
S1 
 

 

 

Supplementary Information 

 

 

 
Design and synthesis of novel class of CK2 inhibitors: application of copper- and 

gold-catalysed cascade reactions for fused nitrogen heterocycles 
 

 

Yamato Suzuki,a Shinya Oishi,*a Yoshinori Takei,a Misato Yasue,a Ryosuke Misu,a Saori Naoe,a 

Zengye Hou,a Tatsuhide Kure,b Isao Nakanishi,b Hiroaki Ohno,a Akira Hirasawa,a Gozoh 

Tsujimoto,a and Nobutaka Fujii*a 

 
aGraduate School of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan 

Tel: +81-75-753-4551; Fax: +81-75-753-4570 

E-mail: soishi@pharm.kyoto-u.ac.jp; nfujii@pharm.kyoto-u.ac.jp 

bFaculty of Pharmacy, Kinki University, 3-4-1 Kowakae, Higashi-osaka 577-8502, Japan 

 

 

 

Table of contents 

Experimental data·······································································································  S2 

1H-NMR spectra·········································································································  S10 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012



S2 
 

Methyl 6-{7-(methylsulfonyl)dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}nicotinate (11b). By 

use of the procedure for the synthesis of 11a, 9 (50 mg, 0.21 mmol) and methyl 6-bromonicotinate 

(10b) (55 mg, 0.26 mmol) were converted to the title compound 11b (50.9 mg, 65%) as a pale yellow 

solid: mp 240–241 °C; IR (neat): νmax/cm-1 1710 (C=O), 1282 (OCH3); δH (400 MHz; CDCl3; Me4Si) 

3.14 (3H, s), 3.99 (3H, s), 6.99 (1H, dd, J 3.9, 0.7 Hz), 7.02 (1H, dd, J 3.9, 0.7 Hz), 7.52 (1H, d, J 8.5 

Hz), 7.73 (1H, d, J 3.7 Hz), 8.06 (1H, d, J 3.7 Hz), 8.45 (1H, dd, J 8.5, 2.2 Hz), 9.25 (1H, d, J 2.2 

Hz), 9.44 (1H, s). δC (125 MHz; CDCl3) 40.7, 52.4, 107.5, 107.8, 110.0, 111.7, 122.1, 126.4, 126.9, 

129.3, 129.7, 139.8, 146.2, 147.6, 150.9, 154.7, 165.2; HRMS (FAB) m/z Calc. for C17H15N4O4S 

(MH+) 371.0809, found 371.0811. 

 

Methyl 2-{7-(methylsulfonyl)dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}isonicotinate (11c). 

By use of the procedure for the synthesis of 11a, 9 (52 mg, 0.22 mmol) and methyl 

2-bromoisonicotinate (10c) (57 mg, 0.26 mmol) were converted to the title compound 11c (69.5 mg, 

85%) as a white solid: mp 205–206 °C; IR (neat): νmax/cm-1 1720 (C=O), 1284 (OCH3); δH (500 

MHz; CDCl3; Me4Si) 3.13 (3H, s), 4.02 (3H, s), 6.97–6.99 (2H, m), 7.71–7.72 (2H, m), 8.01 (1H, s), 

8.06 (1H, d, J 3.4 Hz), 8.74 (1H, d, J 5.2 Hz), 9.37 (1H, s); δC (125 MHz; CDCl3) 40.6, 53.0, 107.0, 

107.0, 110.1, 112.5, 119.1, 126.4, 126.9, 129.5, 129.6, 140.1, 146.0, 147.4, 149.8, 153.0, 165.0; 

HRMS (FAB) m/z Calc. for C17H15N4O4S (MH+) 371.0809, found 371.0803. 

 

Methyl 2-{7-(methylsulfonyl)dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}nicotinate (11d). By 

use of the procedure for the synthesis of 11a, 9 (50 mg, 0.22 mmol) and methyl 2-bromonicotinate 

(10d) (55 mg, 0.26 mmol) were converted to the title compound 11d (48.5 mg, 62%) as a yellow 

solid: mp 230–231 °C; IR (neat): νmax/cm-1 1726 (C=O), 1289 (OCH3); δH (400 MHz; CDCl3; Me4Si) 

3.09 (3H, s), 3.65 (3H, s), 6.94 (1H, d, J 3.7 Hz), 6.98 (1H, d, J 3.9 Hz), 7.44 (1H, dd, J 7.8, 4.9 Hz), 

7.68 (1H, d, J 3.9 Hz), 7.70 (1H, d, J 3.7 Hz), 8.34 (1H, dd, J 7.8, 2.0 Hz), 8.40 (1H, s), 8.75 (1H, dd, 

J 4.9, 2.0 Hz); δC (100 MHz; CDCl3) 40.5, 52.7, 103.7, 105.3, 110.2, 121.4, 121.8, 125.9, 127.3, 
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129.2, 132.6, 140.8, 145.8, 146.9, 149.6, 151.9, 166.0; HRMS (FAB) m/z Calc. for C17H15N4O4S 

(MH+) 371.0809, found 371.0811. 

