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S2 

Experimental 

 

General information 

 

Analytical thin layer chromatography (TLC) was performed on Kieselgel 60 F254 glass 

plates precoated with a 0.2 mm thickness of silica gel. The TLC plates were 

visualized by shortwave (254 nm), potassium permanganate or ceric ammonium 

molybdate stain. Flash chromatography was carried out with Kieselgel 60 (230ī400 

mesh) silica gel. Melting points: Barnstead/Elecrothermal 9300, measurements were 

performed in open glass capillaries. IR spetra: Bruker ALPHA-P & ALPHA-T. NMR 

spectra: Bruker AV 300MHz (1H NMR: 300 MHz, 13C NMR: 75 MHz), AV 500 MHz 

(1H NMR: 500 MHz, 13C NMR: 125 MHz), AV2 500 MHz (19F NMR: 470 MHz), the 

spectra were recorded in CDCl3 and DMSO-d6 using TMS as internal standard and 

are reported in ppm. 1H NMR data are reported as: (s = singlet, d = doublet, t = 

triplet, q = quartet, br = broad singlet, qui = quintet, oct = octet, m = multiplet; 

coupling constant(s) in Hz; integration, proton assignment). High-resolution mass 

spectra (HRMS): JEOL JMS-700. All solvents were purified using column filter 

solvent purification system before use unless otherwise indicated. Reagents were 

purchased and used without further purification. 
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Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(pyridin-2-yl)thiophene-3-

carboxylate (8aa) 

To a stirred solution of potassium carbonate (102 mg, 0.740 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.09 mL, 0.740 mmol). After stirring at rt for 2 h, 3-

methoxyphenyl isothiocyanate (0.10 mL, 0.740 mmol) was added dropwise at 0 °C. 

Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (187 mg, 0.740 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered, and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

the thiophene 8aa (250 mg, 92% yield) as a brown solid. 

mp. 88 - 89 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.48 (s, 1H), 8.56 ï 8.59 (m, 1H), 7.67 

(td, J = 1.8 Hz, J = 7.8 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.26 (dd, J = 7.2 Hz, J = 9.1 

Hz, 1H), 7.07 ï 7.12 (m, 1H), 7.00 (dd, J = 1.8 Hz, J = 8.0 Hz, 1H), 6.89 (t, J = 2.2 

Hz, 1H), 6.62 (dd, J = 2.1 Hz, J = 8.1 Hz, 1H), 4.37 (q, J = 7.1 Hz, 2H), 3.81 (s, 3H), 

2.59 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) ŭ 167.1, 160.6, 

160.4, 153.1, 149.5, 141.7, 136.2, 133.9, 130.2, 122.3, 121.3, 120.7, 111.6, 109.1, 

109.0, 105.1, 60.2, 55.4, 16.7, 14.4; HRMS (EI) calcd for C20H20N2O3S 368.1195, 

found 368.1197. 

 

Ethyl 4-methyl-5-(pyridin-2-yl)-2-(pyridin-3-ylamino)thiophene-3-carboxylate 

(8ab) 

To a stirred solution of potassium carbonate (110 mg, 0.796 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.10 mL, 0.796 mmol). After stirring at rt for 2 h, a 

solution of 3-pyridyl isothiocyanate (0.09 mL, 0.796 mmol) in DMF (1 mL) was added 
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dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (201 mg, 0.796 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 30%) on silica gel to 

give the thiophene 8ab (221 mg, 82% yield) as a brown solid. 

mp. 113 - 114 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.54 (s, 1H), 8.57-8.60 (m, 2H), 

8.31 (dd, J = 1.3 Hz, J = 4.7 Hz, 1H), 7.83 (ddd, J = 1.3 Hz, J = 2.9 Hz, J = 8.3 Hz, 

1H), 7.69 (td, J = 1.8 Hz, J = 7.9 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 7.28-7.31 (m, 1H), 

7.13 (ddd, J = 1.0 Hz, J = 4.9 Hz, J = 7.5 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 2.61 (s, 

3H), 1.42 (t, J = 7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 167.0, 159.5, 152.8, 149.5, 

144.1, 141.8, 137.2, 136.3, 133.9, 125.0, 123.8, 122.2, 122.1, 120.9, 110.3, 60.4, 

16.6, 14.4; HRMS (EI) calcd for C18H17N3O2S 339.1041, found 339.1045. 

 

Ethyl 2-((4-bromophenyl)amino)-4-methyl-5-(pyridin-2-yl)thiophene-3-

carboxylate (8ac) 

To a stirred solution of potassium carbonate (64 mg, 0.467 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.06 mL, 0.4671mmol). After stirring at rt for 2 h, 4-

bromophenyl isothiocyanate (100 mg, 0.4671mmol) was added dropwise at 0 °C. 

Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (118 mg, 0.4671mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

the thiophene 8ac (138 mg, 71% yield) a yellow solid. 
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mp. 115 - 116 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.50 (s, 1H), 8.59 (d, J = 4.7 Hz, 

1H), 7.69 (td, J = 1.5 Hz, J = 7.9 Hz, 1H), 7.42-7.52 (m, 3H), 7.27 (d, J = 4.0 Hz, 2H), 

7.12 (dd, J = 5.4 Hz, J = 6.9 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 2.60 (s, 3H), 1.42 (t, J 

= 7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 167.0, 159.8, 153.0, 149.5, 139.6, 136.3, 

133.9, 132.4, 122.2, 121.6, 120.8, 120.7, 115.6, 109.6, 60.3, 16.7, 14.4; HRMS (EI) 

calcd for C19H17BrN2O2S 418.0175, found 416.0179. 

