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Diastereoselective synthesis of dispirooxindoles via [3+2]
cycloaddition of azomethine ylides to 3-phenacylideneoxindoles and

evaluation on their cytotoxicity
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Supporting Information

H NMR, 13C NMR and HRMS spectra of all compounds 2-49,



Characterization data and spectra of the compounds:

5,5"-Dimethyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrr
olo[2,1-a]isoquinoline-3',3'-indoline]-2,2"-dione (4a)

white solid, 70%, m.p. 244~245°C; 'H NMR (400 MHz, DMSO-dg) d: 10.38 (s, 1H, NH),
10.34 (s, 1H, NH), 7.63 (s, 1H, ArH), 7.23 (s, 1H, ArH), 7.10~7.00 (m, 7H, ArH), 6.88 (brs,
1H, ArH), 6.82~6.77 (m, 2H, ArH), 6.36 (d, J = 7.6Hz, 1H, ArH), 6.24 (d, J = 7.2Hz, 1H,
ArH), 5.59 (s, 1H, CH), 4.89 (s, 1H, CH), 2.86~2.78 (m, 2H, CH ), 2.64~2.60 (m, 2H, CH ),
2.29 (s, 3H, CHs), 2.21 (s, 6H, CHg); *C NMR (150 MHz, DMSO-dg) d: 196.1, 179.1,
177.4,142.7,141.1, 139.1, 135.2, 134.5, 134.2, 130.4, 130.3, 130.2, 129.9, 128.7, 128.5,
127.2,126.9, 126.3, 126.1, 125.4, 124.8, 123.1, 109.1, 108.6, 70.6, 68.7, 66.1, 58.2, 41.4,
29.3, 21.0, 20.9, 20.6; IR(KBr) u: 3355, 3170, 3029, 2916, 2832, 1725, 1676, 1626, 1607,
1574, 1494, 1428, 1373, 1341, 1296, 1248, 1202, 1166, 1042, 1008, 947, 905, 810, 756,
730cm?t; MS (m/z): HRMS (ESI) Calcd. for CssH32N3Os ([M+H]*): 554.2438, found:
554.2447.
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5-Chloro-2'-(4-methoxybenzoyl)-5"-methyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (4b)

white solid, 76%, m.p. 248~249°C; 'H NMR (600 MHz, DMSO-dg) &: 10.71 (s, 1H, NH),
10.46 (s, 1H, NH), 7.88 (s, 1H, ArH), 7.24~7.23 (m, 3H, ArH), 7.09~7.08 (m, 4H, ArH),
6.94~6.91 (m, 1H, ArH), 6.80~6.78 (m, 3H, ArH), 6.53 (d, J = 8.4Hz, 1H, ArH), 6.22 (d, J =
7.8Hz, 1H, ArH), 5.59 (s, 1H, CH), 4.89 (s, 1H, CH), 3.72 (s, 3H, OCH3), 2.87~2.83 (m, 2H,
CH), 2.65~2.60 (m, 2H, CH ), 2.29 (s, 3H, CHs); ¥*C NMR (100 MHz, DMSO-ds) 5:195.0,
179.2,178.0, 163.2, 141.5, 140.9, 135.3, 135.0, 132.7, 130.9, 130.4, 129.8, 129.6, 129.3,
128.7, 127.2, 126.8, 126.3, 126.2, 126.1, 125.4, 123.4, 113.9, 110.8, 109.7, 71.3, 69.2,
66.3, 59.1, 55.9, 41.9, 29.6, 21.1; IR(KBr) u: 3370, 3171, 3053, 2947, 2898, 2843, 1716,
1661, 1623, 1601, 1571, 1494, 1437, 1325, 1245, 1218, 1172, 1080, 1029, 943, 898, 845,
808, 751, 731cm™; MS (m/z): HRMS (ESI) Calcd. for C3sH29CIN3O4 ([M+H]*): 590.1841,
found: 590.1835.
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5"-Chloro-5-methyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,
1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4c)

white solid, 81%, m.p. 252~254°C; *H NMR (600 MHz, DMSO-dg) d: 10.65 (s, 1H, NH),
10.45 (s, 1H, NH), 7.57 (s, 1H, ArH), 7.41~7.40 (m, 1H, ArH), 7.34 (dd, Ji= 8.4Hz, J,=
2.0Hz, 1H, ArH), 7.11 (d, J = 8.0Hz, 2H, ArH), 7.06~7.05 (m, 2H, ArH), 7.00 (d, J = 8.0Hz,
2H, ArH), 6.92 (d, J = 8.4Hz, 1H, ArH), 6.9~6.88 (m, 1H, ArH), 6.80 (d, J = 7.8Hz, 1H, ArH),
6.35 (d, J = 7.8Hz, 1H, ArH), 6.24 (d, J = 7.8Hz, 1H, ArH), 5.54 (s, 1H, CH), 4.90 (s, 1H,
CH), 2.91~2.86 (m, 1H, CH), 2.77~2.74 (m, 1H, CH), 2.65~2.62 (m, 1H, CH), 2.60~2.56
(m, 1H, CH), 2.21 (s, 3H, CH3), 2.20 (s, 3H, CHj3); 13C NMR (100 MHz, DMSO-d¢) 5:196.7,
179.3, 177.5, 143.1, 142.9, 139.6, 135.5, 134.9, 134.6, 130.9, 130.5, 130.0, 129.7, 129.2,
129.1, 128.9, 127.4, 126.7, 126.5, 125.9, 125.9, 124.8, 123.5, 111.3, 109.1, 71.0, 69.0,
66.8, 58.3, 41.9, 29.7, 21.4, 21.3; IR(KBr) u: 3360, 3173, 3031, 2946, 2909, 2837, 1714,
1667, 1607, 1482, 1433, 1338, 1290, 1245, 1183, 1043, 1007, 945, 885, 810, 753,
732cmt; MS (m/z): HRMS (ESI) Calcd. for CssH29CIN3Os ([M+H]"): 574.1892, found:
574.1877.
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2'-Benzoyl-5"-methyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrrolo[2,1-a]isoq
uinoline-3',3"-indoline]-2,2"-dione (4d)