 

6-{Dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}nicotinic acid (5b). By use of the procedure for 

the synthesis of 5a, 11b (48 mg, 0.13 mmol) was converted to the title compound 5b as an NH3 salt 

(20.4 mg, 53%). Pale yellow solid: mp >300 °C; IR (neat): νmax/cm-1 1596 (C=O); δH (500 MHz; 

DMSO-d6; Me4Si) 6.56 (1H, s), 6.82 (1H, d, J 3.4 Hz), 7.66 (1H, s), 7.81 (2H, d, J 8.0 Hz), 7.98 (1H, 

d, J 3.4 Hz), 8.05 (1H, s), 8.16 (2H, d, J 8.0 Hz), 11.03 (1H, s); δC (125 MHz; DMSO-d6) 100.5, 

104.9, 107.4, 111.8, 122.6, 125.5, 126.8, 128.3, 129.8, 139.6, 144.5, 144.9, 149.8, 154.7, 166.0; 

HRMS (FAB) m/z Calc. for C15H9N4O2 [M – H]– 277.0731, found 277.0747. 

 

2-{Dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}isonicotinic acid (5c). By use of the procedure 

for the synthesis of 5a, 11c (69 mg, 0.19 mmol) was converted to the title compound 5c as an NH3 

salt (17.8 mg, 32%). Pale yellow solid: mp >300 °C; IR (neat): νmax/cm-1 1592 (C=O); δH (500 MHz; 

DMSO-d6; Me4Si) 6.53–6.55 (1H, br m), 6.81 (1H, d, J 4.0 Hz), 7.64 (1H, d, J 5.0 Hz), 7.66–7.67 

(1H, m), 8.09 (1H, s), 8.35 (1H, d, J 4.0 Hz), 8.63 (1H, d, J 5.0 Hz), 8.88 (1H, s), 11.23 (1H, s); δC 

(125 MHz; DMSO-d6) 100.4, 103.7, 105.8, 112.1, 119.0, 125.5, 126.7, 128.5, 129.6, 144.2, 144.7, 

147.3, 148.5, 152.7, 166.2; HRMS (FAB) m/z Calc. for C15H9N4O2 [M – H]– 277.0731, found 

277.0722. 

 

2-{Dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl}nicotinic acid (5d). By use of the procedure for 

the synthesis of 5a, 11d (48 mg, 0.13 mmol) was converted to the title compound 5d as an NH3 salt 

(6.0 mg, 16%). Yellow solid: mp >300 °C; IR (neat): νmax/cm-1 1591 (C=O); δH (500 MHz; 

DMSO-d6; Me4Si) 6.47–6.49 (1H, br m), 6.59 (1H, d, J 3.4 Hz), 7.30 (1H, dd, J 7.2, 4.6 Hz), 

7.56–7.57 (1H, m), 7.91–7.93 (2H, m), 8.19 (1H, s), 8.46 (1H, dd, J 4.6, 1.7 Hz), 11.03 (1H, s); δC 

(125 MHz; DMSO-d6) 100.2, 101.9, 102.9, 105.0, 120.8, 126.2, 126.4, 128.9, 131.2, 138.0, 143.7, 
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144.2, 146.7, 147.7, 168.3; HRMS (FAB) m/z Calc. for C15H9N4O2 [M – H]– 277.0731, found 

277.0722. 

 

6-{Dipyrrolo[3,2-b:2',3'-e]pyridin-1(7H)-yl)picolinic acid (5e). By use of the procedure for 

the synthesis of 11a, 9 (50 mg, 0.22 mmol) and methyl 6-bromopicolinate (10e) (55 mg, 0.26 mmol) 

were converted to the title compound 11e (21.2 mg, containing inseparable impurities, <27%) as a 

pale yellow solid. This crude product was used for the next reaction without further purifications. δH 

(400 MHz; CDCl3; Me4Si) 3.20 (3H, s), 4.13 (3H, s), 6.97-7.00 (2H, m), 7.61–7.65 (1H, m), 7.74 

(1H, d, J 3.9 Hz), 8.00–8.02 (3H, m), 9.82 (1H, s); HRMS (FAB) m/z Calc. for C17H15N4O4S (MH+) 

371.0809, found 371.0803. 

