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General remarks: The following includes general experimental procedures, specific
details for representative reactions, isolation and spectroscopic information for the
compounds. All reagents were commercially available and used as received. Coumarins
coumarin-3-carboxylic acid derivatives were synthesized following the procedures
described in the literature." The reactions were carried out in an oil bath using
Microwave Vials (2-5 ml). Column chromatography was carried out on silica gel (230—
400 mesh). TLC was conducted on silica gel 250 micron, F254 plates. 'H NMR spectra
were recorded at room temperature on Bruker and Varian 300, 400 and 500 MHz
spectrometers, using CDCIs as solvent. Chemical shifts are reported in ppm with TMS
as an internal standard (TMS: & 0.0 ppm). '3C NMR spectra are referenced from the
solvent central peak (77.23 ppm). Chemical shifts are given in ppm. Mass spectra were
recorded on Agilent 5975C Mass Spectrometer.

Typical Experimental Procedure for alkylation of coumarins. A vial equipped with a
stir bar was charged with coumarin (0.2 mmol, 1equiv), carboxylic acid (0.4 mmol, 2
equiv), K2S20s (0.4 mmol, 2 equiv), K2CO3 (0.4 mmol, 2 equiv), ACN/H20 (0.1/0.5 mL).
Then the vial was capped and the resulting mixture was heated in an oil bath at 120 °C
for 2 h. Upon completion of the reaction, the resulting mixture was extracted with ethyl
acetate. The combined organic layers was dried over anhydrous Na2SOs. After the
removal of the solvent under reduced pressure, the crude product was purified by
column chromatography on silica gel (EtOAc/hexane gradient, 5%) to provide the
desired products.

3-Tert-butyl-2H-chromen-2-one (3a). Colorless solid (30 mg, 74%), mp 71-72 °C
(Ref.2 82-83 °C); '"H NMR (400 MHz, CDCl3): d 7.54 (s, 1H), 7.46-7.42 (m, 2H), 7.29-
7.27 (m, 1H), 7.25-7.21 (m, 1H), 1.39 (s, 9H); '3C NMR (100 MHz, CDCl3): & 159.9,
153.2, 137.1, 136.5, 130.5, 127.5, 123.9, 119.4, 116.0, 35.0, 28.6; IR: 2926, 1712,
1611, 1476, 1273, 962, 776 cm'; MS analysis m/z 202 (M™*, 34%), 187 (63), 160 (45),
147 (45), 83 (45), 57 (100); Anal. Calcd for C13H1402: C, 77.20; H, 6.98. Found: C,
77.56; H, 7.12.

3-Isopropyl-2H-chromen-2-one (3b). Colorless solid (23 mg, 62%), mp 60-61 °C
(Ref.3, 47-48 °C); '"H NMR (500 MHz, CDCI3): & 7.49 (s, 1H), 7.47-7.45 (m, 2H), 7.32
(m, 1H), 7.27 (m, 1H), 3.13 (t, J = 7.0 Hz, 1H), 1.28 (d, J = 7.0 Hz, 6H); 3*C NMR (125
MHz, CDCls): & 161.4, 152.8, 135.9, 135.6, 130.4, 127.3, 124.1, 119.5, 116.3, 28.7,
21.4; Anal. Calcd for C12H1202: C, 76.57; H, 6.43. Found: C, 76.89; H, 6.54.

! (a) Sanchez-Recillas, A.; Navarrete-Vazquez, G.; Hidalgo-Figueroa, S.; Rios, M. Y.; Ibarra-Barajas, M.;
Estrada-Soto, S. Eur. J. Med. Chem., 2014, 77, 400; (b) Plisson, F.; Huang, X.-C.; Zhang, H.; Khalil, Z.;
Capon, R. J. Chem. An Asian J., 2012, 7, 1616.

2 Russell, G. A.; Shi, B. Z.; Jiang, W.; Hu, S.; Kim, B. H.; Baik, W. Electron transfer processes. 57. J. Am.
Chem. Soc., 1995, 117, 3952.

3Yuan, J.-W_; Yang, L.-R.; Yin, Q.-Y.; Mao, P; Qu, L.-B. RSC Adv., 2016, 6, 35936.
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3-(Heptan-3-yl)-2H-chromen-2-one (3c). Colorless oil (28 mg, 57%); '"H NMR (500
MHz, CDCls): 6 7.47-7.44 (m, 2H), 7.43 (s, 1H), 7.31 (d, J=8.5Hz, 1H), 7.25 (t, J=7.5
Hz, 1H), 2.81 (qui, J = 7.1 Hz, 1H), 1.71-1.62 (m, 4H), 1.34-1.19 (m, 4H), 0.87 (t, J=7.5
Hz, 3H), 0.86 (t, J = 7.1 Hz, 3H); "3C NMR (125 MHz, CDClz): d 161.5, 152.9, 137.8,
132.9, 130.4, 127.2, 124.1, 119.5, 116.2, 41.6, 33.2, 29.5, 26.7, 22.7, 13.9, 11.6. IR:
2929, 2864, 1710, 1610, 1455, 1225, 1173, 755 cm™!; MS analysis m/z 244 (M, 57%),
215 (36), 188 (78), 159 (100), 115 (39); Anal. Calcd for C16H2002: C, 78.65; H, 8.25.
Found: C, 78.29; H, 8.10.