white solid, 90%, m.p. 246~247°C; *H NMR (600 MHz, DMSO-dg) : 10.54 (s, 1H, NH),
10.46 (s, 1H, NH), 7.80 (d, J = 1.8Hz, 1H, ArH), 7.39~7.36 (m, 1H, ArH), 7.26 (s, 1H, ArH),
7.20~7.15 (m, 4H, ArH), 7.09~7.05 (m, 3H, ArH), 7.00~6.97 (m, 1H, ArH), 6.92~6.88 (m,
2H, ArH), 6.78 (d, J = 7.8Hz, 1H, ArH), 6.42 (d, J = 7.8Hz, 1H, ArH), 6.22 (d, J = 7.8Hz, 1H,
ArH), 5.60 (s, 1H, CH), 4.93 (s, 1H, CH), 2.88~2.84 (m, 1H, CH), 2.81~2.79 (m, 1H, CH),
2.64~2.58 (m, 2H, CH ), 2.30 (s, 3H, CHa); ¥*C NMR (100 MHz, DMSO-ds) d: 197.3, 179.5,
177.8, 142.0, 141.5, 137.0, 135.6, 135.0, 132.9, 130.8, 130.6, 130.4, 129.2, 128.8, 128.4,
127.5, 127.1, 126.7, 126.0, 125.9, 125.3, 123.5, 122.2, 109.6, 109.3, 71.1, 69.0, 66.7,
58.5,41.9, 29.7, 21.1; IR(KBr) u: 3402, 3177, 3079, 3033, 2919, 2839, 1712, 1622, 1493,
1448, 1421, 1342, 1293, 1246, 1213, 1176, 1010, 945, 809, 750cm™; MS (m/z): HRMS
(ESI) Calcd. for CzaH2gN3zO3 ([M+H]*): 526.2115, found: 526.2117.
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2'-(4-Chlorobenzoyl)-5,5"-dimethyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrr

olo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4e)

white solid, 80%, m.p. 235~237C; *H NMR (400 MHz, DMSO-ds) &: 10.38 (brs, 2H, NH),
7.62 (s, 1H, ArH), 7.26~7.24 (m, 3H, ArH), 7.14~7.05 (m, 5H, ArH), 6.89~6.88 (m, 1H,
ArH), 6.84~6.78 (m, 2H, ArH), 6.35 (d, J = 8.0Hz, 1H, ArH), 6.23 (d, J = 7.6Hz, 1H, ArH),
5.56 (s, 1H, CH), 4.88 (s, 1H, CH), 2.86~2.76 (m, 2H, CH), 2.64~2.58 (m, 2H, CH), 2.29 (s,
3H, CHj3), 2.22 (s, 3H, CHg); **C NMR (100 MHz, DMSO-de) 5:196.7, 179.3, 177.7, 141.5,
139.5, 137.5, 136.0, 135.6, 134.9, 131.1, 130.9, 130.6, 130.4, 129.2, 129.1, 128.9, 128.4,

127.5, 126.6, 126.6, 125.9, 125.4, 123.5, 109.6, 109.1, 70.9, 68.9, 66.9, 58.3, 41.9, 29.7,

21.3, 21.1; IR(KBr) u: 3378, 3172, 3032, 2946, 2910, 2835, 1716, 1680, 1626, 1589, 1493,
1428, 1336, 1294, 1246, 1202, 1166, 1090, 1040, 1006, 945, 809, 756, 731cm™; MS (m/z):
HRMS (ESI) Calcd. for C3sH29CIN3O3 ([M+H]*): 574.1892, found: 574.1884.
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5-Chloro-5"-methyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,
1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4f)

white solid, 50%, m.p. 237~239°C; 'H NMR (400 MHz, DMSO-dg) d: 10.65 (s, 1H, NH),
10.44 (s, 1H, NH), 7.88~7.87 (m, 1H, ArH), 7.25 (s, 1H, ArH), 7.14~7.12 (m, 2H, ArH),
7.10~7.04 (m, 6H, ArH), 6.94~6.90 (m, 1H, ArH), 6.80 (d, J = 8.0Hz, 1H, ArH), 6.48 (d, J =
8.4Hz, 1H, ArH), 6.22 (d, J = 8.0Hz, 1H, ArH), 5.58 (s, 1H, CH), 4.91 (s, 1H, CH),
2.86~2.82 (m, 2H, CH), 2.66~2.61 (m, 2H, CH), 2.29 (s, 3H, CH3), 2.23 (s, 3H, CHj3); 13C
NMR (100 MHz, DMSO-de) ©:196.5, 179.2, 178.0, 143.5, 141.5, 140.9, 135.2, 135.0,
134.5, 132.7, 130.9, 130.5, 129.3, 129.1, 128.7, 127.3, 127.2, 126.8, 126.2, 126.2, 126.1,
125.4,123.4,110.8, 109.7, 71.3, 69.2, 66.4, 59.0, 41.9, 29.6, 21.4, 21.1; IR(KBr) u: 3353,
3179, 3028, 2918, 2820, 1714, 1679, 1620, 1494, 1474, 1441, 1342, 1291, 1247, 1183,
1079, 1039, 1008, 944, 900, 813, 750, 728cm™; MS (m/z): HRMS (ESI) Calcd. for
C35H29CIN3O3 ([M+H]+)Z 574.1892, found: 574.1879.
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5"-Chloro-2'-(4-chlorobenzoyl)-5-methyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1
-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (49)

white solid, 82%, m.p. 236~237°C; 'H NMR (400 MHz, DMSO-dg) d: 10.64 (s, 1H, NH),
10.40 (s, 1H, NH), 7.57 (brs, 1H, ArH), 7.44~7.43 (m, 1H, ArH), 7.34 (dd, Ji= 8.4Hz, J>=
2.0Hz, 1H, ArH), 7.24~7.22 (m, 2H, ArH), 7.17~7.15 (m, 2H, ArH), 7.06~7.04 (m, 2H, ArH),
6.92~6.90 (m, 1H, ArH), 6.90~6.86 (m, 1H, ArH), 6.83~6.81 (m, 1H, ArH), 6.34 (d, J =
7.6Hz, 1H, ArH), 6.23 (d, J = 7.6Hz, 1H, ArH), 5.51 (s, 1H, CH), 4.92 (s, 1H, CH),
2.90~2.84 (m, 1H, CH), 2.76~2.72 (m, 1H, CH), 2.65~2.56 (m, 2H, CH), 2.21 (s, 3H, CH3);
13C NMR (100 MHz, DMSO-ds) 5: 196.9, 179.1, 177.4, 142.9, 139.6, 137.5, 135.9, 135.5,
134.9, 131.1, 130.5, 130.0, 129.5, 129.3, 129.2, 129.1, 128.3, 126.7, 126.3, 126.0, 125.9,
125.2,123.4, 111.3, 109.2, 70.9, 68.7, 67.0, 58.0, 41.9, 29.7, 21.3; IR(KBr) u: 3440, 3250,
2915, 2831, 1716, 1622, 1589, 1483, 1437, 1401, 1343, 1290, 1258, 1204, 1091, 1010,
943, 851, 813, 755cm?; MS (m/z): HRMS (ESI) Calcd. for CszaH26CloN3O3 ([M+H]*):
594.1346, found: 594.1337.
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5,5"-Dichloro-2'-(4-methoxybenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-py
rrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4h)