By use of the procedure for the synthesis of 5a, 11e (21 mg, crude) was converted to the title 

compound 5e as an NH3 salt (5.6 mg, 9% from 9). Pale yellow solid: mp >300 °C; IR 

(neat): νmax/cm-1 1592 (C=O); δH (500 MHz; DMSO-d6; Me4Si) 6.48–6.50 (1H, br m), 6.78 (1H, d, J 

3.4 Hz), 7.60–7.61 (1H, m), 7.72–7.73 (2H, m), 7.90–7.93 (1H, m), 8.32 (1H, d, J 3.4 Hz), 9.34 (1H, 

s), 11.59 (1H, s); δC (125 MHz; DMSO-d6) 100.20, 104.96, 105.39, 111.97, 118.88, 125.76, 126.79, 

128.14, 128.20, 129.52, 138.71, 144.27, 144.60, 151.53, 168.01; HRMS (FAB) m/z Calc. for 

C15H9N4O2 [M – H]– 277.0731, found 277.0748. 

 

Methyl 4-ethynyl-3-(phenylethynyl)benzoate (17a). By use of the procedure for the 

synthesis of 17c, 15 (319 mg, 1.03 mmol) and ethynylbenzene (16a) (0.124 mL, 1.13 mmol) were 

converted to the title compound 17a (168 mg, 63%) as a pale brown solid: mp 71–72 °C; IR 

(neat): νmax/cm-1 3262 (C≡CH), 2222 (C≡C), 1715 (C=O), 1254 (OCH3); δH (500 MHz; CDCl3; 

Me4Si) 3.51 (1H, s), 3.94 (3H, s), 7.36–7.37 (3H, m), 7.57–7.60 (3H, m), 7.93 (1H, dd, J 8.0, 1.7 Hz), 

8.21 (1H, d, J 1.7 Hz); δC (125 MHz; CDCl3) 52.4, 81.6, 83.9, 87.0, 94.4, 122.8, 126.7, 128.4 (2C), 

128.6, 128.7, 128.8, 130.1, 131.8 (2C), 132.6, 132.8, 165.9; HRMS (FAB) m/z Calc. for C18H13O2 

(MH+) 261.0910, found 261.0901. 
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Methyl 4-ethynyl-3-[(4-methoxyphenyl)ethynyl]benzoate (17b). By use of the procedure for 

the synthesis of 17c, 15 (636 mg, 2.00 mmol) and 1-ethynyl-4-methoxybenzene (16b) (0.30 mL, 2.20 

mmol) were converted to the title compound 17b (115 mg, 55%) as colourless crystals: mp 

133–134 °C; IR (neat): νmax/cm-1 3252 (C≡CH), 2209 (C≡C), 1729 (C=O), 1286, 1247 (OCH3); δH 

(500 MHz; CDCl3; Me4Si) 3.50 (1H, s), 3.83 (3H, s), 3.93 (3H, s), 6.88–6.90 (2H, m), 7.50–7.52 (2H, 

m), 7.58 (1H, d, J 8.0 Hz), 7.90 (1H, dd, J 8.0, 1.7 Hz), 8.18 (1H, d, J 1.7 Hz); δC (125 MHz; CDCl3) 

52.4, 55.3, 81.7, 83.7, 85.9, 94.6, 114.1 (2C), 114.9, 127.0, 128.2, 128.4, 130.1, 132.6, 132.6, 133.3 

(2C), 160.1, 165.9; HRMS (FAB) m/z Calc. for C19H14O3 (M+) 290.0943, found 290.0942. 

