was filtered off, dried and recrystallized from ethanol to give compound 10. Yield (88%); White powder; m.p. 286 оC; IR (KBr): υmax, cm-1: 3073 (NH), 1667 (C=O, amidic), 1622 (α,β-unsaturated C=O), 1569 (C=N), 1541 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 8.70 (s, 1H, CH-pyrazole ring), 9.08 (s, 1H, C2-H of naphthyridine ring), 6.90-9.24 (m, 5H, Ar-H), 11.28 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 114, 115.4, 121.5, 121.9, 122.3, 123.9, 125.5, 127.6, 128.3, 138, 143.2, 151.4, 152.6, 153.1, 176.8, 193.9; Anal. For C16H10N4O2 (290.28): C, 66.20; H, 3.47; N, 19.30%. Found: C, 66.15;    H, 3.56; N, 19.35%.
2.2.9. Synthesis of 3-(3,4,6-triamino-2H-pyrazolo[3,4-b]pyridine-2-carbonyl)-1,8-naphthyridin-4(1H)-one (13)

A mixture of 1 (2.04 g, 10 mmol) and 2-aminoprop-1-ene-1,1,3-tricarbonitrile (1.32 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid (5 drops) was refluxed for 4 h. The reaction mixture was then cooled to room temperature and the obtainable solid material filtered off, dried and recrystallized from ethanol to give pyrazolopyridine 13. Yield (51%); Pale brown powder; m.p. 288 оC; IR (KBr): υmax, cm-1: 3411, 3382 (NH2), b. 3228 (NH groups), 1671 (C=O, amidic), 1628 (α,β-unsaturated C=O), 1608 (C=N), 1569 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 4.18 (s, 4H, NH2), 5.90 (s, 1H, CH), 8.08 (s, 1H, C2-H of naphthyridine ring), 6.72-8.31 (m, 3H, CH-pyridine ring), 9.81 (s, 1H, NH), and 11.60 (s, 2H, 2 C=NH); 13C-NMR(DMSO-d6) δ (ppm): 89.1, 95.1, 118.0, 121.6, 123.6, 134.6, 147.0, 151.2, 152.5, 153.7, 159.8, 161.7, 162.4, 164.3, 177.5; MS(EI, 70 ev) m/z (%) = 336 (M+, 38.85), 104 (37.62), 90 (35.08), 84 (33.29), 78 (82.65), 64 (46.06), 54 (40.92), 53 (100), 50 (38.25), 48 (42.52); Anal. For C15H12N8O2 (336.31): C, 53.57; H, 3.60; N, 33.32%. Found: C, 53.34; H, 3.53; N, 33.54%.

2.2.10. Synthesis of 3-amino-5-(methylthio)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)-1H-pyrazole-4-carbonitrile (15)

A mixture of 1 (2.04 g, 10 mmol) and 2-(bis(methylthio)methylene) malononitrile (1.7 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid was refluxed for 4 h. The reaction mixture was then cooled to room temperature and the obtainable solid material filtered off, dried and recrystallized from ethanol to give compound 15. Yield (90%); Yellow sheet; m.p. 254 оC; IR (KBr): υmax, cm-1: 3413, 3382 (NH2), b. 3226 (NH groups), 2200 (CN), 1670 (C=O, amidic), 1627 (α,β-unsaturated C=O), 1608 (C=N), and 1569 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 1.96 (s, 3H, SCH3), 4.52 (s, 2H, NH2), 9.05 (s, 1H, C2-H of naphthyridine ring), 7.60-8.24 (m, 3H, CH-pyridine ring), 9.22 (s, 1H, NH), 10.66 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 16.9, 62.2, 113.8, 115.8, 118.0, 121.6, 134.6, 142.5, 152.6, 160.5, 161.7, 165.0, 177.5; MS (EI, 70 ev) m/z (%) = 327 (M++1, 23.92), 294 (31.62), 253 (15.05), 230 (24.34), 173 (31.75), 147 (18.32), 111 (39.36), 105 (28.04), 97 (18.55), 88 (15.66), 71 (29.92), 65 (24.72), 61 (34.46), 56 (100), 50 (26.79); Anal. For C14H10N6O2S (326.33): C, 51.53; H, 3.09; N, 25.75%. Found: C, 51.75; H, 3.13; N, 25.66%.

