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General information: NMR spectra were measured respectively at 400 and 100 MHz,
respectively. The solvent used for NMR spectroscopy was CDCl;, using
tetramethylsilane as the internal reference. HRMS spectra were recorded on a
LTQ-Orbitrap mass spectrometer (ionization mode: ESI+). Enantiomeric excesses
(ee) were determined by chiral high-performance liquid chromatography (chiral
HPLC). The chiral columns used for the determination of enantiomeric excesses by
chiral HPLC were Chiralpak IC and IA columns. Optical rotation values were
measured with instruments operating at A = 589 nm, corresponding to the sodium D
line at the temperatures indicated. The relative and absolute configurations of 4had
were assigned by the X-ray analysis.

Analytical grade solvents for the column chromatography and commercially
available reagents were used as received. Toluene was dried over Na and distilled
prior to use. All starting materials commercially available were used directly.
Substrates 1a-1d, 1f-1p and 3a-3d were synthesized according to the literature
methods.' Catalysts 5a-5f were prepared according to previously described

2
precedures.

General procedure for the preparation of racemic products:

R3
0 NH,  OH on OO 0 0
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10 o N R R R AN
R @E/NS: * Q * 30 mol% rac-5g, 50 °C | OO O OH
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After a solution of isatin 1 (0.12 mmol), anilines 2 (0.1 mmol), the catalyst rac-5g
(0.03 mmol), and 5A molecular sieves (100 mg) in toluene (0.5 mL) was stirred at
room temperature for 20 mins, the solution of styrenes 3 (0.36 mmol) in toluene (0.5
mL) was added. After being stirred at 50 °C for 48 h, the reaction mixture was filtered
to remove molecular sieves and the solid powder was washed with ethyl acetate. The

resultant solution was concentrated under the reduced pressure to give the residue,
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which was purified through flash column chromatography on silica gel to afford pure

products.

General procedure for the asymmetric isatin-involved Povarov reaction:

0 NH,  OH
S N R*
R | O + + 0
N X 10 mol% 5f, -20 °C
\ 2
R R R3 PhCHa, 5 A MS
1 2 3

After a solution of isatin 1 (0.12 mmol), anilines 2 (0.1 mmol), the catalyst 5f (0.01
mmol), and 5A molecular sieves (100 mg) in toluene (0.5 mL) was stirred at room
temperature for 20 mins then cooled to -20 °C, the solution of styrenes 3 (0.36 mmol)
in toluene (0.5 mL) was added. After being stirred at -20 °C for 84 h, the reaction
mixture was filtered to remove molecular sieves and the solid powder was washed
with ethyl acetate. The resultant solution was concentrated under the reduced pressure
to give the residue, which was purified through flash column chromatography on
silica gel to afford pure products. In some cases as indicated in Table 2-3, the reaction

temperature was increased to 50 °C and carbon tetrachloride was utilized as solvent.

1-benzyl-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-spiro[ind
oline-3,2'-quinolin]-2-one (4aaa): dr > 99:1; yield: 99%; colorless sticky oil; [a]p™
= -298.8 (¢ 0.6, CHCl3); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.33-7.26 (m, 6H),
7.13-7.11 (m, 2H), 6.95 (d, J=7.2 Hz, 1H), 6.89 (td, /= 7.6, 1.0 Hz, 2H), 6.76 (dd, J
=17.9, 1.2 Hz, 1H), 6.70 (dd, J = 8.6, 2.7 Hz, 1H), 6.67 (d, J= 7.8 Hz, 1H), 6.62 (dd, J
=5.4,2.6 Hz, 2H), 5.78 (s, 1H), 4.98 (d, J = 15.5 Hz, 1H), 4.64 (d, J = 15.5 Hz, 1H),
4.05 (s, 1H), 3.66 (s, 3H), 2.96 (d, J = 14.8 Hz, 1H), 2.10 (d, J = 14.7 Hz, 1H), 1.98 (s,
3H); *C-NMR (CDCls, 100 MHz) & (ppm): 179.0, 154.0, 153.7, 141.8, 135.9, 135.4,
135.1, 132.2, 129.2, 128.8, 128.2, 127.7, 127.4, 127.2, 124.3, 122.9, 120.4, 117.9,
116.2, 113.9, 113.7, 108.9, 60.5, 55.6, 44.9, 43.7, 39.6, 29.1; IR (KBr): y 3375, 3059,
3031, 2928, 2854, 1702, 1609, 1498, 1463, 1444, 1356, 1293, 1261, 1217, 1173, 1125,
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934, 904, 852, 809, 751, 698; ESI FTMS exact mass calcd for (C3;HN,Os+H)"
requires m/z 477.2178, found m/z 477.2174; Enantiomeric excess: 94%, determined
by HPLC (Daicel Chirapak IA, hexane/ isopropanol = 70/ 30, flow rate 1.0 mL/min, T
=30 °C, 254 nm ): tg = 7.234 min (minor), tg = 20.164 min (major).