white solid, 67%, m.p. 244~245C; *H NMR (400 MHz, DMSO-ds) d: 10.67 (s, 2H, 2NH),
7.81 (brs, 1H, ArH), 7.43 (brs, 1H, ArH), 7.35~7.33 (m, 1H, ArH), 7.26~7.24 (m, 2H, ArH),
7.08~7.07 (m, 3H, ArH), 6.93~6.91 (m, 2H, ArH), 6.77~6.75 (m, 2H, ArH), 6.52~6.50 (m,
1H, ArH), 6.23~6.21 (m, 1H, ArH), 5.54 (s, 1H, CH), 4.91 (s, 1H, CH), 3.72 (s, 3H, OCH3),
2.88~2.78 (m, 2H, CH), 2.66~2.60 (m, 2H, CH); *3C NMR (100 MHz, DMSO-d¢) d: 195.2,
179.0, 177.7, 163.2, 142.9, 141.0, 135.1, 135.0, 132.6, 130.2, 129.8, 129.7, 129.4, 129.2,
128.9, 126.9, 126.3, 126.2, 126.1, 126.0, 125.2, 123.4, 113.9, 111.5, 111.0, 71.3, 69.1,
66.5, 58.8, 55.9, 42.0, 29.6; IR(KBr) u: 3357, 3172, 2947, 2842, 1720, 1657, 1600, 1571,
1476, 1438, 1330, 1289, 1246, 1219, 1176, 1073, 1031, 983, 942, 897, 844, 810, 730cm?;
MS (m/z): HRMS (ESI) Calcd. for C3sH26CIN3O4 ([M+H]*): 610.1295, found: 610.1293.
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5"-Chloro-5-fluoro-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'
-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4i)

white solid, 57%, m.p. 243~244°C; 'H NMR (400 MHz, DMSO-dg) &: 10.72 (s, 1H, NH),
10.56 (s, 1H, NH), 7.63~7.60 (m, 1H, ArH), 7.44 (brs, 1H, ArH), 7.36~7.33 (m, 1H, ArH),
7.16 (d, J = 8.0Hz, 2H, ArH), 7.08~7.02 (m, 4H, ArH), 6.93~6.91 (m, 2H, ArH), 6.87~6.82
(m, 1H, ArH), 6.46~6.43 (m, 1H, ArH), 6.22 (d, J = 8.0Hz, 1H, ArH), 5.52 (s, 1H, CH), 4.95
(s, 1H, CH), 2.88~2.81 (m, 2H, CH ), 2.66~2.59 (m, 2H, CH ), 2.23 (s, 3H, CHj3); ¥*C NMR
(100 MHz, DMSO-dg) 6: 196.7, 179.1, 177.7, 158.5 (d, J = 23.5Hz), 143.5, 142.9, 138.3,
138.3, 135.1, 134.9, 134.3, 132.3, 132.2, 130.1, 129.3, 129.2, 129.0, 127.5, 126.8, 126.1,
126.0, 125.1, 123.4, 115.3 (d, J = 23.0Hz), 113.5 (d, J = 25.7Hz), 111.4, 110.3 (d, J =
8.2Hz), 71.3, 69.1, 66.5, 58.9, 42.0, 29.6, 21.4; IR(KBr) u: 3341, 3180, 3066, 2925, 2823,
1715, 1676, 1607, 1481, 1344, 1287, 1258, 1185, 1073, 1038, 982, 946, 894, 815, 751,
727cmt; MS (m/z): HRMS (ESI) Calcd. for CasH26CIFN3Os ([M+H]*): 578.1641, found:
578.1635.
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1-Benzyl-5-chloro-2'-(4-chlorobenzoyl)-5"-methyl-6',10b'-dihydro-2'H,5'H-dispiro[in
doline-3,1'-pyrrolo[2,1-aJisoquinoline-3',3"-indoline]-2,2"-dione (4j)

white solid, 57%, m.p. 234~235°C; 'H NMR (400 MHz, DMSO-dg) &: 10.50 (s, 1H, NH),
7.97~7.96 (m, 1H, ArH), 7.32~7.31 (m, 4H, ArH), 7.23~7.16 (m, 5H, ArH), 7.11~7.06 (m,
5H, ArH), 6.81 (d, J = 8.0Hz, 1H, ArH), 6.71 (d, J = 8.8Hz, 1H, ArH), 6.68~6.64 (m, 1H,
ArH), 5.97 (d, J = 8.0Hz, 1H, ArH), 5.66 (s, 1H, CH), 4.97~4.92 (m, 2H, CH), 4.21 (d, J =
15.6Hz, 1H, CH), 2.92~2.86 (m, 2H, CH), 2.68~2.64 (m, 2H, CH), 2.31 (s, 3H, CHg3); 13C
NMR (150 MHz, DMSO-ds) &: 195.6, 177.4, 177.0, 141.2, 141.0, 137.7, 135.4, 135.0,
134.5, 134.0, 131.2, 130.5, 130.1, 129.0, 128.5, 128.5, 128.4, 128.2, 127.5, 126.9, 126.5,
126.3, 125.7, 125.6, 125.4, 123.2, 109.9, 109.3, 70.9, 68.6, 66.3, 57.9, 44.0, 41.5, 29.0,
20.6; IR(KBr) u: 3434, 3282, 3066, 2922, 2819, 1710, 1609, 1587, 1493, 1429, 1348,
1281, 1211, 1172, 1119, 1088, 1008, 938, 855, 809, 735cm™*; MS (m/z): HRMS (ESI)
Calcd. for C41H32Cl2N303 ([M+H]*): 684.1815, found: 684.1811.
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2'-Benzoyl-1-benzyl-5"-methyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrrolo[
2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (4k)

white solid, 58%, m.p. 244~245°C; 'H NMR (400 MHz, DMSO-dg) &: 10.45 (s, 1H, NH),
7.91~7.89 (m, 1H, ArH), 7.40~7.36 (m, 1H, ArH), 7.29~7.28 (m, 4H, ArH), 7.19~7.17 (m,
2H, ArH), 7.16~7.12 (m, 2H, ArH), 7.10~6.98 (m, 7H, ArH), 6.79 (d, J = 8.0Hz, 1H, ArH),
6.66~6.62 (m, 1H, ArH), 6.50 (d, J = 7.2Hz, 1H, ArH), 5.99 (d, J = 8.0Hz, 1H, ArH), 5.71 (s,
1H, CH), 5.01~4.97 (m, 2H, CH), 4.07 (d, J = 15.6Hz, 1H, CH), 2.92~2.86 (m, 2H, CH),
2.68~2.64 (m, 2H, CH), 2.31 (s, 3H, CHs); 3C NMR (100 MHz, DMSO-dg) 6:197.1, 178.1,
177.8,142.7,141.5, 137.0, 136.2, 135.0, 134.9, 133.0, 130.9, 130.4, 129.7, 129.3, 128.9,
128.8, 128.4, 128.3, 127.8, 127.3, 127.0, 126.8, 126.0, 126.0, 125.5, 123.8, 123.1, 109.6,
108.8, 71.1, 68.9, 67.3, 58.3, 44.3, 42.0, 29.6, 21.1; IR(KBr) u: 3344, 3057, 3028, 2909,
2838, 1715, 1611, 1491, 1465, 1364, 1300, 1221, 1175, 1002, 945, 848, 811, 750,
728cm?; MS (m/z): HRMS (ESI) Calcd. for CaiHzsN3Os ([M+H]"): 616.2595, found:
616.2589.
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1-Benzyl-5,5"-dimethyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indolin
e-3,1'-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4l)

