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4. Experimental	
4.1. Materials 
[bookmark: _Hlk504910819]All organic solvents were acquired from commercial sources and used as received unless otherwise stated. All other chemicals were acquired from Merck, Aldrich or Acros and used without further purification. The melting points were measured on a Stuart melting point apparatus and are uncorrected. IR spectra were recorded on a Smart iTR, which is an ultra-high-performance, versatile Attenuated Total Reflectance (ATR) sampling accessory on the Nicolet iS10 FT-IR spectrometer. 1H-NMR spectra were recorded on Varian Mercury at 300 MHz spectrophotometer using TMS as an internal standard and DMSO-d6 as solvent and chemical shifts were expressed as δ ppm units. Elemental analyses were carried out on a EuroVector instrument C, H, N, S analyzer EA3000 Series. Compounds 1[24] is prepared according to the literature procedure.

4.2. Procedure for ethyl {3-cyano-4-[3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl]-6-phenylpyridin-2-ylsulfanyl}acetate (3).
A mixture of 1 (10 mmol), ethyl chloroacetate (2, 10 mmol) and anhydrous sodium acetate (10 mmol) in absolute ethanol (20 mL) was refluxed for 2 h. The solid product was filtrated, washed with water and with cold ethanol, dried and then recrystallized from ethanol to give 3 as colorless crystals (73%); m.p. 204-206 oC; IR (υ cm-1): 3375 (OH), 2217 (CN) and 1729 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 1.16 (t, J = 7.2 Hz, 3H, CH2CH3), 4.10 (q, J = 7.2 Hz, 2H, CH2CH3), ‎4.26 (s, 2H, SCH2),‎ 6.77-8.07 (m, 15H, ArH's), 9.03 (s, 1H, pyrazole H-5) and 9.67 (s, 1H, OH); Anal. for C31H24N4O3S (532.62): C, 69.91; H, 4.54; N, 10.52; S, 6.02; found: C, 69.72; H, 4.33; N, 10.78; S, 6.11%.

4.3. Procedure for ethyl 3-amino-4-[(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)]-6-phenylthieno[2,3-b]pyridine-2-carboxylate (4).
A ternary mixture of 1 (10 mmol), ethyl chloroacetate (2, 10 mmol) and potassium carbonate (40 mmol) or a binary mixture of 3 (10 mmol) and potassium carbonate (40 mmol) in DMF (25 mL) was heated in water bath for 24 h. The reaction mixture was cooled, poured onto ice-cold water and neutralized (pH = 7) with diluted HCl. The product that formed was collected by filtration, washed with cold ethanol, dried and then recrystallized from ethanol to give 4 as yellow crystals (83% using 1 or 89% using 3); m.p. 254-256 oC; IR (υ cm-1): 3475, 3360 (OH, NH2), 1670 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 1.29 (t, J = 7.0 Hz, 3H, CH2CH3), 4.26 (q, J = 7.0 Hz, 2H, CH2CH3), 6.17 (s, 2H, NH2), 6.68-8.19 (m, 15H, ArH's), 8.91 (s, 1H, pyrazole H-5) and 9.61 (s, 1H, OH); 13C-NMR (DMSO-d6): δ 14.88, 60.66, 95.07, 113.55, 115.97, 118.84, 120.09, 122.20, 123.27, 127.57, 128.93, 129.42, 130.58, 137.57, 139.74, 140.54, 143.57, 148.38, 149.96, 156.97, 158.07, 161.57 and 164.82;  Anal. for C31H24N4O3S (532.62): C, 69.91; H, 4.54; N, 10.52; S, 6.02; found: C, 69.99; H, 4.40; N, 10.66; S, 6.12%.