3-Cyclopropyl-2H-chromen-2-one (3d). Yellow solid (25 mg, 67%), mp 70-72 °C
(Ref.# 83-84 °C); '"H NMR (500 MHz, CDCl3): d 7.45-7.40 (m, 1H), 7.39 (d, J = 7.8 Hz,
1H), 7.27 (d, J = 8.1 Hz, 1H), 7.25-7.19 (m, 2H), 2.08-2.01 (m, 1H), 1.05-0.97 (m, 2H),
0.77-0.74 (m, 2H); 3C NMR (125 MHz, CDCl3): & 161.9, 152.5, 134.4, 131.4, 130.3,
127.0, 124.3, 119.4, 116.3, 11.3, 7.7; IR: 3012, 1691, 1602, 1453, 1402, 1175, 1018,
746 cm™; MS analysis m/z 186 (M, 100%), 171 (50), 157 (55), 131 (50), 115 (33).
Anal; Calcd for C12H1002: C, 77.40; H, 5.41. Found: C, 77.69; H, 5.53.

3-Cyclobutyl-2H-chromen-2-one (3e). Yellow solid (20 mg, 51%), mp 72-74 °C; 'H
NMR (500 MHz, CDCl3): & 7.48 (s, 1H), 7.47-7.45 (m, 2H), 7.32 (d, J = 8.5 Hz, 1H), 7.28
(m, 1H), 3.60 (q, J = 8.7 Hz, 1H), 2.43-2.38 (m, 2H), 2.15-2.05 (m, 3H), 1.90-1.84 (m,
1H); 3C NMR (125 MHz, CDCl3): & 161.1, 152.8, 136.1, 132.9, 130.4, 127.2, 124.2,
119.5, 116.3, 36.0, 27.7, 18.2; IR: 2954, 2861, 1706, 1602, 1451, 1251, 1182, 1083,
969, 745 cm'; MS analysis m/z 200 (M™*, 17%), 172 (100), 144 (37), 115 (33); Anal.
Calcd for C13H1202: C, 77.98; H, 6.04. Found: C, 78.22; H, 6.14.

3-Cyclopentyl-2H-chromen-2-one (3f).5 Colorless solid (29 mg, 67%), mp 68-69°C; 'H
NMR (500 MHz, CDCls): & 7.50 (s, 1H), 7.48-7.44 (m, 2H), 7.32 (d, J = 8.1 Hz, 1H),
7.27-7.24 (m, 1H), 3.16 (qui, J = 8.5 Hz, 1H), 2.14-2.08 (m, 2H), 1.85-1.70 (m, 4H),
1.63-1.56 (m, 2H); *C NMR (125 MHz, CDClz): 5 161.7, 152.8, 135.9, 133.4, 130.3,
127.2, 1241, 119.5, 116.3, 40.7, 31.7, 25.0; IR: 2958, 2867, 1764, 1689, 1453, 1178,
1076, 818, 778 cm™'; MS analysis m/z 214 (M, 100%), 171 (24), 157(50), 128 (15), 115
(33); Anal. Calcd for C14H1402: C, 78.48; H, 6.59. Found: C, 78.73; H, 6.72.

3-Cyclohexyl-2H-chromen-2-one (3g). Colorless solid (30 mg, 65%), mp 86-87 °C
(Ref.# 90-92 °C); 'H NMR (500 MHz, CDClz): & 7.47-7.44 (m, 3H), 7.30 (d, J = 8.5 Hz,
1H), 7.27-7.24 (m, 1H), 2.78 (it, J = 11.8, 3.3 Hz, 1H), 2.00-1.97 (m, 2H), 1.87-1.85 (m,
2H), 1.79-1.77 (m, 1H), 1.50-1.41 (m, 2H), 1.35-1.24 (m, 3H); 3C NMR (125 MHz,
CDCIs): & 161.5, 152.7, 136.3, 134.8, 130.4, 127.3, 124.1, 119.6, 116.2, 38.2, 32.1,
26.5, 26.1; Anal. Calcd for C1sH1602: C, 78.92; H, 7.06. Found: C, 78.63; H, 6.95.

4Hou, J.; Ee, A.; Feng, W.; Xu, J.-H.; Zhao, Y.; Wu, J. J. Am. Chem. Soc., 2018, 140, 5257.
> Banerjee, A.; Santra, S. K.; Khatun, N.; Ali, W.; Patel, B. K. Chem. Commun., 2015, 51, 15422.
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3-Propyl-2H-chromen-2-one (3h). Colorless oil (22 mg, 59%); '"H NMR (500 MHz,
CDClIs): & 7.47 (s, 1H), 7.46-7.42 (m, 2H), 7.29 (d, J = 8.3 Hz, 1H), 7.25-7.22 (m, 1H),
2.54 (t, J = 7.5 Hz, 2H), 1.71-1.64 (m, 2H), 0.99 (t, J = 7.3 Hz, 3H); 'C NMR (125 MHz,
CDCIs): & 161.7, 153.1, 138.4, 130.4, 129.8, 127.0, 124.1, 119.5, 116.3, 32.8, 21.2,
13.7; IR: 3054, 2960, 1716, 1609, 1455, 1176, 1054, 753 cm™'; MS analysis m/z 189
(M, 100%), 173 (15), 159 (15), 147 (30); Anal. Calcd for C12H1202: C, 76.57; H, 6.43.
Found: C, 76.92; H, 6.55.

3-Methyl-2H-chromen-2-one (3i). Colorless solid (15 mg, 47%), mp 90-91 °C (Ref.#
86-87 °C); '"H NMR (400 MHz, CDClz): & 7.44 (s, 1H), 7.40-7.32 (m, 2H), 7.23 (d, J =
8.2 Hz, 1H), 7.19-7.15 (m, 1H), 2.14 (d, J = 1.4 Hz 3H); "3C NMR (100 MHz, CDCl3): d
162.3, 153.3, 139.3, 130.5, 127.0, 125.9, 124.3, 119.6, 116.5, 17.2; Anal. Calcd for
C10HsO2: C, 74.99; H, 5.03. Found: C, 74.75; H, 4.03.