white solid, 62%, m.p. 243~244°C; 'H NMR (400 MHz, DMSO-dg) &: 10.38 (s, 1H, NH),
7.71 (brs, 1H, ArH), 7.30~7.26 (m, 4H, ArH), 7.22~7.20 (m, 2H, ArH), 7.09~7.04 (m, 3H,
ArH), 6.96~6.89 (m, 4H, ArH), 6.84 (d, J = 8.0Hz, 1H, ArH), 6.78 (d, J = 7.6Hz, 1H, ArH),
6.78~6.64 (m, 1H, ArH), 6.44 (d, J = 7.6Hz, 1H, ArH), 6.01 (d, J = 8.0Hz, 1H, ArH), 5.68 (s,
1H, CH), 4.94~4.90 (m, 2H, CH), 4.13 (d, J = 15.6Hz, 1H, CH), 2.88~2.84 (m, 2H, CH),
2.67~2.60 (m, 2H, CH), 2.30 (s, 3H, CHg), 2.22 (s, 6H, CHg); 3C NMR (100 MHz,
DMSO-ds) 6: 196.5, 178.0, 177.8, 143.3, 141.5, 140.4, 136.3, 135.1, 134.9, 134.5, 131.9,
130.9, 130.4, 129.7, 129.3, 129.0, 128.9, 128.8, 128.5, 127.8, 127.4, 127.2, 126.7, 126.6,
126.0, 125.4, 123.8, 109.6, 108.5, 71.1, 68.9, 67.1, 58.3, 44.3, 42.0, 29.6, 21.4, 21.3, 21.1;
IR(KBr) u: 3434, 3274, 3030, 2918, 2838, 1712, 1684, 1624, 1604, 1494, 1432, 1407,
1360, 1303, 1199, 1169, 1121, 1031, 1005, 940, 859, 812, 727cm™; MS (m/z): HRMS (ESI)
Calcd. for Ca3H3gN30Os3 ([M+H]+)Z 644.2908, found: 644.2904.
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1-Benzyl-2'-(4-chlorobenzoyl)-5,5"-dimethyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline
-3,1'-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4m)

white solid, 66%, m.p. 251~252°C; *H NMR (400 MHz, DMSO-dg) &: 10.42 (s, 1H, NH),
7.71 (s, 1H, ArH), 7.31~7.29 (m, 4H, ArH), 7.23~7.22 (m, 2H, ArH), 7.15~7.13 (m, 2H,
ArH), 7.09 (d, J = 8.0Hz, 1H, ArH), 7.06~7.01 (m, 4H, ArH), 6.88 (d, J = 8.0Hz, 1H, ArH),
6.79 (d, J = 7.6Hz, 1H, ArH), 6.66~6.63 (m, 1H, ArH), 6.51 (d, J = 8.0Hz, 1H, ArH), 6.01 (d,
J =7.6Hz, 1H, ArH), 5.67 (s, 1H, CH), 4.94 (d, J = 14.0Hz, 2H, CH), 4.16 (d, J = 15.2Hz,
1H, CH), 2.88~2.85 (m, 2H, CH), 2.67~2.62 (m, 2H, CH), 2.31 (s, 3H, CH3), 2.22 (s, 3H,
CHgs); 3C NMR (150 MHz, DMSO-de) &: 195.9, 177.4, 177.2, 141.1, 140.0, 137.3, 135.8,
135.3, 134.5, 134.4, 131.7, 130.4, 130.0, 129.2, 128.9, 128.7, 128.4, 128.1, 128.0, 127.4,
126.8, 126.3, 126.1, 125.5, 125.1, 123.3, 109.2, 108.1, 70.6, 68.4, 66.6, 57.6, 43.9, 41.5,
29.1, 20.8, 20.6; IR(KBr) u: 3435, 3272, 3031, 2918, 2817, 1710, 1623, 1588, 1494, 1431,
1402, 1361, 1305, 1203, 1169, 1089, 1006, 939, 858, 811, 730, 700cmt; MS (m/z): HRMS
(ES|) Calcd. for C42H35C|N303 ([M+H]+)Z 664.2361, found: 664.2357.
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1-Butyl-5,5"-dimethyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-

3,1'-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (4n)

white solid, 90%, m.p. 243~244°C; 'H NMR (400 MHz, DMSO-dg) &: 10.36 (s, 1H, NH),
7.69 (brs, 1H, ArH), 7.23 (brs, 1H, ArH), 7.08~7.04 (m, 3H, ArH), 6.98~6.92 (m, 4H, ArH),
6.90 (d, J = 7.6Hz, 1H, ArH), 6.82~6.77 (m, 2H, ArH), 6.51 (d, J = 8.0Hz, 1H, ArH), 6.09 (d,
J=7.6Hz, 1H, ArH), 5.61 (s, 1H, CH), 4.89 (s, 1H, CH), 3.63~3.56 (m, 1H, CH), 3.10~3.04
(m, 1H, CH), 2.89~2.80 (m, 2H, CH), 2.65~2.57 (m, 2H, CH), 2.29 (s, 3H, CHs3), 2.23 (s,
3H, CHs), 2.20 (s, 3H, CH3), 1.46~1.38 (m, 1H, CH), 1.30~1.24 (m, 1H, CH), 1.22~1.16 (m,
2H, CH), 0.86~0.83 (t, J = 7.2Hz, 3H, CHs); *C NMR (100 MHz, DMSO-d¢) d: 196.6,
177.8,177.5, 143.1, 141.5, 140.7, 135.4, 134.9, 134.6, 131.5, 130.8, 130.4, 129.8, 129.3,
129.1, 128.9, 127.5, 127.2, 126.7, 126.6, 125.6, 125.3, 123.6, 109.6, 108.1, 70.9, 68.9,
66.8, 58.1, 41.9, 29.8, 21.4, 21.3, 21.1, 20.3, 14.1; IR(KBr) u: 3437, 3263, 3058, 2958,
2925, 2863, 2828, 1708, 1626, 1605, 1494, 1410, 1368, 1308, 1203, 1170, 1113, 1011,
808, 747, 724cm; MS (m/z): HRMS (ESI) Calcd. for CaoHaoN3O3 ([M+H]*): 610.3064,
found: 610.3059.
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1-Butyl-5,5"-dichloro-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (40)