4.4. Procedure for 1,4-bis(4-[4-(3-amino-2-ethoxycarbonyl-6-phenylthieno[2,3-b]pyridin-4-yl)-1-phenyl-1H-pyrazol-3-yl]phenoxy)butane (6).
A solution of KOH (10 mmol/ 5 mL water) was added to compounds 4 (10 mmol) in 25 mL methanol with stirring at room temperature for 10 min. The solvent was evaporated and the solid was triturated with diethyl ether, filtrated, dried and then reacted with 1,4-dibromobutane (5, 10 mmol) in DMF (25 mL) was heated under reflux for 15 min. The reaction mixture was cooled and poured onto ice-cold water. The product was filtrated, washed, dried and recrystallized from ethanol to yield 6 as yellow crystals (83%); m.p. 228-230 oC; IR (υ cm-1): 3485, 3374 (NH2), 1670 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 1.29 (t,  6H, COOCH2CH3), 1.76 (m, 4H, OCH2CH2CH2CH2O), 3.93 (m, 4H, OCH2CH2CH2CH2O), 4.26 (q,  4H, 2 COOCH2CH3), 6.17 (s, 4H, 2 NH2), 6.86-8.15 (m, 30H, ArH's) and 8.91 (s, 2H, 2 pyrazole H-5); Anal. for C66H54N8O6S2 (1119.31): C, 70.82; H, 4.86; N, 10.01; S, 5.73; found: C, 70.98; H, 4.65; N, 10.18; S, 5.50%.

4.5. General procedure for compounds 7 and 20. 
A solution of each of 4 or 1 (10 mmol) and hydrazine hydrate (10 mL, 99%) in pyridine (25 mL) was heated under reflux for 12 h. The reaction mixture was evaporated to its half volume, cooled and then ethanol (2 mL) was added drop by drop. The solid products were collected by filtration, washed with cold ethanol, dried and recrystallized from the proper solvent to yield 7 and 20 respectively.

4.5.1. 3-Amino-4-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-6-phenylthieno[2,3-b]-pyridine-2-carbohydrazide (7).
Yellow crystals recrystallized from ethanol (75%); m.p. 260-262oC; IR (υ cm-1): 3390 (OH), 3341, 3129 (NH, NH2); 1H-NMR (δ ppm) (DMSO-d6): δ 4.40 (s, br, 2H, NHNH2), 6.13 (s, br, 2H, NH2), 6.66-8.17 (m, 15H, ArH's), 8.87 (s, 1H, pyrazole H-5),‎ 9.16 (s, br, 1H, NH) and 9.58 (s, 1H, OH); 13C-NMR (DMSO-d6): δ 113.26, 115.87, 116.48, 118.80, 119.86, 123.41, 127.01, 127.40, 128.923, 129.40, 129.95, 130.06, 130.29, 137.82, 139.63, 139.79, 143.42, 143.50, 150.00, 155.89 and 158.00; Anal. for C29H22N6O2S (518.59): C, 67.17; H, 4.28; N, 16.21; S, 6.18; found: C, 67.02; H, 4.05; N, 16.44; S, 6.32.

4.5.2. 3-Amino-4-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-6-phenyl-1H-pyrazolo-[3,4-b]pyridine (20).
Yellow crystals recrystallized from ethanol (78%); m.p. 188-190oC; IR (υ cm-1): 3399 (OH), 3340, 3248, 3130 (NH, NH2); 1H-NMR (δ ppm) (DMSO-d6): δ 4.58 (s, 2H, NH2), 6.70-8.05 (m, 15H, ArH's), 8.84 (s, 1H, pyrazole H-5)‎, 9.61 (s, 1H, OH) and 12.29 (s, br, 1H, NH); 13C-NMR (DMSO-d6): δ 103.96, 113.88, 115.89, 117.40, 118.84, 123.49, 124.19, 126.92, 127.45, 129.22, 129.73, 130.07, 137.41, 139.30, 139.84, 148.04, 150.21, 153.65, 155.76 and 158.07; Anal. for C27H20N6O (444.50); calcd./ (%): C, 72.96; H, 4.54; N, 18.91; found: C, 72.78; H, 4.40; N, 19.11.

4.6. General procedure for compounds 8 and 9. 
A solution of each of 7 or 8 (10 mmol) and triethylorthoformate (25 mL) was heated under reflux for 6 h (for the preparation of 8 from 7 or preparation of 9 from 8) or 12 h (for the preparation of 9 from 7). The solvent was evaporated to its half volume and cooled. The solid products so formed were collected by filtration, washed with cold ethanol, dried and crystallized from the proper solvent to yield 8 and 9 respectively.