3-Tert-butyl-7-methoxy-2H-chromen-2-one (3k). Colorless solid (38 mg, 82%), mp
82-83 °C; 'H NMR (300 MHz, CDCI3): 6 7.48 (s, 1H), 7.33 (d, J = 8.4 Hz, 1H), 6.81-6.75
(m, 2H), 3.84 (s, 3H),1.36 (s, 9H); '*C NMR (75 MHz, CDCls): & 161.8, 160.2, 154.7,
136.7, 133.3, 128.5, 113.0, 112.1, 99.9, 55.6, 34.7, 28.6; IR: 2958, 1711, 1611, 1576,
1476, 1275, 1099, 962, 776 cm™!; MS analysis m/z 232 (M"*, 81%), 217 (100), 189 (93),
174 (15), 149 (15), 129 (12); Anal. Calcd for C14H1603: C, 72.39; H, 6.94. Found: C,
72.60; H, 7.05.

3-Tert-butyl-6-bromo-2H-chromen-2-one (3l). Colorless solid (34 mg, 60%), mp 128-
130 °C; "H NMR (500 MHz, CDCl3): & 7.61 (d, J = 2.5 Hz, 1H), 7.54 (dd, J = 8.5, 2.5 Hz,
1H), 7.47 (s, 1H), 7.18 (d, J = 8.5 Hz, 1H), 1.40 (s, 9H); '3C NMR (125 MHz, CDCl3): &
159.1, 152.0, 138.4, 135.3, 133.2, 129.9, 121.0, 117.7, 116.4, 35.2, 28.5; IR: 2956,
1712, 1602, 1562, 1478, 1360, 1250, 1214, 1139, 979, 812 cm™'; MS analysis m/z 280
(M, 70%), 265 (100), 238 (94), 158 (41), 128 (23), 115 (29); Anal. Calcd for
C13H13BrOz2: C, 55.54; H, 4.66. Found: C, 55.80; H, 4.80.

6-Bromo-3-cyclohexyl-2H-chromen-2-one (3m). Colorless solid (33 mg, 54%), mp
125-128 °C; '"H NMR (500 MHz, CDCl3): & 7.60 (d, J = 2.0 Hz, 1H), 7.55 (dd, J = 8.5,
2.0 Hz, 1H), 7.37 (s, 1H), 7.20 (d, J = 8.5 Hz, 1H), 2.79 (m, 1H), 2.04-1.92 (m, 2H),
1.93-1.80 (m, 2H), 1.79 (m, 1H), 1.53-1.37 (m, 2H), 1.35-1.17 (m, 3H); *C NMR (125
MHz, CDCls): & 160.8, 151.5, 136.2, 134.9, 133.1, 129.6, 121.2, 118.0, 116.6, 38.3,
32.0, 26.4, 26.1; IR: 2918, 2853, 1707, 1475, 1242, 1065, 812 cm'; MS analysis m/z
306 (M, 100%), 250 (90), 238 (72), 224 (31), 128 (32), 115 (72); Anal. Calcd for
C1sH15BrOz2: C, 58.65; H, 4.92. Found: C, 58.99; H, 5.07.

3-Tert-butyl-8-methoxy-2H-chromen-2-one (3n). Colorless solid (35 mg, 75%), mp
80-81 °C; "H NMR (400 MHz, CDCl3): & 7.51 (s, 1H), 7.18-7.14 (m, 1H), 7.03-6.98 (m,
2H), 3.95 (s, 3H), 1.38 (s, 9H); 3C NMR (100 MHz, CDCI3): & 159.3, 146.9, 143.0,
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137.5, 136.7, 122.7, 123.9, 120.2, 119.2, 112.5, 56.3, 35.2, 28.7; IR: 2956, 1711, 1611,
1576, 1473, 1273, 1099, 962, 776 cm™': MS analysis m/z 232 (M, 90%), 217 (100),
190 (72), 174 (31), 161 (9), 146 (9); Anal. Calcd for C14H1603: C, 72.39; H, 6.94. Found:
C, 72.10; H, 6.83.

3-(Heptan-3-yl)-8-methoxy-2H-chromen-2-one (30). Yellow oil (39 mg, 72%); '"H NMR
(500 MHz, CDCls): & 7.40 (s, 1H), 7.19 (m, 1H), 7.04 (m, 2H), 3.97 (s, 3H), 2.82 (qui, J =
7.0 Hz, 1H), 1.71-1.63 (m, 4H), 1.34-1.21 (m, 4H), 0.87 (t, J = 7.5 Hz, 3H), 0.86 (t, J =
7.1 Hz, 3H); *C NMR (125 MHz, CDCls): & 160.9, 147.0, 142.6, 137.9, 133.2, 123.9,
120.1, 118.7, 112.4, 56.2, 41.6, 33.2, 29.4, 26.7, 22.7, 14.0, 11.6; IR: 2928, 2862, 1711,
1610, 1473, 1271, 1101, 773, 730 cm™'; MS analysis m/z 274 (M, 63%), 217 (78), 203
(42), 189 (100), 161 (23), 115 (15); Anal. Calcd for C17H2203: C, 74.42; H, 8.08. Found:
C, 74.72; H, 8.20.