1-(4-tert-butylbenzyl)-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-

1'H-spiro[indoline-3,2'-quinolin]-2-one (4baa): dr > 99:1; yield: 90%; colorless
sticky oil; [a]p® = -262.5 (¢ 0.7, CHCls); '"H-NMR (CDCl;, 400 MHz) & (ppm):
7.34-7.31 (m, 3H), 7.24-7.21 (m, 2H), 7.13 (tdd, J= 7.8, 3.7, 1.5 Hz, 2H), 6.95 (d, J =
7.1 Hz, 1H), 6.88 (m, 2H), 6.76 (dd, J = 8.0, 1.2 Hz, 1H), 6.70 (dd, J = 8.7, 2.8 Hz,
2H), 6.62 (m, 2H), 5.82 (s, 1H), 4.95 (d, J = 15.4 Hz, 1H), 4.61 (d, J = 15.4 Hz, 1H),
4.05 (s, 1H), 3.66 (s, 3H), 2.96 (d, J = 14.8 Hz, 1H), 2.10 (d, J = 14.7 Hz, 1H), 1.98 (s,
3H), 1.29 (s, 9H); “C-NMR (CDClLs;, 100 MHz) & (ppm): 178.9, 154.0, 153.7, 150.6,
142.0, 135.5, 132.9, 129.2, 128.1, 127.2, 127.1, 125.7, 124.2, 122.9, 120.3, 117.9,
116.2, 113.9, 113.7, 109.0, 60.5, 55.6, 44.9, 43.4, 39.5, 34.5, 31.3, 29.1; IR (KBr): y
3381, 3092, 3057, 2961, 2868, 1699, 1644, 1609, 1499, 1464, 1443, 1364, 1293, 1263,
1217, 1172, 1105, 1043, 933, 807, 751; ESI FTMS exact mass calcd for
(C35H36N203+H)+ requires m/z 533.2804, found m/z 533.2799; Enantiomeric excess:
93%, determined by HPLC (Daicel Chirapak 1A, hexane/ isopropanol = 70/ 30, flow
rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.913 min (minor), tg = 14.122 min

(major).

4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-1-(perfluorobenzyl)-3',4'-dihydro-1'

H-spiro[indoline-3,2'-quinolin]-2-one (4caa): dr > 99:1; total yield: 99%; colorless
sticky oil; [at]p?® = -234.9 (¢ 0.9, CHCl;); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.33
(dd, /=78, 1.0 Hz, 1H), 7.20 (td, /= 7.7, 1.2 Hz, 1H), 7.14 (td, J= 7.9, 1.5 Hz, 1H),
7.01 (d, J=7.2 Hz, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.88 (td, /= 7.8, 1.1 Hz, 1H), 6.76
(dd, /= 8.0, 1.1 Hz, 1H), 6.72-6.67 (m, 2H), 6.62-6.59 (m, 2H), 5.73 (s, 1H), 5.14 (d,
J=15.4 Hz, 1H), 4.73 (d, J = 15.5 Hz, 1H), 4.04 (s, 1H), 3.66 (s, 3H), 291 (d, J =
14.8 Hz, 1H), 2.03 (d, J = 14.8 Hz, 1H), 1.95 (s, 3H); C-NMR (CDCl;, 100 MHz) &
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(ppm): 178.3, 153.9, 153.8, 140.7, 135.2, 135.1, 132.1, 129.4, 128.8, 128.2, 127.2,
124.6, 123.4, 120.4, 117.9, 116.2, 113.9, 113.7, 107.7, 60.3, 55.6, 44.8, 39.5, 32.0,
29.0; IR (KBr): v3384, 3059, 3030, 2926, 2853, 1713, 1649, 1609, 1502, 1465, 1446,
1352, 1218, 1124, 1041, 1002, 808, 752; ESI FTMS exact mass calcd for
(C31H23F5N203+H)+ requires m/z 567.1707, found m/z 567.1709; Enantiomeric
excess: 97%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.455 min (minor), tg = 7.990 min

(major).