2.2.11. Synthesis of 3-imino-5-(4-methoxyphenylamino)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbon yl)-2,3-dihydro-1H-pyrazole-4-carbonitrile (16)

An equimolar amounts of compound 15 (3.26 g, 10mmol) and p-anisidine (1.23 g, 10 mmol) in ethanol (25 ml) in presence of few drops of pipridine was refluxed for 4 h. The reaction mixture was left to cool at room temperature overnight. The formed precipitate was filtered off, dried and recrystallized from ethanol to give compound 16. Yield (65%); Dark yellow powder; m.p. 282 оC; IR (KBr): υmax, cm-1: b. 3227 (NH), 2200 (CN), 1669 (C=O, amidic), 1625 (α,β-unsaturated C=O), 1600 (C=N), 1571 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 3.52 (s, 2H, OCH3), 9.05 (s, 1H, C2-H of naphthyridine ring), 7.60-8.24 (m, 3H, CH-pyridine ring), 10.66 (s, 1H, NH), 10.82 (s, 1H, C=NH); 13C-NMR(DMSO-d6) δ (ppm): 48, 54.1, 113.5 (2C), 113.6, 113.8, 114, 115.4 (2C), 122.3, 134.9, 138, 141.7, 149.5, 151.4, 152.6, 159.6, 160, 162, 176.8; MS (EI, 70 ev) m/z (%) = 401 (M+, 9.49), 383 (5.77), 318 (20.98), 308 (15.70), 245 (6.26), 227 (8.00), 211 (5.27), 207 (30.15), 201 (16.45), 186 (14.92), 173 (30.74), 120 (8.80), 108 (13.52), 77 (43.49), 68 (27.50), 52 (100); Anal. For C20H15N7O3 (401.38): C, 59.85; H, 3.77; N, 24.43%. Found: C, 59.95; H, 3.86; N, 24.61%.

2.2.12. Synthesis of 5-amino-3-(4-nitrophenyl)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)-2,3-dihydro-1H-pyrazole-4-carbonitrile (17)

A mixture of 1 (2.04 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid (5 drops) and 2(4-nitrobenzylidene)malononitrile (1.99 g, 10 mmol) is refluxed for 3 h, then left to stand at room temperature overnight. The separated solid product was filtered off, dried and recrystallized from ethanol to give 17. Yield (85%); Dark yellow powder; m.p. 350 оC; IR (KBr): υmax, cm-1: 3468-3335 (NH2), 1685 (C=O, amidic), 1629 (α,β-unsaturated C=O), 1582 (C=N), 1550 (C=C), 1552, 1336 (NO2); 1H-NMR(DMSO-d6) δ (ppm): 2.71 (s, 2H, NH2), 5.29 (s, 1H, CH), 9.11 (s, 1H, C2-H of naphthyridine ring), 7.57-9.22 (m, 7H, Ar-H), 10.81 (s, 1H, NH), 12.28 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 59.7, 63.4, 113.8, 117.3, 118.0, 121.6, 125.1, 128.3, 134.6, 142.5, 145.9, 149.4, 152.5, 158.1, 160.5, 161.7, 177.5; MS (EI, 70 ev) m/z (%) = 403 (M+, 100), 319 (34.34), 266 (44.02), 218 (42.66), 212 (20.30), 204 (21.45), 146 (40.11), 141 (36.01), 105 (28.76), 97 (33.65), 60 (63.03); Anal. For C19H13N7O4 (403.35): C, 56.58; H, 3.25; N, 24.31%. Found: C, 56.71; H, 3.13; N, 24.26%.
2.2.13. Synthesis of 5-amino-3-(4-chlorophenyl)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)-2,3-dihydro-1H-pyrazole-4-carbonitrile (18)