3-Isopropyl-7-methoxy-4-methyl-2H-chromen-2-one (3p). Colorless solid (26 mg,
55%), mp 82-84 °C; '"H NMR (500 MHz, CDClz): 8 7.49 (d, J = 9.0 Hz,1H), 6.81 (dd, J =
9.0, 2.5 Hz, 1H), 6.74 (d, J = 2.5 Hz, 1H), 3.83 (s, 3H), 3.27 (t, J = 7.0 Hz, 1H), 2.39 (s,
3H), 1.34 (d, J = 7.0 Hz, 6H); '*C NMR (125 MHz, CDCI3): 5 161.5, 160.2, 153.8, 145.2,
127.9, 125.7, 114.3, 111.8, 100.3, 55.7, 28.6, 20.0, 14.7; IR: 2918, 2849, 1691, 1608,
1462, 1290, 1150, 1063, 929, 847 cm™'; MS analysis m/z 232 (M**, 70%), 217 (100),
203 (32), 189 (29), 174 (8), 115 (8); Anal. Calcd for C14H1603: C, 72.39; H, 6.94. Found:
C,72.68; H, 7.07.

3-Tert-butyl-6-nitro-2H-chromen-2-one (3q). Colorless solid (10 mg, 20%), mp 112-
115 °C; "H NMR (400 MHz, CDCl3): & 8.41 (d, J = 2.6 Hz, 1H), 8.32 (dd, J = 9.0, 2.6 Hz,
1H), 7.61 (s, 1H), 7.40 (d, J = 9.0 Hz, 1H), 1.41 (s, 9H); '3C NMR (100 MHz, CDCl3): &
157.2, 155.7, 142.8, 138.6, 134.4, 124.4, 122.4, 118.4, 116.1, 34.4, 27.4; IR: 2937,
2851, 1698, 1608, 1542, 1361, 1150, 1063, 929, 847 cm™'; MS analysis m/z 247 (M™,
54%), 232 (95), 205 (100), 186 (28), 158 (50), 115 (31); Anal. Calcd for C13H13NOa4: C,
63.15; H, 5.30; N, 5.67. Found: C, 63.48; H, 5.45; N, 5.89.

3-Tert-butyl-7-methyl-2H-chromen-2-one (3r). Colorless solid (32 mg, 75%), mp 70-
73 °C; "H NMR (400 MHz, CDCI3): 6 7.49 (s, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.07(s, 1H),
7.03 (d, J=7.8 Hz, 1H), 2.41 (s, 3H), 1.37 (s, 9H); "*C NMR (100 MHz, CDCl3): & 160.2,
153.4, 141.6, 136.7, 135.9, 127.3, 125.2, 117.1, 116.2, 35.0, 28.7, 21.8; IR: 2957, 2863,
1765, 1697, 1450, 1178, 1088, 812, 776 cm'; MS analysis m/z 216 (M**, 10%), 201
(20), 167 (40), 149(100), 113 (12), 57 (40); Anal. Calcd for C14H1602: C, 77.75; H, 7.46.
Found: C, 77.49; H, 7.37.

3-Cyclopentyl-6-methyl-2H-chromen-2-one (3s). Colorless solid (32 mg, 70%), mp
60-61 °C; "H NMR (500 MHz, CDClI3): d 7.44 (s, 1H), 7.27-7.23 (m, 2H), 7.20 (m, 1H),
7.05 (d, J = 7.8 Hz, 1H), 3.15 (qui, J = 8.2 Hz, 1H), 2.40 (s, 3H), 2.12-2.06 (m, 2H),
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1.83-1.69 (m, 4H), 1.62-1.55 (m, 2H); '3C NMR (125 MHz, CDCl): & 161.9, 152.9,
141.4, 135.9, 132.1, 126.8, 125.3, 117.1, 116.4, 40.6, 31.7, 25.0, 21.6; IR: 2947, 2867,
1766, 1697, 1450, 1178, 1088, 812, 778 cm™'; MS analysis m/z 228 (M, 100%), 200
(12), 187 (40), 171 (24), 157(10), 128 (15); Anal. Calcd for C1sH1602: C, 78.92; H, 7.06.
Found: C, 79.16; H, 7.16.

3-Cyclohexyl-7-methoxy-2H-chromen-2-one (3t). Colorless solid (41 mg, 80%), mp
107-109 °C (Ref.? 91.9-92.5 °C); "H NMR (400 MHz, CDClz): 8 7.36 (s, 1H), 7.31 (d, J =
8.4 Hz, 1H), 6.80 (dd, J = 8.4, 2.4 Hz, 1H), 6.77 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H), 2.74-
2.67 (m, 1H), 1.96-1.91 (m, 2H), 1.84-1.79 (m, 2H), 1.76-1.72 (m, 1H), 1.47-1.36 (m,
2H), 1.31-1.19 (m, 3H); "*C NMR (100 MHz, CDCI3): & 161.8, 161.7, 154.3, 136.3,
131.2, 128.1, 113.2, 112.1, 100.3, 55.6, 37.9, 32.1, 26.5, 26.1; IR: 2925, 2872, 1715,
1630, 1473, 1271, 1101, 775, 730 cm™'; MS analysis m/z 258 (M**, 100%), 243 (11),
215 (26), 202 (35), 189 (77), 159 (24); Anal. Calcd for C16H1803: C, 74.40; H, 7.02.
Found: C, 74.75; H, 7.18.

2-Tert-butyl-3H-benzo[flchromen-3-one (3u). Colorless solid (29 mg, 57%), mp 130-
132 °C; "H NMR (500 MHz, CDCl3): & 8.35 (s, 1H), 8.27 (d, J = 8.0Hz, 1H), 7.91 (d, J =
9.0, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.70-7.66 (m, 1H), 7.57-7.54 (m, 1H), 7.44 (d, J=9.0
Hz, 1H), 1.50 (s, 9H); *C NMR (125 MHz, CDCls): & 159.9, 152.5, 136.1, 132.1, 131.7,
130.2, 129.1, 127.8, 125.6, 121.2, 116.5, 113.1, 35.3, 28.6; IR: 3061, 2946, 1695, 1573,
1356, 1251, 983, 808, 736 cm™!; MS analysis m/z 252 (M™, 61%), 237 (100), 209 (60),
165 (30); Anal. Calcd for C17H1602: C, 80.93; H, 6.39. Found: C, 81.32; H, 6.56.