white solid, 72%, m.p. 242~243°C; *H NMR (400 MHz, DMSO-dg) &: 10.72 (s, 1H, NH),
7.90~7.89 (m, 1H, ArH), 7.46 (m, 1H, ArH), 7.35 (dd, J;= 8.2Hz, J,= 2.0Hz, 1H, ArH), 7.16
(dd, J1= 8.4Hz, J>,= 2.0Hz, 1H, ArH), 7.07~7.06 (m, 2H, ArH), 7.00 (brs, 4H, ArH), 6.93 (d,
J = 8.4Hz, 1H, ArH), 6.85~6.81 (m, 1H, ArH), 6.67 (d, J = 8.4Hz, 1H, ArH), 6.07 (d, J =
8.0Hz, 1H, ArH), 5.56 (s, 1H, CH), 4.94 (s, 1H, CH), 3.64~3.58 (m, 1H, CH), 3.11~3.06 (m,
1H, CH), 2.88~2.83 (m, 2H, CH), 2.67~2.60 (m, 2H, CH), 2.22 (s, 3H, CH3), 1.44~1.39 (m,
1H, CH), 1.27~1.17 (m, 3H, CH), 0.845 (t, J = 7.2Hz, 3H, CHz3); ¥*C NMR (100 MHz,
DMSO-ds) 6: 196.7, 177.6, 177.0, 143.5, 142.8, 142.0, 134.9, 134.7, 134.4, 131.7, 130.2,
129.4,129.1, 128.9, 127.3, 127.0, 126.9, 126.0, 125.8, 125.8, 125.3, 123.5, 111.5, 110.0,
71.2, 68.9, 66.8, 58.1, 42.0, 29.6, 29.5, 21.4, 20.2, 14.0; IR(KBr) u: 3434, 3185, 3070,
2930, 2867, 1713, 1674, 1610, 1479, 1435, 1350, 1285, 1249, 1223, 1183, 1142, 1115,
1078, 947, 895, 811, 787, 732cm™; MS (m/z): HRMS (ESI) Calcd. for CzsH33CloN3O3
([M+H]*): 650.1972, found: 650.1974.

7.364
7.360
7.344
7.339
7175
7470
7154
7148
7.074
7.067
7.061
7.001
3.110
3.091
3.075
3.057
2885
2.857
2.839
2.832
2672
2.628
2,610

= O
o ©
_ T
[

I
=
o

LR

¥ !
PGP - =
oo gamo o o o
[E=g===1= =] =]

A
LIJ
>
(=]

[T rrr ot
o

00l =
00e =
ol
0e
00E =

T T T T T
0.0
ppm (1)

Copy of *H NMR spectrum of 40 in DMSO-ds

30



—10.0

—50

—0.0

il T T — O M —OMmMOoO (O DODoDo ®»omNR— @ 3G m o
o DO MBI THNMID NMO®M oD 00 D0 — — = O o —r = @
F- O S WMo G N ® MOd OBo M 0N O N O D @ w3 W - O
© M- MmN TT YT - O @®O -0 O o= o o®e - = S L
o] M~ =T =T =T MMM 7 0 NN NN ™ N — — 0o W o™ ;@ — O T
— —_ e T T T T T T T T T rTT T o TT o+ v~ — @O N =+ NN N
|
|
|
|
| |
|
l BRI ‘
| 1 |
|
|
| T T T | T T | T T T T | T T
200 150 100 50
ppm (1)

Copy of 13C NMR spectrum of 40 in DMSO-ds

Intens. -

5000
4000-5
3000—5
2000-5

1000

650.1974

672.1774

|| M ‘l“||ll|ll 688I|15?:2I

NS, 0.77-0.83min #(72-77)

630

T I III T T
640

L I B L B T 1
650 660 670 680 690

Copy of HRMS of 40

31



1",5-Dimethyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrr
olo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4p)

white solid, 85%, m.p. 246~247°C; 'H NMR (400 MHz, DMSO-ds) &: 10.40 (s, 1H, NH),
7.63 (s, 1H, ArH), 7.48 (d, J = 7.2Hz, 1H, ArH), 7.40~7.36 (m, 1H, ArH), 7.14~7.10 (m, 2H,
ArH), 7.08~7.05 (m, 4H, ArH), 7.00 (d, J = 8.0Hz, 2H, ArH), 6.91~6.86 (m, 1H, ArH), 6.82
(d, J =8.0Hz, 1H, ArH), 6.37 (d, J = 7.6Hz, 1H, ArH), 6.24 (d, J = 8.0Hz, 1H, ArH), 5.62 (s,
1H, CH), 4.95 (s, 1H, CH), 3.29 (s, 3H, CH3), 2.87~2.77 (m, 2H, 2CH), 2.63~2.59 (m, 1H,
CH), 2.57~2.52 (m, 1H, CH), 2.22 (s, 3H, CHs), 2.20 (s, 3H, CHgs); *C NMR (100 MHz,
DMSO-ds) 6: 196.6, 179.4, 176.1, 145.3, 143.3, 139.6, 135.5, 134.9, 134.5, 130.9, 130.5,
130.2, 129.2,129.1, 129.0, 127.3, 126.8, 126.7, 126.6, 125.9, 124.5, 123.6, 122.7, 109.1,
108.8, 70.9, 69.4, 66.9, 58.8, 41.9, 29.7, 26.4, 21.4, 21.4; IR(KBr) u: 3424, 3199, 2909,
2821, 1720, 1674, 1607, 1493, 1470, 1415, 1373, 1346, 1291, 1263, 1204, 1182, 1156,
1130, 1039, 976, 945, 810, 752cm™; MS (m/z): HRMS (ESI) Calcd. for CssH32N3O3
([M+H]*): 554.2438, found: 554.2456.
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5-Chloro-1"-methyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,
1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4q)