 

Ethyl 2-((2-bromo-5-chlorophenyl)amino)-4-methyl-5-(6-methylpyridin-2-

yl)thiophene-3-carboxylate (8ad) 

To a stirred solution of potassium carbonate (74 mg, 0.537 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.07 mL, 0.537 mmol). After stirring at rt for 2 h, 2-

bromo-5-chlorophenyl isothiocyanate (134 mg, 0.537 mmol) was added dropwise at 

0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)-6-methylpyridine (100 mg, 0.537 mmol). The reaction mixture was 

stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was dried 

over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue was 

purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give the 

thiophene 8ad (118 mg, 47 % yield) a yellow solid 

mp. 117 - 118 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.64 (s, 1H), 7.81 (s, 1H), 7.60 (t, J 

= 7.8 Hz, 1H), 7.51 (d, J = 8.5 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.02 (d, J = 7.5 Hz, 

1H), 6.88 (d, J = 6.6 Hz, 1H), 4.41 (q, J = 7.0 Hz, 2H), 2.59 (s, 3H), 2.58 (s, 3H), 1.42 

(t, J = 7.1 Hz, 3H).13C NMR (126 MHz, CDCl3) ŭ 166.4, 158.5, 156.9, 151.9, 139.8, 

136.6, 134.1, 133.8, 133.7, 123.2, 120.8, 119.8, 117.6, 111.75, 111.67, 60.5, 24.5, 

16.5, 14.4; HRMS (EI) calcd for C20H18BrClN2O2S 463.9961, found 463.9949. 
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Ethyl 4-methyl-5-(pyridin-2-yl)-2-((3-(trifluoromethyl)phenyl)amino)thiophene-3-

carboxylate (8ae) 

To a stirred solution of potassium carbonate (68 mg, 0.492 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.06 mL, 0.492 mmol). After stirring at rt for 2 h, 3-

(trifluoromethyl)phenyl isothiocyanate (0.07 mL, 0.492 mmol) was added dropwise at 

0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (124 mg, 0.492 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4 filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

the thiophene 8ae (123 mg, 82% yield) a yellow solid. 

mp. 120 - 121 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.68 (s, 1H), 8.60 (d, J = 4.7 Hz, 

1H), 7.70 (td, J = 1.7 Hz, J = 7.8 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.43-7.54 (m, 3H), 

7.30 (d, J = 7.7 Hz, 1H), 7.14 (dd, J = 4.9 Hz, J = 7.4 Hz, 1H), 4.40 (q, J = 7.1 Hz, 

2H), 2.61 (s, 3H), 1.43 (t, J = 7.1 Hz, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 167.1, 

159.2, 152.9, 149.6, 141.0, 136.3, 133.9, 132.0 (d, J = 32.3 Hz), 130.1, 122.4, 122.1, 

121.7 (q, J = 271 Hz, CF3), 121.5, 121.0, 119.4 (d, J = 3.3 Hz), 115.9 (d, J = 3.4 Hz), 

110.1, 60.4, 16.6, 14.3; HRMS (EI) calcd for C20H17F3N2O2S 406.0963, found 

406.0957. 

 

Ethyl 4-methyl-2-((4-nitrophenyl)amino)-5-(pyridin-2-yl)thiophene-3-carboxylate 

(8af) 

To a stirred solution of potassium carbonate (180 mg, 0.555 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.07 mL, 0.555 mmol). After stirring at rt for 2 h, 4-

nitrophenyl isothiocyanate (0.07 mL, 0.555 mmol) was added dropwise at 0 °C. 
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Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (140 mg, 0.555 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4 filtered and evaporated. The resulting crude residue 

was purified by column chromatography (MC/MeOH 2%) to give the thiophene 8af 

(156 mg, 73% yield) an orange solid. 

mp. 182 - 183 °C; 1H NMR (300 MHz, CDCl3) ŭ 11.18 (s, 1H), 8.63 (d, J = 4.5 Hz, 

1H), 8.24 (d, J = 9.1 Hz, 2H), 7.74 (td, J = 1.7 Hz, J = 8.0 Hz, 1H), 7.55 (d, J = 8.1. 

Hz, 1H), 7.41 (d, J = 9.1 Hz, 2H), 7.19 (dd, J = 4.9 Hz, J = 7.4 Hz, 1H), 4.42 (q, J = 

7.1 Hz, 2H), 2.62 (s, 3H), 1.44 (t, J = 7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 167.0, 

156.1, 152.5, 149.7, 145.8, 141.6, 136.5, 133.7, 125.9, 124.2, 122.4, 121.4, 116.7, 

112.3, 60.8, 16.6, 14.3; HRMS (EI) calcd for C19H17N3O4S 383.0940, found 

383.0939. 