Equimolar quantities of the starting material 1 (2.04 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid and 2(4-chlorobenzylidene)malononitrile (1.88 g, 10 mmol) were refluxed for 3 h, then left to stand at room temperature overnight. The separated solid product was filtered off, dried and recrystallized from ethanol to give 18. Yield (93%); Yellow powder; m.p. 307 оC; IR (KBr): υmax, cm-1: 3399-3341 (NH2), 3260 (NH), 1679 (C=O, amidic), 1625 (α,β-unsaturated C=O), 765 (C-Cl); 1H-NMR(DMSO-d6) δ (ppm): 2.83 (s, 2H, NH2), 5.69 (s, 1H, CH), 9.09 (s, 1H, C2-H of naphthyridine ring), 6.72-8.31 (m, 7H, Ar-H), 10.83 (s, 1H, NH), 11.40 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 113.8, 114, 118, 122.4, 125.8 (2C), 126.8 (2C), 131.2, 131.5, 135.5, 138, 141.6, 150, 151.4, 153.1, 161.5, 166.4, 176.2; MS (EI, 70 ev) m/z (%) = 392 (M+-1, 0.01), 205 (0.11), 189 (77.30), 173 (100), 144 (21.49), 117 (10.94), 104 (45.37), 77 (47.32), 62 (16.20), 50 (31.49); Anal. For C19H13ClN6O2 (392.8): C, 58.10; H, 3.34; N, 21.40%. Found: C, 58.06; H, 3.12; N, 21.38%.

2.2.14. Synthesis of 3-(3,5-diamino-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (19)

Pathway (1)

To a solution of 1 (2.04 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid, cyanoacetamide (0.84 g, 10 mmol) was added and the reaction mixture was refluxed for 5 h. The solution was cooled to room temperature, and the formed precipitate was filtered off, dried and recrystallized from ethanol to give pyrazole derivative 19.

Pathway (2)

A mixture of 1 (2.04 g, 10 mmol) in ethanol (25 ml) containing drops of glacial acetic acid and malononitrile (0.66 g, 10 mmol) were refluxed for 3 h, then left to stand at room temperature overnight. The separated solid product was filtered off, dried and recrystallized from ethanol to give 19. Yield 71%; Gray powder; m.p. 255 оC; IR (KBr): υmax, cm-1: 3441 (NH2), b. 3232 (NH groups), 1668 (amidic C=O), 1634 (α,β-unsaturated C=O), 1612 (C=N), 1570 (C=C); 1H-NMR(DMSO-d6) δ (ppm): 4.01 (s, 4H, 2 NH2), 6.37 (s, 1H, CH-pyrazole ring), 8.07 (s, 1H, C2-H of naphthyridine ring), 7.72-8.31 (m, 3H, CH-pyridine ring), 10.20 (s, 1H, NH); 13C-NMR(DMSO-d6) δ (ppm): 78.6, 118, 121.6, 123.6, 134.6, 148.2, 151.2, 152.5, 161.7, 164.3, 177.5; MS (EI, 70 ev) m/z (%) = 270 (M+, 10), 173 (28.63), 105 (76.12), 95 (0.40), 77 (100), 67 (20.41), 52 (38.72), and 50 (42.40); Anal. For C12H10N6O2 (270.25): C, 53.33; H, 3.73; N, 31.10%. Found: C, 53.46; H, 3.64; N, 31.29%.
2.3. Antitumor activity (or Cytotoxicity) using in vitro Ehrlich ascites assay

The isolated compounds were screened for their antitumor activity. The viability of the cells used in control experiments exceeded 95%.
Different concentrations of the tested compounds were prepared (100, 50 and 25 µl from 1 mg/ml in DMSO (< 00.05%, v/v) and complete to 1 ml using RPMI-1640 medium). 5-Fluorouracil (25 µg/ml) was prepared in 100 µl DMSO and complete to 1 ml using RPMI-1640 medium. Ehrlich ascites Carcinoma, EAC) were derived from ascetic fluid from diseased mouse (purchased from National Cancer institute, by National Medical Research Ethics Committee. Ascites fluid from the peritoneal cavity of the diseased mouse (contains Ehrlich cells) was aseptically aspirated. The cells were grown partly floating and partly attached in asuspension culture in RPMI 1640 medium, supplemented with 10% fetal bovine serum. They were maintained at 37°C in a humidified atmosphere with 5% CO2 for 2 hrs. The viability of the cells was determined by the microscopical examination using a hemocytometer and using trypan blue stain (stains only the dead cells).14
2.4. Antioxidant activity screening assay 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid method.