6-Chloro-3-isopropyl-2H-chromen-2-one (3v). Colorless solid (32 mg, 73%), mp 102-
104 °C; "H NMR (500 MHz, CDCl3): & 7.43 (d, J = 2.5 Hz, 1H), 7.39 (dd, J = 8.8, 2.5 Hz,
1H), 7.38 (s, 1H), 7.24 (d, J = 8.8 Hz, 1H), 3.10 (hpt, J = 7.0 Hz, 1H), 1.25 (d, J=7.0
Hz, 6H); '3C NMR (125 MHz, CDCls3): & 160.6, 151.2, 137.0, 134.6, 130.3, 129.3, 126.5,
120.6, 117.7, 28.8, 21.3; IR: 3054, 2961, 1715, 1468, 1250, 1150, 1004, 816 cm™!; MS
analysis m/z 222 (M, 63%), 207 (100), 194 (54), 179 (36), 115 (50); Anal. Calcd for
C12H11CIO2: C, 64.73; H, 4.98. Found: C, 64.98; H, 5.10.

3-Phenyl-2H-chromen-2-one (4a). Colorless solid, isolated yield 40% (18 mg, 40%),
mp 134-136 °C (Ref.” 136-137 °C); '"H NMR (500 MHz, CDCl3): & 7.81 (s, 1H), 7.71-
7.69 (m, 2H), 7.55-7.50 (m, 2H), 7.46-7.39 (m, 3H), 7.36 (d, J= 8.2 Hz, 1H), 7.29 (tt, J =
7.5, 1.2 Hz, 1H); 3C NMR (125 MHz, CDCI3): & 160.6, 153.6, 139.9, 134.8, 131.5,
128.9, 128.6, 128.5, 128.4, 128.0, 124.6, 119.7, 116.5; Anal. Calcd for C1sH1002: C,
81.07; H, 4.54. Found: C, 81.36; H, 4.65.

®Wang, C.; Mi, X.; Li, Q.; Li, Y.; Huang, M.; Zhang, J.; Wu, Y. Tetrahedron, 2015, 71, 6689.
7Zeng, H. Y.; Li, C. J. Angew. Chem. Int. Ed., 2014, 53, 13862.
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3-p-Tolyl-2H-chromen-2-one (4b). Colorless solid (25 mg, 53%), mp 144-146 °C (Ref.”
158-159 °C); "H NMR (500 MHz, CDCl3): & 7.79 (s, 1H), 7.62-7.60 (m, 1H), 7.61 (d, J =
8.2, Hz, 1H), 7.54-7.50 (m, 2H), 7.36 (d, J = 8.2 Hz, 1H), 7.29 (td, J = 7.5, 1.1 Hz, 1H),
7.27 (d, J = 7.5 Hz, 2H), 2.40 (s, 3H); 'C NMR (125 MHz, CDCI3): & 160.8, 153.5,
139.3, 139.0, 131.9, 131.3, 129.3, 128.5, 128.5, 127.9, 124.5, 119.9, 116.5, 21.4; Anal.
Calcd for C16H1202: C, 81.34; H, 5.12. Found: C, 81.68; H, 5.26.
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THLEL
084€°L]
818€°L
£68€°L
SE6E'L
$S6EL
S66€°L

i

ﬁ

Yely'L

7.3 7.2 7
1 (ppm)

7.4

7.5

i

=806

Froz
poz
=007

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0

8.5

0£29'8Z

PT90°SE—

€2109117

Sty eTT
8266°€CT—~
UBS' LT~
00€S0ET~.
6965°9ET

BYTLET-,

HTTEST—

LT06'65T—

A

e

20 10

50 30

150 140 130 120 110 100 1) 80 70
f1 (ppm)

1160

S8



Compound 3b

89/2'1
9062'T

960T°€
(444 %3
HEr'E
BSET’E
BLET'E
96+1'E
9TST'E
SHIT'E

L0ST'L
6CSTL
£589T°L
089z,
+08T°L
LT8T'L
£TIEL
9IEL

LOEEL

£85%'L]
T19%°L
bPob'L
EELFL
POLP'L
66LF°L
988t'L

|
ﬁ

8E6E'L

1 (ppm)

O

O

1.50 145 140 B35 1.30 1.25 1.20 1.15

735 730 725 720

f1 (ppm)

7.40

7.45

7.5

7.50

7.55

00°€
6T

Feot

1
50T
00€

6.5 6.0 5.5 5.0 4.5 4.0 35 30 2.5 2.0 1.5 1.0 0.5 0.0 -0
1 (ppm)

7.0

8.0

8.5

98T+ 1E—

8569°87—

60TE9TT—
LEBSBTT—
L TAR JARN
TEOELET~
FELPOET~
TZ69'SET

TrER'SET+

L0Z87ZST—

6TTH'T9T—

20 10

30

150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

160
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Compound 3c

$668°0
0558°0
0198'0
6£98°0
5£98°0
$0/8°0
95/8°0
1848°0
5788°0
7588°0
$ITTT
19221
S9ET'T
10677
8EHT'T
5152'T
64521
01921
9971
21827
9g£62'T
990€'T
261€'1
£429'T
L4297
T1e9'1
EEP9'T
§569'T
9859°'T
50£9'T
PELOT
T589°T
64891
L669°'T
97041
9bTLT
PLILT
E¥8L'T
#8647
97187
04282
L048T