 

Ethyl 4-methyl-2-(methylamino)-5-(pyridin-2-yl)thiophene-3-carboxylate (8ag) 

To a stirred solution of potassium carbonate (220 mg, 1.592 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.20 mL, 1.592mmol). After stirring at rt for 2 h, a 

solution of methyl isothiocyanate (0.20 mL, 1.592 mmol) in DMF (1 mL) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (402 mg, 1.592 mmol). The reaction mixture 

was stirred at 60 °C for 3h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 15%) on silica gel to 

give the thiophene 8ag (149 mg, 82% yield) a yellow solid. 
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mp. 110 - 111 °C; 1H NMR (300 MHz, CDCl3) ŭ 8.55 (d, J = 4.2 Hz, 1H), 7.94 (d, J = 

3.8 Hz, 1H), 7.63 (td, J = 1.7 Hz, J = 7.8 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.02-7.06 

(m, 1H), 4.30 (q, J = 7.1 Hz, 2H), 3.04(d, J = 5.1 Hz, 3H), 2.57 (s, 3H), 1.37 (t, J = 

7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 168.3, 166.8, 153.5, 149.3, 136.1, 135.4, 

121.6, 120.2, 120.1, 105.4, 59.6, 33.1, 16.7, 14.5; HRMS (EI) calcd for C14H16N2O2S 

276.0932, found 276.0925. 

 

Ethyl 2-(cyclohexylamino)-4-methyl-5-(pyridin-2-yl)thiophene-3-carboxylate 

(8ah) 

To a stirred solution of potassium carbonate (98 mg, 0.708 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.09 mL, 0.708 mmol). After stirring at rt for 2 h, 

cyclohexyl isothiocyanate (0.10 mL, 0.708 mmol) was added dropwise at 0 °C. Then, 

the mixture was stirred at 60 °C for 2 h before addition of 2-(bromomethyl)pyridine 

hydrobromide (179 mg, 0.708 mmol). The reaction mixture was stirred at 60 °C for 3 

h and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex, 5%) on silica gel to give the thiophene 8ah (139 

mg, 57% yield) a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 8.55 (d, J = 4.7 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.64 

(td, J = 1.7 Hz, J = 7.9 z, 1H), 7.47 (d, J = 8.1 Hz, 1H), 7.05 (dd, J = 5.1 Hz, J = 7.2 

Hz, 1H), 4.30 (q, J = 7.1 Hz, 2H), 3.26-3.39 (m, 1H), 2.56 (s, 3H), 2.11 (s, 2H), 1.75 

(s, 2H), 1.19-1.45 (m, 9H); 13 C NMR (125 MHz, CDCl3) ŭ 166.9, 166.0, 153.5, 149.3, 

136.0, 135.1, 121.6, 120.1, 119.5, 105.2, 59.5, 56.1, 33.2, 32.7, 25.5, 25.1, 24.7, 

16.8, 14.5; HRMS (EI) calcd for C19H24N2O2S 344.1558, found 344.1561. 
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Ethyl 2-(benzylamino)-4-methyl-5-(pyridin-2-yl)thiophene-3-carboxylate (8ai) 

To a stirred solution of potassium carbonate (102 mg, 0.670 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.08 mL, 0.670 mmol). After stirring at rt for 2 h, 

benzyl isothiocyanate (0.08 mL, 0.670 mmol) was added dropwise at 0 °C. Then, the 

mixture was stirred at 60 °C for 2 h before addition 2-(bromomethyl)pyridine 

hydrobromide (169 mg, 0.670 mmol). The reaction mixture was stirred at 60 °C for 

3 h and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex, 5%) on silica gel to give the thiophene 8ai (145 

mg, 61% yield) a yellow solid. 

mp. 103 - 104 °C; 1H NMR (300 MHz, CDCl3) ŭ 8.53 (d, J = 4.5 Hz, 1H), 8.40 (s, 1H), 

7.58-7.67 (m, 1H), 7.45 (d, J = 8.0. Hz, 1H), 7.36 (s, 2H), 7.33 (s, 1H), 7.25-7.32 (m, 

1H), 7.04 (dd, J = 5.4 Hz, J = 6.8 Hz, 1H), 4.50 (d, J = 5.7 Hz, 2H), 4.30 (q, J = 7.1 

Hz, 2H), 2.57 (s, 3H), 1.36 (t, J = 7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 166.8, 

166.7, 153.4, 149.3, 137.2, 136.1, 135.1, 129.0, 128.8, 128.6, 127.7, 127.5, 121.7, 

120.3, 59.6, 50.9, 16.7, 14.5; HRMS (EI) calcd for C20H20N2O2S 352.1245, found 

352.1241. 

 

Ethyl 4-isopropyl-2-((3-methoxyphenyl)amino)-5-(pyridin-2-yl)thiophene-3-

carboxylate (8aj) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added ethyl 4-methyl-3-oxopentanoate (0.10 mL, 0.605 mmol). After stirring at rt 

for 2 h, 3-methoxyophenyl isothiocyanate (0.08 mL, 0.605 mmol) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.6053 mmol). The reaction mixture 
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was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex 10%) to give the 

thiophene 8aj (164 mg, 68% yield) a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 10.37 (s, 1H), 8.60 (d, J = 5.1 Hz, 1H), 7.69 (td, J = 1.6 

Hz, J = 7.7 Hz, 1H), 7.45 (d, J = 7.9 Hz, 1H), 7.23 (d, J = 8.2 Hz, 1H), 7.16 (dd, J = 

5.0 Hz, J = 7.4 Hz, 1H), 6.96 (dd, J = 1.2 Hz, J = 7.8 z, 1H), 6.89 (t, J = 2.0 Hz, 1H), 

6.62 (dd, J = 2.0 Hz, J = 8.3 Hz, 1H), 4.42 (q, J = 7.1 Hz, 2H), 3.80 (s, 3H), 3.58-3.70 

(m, 1H), 1.46 (t, J = 7.1, 3H), 1.37 (s, 3H), 1.37 (d, J = 7.1 Hz, 6H); 13 C NMR (125 

MHz, CDCl3) ŭ 166.9, 160.8, 160.6, 153.7, 149.5, 143.2, 142.0, 136.1, 130.2, 123.9, 

121.4, 121.3, 112.0, 109.1, 108.1, 105.4, 60.3, 55.4, 29.1, 21.7, 14.4; HRMS (EI) 

calcd for C22H24N2O3S 396.1508, found 396.1507. 