For each of the investigated compounds, 2 ml of ABTS solution (60µM) was added to 3 ml MnO2 solution (25 mhg/ ml), all prepared in 5 ml aqueous phosphate buffer solution (PH, 7; 0.1 M). The mixture was shaken, centrifuged, filtered, and the absorbance of the resulting green-blue solution (ABTS radical solution) at λ 734 nm was adjusted to approximately ca.0.5. Then, 50µl of (2 Mm) solution of the tested compound in spectroscopic grade MeOH/phosphate buffer (1:1) was added. The absorbance was measured and the reduction in color intensity was expresses as inhibition percentage. L-ascorbic acid was used as standard antioxidant (positive control). Blank sample was run without ABTS and using MeOH/phosphate buffer (1:1) instead of tested compounds. Negative control was run with ABTSa and MeOH/phosphate buffer (1: 1) only.15,16 The inhibition ratio (%) was calculated using the following formula:

(%) Inhibition = [A(control) _ A(test) / A(control)] × 100
3. RESULTS AND DISCUSSION

3.1. Chemistry
In view of these observations and in continuation of our previous work in quinazoline chemistry,17,18 we synthesized some new heterocyclic compound containing quinazoline moiety to evaluate their biological activities. The synthetic procedures adopted to obtain the target compounds are depicted in Schemes 1-10. The starting material 1,4-dihydro-4-oxo-1,8-naphthyridine-3-carbohydrazide (1)19 when heated with benzoxazine derivative 212 in refluxing ethanol containing a catalytic amount of glacial acetic acid afforded 1,4-dihydro-N-(2-methyl-4-oxoquinazolin-3(4H)-yl)-4-oxo-1,8-naphthyridine-3-carboxamide (3) (Scheme 1).
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Scheme 1
The IR spectrum showed absorption bands at 3230-3238, 1668, 1671, 1614, and 1569 cm-1 corresponding to stretching vibrations of two NH, amidic carbonyl groups, α,β-unsaturated ketone, and C=N groups. 1H-NMR spectrum revealed singlet signal at δ 1.93 ppm due to methyl protons, in addition to the classical picture of 1,8-naphthyridine protons. The mass spectrum provided more evidence to the correct structure, which showed the molecular ion peak at m/z 347 (M+).
Compound 1 when reacted with ethyl acetoacetate in refluxing ethanol containing a catalytic amount of glacial acetic acid afforded the acyclic intermediate ethyl 3-(2-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)hydrazono)butanoate (4).Compound 4 on heating in boiling ethanol containing sodium ethoxide lead to cyclization with the formation of the pyrazolone derivative 3-(3-methyl-5-oxo-4,5-dihydro-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (5) (Scheme 2). 
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Scheme 2
Similarly, the hydrazide 1 when subjected to react with acetyl acetone in refluxing ethanol containing a catalytic amount of glacial acetic acid afforded the acyclic hydrazone derivative 4-oxo-N'-(4-oxopentan-2-ylidene)-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide (6) which when refluxed with ethanol containing sodium ethoxide afforded the pyrazole derivative 3-(3,5-dimethyl-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (7) (Scheme 3).
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Scheme 3
