Experimental Section

Synthesis of 2-(2-(2-carboxyphenyl)acetamido)-4,5,6,7-tetrahydrobenzo[b] thiophene-3-carboxylic acid 4 
A solution of compound 3 (3.87 g, 10 mmol) in (30 mL) of NaOH (15%) was heated under reflux for 2 h. After cooling, the reaction mixture was acidified with cold dilute acetic acid and the precipitated solid was filtered off, dried and recrystallized from  EtOH to give 4 as pale buff crystals, mp: 275-277оC, yield: 78.12%. Anal. Calcd. for C18H17NO5S (359.08): C, 60.16; H, 4.77; N, 3.90; S, 8.92. Found: C, 60.04; H, 4.59; N, 3.83; S, 8.80. IR (υ/cm-1): 3421 (OH), 3251 (NH), 1694 (C=Oacid), 1670 (C=Oamide). MS m/z (%): 359 (5.16), 197 (53.08), 179 (100), 153 (81.71), 125 (55.17), 90 (39.07), 77 (34.62). 1H-NMR (DMSO-d6) δ (ppm): 12.5 (br.s, 2H, 2OH), 10.82 (s, 1H, NH), 7.97-7.41 (m, 4Harom.), 4.16 (s, 2H, COCH2), 2.66-2.48 (m, 4H, 2CH2), 1.69 (m, 4H, 2CH2).

Synthesis of 8,9,10,11-tetrahydro-7H,14H-benzo[2',3':4,5][1,3]oxazino[3,2-b] isoquinoline-7,14-dione 5
A mixture of compound 4 (3.59 g, 10 mmol) and acetyl chloride (70 mL) was heated on water bath for 2 h. The deposited solid formed after evaporation of excess solvent was filtered off, washed with petroleum ether 60-80оC and recrystallized from EtOH/dioxane to give 5 as yellow crystals; mp: 256-260оC, yield, 77%. Anal. Calcd. for C18H13NO3S (323.06): C, 66.86; H, 4.05; N, 4.33; S, 9.91. Found: C, 66.77; H, 3.89; N, 4.21; S, 9.86. IR (υ/cm-1): 1769 (C=Olactone), 1675 (C=Ocyclic imide). MS m/z (%): 323 (3.59), 319 (38.45), 143 (28.50), 115 (92.16), 89 (100), 77 (44.18). 1H-NMR (DMSO-d6) δ (ppm): 8.27-7.48 (m, 4Harom.), 6.65 (s, 1Holefinic, =CH), 2.80 (m, 2H, CH2), 2.74 (m, 2H, CH2), 1.80 (m, 4H, 2CH2).

Synthesis of N-(3-(hydrazinecarbonyl)-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)-2-(2-hydrazinyl-2-oxoethyl)benzamide 6
A solution of compound 5 (3.23 g, 10 mmol) in ethanol (30 mL), hydrazine hydrate (0.5 mL, 10 mmol) was added dropwise with stirring at room temperature for 15 min. The separated solid was filtered off, dried and recrystallized from ethanol to give 6 as white ppt; mp: 196-200оC, yield: 84%. Anal. Calcd. for C18H21N5O3S (387.14): C, 55.80; H, 5.46; N, 18.08; S, 8.27. Found: C, 55.71; H, 5.33; N, 17.96; S, 8.15. IR (υ/cm-1): 3319 (NH), 3262, 3196 (NH2), 1668, 1648 (C=O). 1H-NMR (DMSO-d6) δ (ppm): 11.87 (s, 1H, NH, exchangeable with D2O), 9.24 (s, 1H, NH, exchangeable with D2O), 8.98 (s, 1H, NH, exchangeable with D2O), 7.60-7.32 (m, 4Harom.), 4.36 (br.s, 4H, 2NH2, exchangeable with D2O), 3.67 (s, 2H, COCH2), 2.64-2.60 (m, 4H, 2CH2), 1.74 (m, 4H, 2CH2). 13C-NMR (DMSO-d6) (ppm) δ: 22.2, 22.6, 23.6, 24.5, 37.4, 126.6, 126.9, 127.8, 129.3, 130.5, 130.8, 134.3, 134.9, 138.7, 164.6, 164.9, 169.7.
 