 

Methyl 4-cyclopropyl-2-((3-methoxyphenyl)amino)-5-(pyridin-2-yl)thiophene-3-

carboxylate (8ak) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added methyl-3-cycloproyl-3-oxopropionate (0.07 mL, 0.6053 mmol). After 

stirring at rt for 2 h, 3-methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was 

added at 0 °C. Then, the mixture was stirred for 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.6053 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex 10%) to give the 

thiophene 8ak (186 mg, 81% yield) a yellow liquid. 
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1H NMR (300 MHz, CDCl3) ŭ 10.24 (s, 1H), 8.52 (d, J = 4.6 Hz, 1H), 7.82 (d, J = 8.1 

Hz, 1H), 7.63-7.69 (m, 1H), 7.25 (t, J = 8.1 Hz, 1H), 7.06-7.13 (m, 1H), 6.99 (dd, J = 

1.5 Hz, J = 7.9 Hz, 1H), 6.88 (s, 1H), 6.62 (dd, J = 1.9 Hz, J = 8.2 Hz, 1H), 3.93 (s, 

3H), 3.81 (s, 3H), 1.98-2.10 (m, 1H), 0.91-1.02 (m, 2H), 0.31-0.39 (m, 2H); 13 C NMR 

(125 MHz, CDCl3) ŭ 167.4, 160.6, 159.8, 152.7, 148.9, 141.7, 138.8, 135.5, 130.3, 

124.7, 123.3, 120.8, 111.7, 110.2, 109.1, 105.2, 55.4, 51.2, 12.0, 10.3; HRMS (EI) 

calcd for C21H20N2O3S 380.1195, found 380.1193. 

 

Ethyl 2-((3-methoxyphenyl)amino)-5-(pyridin-2-yl)-4-(trifluoromethyl)thiophene-

3-carboxylate (8al) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added ethyl 4,4,4-trifluoro-3-oxobutanoate (0.09 mL, 0.605 mmol). After stirring 

at rt for 2 h, 3-methoxyophenyl isothiocyanate (0.08 mL, 0.605 mmol) was adde 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex 5%) to give the 

thiophene 8al (36 mg, 14% yield) a brown liquid. 

1H NMR (300 MHz, CDCl3) ŭ 10.06 (s, 1H), 8.59 (d, J = 4.6 Hz, 1H), 7.71 (td, J = 1.4 

Hz, J = 7.8 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 7.21-7.30 (m, 2H), 6.92 (d, J = 8.0 Hz, 

1H), 6.84 (s, 1H), 6.67 (dd, J = 2.0 Hz, J = 8.3  Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 

3.80 (s, 3H), 1.40 (t, J = 7.1, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 165.4, 160.7, 159.9, 

151.3, 149.1, 141.3, 136.2, 130.5, 129.7, 125.1, 122.9, 121.7 (q, J = 224.1 Hz, CF3), 
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112.2, 109.9, 106.0, 105.8, 60.9, 55.4, 13.9; HRMS (EI) calcd for C20H17F3N2O3S 

422.0912, found 422.0906. 

 

2-((3-Methoxyphenyl)amino)-4-phenyl-5-(pyridin-2-yl)thiophene-3-carbonitrile 

(8am) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added benzoylacetonitrile (88 mg, 0.605 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.605 mmol) was added dropwise at 0 °C. 

Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex 20%) to give the 

thiophene 8am (78 mg, 32% yield) a yellow solid. 

mp. 217 - 218 °C; 1H NMR (300 MHz, CDCl3) ŭ 8.47 (d, J = 3.1 Hz, 1H), 7.46 (s, 5H), 

7.24-7.33 (m, 2H), 7.20 (s, 1H), 6.94-7.05 (m, 2H), 6.87 (s, 1H), 6.80 (d, J = 8.0 Hz, 

1H), 6.69 (d, J = 8.3 Hz, 1H), 3.81 (s, 3H); 13 C NMR (125 MHz, CDCl3) ŭ 160.8, 

159.7, 151.7, 149.2, 141.1, 137.3, 135.9, 134.0, 130.6, 129.2, 129.0, 128.9, 124.8, 

121.4, 120.5, 115.4, 111.2, 109.8, 105.0, 93.7, 55.4; HRMS (EI) calcd for 

C23H17N3OS 383.1092, found 383.1093. 