Structures 4-7 were proved by elemental and spectral analyses. The IR spectra of compounds 4 and 6 in general showed absorption frequencies at 1567-1569 cm-1, 1724 cm-1, and 1689 cm-1 corresponding to C=N and two C=O due to ketonic (ester), and amidic carbonyl functional groups, while the 1H-NMR spectrum of compound 4 showed a characteristic bands at δ 0.91 ppm as singlet signal for CH3 protons, δ 1.38 ppm as triplet signal for CH3 protons, δ 2.35 ppm as singlet signal for CH2 protons and at δ 4.25 ppm as quartet signal for CH2 protons besides the aromatic protons of pyridine ring at δ 7.60-8.24 ppm, and singlet signal at 8.61 ppm due to C2-H of naphthyridine ring. While the 1HNMR spectrum of compound 6 showed  three singlet signals at δ 1.20, 2.11, 2.54 ppm corresponding to two methyl protons and CH2 protons, respectively. In addition, the mass spectrometry measurement gave m/z 316 (M+) and 286 (M+) corresponding to the molecular ion peak of compounds 4 and 6, respectively. For the pyrazole derivative 5 the IR spectrum showed a new absorption band at 1669 cm-1 corresponding to new amidic carbonyl and absorption frequency at 1606 cm-1 corresponding to C=N stretching frequency while the IR spectrum of compound 7 showed stretching frequency at 1567 cm-1 due to C=N functional group. 1H-NMR of compound 5 showed new two singlet signals at δ 1.22 and 2.07 ppm corresponding to methyl and methylene protons of pyrazolone moiety. While the 1H-NMR spectrum of compound 7 revealed three singlet signals at δ 1.74, 1.79, and 6.08 ppm attributable to two methyl groups and methine protons of pyrazole moiety. The mass spectra of compounds 5 and 7 showed their molecular ion peak at m/z 270 (M+) and 270 (M++2), respectively.
In a similar manner, it was found that 2-hydroxy-1-naphthaldehyde when reacted with hydrazide 1 in ethanol containing a catalytic amount of glacial acetic acid afforded the hydrazone derivative 8. Hydrazone 8 cycllized to the corresponding pyrazole derivative 3-(3H-benzo[e]indazole-3-carbonyl)-1,8-naphthyridin-4-(1H)-one (9) when heated in ethanol containing a catalytic amount of pipridine or triethylamine (Scheme 4).
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Scheme 4
Structures 8 and 9 were proved based on the correct analytical and spectral data. The IR of compound 8 showed bands at 3450 and 1574 cm-1 corresponding to the hydroxyl group and stretching vibration of C=N function. Compound 9 was confirmed by analytical and spectral data, beside it was confirmed chemically by alternative synthesis. Thus, when hydrazide 1 reacted with 2-hydroxy-1-naphthaldehyde in refluxing ethanol containing a catalytic amount of pipridine or triethylamine or sodium ethoxide afforded directly the corresponding pyrazole derivative 9. The IR spectrum of compound 9 showed bands at 1579 cm-1 corresponding to C=N function, and the disappearance of the band around 3450 cm-1 corresponding to hydroxyl group which indicate that the hydroxyl group was involved in the cyclization process. The 1H-NMR spectrum showed a characteristic singlet signal at δ 8.20 ppm due to the pyrazole CH proton plus the classical 1H-NMR picture of the rest of 1,8-naphthyridine protons. The mass spectroscopic measurement gives an additional conformation for compound 9 which showed the molecular ion peak at m/z 340 (M+). 
In addition, salicaldehyde when heated directly with the hydrazide 1 in refluxing ethanol containing a catalytic amount of pipridine or triethylamine afforded the corresponding pyrazole derivative 3-(1H-indazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (10) (Scheme 4).