Synthesis of 6-amino-8,9,10,11-tetrahydro-7H-benzo[4',5']thieno[3',2':5,6]pyrimido [1,2-b]isoquinoline-7,14(6H)-dione 7
A solution of compound 6 (3.87 g, 10 mmol) in dioxane/DMF mixture was heated under reflux for 6 h. The reaction mixture was concentrated and the deposited solid was filtered off, dried and recrystallized from EtOH/dioxane to give 7 as yellow crystals; mp: 248-250оC, yield: 45.7%. Anal. Calcd. for C18H15N3O2S (337.09): C, 64.08; H, 4.48; N, 12.45; S, 9.50. Found: C, 63.95; H, 4.37; N, 12.30; S, 9.38. IR (υ/cm-1):  3318, 3265 (NH2), 1689, 1663 (C=O). MS m/z (%):  337 (100), 319 (58.08), 265 (19.77), 236 (19.10), 161 (39.13), 115 (62.47), 89 (54.07), 69 (66.27). 1H-NMR (DMSO-d6) δ (ppm): 8.10-7.28 (m, 4Harom.), 6.87 (s, 1Holefinic, =CH), 5.42 (s, 2H, NH2, exchangeable with D2O), 2.77 (m, 2H, CH2), 2.58 (m, 2H, CH2), 1.69 (m, 4H, 2CH2). 13C-NMR (DMSO-d6) (ppm) δ: 21.6, 22, 23.1, 24.5, 87.3, 106.3, 124.2, 125.5, 127.1, 129.4, 132, 133.1, 134.5, 136.2, 137.9, 151.4, 154.6.

Synthesis of N-(7,14-dioxo-8,9,10,11-tetrahydro-7H-benzo[4',5']thieno[3',2':5,6] pyrimido[1,2-b]isoquinolin-6(14H)-yl)formamide 8
A solution of compound 6 or 7 (10 mmol) in (30 mL) of formic acid was refluxed for 30 min. The deposited solid on hot was filtered off, dried and recrystallized from dioxane/DMF to give 8 as yellow crystals; mp: > 300оC, yield: 40%. Anal. Calcd. for C19H15N3O3S (365.08): C, 62.45; H, 4.14; N, 11.50; S, 8.77. Found: C, 62.34; H, 4.07; N, 11.39; S, 8.62. IR (υ/cm-1):  3303 (NH), 1719 (C=Oald.) 1675 (C=O). MS m/z (%): 365 (7.09), 322 (9.56), 236 (9.83), 161 (15.07), 109 (35.60), 95 (65.36), 83 (75.79), 69 (91.37), 57 (100), 55 (81.12), 43 (52.87). 1H-NMR (DMSO-d6) δ (ppm): 10.99 (s, 1H, NH, exchangeable with D2O), 8.48 (s, 1H, CHO) 8.22-7.40 (m, 4Harom.), 6.68 (s, 1Holefinic, =CH), 2.88-2.72 (m, 4H, 2CH2), 1.76 (m, 4H, 2CH2).

Synthesis of 2-(3-(5-mercapto-1,3,4,-oxadiazol-2-yl)-4,5,6,7-tetrahydrobenzo[b] thiophen-2-yl)isoquinoline-1,3(2H,4H)-dione 9
A mixture of compound 6 (3.87 g, 10 mmol) and carbon disulphide (30 mL) in pyridine (30 mL) was heated on water bath for 12 h. The reaction mixture was acidified with cold dilute hydrochloric acid and the precipitated solid was filtered off, dried and recrystallized from benzene to give 9 as yellow crystals; mp: 254-256оC, yield: 40%. Anal. Calcd. for C19H15N3O3S2 (397.06): C, 57.42; H, 3.80; N, 10.57; S, 16.13. Found: C, 57.31; H, 3.68; N, 10.45; S, 16.03. IR (υ/cm-1): br. 3518-2791 (SH, OH), 1662 (C=O). MS m/z (%):  398 (M+1, 3.66), 359 (20.90), 320 (37.82), 290 (57.15), 159 (60.78), 120 (100), 75 (32.65), 42 (40.98). 1H-NMR (DMSO-d6) δ (ppm): 14.15 (s, 1H, SH, exchangeable with D2O), 10.95 (s, 1H, OH, exchangeable with D2O), 7.76-7.49 (m, 4Harom.), 7.35 (s, 1Holefinic, =CH), 4.41 (s, 2H, COCH2), 2.65 (m, 4H, 2CH2), 1.76 (m, 4H, 2CH2). 13C-NMR (DMSO-d6) (ppm) δ: 27.1, 27.7, 29, 29.8, 34.6, 39.1, 113, 113.1, 133.2, 133.3, 133.5, 134.2, 134.4, 134.9, 135, 136.8, 137, 137, 137.8, 138.6, 138.9, 140.6, 144.7 144.8, 162.6,167.7, 167.9, 170.4, 170.5, 181.6, 182.8, 193.7.