 

2-(((3-methoxyphenyl)amino)((pyridin-2-ylmethyl)thio)methylene)malononitrile 

(7an) 

To a solution of potassium carbonate (84 mg, 0.6053 mmol) in DMF (0.5 mL) was 

added malononitrile (40 mg, 0.6053 mmol). After stirring at rt for 1 h, 3-



S13 

methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was added dropwise at 0 

°C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex 20%) to give product 

N,S-acetal 7an (169 mg, 86% Yield) as a yellow solid. 

mp. 131 - 132 °C; 1H NMR (500 MHz, CDCl3) ŭ 12.95 (s, 1H), 8.66 (d, J = 4.3 Hz, 

1H), 7.84 (td, J = 1.6 Hz, J = 7.7 Hz, 1H), 7.39 ï 7.43 (m, 1H), 7.34 ï 7.39 (m, 2H), 

6.89 ï 6.92 (m, 1H), 6.84 (dd, J = 2.3 Hz, J = 4.5, Hz, 2H), 4.30 (s, 2H), 3.87 (s, 3H); 

13C NMR (126 MHz, CDCl3) ŭ 169.5, 160.5, 156.7, 148.9, 139.1, 139.0, 130.4, 123.9, 

123.8, 116.4, 115.5, 113.6, 112.3, 109.4, 55.7, 53.1, 38.0; HRMS (EI) calcd for 

C17H14N4OS 322.0888, found 322.0887. 

 

4-amino-2-((3-methoxyphenyl)amino)-5-(pyridin-2-yl)thiophene-3-carbonitrile 

(8an) 

A solution of compound 7an (50 mg, 0.1551 mmol) in DMF (0.3 mL) was stirred at 

100 °C for 3 h and extracted with ethyl acetate. The organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated. The desired thiophene 8an was 

obtained in 50% yield (25 mg) as a yellow solid. 

mp. 167 - 168 °C; 1H NMR (300 MHz, CDCl3) ŭ 8.43 (d, J = 4.1 Hz, 1H), 7.53 (td, J = 

1.8 Hz, J = 8.1 Hz, 1H), 7.30 (t, J = 8.1 Hz, 1H), 7.08 (s, 1H), 6.99 (d, J = 8.2 Hz, 

1H), 6.82 ï 6.94 (m, 3H), 6.70 (dd, J = 1.5 Hz, J = 8.3 Hz, 1H), 6.29 (br, 2H), 3.84 (s, 

3H); 13C NMR (126 MHz, CDCl3) ŭ 160.7, 156.8, 154.6, 148.2, 144.7, 140.8, 136.4, 
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130.6, 117.9, 117.3, 114.4, 111.6, 109.8, 105.2, 95.4, 84.8, 55.5; HRMS (EI) calcd 

for C17H14N4OS 322.0888, found 322.0890. 

 

3-((3-methoxyphenyl)amino)-6,6-dimethyl-1-(pyridin-2-yl)-6,7-

dihydrobenzo[c]thiophen-4(5H)-one (8ao) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added 5,5-dimethylcyclohexane-1,3-dione (85 mg, 0.605 mmol). After stirring at 

rt for 2 h, 3-methoxyphenyl isothiocyanate (0.08 mL, 0.605 mmol) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 ɒ for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered, and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

the thiophene 8ao (60 mg, 25% yield) as a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 11.43 (s, 1H), 8.54 (d, J = 5.5 Hz, 1H), 7.65 (td, J = 1.8 

Hz, J = 7.8 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.28 (t, J = 8.2 Hz, 1H), 6.98 ï 7.10 (m, 

2H), 6.89 (t, J = 2.2 Hz, 1H), 6.64 (dd, J = 2.0 Hz, J = 8.2 Hz, 1H), 3.82 (s, 3H), 2.85 

(s, 2H), 2.41 (s, 2H), 1.09 (s, 6H); 13C NMR (126 MHz, CDCl3) ŭ 195.0, 160.6, 159.2, 

152.7, 149.4, 141.0, 136.3, 135.7, 130.3, 120.64, 120.60, 120.5, 115.7, 111.0, 109.2, 

104.6, 55.4, 51.5, 40.3, 33.9, 28.5; HRMS (EI) calcd for C22H23N2O2S 378.1402, 

found 378.1403. 
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Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(pyridin-4-yl)thiophene-3-

carboxylate (8c) 

To a solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.08 mL, 0.605 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was added at 0 °C. Then, 

the mixture was stirred at 60 °C for 2 h before addition of 4-(bromomethyl)pyridine 

hydrobromide (153 mg, 0.6053 mmol). The reaction mixture was stirred at 0 °C and 

extracted with ethyl acetate. The organic layer was dried over anhydrous Na2SO4, 

filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex 20%) to give product (173 mg, 80% yield) as a 

yellow liquid. 

mp. 127 - 128 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.42 (s, 1H), 8.58 (d, J = 6.0 Hz, 

2H), 7.23 ï 7.30 (m, 3H), 6.85 ï 6.93 (m, 2H), 6.64 (dd, J = 2.1 Hz, J = 8.2 Hz, 1H), 

4.37 (q, J = 7.1 Hz, 2H), 3.82 (s, 3H), 2.46 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR 

(126 MHz, CDCl3) ŭ 166.8, 160.6, 159.6, 149.7, 142.2, 141.5, 134.2, 130.3, 123.6, 

116.8, 111.5, 109.03, 190.00, 104.9, 60.3, 55.3, 16.3, 14.3; HRMS (EI) calcd for 

C20H20N2O3S 368.1195, found 368.1195. 