The IR spectrum of pyrazole derivative 10 showed a characteristic absorption band at 1569 cm-1 corresponding to C=N function and the disappearance of any band around the region 3400 cm-1 corresponding to hydroxyl group. 1H-NMR spectrum showed singlet signal at δ 8.70 ppm attributable to the pyrazole proton. The mass spectroscopic measurement gives an additional confirmation for compound 10 which showed the molecular ion peak at m/z 290 (M+). 
An interesting reaction was observed when hydrazide 1 was heated with malononitrile dimmer (11) in refluxing ethanol containing a catalytic amount of glacial acetic acid afforded the pyrazolopyridine 3-(3,4,6-triamino-2H-pyrazolo[3,4-b]pyridine-2-carbonyl)-1,8-naphthyridin-4(1H)-one (13) via the non isolable intermediate 12. The reaction may be preceded firstly by addition of NHNH2 moiety to the two cyano groups with the formation of pyrazole ring. The reaction followed by addition of the lone pair of electrons on NH2 of pyrazole ring to the cyano group as shown in the following mechanism affording the pyrazolopyridine 13 and not the other possibility 12a because the exocyclic double bond will be more stable in Z-form due to less steric. This fact confirm that nucleophilic addition occurred from NH2 group and not imino group. (Scheme 5).
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Scheme 5
The IR spectrum of compound 13 showed absorption bands at 3411, 3382 cm-1 due to NH2 functions, besides a broad band at 3228 cm-1 for NH groups, 1671 and 1608 cm-1 corresponding to amidic C=O, C=N and the disappearance of any band due to cyano functions at 2220 cm-1 which indicate that the cyano group was involved in the cyclization reaction. The 1H-NMR showed four singlet exchangeable signals at δ 4.18, 9.81, and 11.60 ppm attributable to one amino group and three NH protons, respectively. The mass spectrum showed the molecular ion peak at m/z 336 (M+). 
The hydrazide 1 when heated with dimethylthiomethylene malonate (14) in the presence of ethanol containing drops of glacial acetic acid afforded the pyrazole derivative 15 (Scheme 6). The reaction proceeds according to the proposed following mechanism.
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Scheme 6
The IR spectrum of compound 15 showed absorption bands at 3413, 3382 cm-1 corresponding to NH2 group, 3226 cm-1 due to NH function, 1670 and 1608 cm-1 corresponding to amidic C=O and C=N and a characteristic absorption band at 2220 cm-1 corresponding to CN group. The 1H-NMR revealed a characteristic singlet signal of thiomethyl group at δ 1.96 ppm and three exchangeable singlet signals at δ 4.52, 9.22, and 10.66 ppm attributable to NH2 and NH protons. The mass spectrum showed the molecular ion peak at m/z 327 (M++1). 
In addition, when compound 15 was subjected to react with p-anisidine in ethanol containing a catalytic amount of triethlylamine afforded 3-imino-5-(4-methoxyphenylamino)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)-2,3-dihydro-1H-pyrazole-4-carbonitrile  (16) (Scheme 7).
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Scheme 7
Also, it has been found that when hydrazide 1 reacted with p-nitrobenzylidene malononitrile and p-chlorobenzylidene malononitrile in ethanol containing few drops of glacial acetic acid afforded the pyrazole derivatives 5-amino-3-(4-nitrophenyl)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)- 2,3-dihydro- 1H--pyrazole-4-carbonitrile (17) 5-amino-3-(4-chlorophenyl)-1-(4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonyl)- 2,3-dihydro- 1H-pyrazole-4-carbonitrile (18), respectively (Scheme 8).
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Scheme 8
Structures 17 and 18 were proved based on the analytical and spectral data. The IR spectrum of both compounds showed, in general, a characteristic absorption bands at 1582 and 1550 cm-1 corresponding to stretching frequencies of C=N and C=C functions, respectively. The 1H-NMR of both compounds showed a characteristic singlet signal at δ 5.29 and 5.69 ppm attributable to methyne protons. The mass spectra of compounds 17 and 18 showed the molecular ion peak at m/z 403 (M+) and 392 (M+-1), respectively.
Moreover, when hydrazide 1 reacted with cyanoacetamide in refluxing ethanol in the presence of a catalytic amount of glacial acetic acid afforded the diaminopyrazole derivative 3-(3,5-diamino-1H-pyrazole-1-carbonyl)-1,8-naphthyridin-4(1H)-one (19). The same compound was obtained when the hydrazide 1 was subjected to react with malononitrile under the same reaction conditions (Scheme 9).
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Scheme 9
Structure 19 established based on both analytical and spectral data. The IR spectrum showed the classical pattern for carbonyl groups which appear at 1668 and 1634 cm-1, and showed the stretching vibration of C=N and C=C functions at 1612 and 1570 cm-1, respectively. On the other hand, the amino groups appeared as a tautomeric equilibrium with amino-imino groups and appeared at 3441 and 3232 cm-1, respectively. 1H-NMR of compound 19 revealed two exchangeable signals at δ 4.01 and 10.20 ppm due to two NH2 and NH protons, in addition to two singlet signals at δ 6.37 and 8.07 ppm for CH-pyrazole and C2-H of naphthyridine ring, besides aromatic protons of pyridine ring at δ 7.72-8.31 ppm. The mass spectrum gave a more evidence for structure 19 which showed its molecular ion peak at m/z 270 (M+).
3.2. Pharmacology
3.2.1. Cytotoxicity against Ehrlich Ascites Carcinoma
Effect of drugs on the viability of Ehrlich Ascites cells in vitro
The synthesis, antitumor evaluation and QSAR studies of novel pyrazol against Ehrlich Ascites Carcinoma (EAC, in vitro) cells were described. These novel analogues were molecularly designed with the goal of having significant potent cytotoxic effect against EAC cells.
Pyrazoles and related analogues were tested for cytotoxicity against EAC in Vitro. EAC cells were used because they have a very well known established model.20 Results for the ED25 value of the active compounds are summarized in Table 1. The data showed clearly that compound 15 showed moderate activity (~ 45%) comparing with the drug reference (5-FU, 98% activity). The rest of compounds showed weak activity. Thus, it would appear that introducing thiomethyl tautomeric moiety enhanced the cytotoxic properties.