 

Methyl 4-ethynyl-3-(pent-1-ynyl)benzoate (17d). By use of the procedure for the synthesis of 

17c, 15 (358 mg, 1.15 mmol) and 1-pentyne (16d) (0.10 mL, 1.26 mmol) were converted to the title 

compound 17d (50.5 mg, 19%) as a white solid: mp 69–70 °C; IR (neat): νmax/cm-1 3240 (C≡CH), 

2230 (C≡C), 1709 (C=O), 1228 (OCH3); δH (500 MHz; CDCl3; Me4Si) 1.09 (3H, t, J 7.4 Hz), 

1.63–1.70 (2H, m), 2.46 (2H, t, J 6.9 Hz), 3.42 (1H, s), 3.91 (3H, s), 7.53 (1H, d, J 8.0 Hz), 7.86 (1H, 

dd, J 8.0, 1.7 Hz), 8.08 (1H, d, J 1.7 Hz); δC (125 MHz; CDCl3) 13.5, 21.6, 22.0, 52.3, 78.5, 81.8, 

83.2, 96.0, 127.5, 127.9, 128.6, 130.0, 132.5, 133.0, 166.0; HRMS (FAB) m/z Calc. for C15H15O2 

(MH+) 227.1067, found 227.1066. 

 

Dimethyl 

2-(4-methoxybenzyl)-4-phenyl-2,3-dihydro-1H-benzo[g]indazole-1,7-dicarboxylate (20a). By 

use of the procedure for the synthesis of 20b, 17a (50 mg, 0.192 mmol) was converted to the title 

compound 20a [20.0 mg, 22% (51% rsm)] as a yellow oil: IR (neat): νmax/cm-1 1719, 1610 (C=O), 

1264 (OCH3); δH (400 MHz; CDCl3; Me4Si, 50 °C) 3.74 (3H, s), 3.78–3.81 (5H, br m), 3.99 (3H, s), 

4.34 (2H, br s), 6.75 (2H, d, J 8.5 Hz), 7.19 (2H, d, J 8.5 Hz), 7.39–7.48 (5H, m), 7.84 (1H, s), 

8.03–8.10 (2H, m), 8.64 (1H, s); δC (100 MHz; CDCl3) 52.3, 53.6, 55.2, 57.6, 61.7, 113.5 (2C), 
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125.1, 125.6, 126.0, 127.5, 127.6, 127.9, 128.1 (2C), 128.2, 128.9 (2C), 130.0, 131.0 (2C), 131.3, 

133.6, 136.5, 137.4, 139.1, 157.0, 159.1, 167.1; HRMS (FAB) m/z Calc. for C29H26N2O5 (M+) 

482.1842, found 482.1841. 

 

Dimethyl 

2-(4-methoxybenzyl)-4-(thiophen-2-yl)-2,3-dihydro-1H-benzo[g]indazole-1,7-dicarboxylate 

(20d). By use of the procedure for the synthesis of 20b, 17c (30 mg, 0.113 mmol) was converted to 

the title compound 20d [13.0 mg, 24% (50% rsm)] as a brown oil: IR (neat): νmax/cm-1 1718, 1598 

(C=O), 1262 (OCH3); δH (500 MHz; CDCl3; Me4Si, 50 °C) 3.76 (3H, s), 3.80 (3H, s), 3.83 (2H, s), 

3.99 (3H, s), 4.48 (2H, br s), 6.78 (2H, d, J 8.6 Hz), 7.12–7.14 (1H, m), 7.19 (1H, dd, J 3.4, 1.1 Hz), 

7.23 (2H, d, J 8.6 Hz), 7.38 (1H, dd, J 5.2, 1.1 Hz), 7.98–8.01 (2H, m), 8.05–8.07 (1H, m), 8.63 (1H, 

s); δC (100 MHz; CDCl3) 52.3, 53.6, 55.2, 57.9, 61.9, 113.5 (2C), 125.1, 125.7, 126.0, 126.1 (2C), 

126.4, 127.8, 128.1, 128.2, 129.0, 129.1, 131.1 (2C), 131.2, 133.5, 137.7, 141.3, 157.0, 159.2, 167.0; 

HRMS (FAB) m/z Calc. for C27H25N2O5S (MH+) 489.1479, found 489.1476. 

 

Dimethyl 

2-(4-methoxybenzyl)-4-propyl-2,3-dihydro-1H-benzo[g]indazole-1,7-dicarboxylate (20f). By use 

of the procedure for the synthesis of 20b, 17d (30 mg, 0.133 mmol) was converted to the title 

compound 20f (15.2 mg, 25%) as a yellow oil. In this case, the reaction was carried out with IPrAuCl 

(8.3 mg, 13.3 μmol), and AgOTf (3.4 mg, 13.3 μmol), and after portionwise addition of a hydrazine 

18 (11 mg, 0.053 mmol × 3) and paraformaldehyde 19a (3.0 mg, 0.11 mmol as HCHO × 3) at 35 °C 

over 6 h, the mixture was stirred at 80 °C for 3 h: IR (neat): νmax/cm-1 1719, 1610 (C=O), 1255 