white solid, 63%, m.p. 238~240°C; 'H NMR (600 MHz, DMSO-ds) : 10.68 (s, 1H, NH),
7.88 (brs, 1H, ArH), 7.50 (d, J = 7.2Hz, 1H, ArH), 7.41~7.38 (m, 1H, ArH), 7.14~7.07 (m,
7H, ArH), 7.05~7.04 (m, 2H, ArH), 6.94~6.91 (m, 1H, ArH), 6.49 (d, J = 8.4Hz, 1H, ArH),
6.22 (d, J = 7.8Hz, 1H, ArH), 5.61 (s, 1H, CH), 4.97 (s, 1H, CH), 3.32 (s, 3H, CHy),
2.86~2.82 (m, 2H, CH), 2.65~2.61 (m, 1H, CH), 2.58~2.54 (m, 1H, CH), 2.22 (s, 3H, CH3);
13C NMR (150 MHz, DMSO-ds) 5: 196.0, 178.6, 175.8, 144.8, 143.2, 140.5, 134.5, 134.5,
133.8, 132.0, 129.9, 128.9, 128.7, 128.4, 126.9, 126.4, 125.8, 125.7, 125.6, 124.2, 123.0,
122.3, 110.4, 108.5, 70.6, 69.1, 66.2, 58.7, 41.5, 29.1, 26.0, 20.9; IR(KBr) u: 3175, 3054,
2930, 2832, 1711, 1681, 1613, 1473, 1444, 1374, 1335, 1278, 1229, 1182, 1128, 1108,
1040, 942, 901, 769, 743cm; MS (m/z): HRMS (ESI) Calcd. for C3sH29CIN3O3 ([M+H]):
574.1892, found: 574.1893.
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1-Benzyl-2'-(4-chlorobenzoyl)-1",5-dimethyl-6',10b'-dihydro-2'H,5'H-dispiro[indoline
-3,1'-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4r)

white solid, 58%, m.p. 178~180°C; 'H NMR (600 MHz, DMSO-ds) d: 7.71 (brs, 1H, ArH),
7.53~7.52 (m, 1H, ArH), 7.41~7.40 (m, 1H, ArH), 7.31 (brs, 3H, ArH), 7.22 (brs, 2H, ArH),
7.14~7.02 (m, 8H, ArH), 6.90~6.89 (m, 1H, ArH), 6.66 (m, 1H, ArH), 6.53~6.52 (m, 1H,
ArH), 6.02~6.00 (m, 1H, ArH), 5.70 (s, 1H, CH), 4.99 (s, 1H, CH), 4.94 (d, J = 15.0Hz, 1H,
CH), 4.17 (d, J = 15.6Hz, 1H, CH), 3.32 (s, 3H, CH3), 2.86~2.85 (m, 2H, CH), 2.66~2.56
(m, 2H, CH), 2.24 (s, 3H, CHs); 3C NMR (150 MHz, DMSO-dg) &: 195.8, 177.3, 175.5,
144.8, 140.0, 137.5, 135.8, 135.1, 134.4, 134.3, 131.8, 129.9, 129.0, 128.9, 128.8, 128.4,
128.1, 128.0, 127.4, 126.4, 126.0, 125.9, 125.6, 124.3, 123.3, 122.3, 108.4, 108.2, 70.4,
68.7, 66.9, 57.8, 43.9, 41.5, 29.1, 26.0, 20.9; IR(KBr) u: 3436, 3030, 2922, 2822, 1712,
1612, 1495, 1472, 1427, 1346, 1262, 1194, 1129, 1089, 1035, 1005, 939, 853, 821, 747,
701lcm?; MS (m/z): HRMS (ESI) Calcd. for Ca2H3sCIN3Os ([M+H]"): 664.2361, found:
664.2361.
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1"-Benzyl-5,5"-dimethyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indolin
e-3,1'-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (4s)

white solid, 79%, m.p. 198~200°C; 'H NMR (400 MHz, DMSO-ds) &: 10.43 (s, 1H, NH),
7.64 (s, 1H, ArH), 7.53 (d, J = 7.6Hz, 2H, ArH), 7.38~7.34 (m, 2H, ArH), 7.31 (brs, 1H,
ArH), 7.29~7.26 (m, 1H, ArH), 7.12 (d, J = 8.4Hz, 2H, ArH), 7.07~7.05 (m, 3H, ArH), 7.02
(d, 3 =8.0Hz, 2H, ArH), 6.91~6.87 (m, 1H, ArH), 6.82 (d, J = 7.6Hz, 1H, ArH), 6.72 (d, J =
8.0Hz, 1H, ArH), 6.38 (d, J = 7.6Hz, 1H, ArH), 6.25 (d, J = 7.6Hz, 1H, ArH), 5.62 (s, 1H,
CH), 5.11 (d, J = 16.4Hz, 1H, CH), 5.00 (d, J = 15.6Hz, 2H, CH), 2.88~2.83 (m, 1H, CH),
2.73~2.70 (m, 1H, CH), 2.63~2.56 (m, 2H, CH), 2.29 (s, 3H, CHj3), 2.22 (s, 6H, CH3); 13C
NMR (100 MHz, DMSO-ds) &: 196.7, 179.4, 176.0, 143.3, 142.0, 139.6, 137.1, 135.6,
134.9, 134.6, 131.9, 131.0, 130.6, 130.3, 129.2, 129.1, 129.0, 128.9, 127.7, 127.6, 127 .4,
126.9, 126.7, 126.5, 126.0, 125.1, 123.5, 109.3, 109.1, 70.8, 69.4, 66.8, 58.5, 56.4, 43.2,
41.9, 29.8, 21.4, 21.0; IR(KBr) u: 3200, 3027, 2972, 2915, 2833, 1705, 1679, 1605, 1497,
1431, 1341, 1212, 1163, 1125, 1048, 878, 813, 754, 705cm; MS (m/z): HRMS (ESI)
Calcd. for Ca3H3gN3Os3 ([M+H]+)Z 644.2908, found: 644.2916.
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1"-Benzyl-5-chloro-2'-(4-methoxybenzoyl)-5"-methyl-6',10b'-dihydro-2'H,5'H-dispiro
[indoline-3,1'-pyrrolo[2,1-alisoquinoline-3',3"-indoline]-2,2"-dione (4t)