Comparing the obtained cytotoxic activity of tested compounds in this study, the following SARs were postulated:

1) Compound 15 showed mild cytotoxic activity (~ 45%), this may be due to the presence of thiomethyl and cyano groups which have toxic activity in nature 

2) All pyrazole derivatives showed weak activity at ED25. Thus the position and nature of substituents in the structure of pyrazole derivatives seems to modulate cytotoxic activity.
Table 1: In vitro cytotoxicity of pyrazol against Ehrlich Ascites Carcinoma

	Compound

No.
	EAC

Assay
	Compound

No.
	EAC

Assay

	
	Dead cells (%)

ED25 µL (1mg/ml)
	
	Dead cells (%)

ED25 µL (1mg/ml)

	
	Control 0
	
	Control 0

	
	          5-FU      98
	
	       5-FU    98

	3
	0
	15
	45

	7
	28
	16
	19

	8
	20
	17
	21

	9
	14
	18
	17

	10
	11
	19
	14

	13
	

23
	
	


Where ED25 is the effective dose at 25 µl of the compounds used. 

The dead % refers to the % of the dead tumor cells and 5-Flu is 5-Fluorouracil as a well known cytotoxic agent. 

3.2.2. ABTS Antioxidant activity screening

The antioxidant activity assay employed here is one of the several assays that depend on measuring the consumption of stable free radicals i.e. evaluate the free radical scavenging activity of the investigated component. The methodology assumes that the consumption of the stable free radical (X') will be determined by reactions as follows:

XH + Y'




X' + YH
The rate and /or the extent of the process measured in terms of the decrease in X' concentration, would be related to the ability of the added compounds to trap free radicals. The decrease in color intensity of the free radical solution due to scavenging of the free radical by the antioxidant material is measured calorimetrically at a specific wavelength. The assay employs the radical cation derived from 2,2'-azino-bis(3-ethyl benzthiazoline-6-sulfonic acid) (ABTS) as stable free radical to assess antioxidant potential of the isolated compounds and extracts. The advantage of ABTS -derived free radical method over other methods is that the produced color remains stable for more than one hour and the reaction is stoichiometric. The inhibition ratio (%) was calculated using the following formula:

(%) Inhibition = [A(control) _ A(test) / A(control)] × 100

The antioxidant activity of some newly synthesized compounds was evaluated by ABTS method.21 The data in Table 2 showed clearly that, compound 15 showed moderate antioxidant activities. Thus, it would appear that introducing of sulfur atoms and the presence of thiomethyl tautomeric equilibrium enhances the antioxidant properties of 1,8-naphthyridine derivatives. By comparing the results obtained of antioxidant of the compound  reported in this study to their structures, the following structure activity relationship (SARs) were postulated: (i) compound 15 was nearly in potent to "Vitamin C" which may be attributed to the presence of amino and imino groups which trap the free radical "X".
Table 2: Antioxidant assay for some prepared new compounds.

	Compound

No.
	ABTS Abs (control)-Abs (test) / Abs (control) × 100

	
	Absorbance of samples
	ABTS (% Inhibition)

	Control of ABTS
	0.47
	0%

	Ascorbic acid
	0.06
	87.0%

	3
	0.42
	10.6%

	7
	0.31
	34.0%

	8
	0.35
	25.5%

	9
	0.36
	23.4%

	10
	0.37
	21.3%

	13
	0.31
	34.0%

	15
	0.19
	59.6%

	16
	0.35
	25.5%

	17
	0.34
	27.6%

	18
	0.35
	25.5%

	19
	0.34
	27.6%


4. CONCLUSION
This work aimed to synthesize a new series of pyrazole derivatives containing 1,8-naphthyridine ring via carboxamide linkage. All the synthesized compounds were confirmed their structures by different spectroscopic data and screened for their in vitro cytotoxicity against EAC and antioxidant activity which showed that compound 15 displayed the best cytotoxicity and antioxidant activity.
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