Synthesis of N-acetyl-N-(7,14-dioxo-8,9,10,11-tetrahydro-7H-benzo[4',5']thieno [3',2':5,6]pyrimido[1,2-b]isoquinolin-6(14H)-yl)acetamide 10
A solution of compound 6 (3.87 g, 10 mmol) in acetic anhydride (30 mL) was heated under reflux for 10 h. The reaction mixture was concentrated and the deposited solid was filtered off, dried and recrystallized from pet. ether 100-120 оC to give 10 as buff crystals; mp: 200-204оC, yield: 35%. Anal. Calcd. for C22H19N3O4S (421.11): C, 62.70; H, 4.54; N, 9.97; S, 7.61. Found: 62.59; H, 4.41; N, 9.90; S, 7.53. IR (υ/cm-1): 1765, 1702, 1675 (C=O). MS m/z (%): 421 (16.28), 365 (89.84), 322 (39.17), 308 (65.46), 296 (49.45), 267 (100), 253 (47.60), 182 (63.02), 151 (59.44), 90 (70.21). 1H-NMR (DMSO-d6) δ (ppm): 8.23-7.40 (m, 4Haromatic), 6.55 (s, 1Holefinic, =CH), 2.96-2.93 (m, 2H, CH2), 2.70-2.61 (m, 2H, CH2), 2.48 (s, 6H, 2CH3), 1.73-1.71 (m , 4H, 2CH2). 

Synthesis of ethyl N-(2-(1,3-dioxo-3,4-dihydroisoquinolin-2(1H)-yl)-4,5,6,7-tetra hydrobenzo[b]thiophene-3-carbonyl)formohydrazonate 11
A mixture of compound 6 (3.87 g, 10 mmol), triethylorthoformate (50 mL) in the presence of catalytic amount of acetic anhydride (5 mL) was refluxed for 15 h. The reaction mixture was concentrated and the deposited solid was filtered off, dried and recrystallized from pet. ether 100-120оC to give 11 as yellow crystals; mp: 160-164оC, yield: 45%. Anal. Calcd. for C21H21N3O4S (411.13): C, 61.30; H, 5.14; N, 10.21; S, 7.79. Found: C, 61.19; H, 5.02; N, 10.11; S, 7.66. IR (υ/cm-1): 3256 (NH), 1761 1710, 1689 (C=O). MS m/z (%): 413 (M+2, 1.94), 389 (15.41), 379 (17.92), 221 (29.16), 178 (42.86), 173 (100), 45 (24.19). 1H-NMR (CDCl3) δ (ppm): 8.41-7.39 (m, 4Harom.), 4.46-4.44 (q, 2H, OCH2), 3.00 (s, 2H,CH2CO), 2.83-2.78 (m, 4H, 2CH2), 2.05 (s, 1H, NH, exchangeable with D2O), 1.91-1.89 (m , 4H, 2CH2), 1.57-1.53 (t, 3H, CH3). 