white solid, 80%, m.p. 198~199°C; *H NMR (400 MHz, DMSO-ds) &: major isomer: 10.71
(s, 1H, NH), 7.89 (brs, 1H, ArH), 7.52 (d, J = 7.6Hz, 2H, ArH), 7.38~7.25 (m, 6H, ArH),
7.11~7.07 (m, 4H, ArH), 6.96~6.92 (m, 1H, ArH), 6.78 (d, J = 8.4Hz, 2H, ArH), 6.73 (d, J =
8.0Hz, 1H, ArH), 6.54 (d, J = 8.4Hz, 1H, ArH), 6.24 (d, J = 7.6Hz, 1H, ArH), 5.63 (s, 1H,
CH), 5.11 (d, J = 16.4Hz, 1H, CH), 5.01 (d, J = 17.2Hz, 2H, CH), 3.73 (s, 3H, OCHy),
2.89~2.74 (m, 2H, CH), 2.65~2.56 (m, 2H, CH), 2.29 (s, 3H, CHz); minor isomer: 10.98
(s, 1H, NH), 7.04 (brs, 1H, ArH), 6.65 (d, J = 9.2Hz, 1H, ArH), 6.60 (d, J = 8.4Hz, 1H, ArH),
5.21 (s, 1H, CH), 3.71 (s, 3H, OCHj3), 2.15 (s, 3H, CHs). ratio of major/minor = 90:10;
13C NMR (100 MHz, DMSO-ds) 5: 194.5, 178.6, 175.6, 162.7, 141.4, 140.4, 136.4, 134.6,
134.4,132.0, 131.4,129.9, 129.1, 129.1, 128.8, 128.4, 128.3, 127.1, 127.1, 126.3, 125.9,
125.7, 125.5, 125.5, 124.7, 122.8, 113.4, 110.4, 108.9, 70.5, 68.9, 65.9, 58.4, 55.3, 42.7,
41.4,29.1, 20.4; IR(KBr) u: 3189, 3025, 2912, 2835, 1707, 1676, 1601, 1498, 1472, 1436,
1341, 1257, 1219, 1171, 1033, 981, 943, 895, 846, 815, 748, 702cm*; MS (m/z): HRMS
(ESI) Calcd. for C42H34CIN3O4 ([M+H]*): 680.2311, found: 680.2313.

LU T

— 300

10.706
7.894
7.704
6. 61 2
6.591
6.556
6.535
6.250
6.231
5.629
5.206
5132
5.091
5.026
4.983
3.731
3.710
3.296
2.888
2.865
2.842
2775
2757
2.745
4.
/
!

| L-250
L 200

— 150

— 100

— 50

|

06’0 =
00} =
!
060 =
060 =

b
00 =

0

0

¢

Hloro—~ -

10.0 50 0.0
ppm (t1)

Copy of *H NMR spectrum of 4t in DMSO-ds

40



200

Z96'GY /
2l6'a9

6505°0L

gle80t )

gZr ol
SEVELL
998'2¢}

FoLbEl
§85'GZ
865'5Z1
EGL'GT
LPE 6T
05E'921
1A AAN
PR RAY
EPEREZL
SoFezl
LIB'BEZL

arl'6zl N\
EENATA
ELGRSTAN
LaFLEL
9s0°zel

LEFPEL
098'pel

Livoel
05F 0ok
ErA
69L°29l g
E58°GLL

L098LL
195" pEL

I
50

\
100

\
160

I
200
ppm (f1)

Copy of 13C NMR spectrum of 4t in DMSO-ds

—
oo
—~
-~
o
= =
=
=
=
—
—
=2
[ L
o
[=1%
[T}
=
-+
o ]
= —
o
<~
[=—1%
[==3
tx=3
T T T T T T T
o 2, (=% (==} [¥=3 <+ o~ (=%
S = ~— [ [ L3 =1} (=3
L2 =<
=

680 10 [ 40 mz
Copy of HRMS of 4t

660

640

41



1"-Benzyl-5-chloro-5"-methyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[i
ndoline-3,1'-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4u)

white solid, 62%, m.p. 178~180°C; *H NMR (600 MHz, DMSO-ds) &: major isomer: 10.70
(s, 1H, NH), 7.89 (brs, 1H, ArH), 7.36~7.28 (m, 6H, ArH), 7.16~7.00 (m, 7H, ArH),
6.95~6.87 (m, 2H, ArH), 6.75 (d, J = 7.8Hz, 1H, ArH), 6.50 (d, J = 8.4Hz, 1H, ArH), 6.23 (d,
J = 7.2Hz, 1H, ArH), 5.62 (s, 1H, CH), 5.15~5.10 (m, 1H, CH), 5.03~5.01 (m, 2H,CH),
2.89~2.76 (m, 2H,CH), 2.29 (s, 3H, CH3), 2.24 (s, 3H, CHz3); minor isomer: 11.02 (s, 1H,
NH), 7.70 (brs, 1H, ArH), 7.54~7.52 (m, 6H, ArH), 6.83 (d, J = 7.8Hz, 1H, ArH), 6.62 (d, J =
7.2Hz, 1H, ArH), 6.57 (d, J = 7.2Hz, 1H, ArH), 5.20 (s, 1H, CH), 4.97 (d, J = 15.6Hz, 1H,
CH), 4.62 (d, J = 15.6Hz, 1H, CH), 2.20 (s, 3H, CHs), 2.15 (s, 3H, CHs). ratio of
major/minor = 75:25; 13C NMR (150 MHz, DMSO-ds) d: 196.2, 194.9, 178.6, 177.3,
176.4, 175.7, 143.2, 141.5, 141.4, 140.9, 140.5, 136.5, 135.9, 134.7, 134.6, 134.5, 134.3,
133.9, 132.2,132.1, 131.7, 131.6, 130.0, 129.8, 128.9, 128.9, 128.8, 128.7, 128.6, 128.5,
128.4,127.8,127.5, 127.2, 127.2, 127.0, 127.0, 126.7, 126.6, 126.4, 126.0, 125.9, 125.8,
125.7, 125.5, 125.5, 124.9, 124.8, 124.7, 123.2, 122.9, 110.5, 109.0, 70.5, 69.0, 68.8,
66.1, 65.6, 63.7,58.4, 57.7, 43.2, 42.8, 41.5, 41.5, 29.2, 21.0, 20.7, 20.5; IR(KBr) u: 3403,
3230, 3028, 2922, 2825, 1713, 1685, 1606, 1496, 1474, 1435, 1342, 1288, 1220, 1180,
1120, 1079, 1008, 942, 810, 743cm’; MS (m/z): HRMS (ESI) Calcd. for C2H35CIN3O3
([M+H]*): 664.2361, found: 664.2356.
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1"-Benzyl-5,5"-dichloro-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indolin
e-3,1'-pyrrolo[2,1-a]lisoquinoline-3',3"-indoline]-2,2"-dione (4v)

white solid, 76%, m.p. 242~243°C; 'H NMR (400 MHz, DMSO-ds) : 10.71 (s, 1H, NH),
7.84 (s, 1H, ArH), 7.54 (brs, 3H, ArH), 7.38~7.29 (m, 4H, ArH), 7.19~6.89 (m, 9H, ArH),
6.49 (d, J = 8.4Hz, 1H, ArH), 6.23 (d, J = 7.2Hz, 1H, ArH), 5.57 (s, 1H, CH), 5.17~5.05 (m,
3H, CH), 2.88~2.56 (m, 4H, CH), 2.24 (s, 3H, CHa); *C NMR (100 MHz, DMSO-ds) d:
196.8, 178.8, 175.9, 143.6, 143.2, 141.0, 136.6, 134.9, 134.9, 134.3, 132.4, 130.2, 129.4,
129.0, 128.9, 128.5, 127.8, 127.7, 127.6, 127.0, 126.9, 126.3, 126.2, 125.8, 125.1, 123.3,
111.1, 111.0, 70.9, 69.2, 66.8, 58.5, 43.4, 42.0, 29.7, 21.4; IR(KBr) u: 3391, 3192, 2935,
2843, 1717, 1677, 1609, 1483, 1432, 1336, 1290, 1253, 1218, 1175, 1119, 1077, 1038,
980, 898, 815, 784, 740cm™; MS (m/z): HRMS (ESI) Calcd. for C41H3z1N3NaOs ([M+Na]*):
706.1635, found: 706.1627.
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1,1"-Dibenzyl-2'-(4-chlorobenzoyl)-5,5"-dimethyl-6',10b'-dihydro-2'H,5'H-dispiro[ind
oline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4w)