4.6.1. 3-Amino-9-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-7-phenylpyrido-[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (8).
Yellow crystals recrystallized from ethanol (60%); m.p. 306-308 oC; IR (υ cm-1): 3455, 3345 (OH, NH2), 1665 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 6.61-8.14 (m, 17H, 15ArH's and NH2), 8.34 (s, 1H, pyrimidine H-2), 8.88 (s, 1H, pyrazole H-5), and 9.48 (s, br, 1H, OH); Anal. for C30H20N6O2S (528.59): C, 68.17; H, 3.81; N, 15.90; S, 6.07; found: C, 68.31; H, 3.98; N, 15.75; S, 5.90%.

4.6.2. 3-(Ethoxymethyleneamino)-9-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-7-phenylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (9).
Colorless crystals recrystallized from ethanol (75% using 7 or 82% using 8); m.p. 300-302 oC; IR (υ cm-1): 3411 (OH), 1666 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 1.36 (t, J = 6.9 Hz, 3H, CH2CH3), 4.35 (q, J = 6.9 Hz, 2H, CH2CH3), 6.60-8.15 (m, 15H, ArH's), 8.36 (s, 1H, pyrimidine H-2), 8.62 (s, 1H, N=CH), 8.90 (s, 1H, pyrazole H-5) and 9.46 (s, 1H, OH); Anal. for C33H24N6O3S (584.65): C, 67.79; H, 4.14; N, 14.37; S, 5.48; found: C, 67.95; H, 4.02; N, 14.52; S, 5.29%.

4.7. Procedure for 3-(formylamino)-9-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-7-phenylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-4(3H)-one (10).
A solution of each of 7 or 8 (10 mmol) and formic acid (25 mL) was heated under reflux for 5 h (for 7) or 3 h (for 8)‎. The solvent was evaporated to its half volume and cooled. The solid product was filtrated, washed with cold ethanol, dried and then recrystallized from ethanol to yield 10 as yellow crystals (66% using 7 or 75% using 8); m.p. 286-288oC; IR (υ cm-1): 3398 (OH), 3288 (NH), 2853, 2757 (ald. H stretch), 1689, 1655 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 6.24-8.17 (m, 15H, ArH's), 8.35 (s, 1H, pyrimidine H-2), 8.47 (s, 1H, CHO), 8.93 (s, 1H, pyrazole H-5),‎ 9.47 (s, 1H, OH) and 11.56 (s, br, 1H, NH); Anal. for C31H20N6O3S (556.60); calcd./ (%): C, 66.90; H, 3.62; N, 15.10; S, 5.76; found: C, 67.05; H, 3.80; N, 14.96; S, 5.60%.

4.8. Procedure for N-(9-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-methyl-4-oxo-7-phenylpyrido[3',2':4,5]thieno[3,2-d]pyrimidin-3(4H)-yl)acetamide (12).
A solution of 7 (10 mmol) and acetic acid (25 mL) was heated under reflux for 8 h. The solvent was evaporated to its half volume and cooled. The solid product was filtrated, washed with cold ethanol, dried and then recrystallized from ethanol to yield 12 as colorless crystals (70%); m.p. 220-222 oC; IR (υ cm-1): 3450 (OH), 3286 (NH), 1705, 1660 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 2.09 (s, 3H, CH3), 2.21 (s, 3H, CH3), 6.62-8.17 (m, 15H, ArH's), 8.96 (s, 1H, pyrazole H-5), 9.44 (s, 1H, OH) and 11.14 (s, br, 1H, NH); Anal. for C33H24N6O3S (584.65): C, 67.79; H, 4.14; N, 14.37; S, 5.48; found: C, 67.62; H, 4.01; N, 14.52; S, 5.69%.

4.9. Procedure for 4-(4-(3-(diacetylamino)-2-methyl-4-oxo-7-phenyl-3,4-dihydro-pyrido-[3',2':4,5]thieno[3,2-d]pyrimidin-9-yl)-1-phenyl-1H-pyrazol-3-yl)phenyl acetate (13).
A solution of each of 7 or 12 (10 mmol) and acetic anhydride (25 mL) was heated under reflux for 10 h. The reaction mixture was evaporated to its half volume, cooled and then ethanol (5 mL)was added drop by drop and the solid product that formed was filtrated, washed with cold ethanol, dried and recrystallized from ethanol to yield 13 as colorless crystals (61% using 7 or 83% using 12); m.p. 190-192 oC; IR (υ cm-1): 1705, 1651 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 2.22 (s, 6H, 2 CH3), 2.30 (s, 6H, 2 CH3), 7.00-8.24 (m, 15H, ArH's) and 9.10 (s, 1H, pyrazole H-5)‎; Anal. for C37H28N6O5S (668.73): C, 66.46; H, 4.22; N, 12.57; S, 4.79; found: C, 66.62; H, 4.41; N, 12.36; S, 4.55%.