(OCH3); δH (400 MHz; CDCl3; Me4Si, 50 °C) 0.98 (3H, t, J 7.3 Hz), 1.63–1.73 (2H, m), 2.65 (2H, t, 

J 7.6 Hz), 3.78 (3H, s), 3.79 (3H, s), 3.83 (2H, s), 3.97 (3H, s), 4.24 (2H, br s), 6.81 (2H, d, J 8.5 Hz), 

7.26 (2H, d, J 8.5 Hz), 7.59 (1H, s), 8.00–8.01 (2H, m), 8.56 (1H, s); δC (100 MHz; CDCl3) 13.8, 

23.1, 35.4, 52.2, 53.5, 55.2, 56.3, 61.9, 113.6 (2C), 124.2, 125.3, 125.5, 127.00, 127.04, 128.4, 
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130.81, 130.84, 131.1 (2C), 133.6, 136.3, 136.4, 156.9, 159.2, 167.2; HRMS (FAB) m/z Calc. for 

C26H29N2O5 (MH+) 449.2071, found 449.2075. 

 

Dimethyl 

3-isopropyl-2-(4-methoxybenzyl)-4-(4-methoxyphenyl)-2,3-dihydro-1H-benzo[g]indazole-1,7-di

carboxylate (20c). By use of the procedure for the synthesis of 20e, 17b (29 mg, 0.10 mmol) was 

converted to the title compound 20c (40.0 mg, 72%) as a pale yellow solid: mp 209–210 °C; IR 

(neat): νmax/cm-1 1717, 1609 (C=O), 1250 (OCH3); δH (500 MHz; CDCl3; Me4Si) 0.48 (3H, d, J 6.9 

Hz), 0.50 (3H, d, J 6.9 Hz), 1.31–1.35 (1H, m), 3.79 (3H, s), 3.81 (1H, d, J 12.6 Hz), 3.83 (3H, s), 

3.87 (3H, s), 3.98 (3H, s), 4.12 (1H, d, J 12.6 Hz), 4.16 (1H, d, J 4.0 Hz), 6.85 (2H, d, J 8.6 Hz), 6.97 

(2H, d, J 8.6 Hz), 7.33–7.36 (4H, m), 7.70 (1H, s), 8.01–8.06 (2H, m), 8.61 (1H, s); δC (125 MHz; 

CDCl3) 16.2, 20.1, 31.0, 52.2, 53.3, 55.2, 55.3, 62.7, 72.4, 113.4 (2C), 114.2 (2C), 124.5, 125.3, 

125.9, 127.3, 128.0, 128.7, 129.2 (2C), 131.1, 131.5 (2C), 131.9, 132.2, 133.6, 136.8, 137.1, 157.2, 

159.1, 159.2, 167.2; HRMS (FAB) m/z Calc. for C33H35N2O6 (MH+) 555.2490, found 555.2493. 

 

4-(4-Methoxyphenyl)-1H-benzo[g]indazole-7-carboxylic acid (6b). By use of the procedure 

for the synthesis of 6a, 20b (15 mg, 0.029 mmol) was converted to the title compound 6b (4.7 mg, 

50%) as a white solid: mp >300 °C; IR (neat): νmax/cm-1 1707 (C=O), 1248 (OCH3); δH (500 MHz; 

DMSO-d6; Me4Si) 3.86 (3H, s), 7.15 (2H, d, J 8.6 Hz), 7.76 (1H, s), 7.80 (2H, d, J 8.6 Hz), 8.14 (1H, 

d, J 8.6 Hz), 8.31 (1H, s), 8.55 (1H, d, J 8.6 Hz), 8.71 (1H, s); δC (125 MHz; DMSO-d6) 55.2, 114.5 

(2C), 119.1, 120.1, 120.9, 122.0 (2C), 125.8, 128.7, 129.4 (2C), 130.7, 131.3, 131.5, 133.1 (2C), 

159.2, 167.4; HRMS (FAB) m/z Calc. for C19H13N2O3 [M – H]– 317.0932, found 317.0920. 