4'-(2-hydroxyphenyl)-1-isopropyl-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-spiro[i
ndoline-3,2'-quinolin]-2-one (4daa): dr > 99:1; total yield: 41%; colorless sticky oil;
[a]p?® = -398.5 (¢ 0.1, CHCl3); 'H-NMR (CDCls, 400 MHz) & (ppm): 7.32 (dd, J =
7.9, 1.4 Hz, 1H), 7.21 (td, J= 7.8, 1.4 Hz, 1H), 7.14 (td, J= 7.9, 1.6 Hz, 1H), 7.00 (d,
J=17.1 Hz, 1H), 6.94-6.86 (m, 3H), 6.77 (dd, J = 8.0, 1.3 Hz, 1H), 6.70 (dd, J = 8.6,
2.8 Hz, 1H), 6.62-6.59 (m, 2H), 5.78 (s, 1H), 4.57-4.47 (m, 1H), 4.00 (s, 1H), 3.66 (s,
3H), 2.88 (d, J = 14.8 Hz, 1H), 2.02 (d, J = 14.6 Hz, 1H), 1.94 (s, 3H), 1.46 (dd, J =
7.0, 4.0 Hz, 6H); *C-NMR (CDCls, 100 MHz) & (ppm): 178.6, 154.0, 153.7, 141.4,
135.6, 135.3, 132.6, 129.0, 128.8, 128.1, 127.1, 124.4, 122.3, 120.3, 117.9, 116.1,
113.8, 113.7, 109.5, 60.2, 55.6, 45.1, 43.8, 39.4, 29.1, 19.5, 19.1; IR (KBr): v 3360,
3056, 2974, 2932, 2854, 1694, 1606,1500, 1484, 1444, 1355, 1263, 1225, 1154, 1128,
1094, 1044, 809, 753, 700; ESI FTMS exact mass calcd for (C27H28N203+H)+
requires m/z 429.2178, found m/z 429.2172; Enantiomeric excess: 88%, determined
by HPLC (Daicel Chirapak IA, hexane/ isopropanol = 70/ 30, flow rate 1.0 mL/min, T
=30 °C, 254 nm ): tg = 4.895 min (minor), tg = 6.528 min (major).

4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-1-phenyl-3',4'-dihydro-1'H-spiro[ind
oline-3,2'-quinolin]-2-one (4eaa): dr > 99:1; yield: 31%; colorless sticky oil; [a]p™
= -245.2 (¢ 0.2, CHCl3); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.51-7.48 (m, 2H),
7.43-7.34 (m, 4H), 7.21-7.15 (m, 2H), 7.08 (d, J = 7.3 Hz, 1H), 6.99 (t, J = 7.5 Hz,
1H), 6.93-6.89 (m, 1H), 6.82-6.79 (m, 2H), 6.71 (dd, J= 8.6, 2.7 Hz, 1H), 6.65 (d, J =
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8.6 Hz, 1H), 6.61 (d, J= 2.7 Hz, 1H), 5.78 (s, 1H), 4.17 (s, 1H), 3.67 (s, 3H), 3.02 (d,
J=14.8 Hz, 1H), 2.21 (d, J = 14.8 Hz, 1H), 1.97 (s, 3H); *C-NMR (CDCls, 100
MHz) & (ppm): 178.0, 154.0, 153.8, 142.5, 135.2, 134.3, 131.9, 129.5, 129.2, 128.8,
128.2, 127.9, 127.1, 126.3, 124.6, 123.4, 120.4, 117.9, 116.2, 113.9, 113.7, 109.3,
60.5, 55.6, 45.1, 39.5, 29.2; IR (KBr): v 3378, 3060, 2924, 2853, 1708, 1607, 1499,
1462, 1445, 1369, 1329, 1293, 1262, 1221, 1102, 1043, 807, 754, 698; ESI FTMS
exact mass calcd for (C30H26N203+H)+ requires m/z 463.2022, found m/z 463.2011;
Enantiomeric excess: 90%, determined by HPLC (Daicel Chirapak IA, hexane/
isopropanol = 70/ 30, flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 5.69 min

(minor), tg = 8.55 min (major).