 

Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(6-methylpyridin-2-yl)thiophene-

3-carboxylate (8d) 

To a solution of potassium carbonate (84 mg, 0.6053 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.08 mL, 0.6053 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was added dropwise at 0 

°C. Then, the mixture was stirred at 60 °C for 2h before addition of 2-(bromomethyl)-

6-methylpyridine (112 mg, 0.6053 mmol). The reaction mixture was stirred at 60 °C 
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for 3 h and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex 20 %) to give product (79 mg, 34% Yield) as a 

brown solid. 

mp. 93 - 94 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.45 (s, 1H), 7.54 (t, J = 7.7 Hz, 1H), 

7.22 ï 7.30 (m, 2H), 6.90 ï 7.00 (m, 3H), 6.59 ï 6.65 (m, 1H), 4.37 (q, J = 7.1 Hz, 

2H), 3.82 (s, 3H), 2.57 (s, 3H), 2.55 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR (126 

MHz, CDCl3) ŭ 167.1, 160.6, 160.2, 158.3, 152.4, 141.8, 136.4, 133.5, 130.2, 121.5, 

120.4, 119.6, 111.6, 109.1, 108.9, 105.0, 60.1, 55.4, 24.5, 16.6, 14.4; HRMS (EI) 

calcd for C21H22N2O3S 382.1351, found 382.1352. 

 

Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(5-nitrofuran-2-yl)thiophene-3-

carboxylate (8f) 

To a solution of potassium carbonate (84 mg, 0.6053 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.08 mL, 0.6053 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was added dropwise at 0 

°C. Then, the reaction mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)-5-nitrofuran (124 mg, 0.6053 mmol). The reaction mixture was stirred 

at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated. The resulting crude residue was purified 

by column chromatography (ethyl acetate/Hex 15%) to give product (82 mg, 33% 

yield) as a red liquid. 

mp. 117 - 118 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.53 (s, 1H), 7.24 ï 7.44 (m, 2H), 

6.91 (d, J = 6.8 Hz, 1H), 6.82 (s, 1H), 6.69 (d, J = 7.5 Hz, 1H), 6.45 (s, 1H), 4.36 (d, J 

= 5.0 Hz, 2H), 3.82 (s, 3H), 2.58 (s, 3H), 1.41 (s, 3H); 13C NMR (126 MHz, CDCl3) ŭ 
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166.5, 161.0, 160.7, 152.8, 150.5, 140.9, 139.2, 130.5, 114.8, 111.9, 109.9, 109.1, 

108.4, 107.5, 105.7, 60.7, 55.4, 16.5, 14.3; HRMS (EI) calcd for C19H18N2O6S 

402.0886, found 402.0885. 

 

Methyl 5-(4-(ethoxycarbonyl)-5-((3-methoxyphenyl)amino)-3-methylthiophen-2-

yl)furan-2-carboxylate (8g) 

To a solution of potassium carbonate (84 mg, 0.6053 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.08 mL, 0.6053 mmol). After at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.6053 mmol) was added dropwise at 0 

°C. Then, the mixture was stirred at 60 °C for 2 h before addition of methyl 5-

(chloromethyl)furan-2-carboxylate (105 mg, 0.6053 mmol). The reaction mixture was 

stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was dried 

over anhydrous Na2SO4, filtered and evaporated. The resulting crude residue was 

purified by column chromatography (ethyl acetate/Hex 7%) to give product (51 mg, 

20% yield) as a brown solid. 

mp. 111 - 112 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.43 (s, 1H), 7.24 ï 7.35 (m, 1H), 

7.22 (d, J = 3.4 Hz, 1H), 6.93 (d, J = 7.9 Hz, 1H), 6.85 (s, 1H), 6.66 (d, J = 7.3 Hz, 

1H), 6.41 (d, J = 3.4 Hz, 1H), 4.36 (q, J = 7.0 Hz, 2H), 3.89 (s, 3H), 3.82 (s, 3H), 2.54 

(s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) ŭ 166.8, 160.7, 159.9, 

159.0, 152.8, 142.4, 141.4, 135.6, 130.4, 120.1, 111.7, 109.4, 109.1, 108.6, 108.2, 

105.3, 60.4, 55.4, 51.8, 16.4, 14.4; HRMS (EI) calcd for C21H21NO6S 415.1090, 

found 415.1092. 
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Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(3-(trifluoromethyl)-1,2,4-

oxadiazol-5-yl)thiophene-3-carboxylate (8i) 

To a solution of potassium carbonate (42 mg, 0.3026 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.04 mL, 0.3026 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.04 mL, 0.3026 mmol) was added dropwise at 0 

°C. Then, the mixture was stirred at 60 °C for 2 h before addition of 5-(chloromethyl)-

3-(trifluoromethyl)-1,2,4-oxadiazole (56 mg, 0.3026 mmol)stirring at 0 °C for 0.5 h 

and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex 20%) to give product (63 mg, 47% yield) as a 

yellow solid. 

mp. 119 - 120 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.72 (s, 1H), 7.32 (t, J = 8.2 Hz, 

1H), 6.95 (dd, J = 1.8 Hz, J = 7.9 Hz, 1H), 6.87 (t, J = 2.2 Hz, 1H), 6.74 (dd, J = 2.1 

Hz, J = 8.3 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 2.83 (s, 3H), 1.44 (t, J = 

7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) ŭ 174.0, 166.4, 163.8, 161.2 (q, J = 39.63 

Hz, C), 160.7, 147.6, 140.3, 130.6, 118.1 (q, J = 272.79, CF3), 112.4, 110.6, 109.5, 

106.2, 101.1, 60.9, 55.4, 16.8, 14.2; HRMS (EI) calcd for C18H16F3N3O4S 427.0814, 

found 427.0813. 