white solid, 60%, m.p. 150~152°C; 'H NMR (600 MHz, DMSO-ds) d: 7.72 (s, 1H, ArH),
7.54~7.52 (m, 2H, ArH), 7.37~7.35 (m, 3H, ArH), 7.31~7.28 (m, 4H, ArH), 7.24 (brs, 2H,
ArH), 7.15~7.14 (m, 2H, ArH), 7.09~7.06 (m, 5H, ArH), 6.90 (d, J = 7.2Hz, 1H, ArH), 6.74
(d, J=7.8Hz, 1H, ArH), 6.65 (m, 1H, ArH), 6.54 (d, J = 7.2Hz, 1H, ArH), 6.13 (d, J = 7.2Hz,
1H, ArH), 5.70 (s, 1H, CH), 5.11 (d, J = 16.2Hz, 1H, CH), 5.02 (d, J = 13.2Hz, 2H, CH),
495 (d, J = 15.6Hz, 1H, CH), 4.18 (d, J = 15.6Hz, 1H, CH), 2.89~2.87 (m, 1H, CH),
2.79~2.77 (m, 1H, CH), 2.65~2.59 (m, 2H, CH), 2.30 (s, 3H, CH3), 2.24 (s, 3H, CHj3); 13C
NMR (150 MHz, DMSO-ds) &: 196.0, 177.3, 175.4, 141.5, 140.0, 137.4, 136.5, 135.8,
135.2,134.4,134.4,131.8, 131.5, 130.0, 129.1, 128.9, 128.5, 128.4, 128.2, 128.2, 128.0,
127.4, 127.2, 127.2, 126.4, 126.1, 125.9, 125.6, 125.1, 123.3, 108.9, 108.2, 70.3, 68.6,
66.8, 57.5, 44.0, 42.8, 41.5, 29.2, 20.9, 20.6; IR(KBr) u: 3435, 3028, 2917, 1711, 1593,
1496, 1431, 1345, 1293, 1193, 1165, 1088, 1003, 809, 743cm™; MS (m/z): HRMS (ESI)
Calcd. for CagH41CIN3O3 ([M+H]*): 754.2831, found: 754.2822.

W@
M o O
W @

—~

N

7.353
7.312

7.291
7.279
7.244
7.151
7.138
7.003
7.065

7717

RINIRINENANSAY

[ — 5000(

L

Py oy
= B CARIR e
o O aanom O ooo
O O Ga-a = =00
| T T
10.0 5.0 0.0
ppm (t1)

00} <
¢
t
z
BEE £

=] 00 =

Copy of *H NMR spectrum of 4w in DMSO-ds

46



5000(

w0z
5z6'02
gEz'6z
058 b
gze'zy

Lo0'vE
Lic /o

PEB'93
L2883
aLeoL
cLz’enl %
986'801

9LE'EEL

£01'52Z1
BZOGEZL
PEE'GT)
819l
A A
W LZL
LLTLE)
65F 421
croezi
Liz'azl
9LZ'BEL
L ezl
PES BT

50

100

8EE'8ZL
Pl 62
6500E}
665" 1EL
L6ETlEl

BEP'PEL
larrel

LBZ'SEL
99E'5EL
LB59El
9Lviel
£60°0F1
6rs vl
SEFGLL

EZELLL
LPO'96L

Copy of 13C NMR spectrum of 4w in DMSO-ds

Intens. |

\I/
(7)
Lo
S
Lo
S5
=
=
=
=
Lo
< -
=
=
IS
(79)
=
E=
o
o —
[({=3 =
IS ——
«©
=
=
o~ l.|
d P—
[==] |
o~ 1
<r
Lo
=
T T T T T 1
= Lo = Lo =
~— — -~ fal [
>

140 760 780 800 820 mz
Copy of HRMS of 4w
47

120

700



1-Butyl-5-chloro-5"-methyl-2'-(4-methylbenzoyl)-6',10b'-dihydro-2'H,5'H-dispiro[ind

oline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2,2"-dione (4x)

white solid, 50%, m.p. 225~226°C; 'H NMR (400 MHz, DMSO-ds) &: 10.43 (s, 1H, NH),
7.55 (s, 1H, ArH), 7.45~7.42 (m, 2H, ArH), 7.15 (d, J = 8.4Hz, 1H, ArH), 7.10 (d, J = 8.0Hz,
2H, ArH), 7.06~7.05 (m, 2H, ArH), 6.98 (d, J = 8.0Hz, 2H, ArH), 6.91~6.86 (m, 1H, ArH),
6.81 (d, J = 8.4Hz, 1H, ArH), 6.35 (d, J = 7.6Hz, 1H, ArH), 6.23 (d, J = 7.6Hz, 1H, ArH),
5.54 (s, 1H, CH), 4.92 (s, 1H, CH), 3.92~3.85 (m, 1H, CH), 3.79~3.72 (m, 1H, CH),
2.91~2.85 (m, 1H, CH), 2.68~2.53 (m, 3H, CH), 2.20 (s, 6H, CH3), 1.74~1.66 (m, 2H, CH),
1.47~1.41 (m, 2H, CH), 0.97 (t, J = 7.2Hz, 3H, CHzs); 13C NMR (150 MHz, DMSO-ds) 3:
196.2,178.8, 175.0, 143.2, 142.7, 139.1, 135.0, 134.4, 134.1, 130.5, 130.0, 129.7, 128.8,
128.7, 128.6, 128.4, 127.0, 126.2, 126.1, 125.9, 125.5, 124.2, 123.0, 110.0, 108.7, 70.0,
68.6, 66.5, 57.7, 41.4, 29.2, 28.9, 20.9, 19.5, 13.6; IR(KBr) u: 3435, 3029, 2929, 2869,
1709, 1608, 1489, 1431, 1341, 1293, 1265, 1184, 1118, 1041, 1010, 949, 814, 749cm™;

MS (m/z): HRMS (ESI) Calcd. for CaeHs7CIN3Os ([M+H]*): 630.2518, found: 630.2513.
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