4.10. General procedure for compounds 14 and 21.
A mixture of each of 7 or 20 (10 mmol) and acetylacetone (20 mL) was heated under reflux for 5 h. The reaction mixture was evaporated to its half volume, cooled and then ethanol (5 mL) was added drop by drop. The solid products were filtrated, washed with cold ethanol, dried and then recrystallized from the proper solvent to yield 14 and 21 respectively.

4.10.1. 3-Amino-2-((3,5-dimethyl-1H-pyrazol-1-yl)carbonyl)-4-[3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl]-6-phenylthieno[2,3-b]pyridine (14).
[bookmark: _GoBack]Yellow crystals recrystallized from ethanol (69%); m.p. 260-262 oC; IR (υ cm-1): 3450 (OH), 3284, 3141 (NH2), 1670 (CO); 1H-NMR (δ ppm) (DMSO-d6): δ 2.30 (s, 3H, CH3), 2.55 (s, 3H, CH3), 6.24 (s, 1H, pyrazole H-4), 6.68-8.22 (m, 17H, 15 ArH's and NH2), 8.95 (s, 1H, pyrazole H-5)‎ and 9.60 (s, 1H, OH); 13C-NMR (DMSO-d6): δ 13.69, 14.71, 94.82, 101.73, 115.97, 116.16, 118.82, 119.90, 120.34, 123.28, 124.15, 127.15, 127.71, 128.92, 129.49, 130.09, 130.70, 137.67, 139.74, 140.58, 143.96, 149.89, 150.54, 153.75, 157.78, 158.09, 163.76 and 165.62; Anal. for C34H26N6O2S (582.68): C, 70.09; H, 4.50; N, 14.42; S, 5.50; found: C, 70.30; H, 4.72; N, 14.15; S, 5.32%.

4.10.2. 10-(3-(4-Hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2,4-dimethyl-8-phenylpyrido-[2',3':3,4]pyrazolo[1,5-a]pyrimidine (21).
Colorless crystals recrystallized from ethanol (68%); m.p. above 330 oC; IR (υ cm-1): 3310 (OH); 1H-NMR (δ ppm) (DMSO-d6): δ 2.51 (s, 3H, CH3), 2.86 (s, 3H, CH3), 6.66-8.06 (m, 16H, ArH's), 9.34 (s, 1H, pyrazole H-5)‎ and 9.48 (s, 1H, OH); Anal. for C32H24N6O (508.59): C, 75.57; H, 4.76; N, 16.52; found: C, 75.80; H, 4.95; N, 16.30%.

4.11. Procedure for 3-amino-N'-(4-chlorobenzylidene)-4-(3-(4-hydroxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-6-phenylthieno[2,3-b]pyridine-2-carbohydrazide (17).	
A mixture of 7 (10 mmol) and each of (4-cholorobenzylidene)propanedinitrile (15, 10 mmol) or 4-chlorobenzaldehyde (18, 10 mmol) in pyridine (25 mL) was heated in pyridine under reflux for 6 h. The reaction mixture was evaporated to its half volume and cooled. The solid product was filtrated, washed with cold ethanol, dried and recrystallized from ethanol to yield 17 as yellow crystals (62% using 15 or 70% using 18); m.p. 280-282 oC; IR (υ cm-1): 3445 (OH), 3312, 3255 (NH, NH2); 1H-NMR (δ ppm) (DMSO-d6): δ 6.66-8.20 (m, 22H, 19 ArH's, CH=N and NH2), 8.88 (s, 1H, pyrazole H-5),‎ 9.60 (s, br, 1H, OH) and 11.55 (s, br, 1H, NH); Anal. for C36H25ClN6O2S (640.14): C, 67.44; H, 3.93; N, 13.11; S, 5.00; found: C, 67.62; H, 4.05; N, 13.25; S, 4.89%.
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