Synthesis of N-cyclohexyl-2-(1,3-dioxo-3,4-dihydroisoquinolin-2(1H)-yl)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamide  13
A mixture of compound 5 (3.23 g, 10 mmol), cyclohexyl amine (1.16 mL, 10 mmol) in dioxane/DMF was refluxed for 8 h. The reaction mixture was concentrated then diluted with cold water and the precipitated solid was filtered off, dried and recrystallized from pet. ether 80- 100оC to give 13 as white ppt; mp: 180-184оC, yield: 76.9%. Anal. Calcd. for C24H26N2O3S (422.17): C, 68.22; H, 6.20; N, 6.63; S, 7.59. Found: C, 68.15; H, 6.09; N, 6.53; S, 7.52. IR (υ/cm-1): 3339 (NH), 1731, 1685, 1654 (C=O). MS m/z (%): 422 (2.54), 323 (40.02), 295 (15.17), 278 (13.90), 179 (18.90), 89 (100), 56 (72.71), 41 (50.25). 1H-NMR (DMSO-d6) δ (ppm): 8.04-7.41 (m, 4Harom.), 4.27 (s, 1H, NH, exchangeable with D2O), 3.55 (m, 3H,CH2CO + CHcyclohexyl), 2.77-2.75 (m, 4H, 2CH2), 1.81 (m , 4H, 2CH2), 1.49-1.25 (m, 10H, CH2cyclohexyl).

Synthesis of 6-(4-acetylphenyl)-8,9,10,11-tetrahydro-7H-benzo[4',5']thieno [3',2':5,6]pyrimido[1,2-b]isoquinoline-7,14(6H)-dione 14
A mixture of compound 5 (3.23 g, 10 mmol), p-aminoacetophenone (0.66 g, 10 mmol) in AcOH/DMF was heated under refluxed for 20 h. The reaction mixture was concentrated then diluted with cold water and the deposited solid was filtered off, dried and recrystallized from pet. ether 80-100оC to give 14 as white ppt; mp: 252-256оC, yield: 55%. Anal. Calcd. for C26H20N2O3S (440.12): C, 70.89; H, 4.58; N, 6.36; S, 7.28. Found: C, 70.77; H, 4.46; N, 6.21; S, 7.22. IR (υ/cm-1): 1717, 1678 (C=O). MS m/z (%): 440 (5.07), 311 (100), 267 (38.50), 238 (42.17), 178 (23.39), 133 (98.39), 105 (65.06), 77 (73.09), 43 (9.74). 1H-NMR (DMSO-d6) δ (ppm): 8.24-7.62 (m, 8Harom.), 7.06 (s, 1Holefinic, =CH), 2.83-2.69 (m, 4H, 2CH2), 2.63 (s, 3H, CH3), 1.80-1.78 (m , 4H, 2CH2).

Synthesis of N-benzyl-2-(2-(2-(benzylamino)-2-oxoethyl)benzamido)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxamide 15
A mixture of compound 5 (3.23 g, 10 mmol), benzyl amine (1 mL, 10 mmol) in dioxane (30 mL) was heated under reflux for 6 h. The reaction mixture was concentrated and the deposited product was filtered off, dried and recrystallized from EtOH/dioxane to give 15 as white ppt; mp: 234-238оC, yield: 45%. Anal. Calcd. for C32H31N3O3S (537.21): C, 71.48; H, 5.81; N, 7.82; S, 5.96. Found: C, 71.35; H, 5.72; N, 7.69; S, 5.88. IR (υ/cm-1): 3347, 3266 (NH), 1674, 1645 (C=O). MS m/z (%): 431 (M-C7H8N+, 1.45), 323 (10.62), 286 (100), 179 (17.89), 91 (67.44). 1H-NMR (DMSO-d6) δ (ppm): 12.05 (s, 1H, NH, exchangeable with D2O), 8.49 (t, 1H, NH, exchangeable with D2O), 8.05 (t, 1H, NH, exchangeable with D2O), 7.59-7.19 (m, 14Harom.), 4.47 (d, 2H, CH2NHCO), 4.25 (d, 2H, CH2NHCO), 3.86 (s, 2H, CH2CO), 2.73-2.67 (m, 4H, 2CH2), 1.77 (m, 4H, 2CH2). 13C-NMR (DMSO-d6) (ppm) δ: 22.8, 23, 24.3, 25.5, 42.6, 43, 118.3, 127, 127.1, 127.5, 127.7, 128.5, 128.6, 129.5, 131.2, 131.9, 135, 135.7, 139.7, 139.7, 141.2, 165.5, 165.6, 170.4.