 

Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(1-methyl-1H-imidazol-2-

yl)thiophene-3-carboxylate (8k) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added ethyl acetoacetate (0.08 mL, 0.605 mmol). After stirring at rt for 2 h, 3-

methoxyphenyl isothiocyanate (0.08 mL, 0.605 mmol) was added dropwise at 0 °C. 

Then, the mixture was stirred at 60 °C for 2 h before addition of 2-(chloromethyl)-1-
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methyl-1H-imidazole (79 mg, 0.605 mmol). The reaction mixture was stirred at 60 °C 

for 3 h and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered, and evaporated. The resulting crude residue was purified by 

column chromatography (ethyl acetate/Hex, 5%) on silica gel to give the thiophene 

(18 mg, 8% yield) as a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 10.40 (s, 1H), 7.22 (d, J = 8.1 Hz, 1H), 7.13 (d, J = 1.2 

Hz, 1H), 6.99 (d, J = 1.2 Hz, 1H), 6.85 ï 6.95 (m, 2H), 6.59 ï 6.65 (m, 1H), 4.36 (q, J 

= 7.1 Hz, 2H), 3.80 (s, 3H), 3.58 (s, 3H), 2.25 (s, 3H), 1.40 (t, J = 7.1 Hz, 3H); 13C 

NMR (126 MHz, CDCl3) ŭ 166.8, 160.6, 160.2, 141.7, 141.1, 137.3, 130.3, 129.0, 

121.6, 111.3, 109.2, 107.5, 107.4, 104.5, 60.2, 55.4, 33.6, 16.9, 14.4; HRMS (EI) 

calcd for C19H21N3O3S 371.1304, found 371.1305. 

 

Ethyl 2-((3-methoxyphenyl)amino)-4-methyl-5-(4-nitrophenyl)thiophene-3-

carboxylate (8p) 

To a solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) was 

added ethyl acetoacetate (0.08 mL, 0.605 mmol). After stirring at rt for 2 h, 3-

methoxyophenyl isothiocyanate (0.08 mL, 0.605 mmol) was added dropwise at 0 °C. 

Then, the mixture was stirred at 60 °C for 2 h before addition of 4-nitrobenzyl 

bromide (131 mg, 0.605 mmol). The reaction mixture was stirred at 60 °C for 3 h and 

extracted with ethyl acetate. The organic layer was dried over anhydrous Na2SO4, 

filtered and evaporated. The resulting crude residue was purified by column 

chromatography (ethyl acetate/Hex 20%) to give product (104 mg, 42% yield) as an 

orange solid.  

mp. 163 - 164 °C; 1H NMR (300 MHz, CDCl3) ŭ 10.42 (s, 1H), 8.24 (d, J = 8.7 Hz, 

2H), 7.53 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 8.1 Hz, 1H), 6.86 ï 6.95 (m, 2H), 6.66 (dd, 
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J = 2.1 Hz, J = 8.3 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 3.83 (s, 3H), 2.45 (s, 3H), 1.42 

(t, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) ŭ 166.8, 160.6, 159.8, 146.0, 141.5, 

141.2, 134.2, 130.3, 129.7, 123.8, 117.4, 111.6, 109.08, 109.02, 105.1, 60.3, 55.3, 

16.4, 14.3; HRMS (EI) calcd for C21H20N2O5S 412.1093, found 412.1074. 

 

5-((benzylthio)((3-methoxyphenyl)amino)methylene)-2,2-dimethyl-1,3-dioxane-

4,6-dione (9a) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added 2,2-dimethyl-1,3-dioxane-4,6-dione (87 mg, 0.605 mmol). After stirring at 

rt for 2 h, 3-methoxyphenyl isothiocyanate (0.08 mL, 0.605 mmol) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 

benzyl bromide (0.07 mL, 0.605 mmol). The reaction mixture was stirred at 60 °C for 

3 h and extracted with ethyl acetate. The organic layer was dried over anhydrous 

Na2SO4, filtered, and evaporated. The resulting crude residue was purified by 

column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 9a (118 mg, 

49% yield) as a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 12.81 (s, 1H), 7.34 (t, J = 8.1 Hz, 1H), 7.25 (d, J = 1.7 

Hz, 2H), 7.15 ï 7.19 (m, 2H), 6.90 (dd, J = 2.0 Hz, J = 8.3 Hz, 2H), 6.84 (d, J = 2.0 

Hz, 1H), 4.02 (s, 2H), 3.81 (s, 3H), 1.71 (s, 6H); 13C NMR (126 MHz, CDCl3) ŭ 

175.40, 175.39, 160.5, 138.4, 134.9, 130.4, 129.3, 128.9, 128.2, 117.6, 114.1, 111.0, 

103.3, 87.4, 55.7, 40.2, 26.6; HRMS (EI) calcd for C21H21NO5S 399.1140, found 

399.1157. 
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5-(((3-methoxyphenyl)amino)((pyridin-2-ylmethyl)thio)methylene)-2,2-dimethyl-

1,3-dioxane-4,6-dione (9b) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added 2,2-dimethyl-1,3-dioxane-4,6-dione (87 mg, 0.605 mmol). After stirring at 

rt for 2 h, 3-methoxyphenyl isothiocyanate (0.08 mL, 0.605 mmol) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 2-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 

dried over anhydrous Na2SO4, filtered, and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

9b (108 mg, 44% yield) as a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 12.85 (s, 1H), 8.50 (d, J = 4.7 Hz, 1H), 7.62 (td, J = 1.4 

Hz, J = 7.7 Hz, 1H), 7.25 ï 7.34 (m, 2H), 7.15 ï 7.23 (m, 3H), 6.81 ï 6.90 (m, 4H), 

4.15 (s, 2H), 3.80 (s, 3H), 1.73 (s, 6H); 13C NMR (126 MHz, CDCl3) ŭ 175.5, 164.1, 

160.5, 155.4, 149.7, 138.8, 137.2, 130.4, 123.6, 122.9, 117.3, 113.8, 110.7, 103.3, 

87.4, 55.6, 41.5, 26.6; HRMS (EI) calcd for C20H20N2O5S 400.1093, found 400.1084. 