STHTL
§952°L
9TLTL
+00E'L
SLIEL
6BEY'L
9+’ L
96tb'L
T¥SHL
E£L5P°L
609%°L
£495°/
LTUFL
POLyL

009
Foop

Feos

Fe0

|

M oy
€0'T

Fogz

4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

1 (ppm)

4.5

8.0 7.5 7.0 6.5 6.0 55 5.0

8.5

1649 1T
09S6°€T-—

vwL T
900492
L1562
SHTTEE~

€649 TY—

592911~
62556117
666021
91T LTT—
PP OET~
9E66°ZET—
LY LETA,

$L06TST—

0SS TIT—

20 10

30

150 140 130 120 110 100 9 _ 8 70 60 50
f1 (ppm)
S10

160



Compound 3d

b6PL0
9T5L°0
979L°0
859L°0
L4860
8066’0
b166°0
2+00'T
B8L00°T
80107
LLe0T
§8€0'C
8+%0°C
+550°C
9590°C
€2£0°C
TE80C

8802/
ooce'L
0SETL
84924
T+8T°L
£8LEL
TH6EL
40,4
0404
00T+'L
11k L
0¥er'L
£8EPL

Ll

A

Feoz
Feoz

Fsot

07
oot
Rooz

0.0

0.5

15

2.0

3.0 2.5

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

1 (ppm)

T i—
2967 1T—

FESTITT—
BrEFBTT—
ETHT LT
TIT0°L2T-,
LZ8T0ET~_
ERTHTET—
660F FET—

GB6H"IST—

€08 T9T—

™)

fl

4

150 140 130 120 110 100 20 80 70 G0 50 40 30 20 10
f1 (ppm)

160
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Compound 3e

05£8'1
88/8'T
62788'7
0688'7
9468'T
1106’7
£9/0Z
71607
8£60'C
Z101°2
54012
£9T1Z
6611°7 |
9TET'T _.
0LET'T
Ty
18812~
10862
968E'T
SS6€°C
9£0+'T
1T
ELTHT
6925
9TEH'T
SELSE
6065°€
6L09°E—
%%ﬁ\
0£49°€

STLTL
1€82°L
CETE'L—F
962E°L £
YELYL
688p°/

Fe01

Feoe
Ferz

Foot

61T
00’
Froe

0.0

0.5

2.5 2.0 1.5 1.0

3.0

7.5 7.0 6.5 6.0 5.5 5.0 45 40 35
1 (ppm)

8.0

8.5

T187°8T—

gL LT~

8TL6'SE—

0ZLE9T1T-"
ESPSBIT-"
9ITHLT~.
WET (LT~
09T 0ET~.
6586°CET~-
S8ZT9ET~.

€/88775T—

SL9TT9T—

o
o
]
o
~
o
™
(=]
-
o
w
2
o
~
T o~
[=3
® W Al\u
=

&
8
=]
o
S
a
o
o~
S
o
™
f
(=]
-
3
(=]
wn
]
3
=



Compound 3f

§595°T
LELS'T
ST85'T

98857

EE65'T

1865°T1
L5097
L1197
F919'T+
82297

L |

rET'T
Fevv

=60'C

60T

81’1
Woo.ﬁ
cr'e
00T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0
f1 (ppm)

4.5

5.0

5.5

7.0 6.5 6.0

75

8.0

8.5

ge9052/
SO17 16~

nm:.cv/

#LOE9T H./.
B6/56TT-
H9THZT~_
WL LT~
GhRE0ET—
a:.mmﬂ
LL86'SET

ERTST—

L60£79T—

il

i00 90 80 70 [=la] 50 40 30 20 10

110
1 (ppm)

170 160 150 140 130 120

S13



Compound 3g

5621
8€97'1
A Viant
26671
POEE'T
16567
8LT6'T
ELEr'T
LEbb'T
00561
09/%'T~%
556617
€2LL T~
T86L' T F

86¥8°7
+9/8'1
B6LLET

6100T
0g9Le
€08LT
9984°C
TE6L'T
£01I8°C

78ET'L
HOPT L
£ESTL
G8STL
7897°L
S0LTL
062’
B866C°L W
LSTEYL
L
6Lbb'L
995+°L
£65F°L
TESHL
LELYL

12

2.0 1.4
f1 (ppm)

2.6

2.8

1 (ppm)

Feze
Ferz

e
rdiird
Fooz

Feot

)

3.0

00°T
60°T

7.65 7.60 7.55 7.50 745 740 7.35 7.30 7.25 7.20

~ Rz

0.0

05

1.0

15

STz
/1592

gzeree”
T£0T'8E~

2.0

2.5

35

4.0
1 (ppm)

4.5

5.0

5.5

018z'91T—
B789°611—
SOOTHZT~
SE0E°LTT~.
69T 0ET~
OTEEVET_
TEZE0ET--

6.0

6.5

7.0

L9TLTST—

7.5

6FSTIT—

8.0

8.5

40 30 20 10

50

120 110 100 80 70
f1 (ppm)

130

160 150

170
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Compound 3h

SE86'0
mmmde
8¢I0'T
TI$9'T
.ﬁumm..ﬁk
0TL9'T
0989'T
2T0L'T
8STL'T
€5¢8C
mc.vm.NW
8555'¢C

=0T'g

L Tard

=81'¢

T
vamn_..n
£€0e
S0'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

8.5

0STLET—

LTI~

1558°26—

668€ 91T~
7S6S61T~
S69T'HZT\
TSLOLTT
€SS8'6ZT
P2y 0ET~

€60b'8ET—

06t 1" €ST—

1494191 —

70

f1 (ppm)