Synthesis of 6,6′-(ethane-1,2-diyl)bis(8,9,10,11-tetrahydro-7H-benzo[4′,5′]thieno [3′,2′:5,6]pyrimido[1,2-b] isoquinoline-7,14(6H)dione 16
A mixture of compound 5 (3.23 g, 10 mmol), ethylene diamine (0.66 mL, 10 mmol) in AcOH/DMF was refluxed for 1 h. The deposited solid on hot was filtered off, dried and recrystallized from DMF to give 16 as yellow ppt; mp:  > 300оC, yield: 30%. Anal. Calcd. for C38H30N4O4S2 (670.17): C, 68.04; H, 4.51; N, 8.35; S, 9.56. Found: C, 67.93; H, 4.44; N, 8.28; S, 9.46. IR (υ/cm-1): 1670 (C=O). MS m/z (%): 670 (1.62), 269 (4.71), 229 (18.91), 170 (15.89), 104 (100), 89 (54.74), 40 (78.19).

Synthesis of 2-(3-(piperidine-1-carbonyl)-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl) isoquinoline-1,3(2H,4H)-dione 17a 
A mixture of compound 5 (3.23 g, 10 mmol), piperidine (1 mL, 10 mmol) in dioxane/DMF was refluxed for 6 h. The reaction mixture was concentrated then acidified with cold dilute hydrochloric acid and the precipitated solid was filtered off, dried and recrystallized from pet. ether 100-120оC  to give 17a as orange crystals; mp: 180-182оC, yield: 60%. Anal. Calcd. for C23H24N2O3S (408.15): C, 67.62; H, 5.92; N, 6.86; S, 7.85. Found: C, 67.57; H, 5.83; N, 6.76; S, 7.71. IR (υ/cm-1): 1731, 1692 (C=O). 1H-NMR (CDCl3) δ (ppm): 8.23-7.29 (m, 4Harom.), 4.19 (s, 2H, COCH2), 3.33 (m, 4H, 2NCH2piperidyl), 2.79-2.77 (m, 4H, 2CH2), 1.83 (m , 4H, 2CH2), 1.56-1.53 (m, 6H, 3CH2piperidyl). 
Synthesis of 2-(3-(morpholine-4-carbonyl)-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)isoquinoline-1,3(2H,4H)-dione 17b
A mixture of compound 5 (3.23 g, 10 mmol), morpholine (0.86 mL, 10 mmol) in dioxane/DMF was refluxed for 6 h. The reaction mixture was concentrated then acidified with cold dilute hydrochloric acid and the precipitated solid was filtered off, dried and recrystallized from pet. ether 100-120оC  to give 17b as yellow crystals; mp: 198-202оC, yield: 50%. Anal. Calcd. for C22H22N2O4S (410.13): C, 64.37; H, 5.40; N, 6.82; S, 7.81. Found: C, 64.29; H, 5.34; N, 6.76; S, 7.75. IR (υ/cm-1): 1729, 1691 (C=O). 1H-NMR (DMSO-d6) δ (ppm): 8.02-7.42 (m, 4Harom.), 4.30 (s, 2H, COCH2), 3.54 (m, 8H, 2OCH2morpholinyl + 2NCH2morpholinyl), 2.75 (m, 4H, 2CH2), 1.80 (m , 4H, 2CH2).

Synthesis of 8,9,10,11-tetrahydro-7H-benzo[4',5']thieno[3',2':5,6]pyrimido[1,2-b] isoquinoline-7,14(6H)-dione 18
[bookmark: _GoBack]A mixture of compound 5 (3.23 g, 10 mmol), and ammonium acetate and/or urea (3 g) was fused in oil bath for 2 h. The deposited solid on hot was washed with water then filtered off, dried and recrystallized from dioxane/DMF to give 18 as yellow crystals; mp: > 300оC, yield: 60%. Anal. Calcd. for C18H14N2O2S (322.08): C, 67.06; H, 4.38; N, 8.69; S, 9.94. Found: C, 66.91; H, 4.22; N, 8.61; S, 9.87. IR (υ/cm-1): 3369 (NH), 1695, 1658 (C=O). MS m/z (%): 322 (100), 294 (71.11), 161 (9.78), 89 (21.29). 1H-NMR (DMSO-d6) δ (ppm): 11.66 (s, 1H, NH, exchangeable with D2O), 8.21-7.32 (m, 4Harom.), 6.31 (s, 1Holefinic, =CH), 2.90-2.89 (m, 2H, CH2), 2.73-2.70 (m, 2H, CH2), 1.78-1.76 (m, 4H, 2CH2).