 

5-(((3-methoxyphenyl)amino)((pyridin-3-ylmethyl)thio)methylene)-2,2-dimethyl-

1,3-dioxane-4,6-dione (9c) 

To a stirred solution of potassium carbonate (84 mg, 0.605 mmol) in DMF (0.5 mL) 

was added 2,2-dimethyl-1,3-dioxane-4,6-dione (87 mg, 0.605 mmol). After stirring at 

rt for 2 h, 3-methoxyphenyl isothiocyanate (0.08 mL, 0.605 mmol) was added 

dropwise at 0 °C. Then, the mixture was stirred at 60 °C for 2 h before addition of 3-

(bromomethyl)pyridine hydrobromide (153 mg, 0.605 mmol). The reaction mixture 

was stirred at 60 °C for 3 h and extracted with ethyl acetate. The organic layer was 
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dried over anhydrous Na2SO4, filtered, and evaporated. The resulting crude residue 

was purified by column chromatography (ethyl acetate/Hex, 5%) on silica gel to give 

9c (71 mg, 29% yield) as a yellow liquid. 

1H NMR (300 MHz, CDCl3) ŭ 12.84 (s, 1H), 8.49 (d, J = 3.8 Hz, 1H), 8.39 (s, 1H), 

7.55 (d, J = 7.8 Hz, 1H), 7.36 (t, J = 8.1 Hz, 1H), 7.22 (dd, J = 4.8 Hz, J = 7.8 Hz, 

1H), 6.88 ï 6.94 (m, 2H), 6.84 (s, 1H), 4.01 (s, 2H), 3.82 (s, 3H), 1.72 (s, 6H); 13C 

NMR (126 MHz, CDCl3) ŭ 174.4, 164.1, 160.6, 150.3, 149.5, 138.3, 136.7, 131.0, 

130.5, 123.7, 117.5, 114.2, 111.0, 103.5, 87.7, 55.7, 37.1, 26.6; HRMS (EI) calcd for 

C20H20N2O5S 400.1093, found 400.1095. 

 

5-(Methoxy((3-methoxyphenyl)amino)methylene)-2,2-dimethyl-1,3-dioxane-4,6-

dione (9ba) 

A solution of 5-((benzylthio)((3-methoxyphenyl)amino)methylene)-2,2-dimethyl-1,3-

dioxane-4,6-dione 9b (20 mg, 0.050 mmol) in MeOH (1 mL) was stirred at 60 °C for 

3 h. Then, the mixture was extracted with ethyl acetate. The organic layer was dried 

over anhydrous Na2SO4, filtered, and evaporated. The resulting crude residue was 

purified by column chromatography (ethyl acetate/Hex, 20%) on silica gel to give the 

desired N,O-acetal 9ba (5 mg, 33% yield) as a yellow liquid. 30% (6 mg, 0.015 

mmol) of the starting material was recovered. 

1H NMR (300 MHz, CDCl3) ŭ 11.91 (s, 1H), 7.30 (t, J = 8.1 Hz, 1H), 6.92 (d, J = 7.4 

Hz, 2H), 6.78 ï 6.87 (m, 1H), 4.16 (s, 3H), 3.82 (s, 3H), 1.77 (s, 6H); 13C NMR (126 

MHz, CDCl3) ŭ 171.5, 164.2, 160.2, 136.0, 130.1, 115.5, 112.7, 109.2, 103.2, 76.0, 

62.9, 55.5, 29.7, 26.3; HRMS (EI) calcd for C15H17NO6 307.1056, found 307.1055. 
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1H and 13C NMR of compound 8aa 
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1H and 13C NMR of compound 8ab  

 

 



S25 

1H and 13C NMR of compound 8ac 
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1H and 13C NMR of compound 8ad  
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1H and 13C NMR of compound 8ae 
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1H and 13C NMR of compound 8af  
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1H and 13C NMR of compound 8ag 
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1H and 13C NMR of compound 8ah 
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1H and 13C NMR of compound 8ai 
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1H and 13C NMR of compound 8aj 
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1H and 13C NMR of compound 8ak 
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1H and 13C NMR of compound 8al 
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1H and 13C NMR of compound 8am 
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1H and 13C NMR of compound 8an 
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1H and 13C NMR of compound 7ao  
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1H and 13C NMR of compound 8ao 
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1H and 13C NMR of compound 8c 
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1H and 13C NMR of compound 8d 
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1H and 13C NMR of compound 8f  
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1H and 13C NMR of compound 8g  
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1H and 13C NMR of compound 8i  
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1H and 13C NMR of compound 8k  
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1H and 13C NMR of compound 8p  
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1H and 13C NMR of compound 9a 
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1H and 13C NMR of compound 9b  

 

 
