90

150 140

160
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Compound 3i

£6£1°T
B8THPTT

EISTL
THSTL
04T
0ELTL
888172
8161°L
0v6T'L
T612'L
TIeL
80KT L
£62€'L
CEEE'L
88bE'L
BCSEL
L65E°L
8E9E'L
8LLE'L
218E'L
9v8E'L
986€°L
12062
POEL'L
E0kH'L
TbL
BLHFL

e

T T
7.30  7.25

1 (ppm)

T
7.35

EIv'e

80°T
00T
WS.N
00T

75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 05 0.0
1 (ppm)

8.0

PSET LT—

ST95°9TT~
TH69'6TT~
69LEHTT
89£6'STT~-
$550°22T7

£E9S°0ET

BBPE'BET—

STPE'EST—

6TPETIT—

170

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

160

S16



Compound 3k

0" T ——
goE 1T —

0B € —

X
MeO O [0}

A

== |

&

oo

10

LED7BT ——
T0L°62 —
PSLTRE
189765 ——
L89"9L —~_

TIT°LL |z|\\.|\.!
GEG LL

Zie 66 ——

BLI"ZTT ——
8T0ETT —

FOS 82T ——
TLE"EET ——
96L"2ET —

|

6L PET ——
S8Z09T ———
LOB'TOT —

80 a0
S17

100

120

140

lél_l

180




Compound 3l

SEOT

SbivL
£EESL /
6LES°L V

80554
$SSS°L
$119°L

1919°2

FATAYS
Te61L
mmmm.n/

oo

760 755 7.50 7.45 7.40 735 730 725 7.20

f1 (ppm)

e

=806

=207
ST
=507
oot

7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

9EFS'8T

T09TSE—

EZSF9TT~
ESHL LT
FOrP0 TZT-"

HI66LT~
ES9TEET~
OTEE'SET—
LEVF'BET

OEE0'TST—

£88T°65T—

NN T

T T
40 30 20 10

T
50

T T T T T T T T T T
150 140 130 120 110 100 an BO 70
f1 (ppm)

T
160
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Compound 3m

uure b
ELFTT
1852°7
7992’1
szLe't
6021
L1621
6967°1
SE0E'T
812E'T
S8ZE'T
0z
0TEH'T
6L5T
0S¥H'T
5561
LUsH'T
6691
606
8058'T
Em.ﬂw
9656'1
mmmm.ﬂ\

oshLT
B18L°T
§854°C
T69L°C
95LL%C
TT8LT
6T6LT
£664°C
0908

9£81°L

600Z°L .#
§592°
SL9T°L
BL5E°L
§825°L
90€S°L
TEES'L
TSESL zw

r—

09v5°2 ]
08%S°L
£085°2
1255'L
££85°2]
9585°L *
$065°2

6}

[B,

Fzey
Fiez

811
€7
heez

Fort

=00'T
801
€07
b0'T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

85

wmo~.o~|
ommv.oN\.
95502

8SbEBE—

6649911~
LESOBTT
9LSTTLT

95€9°62T
ELSTEET,

TEL6'PET~
96£2°9€T

€ELSTST—

298'091—

T
70

f1 (ppm)

S19



Compound 3n

STCET—

SEBB'E—

0769
+526'9
TTPe'9
95¥6'9
98¥6'9
1256’9
+896'9
81469
LELOL
9€60°L
EETT'L
B8T6TL
SEFP'L

OMe

7.3 7.2 7 7.0 6.9
f1 (ppm)

74

7.5

=206

=H0'E

F1e1
o0t

=007

75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2i5 20 15 1.0 0.5 0.0 -0.5
1 (ppm)

8.0

8.5

1.0

8STL8T—

TTSE—

PEPE'IS—

LP9SETT—

T9ETETT~
+957°0717
9T96°ETT

ZEBL'9ET T
0L2S°LETY

0LSO'EPT—
SLT6'9FT ~

9ELERST—

150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10
f1 (ppm)
S20

160



Compound 30

9£58'0
5958'0
6£99'0
£148°0
0288'0
7989'0
5922’1
68€T'T
e
€457 fn
$692'T
8782'T
L562'T
T60E'T
0£2E'T
ISP9'TA
9099'T
84£9'T
$689'T
040L'T

8018°C
05¢8°C W.
76E8°T

65L6'€—

+9¢0°L
0620°L
£980°L
b6E0°L
LTP0L
5¥0°L
9250,
€550°L
B808T°L
9961°L
STIT'L
8¢8TL
+o0F°L

L

.

OMe

=

809

Fovd

Feey

Feeo

=00

5202
Eop1
860

2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
1 (ppm)

85

05£9°TT~
+I00FT—

BELLET
6069'9T—
6Z6F' 6T
STOTEE~

ETT9TH—

80TZ95—

1955211~
T09£8TT~
SPGT02T-~
SBYEELT~

veszeer’
LESGLET—
TH09ZHT~
EE00 LT

SZ609T—

T
30

80

T
100

T
110

f1 (ppm)
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Compound 3p

SPEET
S8PE'T v.

€06ET—

TLPTE
H.GN.mW
1842°E
T68T°E
TEOE'E

BLER'E—

b6EL'S
3,74 .mk
£008'9
§508'9
0818’9
0£¢8'9

TH8b°L~,
6105,

.