 

4-(Thiophen-2-yl)-1H-benzo[g]indazole-7-carboxylic acid (6d). By use of the procedure for 

the synthesis of 6a, 20d (27 mg, 0.055 mmol) was converted to the title compound 6d (6.2 mg, 38%) 

as a white solid: mp >300 °C; IR (neat): νmax/cm-1 1690 (C=O); δH (500 MHz; DMSO-d6; Me4Si) 
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7.28–7.29 (1H, m), 7.73 (1H, d, J 5.2 Hz), 7.82 (1H, d, J 3.4 Hz), 7.98 (1H, s), 8.15 (1H, d, J 8.6 Hz), 

8.54 (1H, d, J 8.6 Hz), 8.57 (1H, br s), 8.73 (1H, s); δC (125 MHz; DMSO-d6) 118.0, 119.8, 121.2, 

122.0, 122.3, 126.1, 126.18, 126.20, 126.6, 128.5, 129.0, 130.8, 131.28, 131.32, 141.2, 167.3; 

HRMS (FAB) m/z Calc. for C16H9N2O2S [M – H]– 293.0390, found 293.0386. 

 

4-Propyl-1H-benzo[g]indazole-7-carboxylic acid (6f). By use of the procedure for the 

synthesis of 6a, 20f (15 mg, 0.033 mmol) was converted to the title compound 6f (4.0 mg, 47%) as a 

white solid: mp >300 °C; IR (neat): νmax/cm-1 1689 (C=O); δH (500 MHz, DMSO-d6; Me4Si) 0.96 

(3H, t, J 7.2 Hz), 1.75–1.82 (2H, m), 2.92 (2H, t, J 7.4 Hz), 7.31 (1H, s), 8.05 (1H, d, J 8.4 Hz), 8.21 

(1H, s), 8.34 (1H, d, J 8.4 Hz), 8.44 (1H, s); δC (125 MHz; DMSO-d6) 13.9, 22.9, 35.0, 120.0 (2C), 

120.3, 120.9 (2C), 126.1, 129.1, 131.6, 132.7, 133.4, 135.0, 168.4; HRMS (FAB) m/z Calc. for 

C15H13N2O2 [M – H]– 253.0983, found 253.0988. 

 

3-Isopropyl-4-(4-methoxyphenyl)-1H-benzo[g]indazole-7-carboxylic acid (6c). By use of 

the procedure for the synthesis of 21e, 20c (30 mg, 0.054 mmol) was converted to the title compound 

21c (23.4 mg, 100%) as white solid: mp 113–114 °C; IR (neat): νmax/cm-1 1755, 1717 (C=O), 1267, 

1247 (OCH3); δH (500 MHz; CDCl3; Me4Si) 1.14 (6H, d, J 6.9 Hz), 2.86–2.91 (1H, m), 3.91 (3H, s), 

4.00 (3H, s), 4.20 (3H, s), 7.01 (2H, d, J 8.6 Hz), 7.38 (2H, d, J 8.6 Hz), 7.62 (1H, s), 8.17 (1H, dd, J 

9.2, 1.7 Hz), 8.65 (1H, d, J 1.7 Hz), 9.11 (1H, d, J 9.2 Hz); δC (125 MHz; CDCl3) 21.8 (2C), 27.0, 

52.3, 55.1, 55.3, 113.5 (2C), 122.9, 123.1, 125.3, 126.2, 128.2, 128.3, 130.3 (2C), 131.0, 131.7, 

133.1, 134.6, 138.9, 152.6, 158.0, 159.5, 166.9; HRMS (FAB) m/z Calc. for C25H25N2O5 (MH+) 

433.1758, found 433.1770. 

By use of the procedure for the synthesis of 6e, 21c (18 mg, 0.042 mmol) was converted to the 

title compound 6c (11.6 mg, 77%) as white solid: mp >300 °C IR (neat): νmax/cm-1 1688 (C=O), 1245 

(OCH3); δH (500 MHz; DMSO-d6; Me4Si, 80 °C) 1.10 (6H, d, J 6.9 Hz), 2.91–2.97 (1H, m), 3.85 

(3H, s), 7.06 (2H, d, J 8.6 Hz), 7.35 (1H, s), 7.43 (2H, d, J 8.6 Hz), 8.10 (1H, d, J 8.6 Hz), 8.53 (1H, 
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d, J 8.6 Hz), 8.59 (1H, s); δC (125 MHz; DMSO-d6) 22.6 (2C), 26.3, 55.1, 113.5 (2C), 116.1, 121.9, 

122.0, 122.3, 125.6, 128.4, 130.0 (2C), 130.4, 130.9, 132.3, 135.3, 138.7, 150.7, 158.9, 167.4; 

HRMS (FAB) m/z Calc. for C22H19N2O3 [M – H]– 359.1401, found 359.1391. 
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