K

Me
X
O

{ MeO

J

6.7

72 71 70 69 6.8
f1 (ppm)

7.3

709

S0

Foot

FE0'E

07T
W\.vo,H

F00'T

3.0 2.5 2.0 15 1.0 0.5 0.0 -0.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
1 (ppm)

8.5

PELPT—
£E00°0E—

£979'87—

b10L'S5—

BECE00T—

688 TIT~
9S6EHIT—

9147521~
6296421

65LTSPT—

ESLFEST—

T1962°09T~
£905° 191~

90 80 70
f1 (ppm)

100

150 140

160

|1;’0

S22



Compound 3q

TSPE'T—

)
O
/%
z
S
|

LY6TL
692E°L~
voveL”
£zss°L "

16’8
L8¥T'8
L¥9T°8
E1L2'8
mﬂﬁ.w*
+0SE'8

83 82 81 80 79 78 77 76 75 74 73 72
f1 (ppm)

8.4

I

L

[y

=L¥'01

T

L

L0717
[AN

wT
00’1

4.0 35 3.0 2.5 2.0 15 10 0.5 0.0 -05 -1.0

1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

2.0

obbL'8T—

868L'6E—

P8I LTI~
808'611—
THI8ECT~
[ /A TASe

STEL'SETY
650001 —
9TPT phI~

8920°L5T~
SSHS'8ST

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S23

160



Compound 3r

£80E'T—

06bE'C—

L¥56°9
+956'9
+856°9
£096'9
E¥L6'9
0946'9
6LLE9
00869
12004
v00°L
€900°4
+800°Z
E8ETL
BLSTL
L6E¥'L

pese

|

7.2 7.1 7.0

f1 (ppm)

7.3

7.4

i

—Z1'6

=8E'E

Fooz

=80T
=611

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4,0 3.3 30 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0

L0181 —
055L'8T—

06ED'SE—

TESZ'OTT~
TePT LI

$B6Z'STT~
£28E LT

€£806'SET 7
TPIL9ET

EFLOTHT—

TTTPEST—

96LZ'09T—

40 30 20 10

50

160 150 140 130 120 110 100 BO 70
1 {ppm)
S24

170



Compound 3s

STS5'T,
$995°T 1
9E/S'T
TLL5'TH
9285°T 1
T065°T

S565'T1
100971
££09'T+
¢m$.?f
9£79' T~

8669'T

990,'T

LPTLT

LT
coes T4
£6£4'T1
09+£'T
S6+£ T
895/°T

665L°T

£p9L°T

094L°T
8T8/'T
598£'T1
156411
11087

18081

TI18°T

LLTS'T]
£528°T
60£8°T
£690°7 1
L0

6180°C

1060°C

9460'Z
020721
650121
0571'2
96212
LH0FT]
68TT'E

8SET'E

9ZST'E]
S69T'c
0987'¢
69612
S512°L
gsezs]
PhSTL
£85T° 1
90£T°L1
994/

{Me O\O]

FEp'T
Feee

=Z1e

—0T'€

ELF'E

911
01'c
00T

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

8.0 75 7.0 6.5 6.0 5.5 50 45 4.0
f1 (ppm)

8.5

5969 12—
B82S0°SE—

FLLLTE—

THES b —

0SLF 91T~
L0ST 21T

e ST
esagozt/
T6ETTET
T966'SET -
PTIH THT,

1626 25T—

99LE TIT—

40 30 20 10

50

120 110 100 90 80 70
fL (ppm)

130

150

160

S25



Compound 3t

0oLk b
+291°T
62T
0181'T
9b8T'T
LE6T°T
LEOT'T
4177
9€2T' T
ov2'1
0vsT'T
£80E°T
£ZEET
SObE'T |
LBPE'T
ZH9E'T
L2UE T
TI8E'T-
£659°T,
0099'T]
7599°1
2899'
29t
59/9'T
0969'T
0007
6E0L°T
LL0L°T
095£°1
Tobel
8641
9892°T
e
858£°1
spse 1]
+098'T
9598'T
698'T
6TL8'T
50887
+988°'T
1168
268’
0206'1
1697
EL69
96+8°C
£559'7
TTLL'E
5602'9
951L'9
8SCL'9
61EL'9
0LbL'9
)

@nmﬁ.h
TobeL .V

€192 L[
65072

6L0E°L

(¢)

{ MeO

A

Fort

=£0'E

00T

90T
ch..h

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0 -0.5
1 (ppm)

8.0

8.5

0051°9Z
LE66°9T

e’
£896'LE~.

0229'SS—

8€67°001—

ObLTZTT~
wseens

9H0T' 82T
EEPTIET
£89E°9ET~

126T¥ST—

6469191 v
08Z8'191

M

T T
40 30

T
50

90 80
f1 (ppm)

T
100

T
110

T T T T
160 150 140 130

|.l;0

526



Compound 3u

§60S'T—

90T L—

hwmtn
m&m.v.n/
LIPSL
BEPS'L
+585°L
8485°L
2095'L
LILSL
BELS'L Nu
9899°L
£149°L
§5T89°L
+589°L
7889°L
+669°L
TT0LL
6b68°L
vmmm.nw
6/68°L
£906°L
£116°2
9TI6'L
EP16°L
LbC6'L

S292'8~
9878,
6082'8

L8568

8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3
f1 (ppm)

8.4

Feos

i

hpor
H/.mn_:ﬂ

00T

¥S0'T
501

0.5

3.0 2.5 2.0 1.5 1.0

35

4.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5
1 (ppm)

8.0

8.5

ShPI 8T —

029£'5E—

£0ZTETI
BEES'OTT,
e tatl
00b9'S21+
o128 (214
9810621

88/ 1671+
L8eTocT -
Sz 1€T
6bCI el
bLOT 9ET

{BBS TSI —

BELEBST—

S S |

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 {(ppm)
S27

i)



Compound 3v

2692° T~
0egz T

STITE
LYITE
€9TT°E
+82I'E
00bT'E
TZPLE

61582°L
S692T°L
208T°L
8¥0b'L
860+ 'L
STP'L
SLTFL
Tesy'L
TLS¥L

7.1

7.2

7.3
f1 (ppm)

e

7.5

7.6

A

009

Foso

=807
68'T
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