1-benzyl-5-chloro-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4faa): dr > 99:1; yield: 65%; colorless sticky
oil; [a]p™ = -171.8 (c 0.2, CHCLs); "H-NMR (CDCls, 400 MHz) & (ppm): 7.34-7.29
(m, 2H), 7.27-7.24 (m, 3H), 7.18 (td, J = 7.9, 1.6 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H),
7.04 (dd, J = 8.3, 2.1 Hz, 1H), 6.90-6.86 (m, 1H), 6.76-6.72 (m, 3H), 6.64 (d, J = 8.4
Hz, 1H), 6.55 (d, /= 8.3 Hz, 1H), 6.43 (s, 1H), 5.32 (s, 1H), 4.99 (d, /= 15.6 Hz, 1H),
4.64 (d, J=15.6 Hz, 1H), 3.96 (s, 1H), 3.71 (s, 3H), 3.04 (d, /= 14.4 Hz, 1H), 2.13 (d,
J = 14.4 Hz, 1H), 1.95 (s, 3H); *C-NMR (CDCls, 100 MHz) & (ppm): 179.3, 154.2,
153.6, 140.2, 135.6, 135.4, 134.3, 133.7, 129.1, 128.9, 128.8, 128.5, 128.2, 128.0,
127.8, 127.2, 125.2, 120.7, 117.6, 116.0, 113.8, 113.5, 109.8, 61.3, 55.7, 53.4, 43.9,
40.0, 28.2; IR (KBr): v 3412, 3069, 3031, 2961, 2924, 2853, 1709, 1698, 1645, 1607,
1478, 1447, 1440, 1340, 1297, 1258, 1216, 1157, 1116, 1078, 1044, 808, 736, 698;
ESI FTMS exact mass calcd for (C31H27C1N203+H)+ requires m/z 511.1788, found
m/z 511.1783; Enantiomeric excess: 81%, determined by HPLC (Daicel Chirapak IC,
hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 7.237

min (minor), tg = 10.316 min (major).

1-benzyl-6-fluoro-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4gaa): dr > 99:1; yield: 76%; colorless sticky
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oil; [a]p”® = -240.5 (¢ 0.4, CHCl3); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.29-7.16
(m, 6H), 7.07 (td, J = 7.8, 1.5 Hz, 1H), 6.81 (td, J = 7.7, 1.2 Hz, 1H), 6.68-6.63 (m,
3H), 6.58-6.55 (m, 2H), 6.45 (td, J = 9.5, 2.3 Hz, 1H), 6.32 (dd, J = 8.8, 2.2 Hz, 1H),
5.54 (s, 1H), 4.89 (d, J = 15.6 Hz, 1H), 4.55 (d, J = 15.6 Hz, 1H), 3.92 (s, 1H), 3.61 (s,
3H), 2.90 (d, J = 14.6 Hz, 1H), 2.03 (d, J = 14.6 Hz, 1H), 1.89 (s, 3H); *C-NMR
(CDCl3, 100 MHz) 6 (ppm): 178.3, 162.4 (J = 245 Hz), 153.0, 152.7, 142.4, 142.3,
134.3, 133.7, 127.9, 127.2, 126.9, 126.6, 126.4, 126.3, 124.7, 124.6, 119.5, 116.8,
115.1, 112.9, 112.7, 108.0, 107.8, 96.8, 96.5, 59.3, 54.6, 43.7, 42.9, 38.6, 27.8; IR
(KBr): v 3364, 3060, 3031, 2960, 2925, 2854, 1710, 1612, 1497, 1448, 1376, 1344,
1292, 1260, 1218, 1156, 1102, 1039, 937, 904, 833, 806, 737, 699; ESI FTMS exact
mass caled for (C3HyFN,Os+H)" requires m/z 495.2084, found m/z 495.2070;
Enantiomeric excess: 96%, determined by HPLC (Daicel Chirapak IC, hexane/
isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.067 min

(minor), tg = 8.975 min (major).

1-benzyl-6-chloro-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4haa): dr > 99:1; yield: 95%; colorless sticky
oil; [a]p™ = -241.1 (c 0.7, CHCLs); "H-NMR (CDCls, 400 MHz) & (ppm): 7.28-7.24
(m, 2H), 7.22-7.17 (m, 3H), 7.09-7.03 (m, 2H), 6.79 (td, J=7.7, 1.1 Hz, 1H), 6.70 (dd,
J=28.0, 1.7 Hz, 1H), 6.66-6.61 (m, 2H), 6.60 (d, J = 2.7 Hz, 1H), 6.57-6.53 (m, 2H),
6.46 (d, J=7.6 Hz, 1H), 5.55 (s, 1H), 4.88 (d, /= 15.6 Hz, 1H), 4.50 (d, J = 15.6 Hz,
1H), 3.91 (s, 1H), 3.61 (s, 3H), 2.92 (d, J = 14.5 Hz, 1H), 2.02 (d, J = 14.5 Hz, 1H),
1.86 (s, 3H); *C-NMR (CDCls, 100 MHz) & (ppm): 178.2, 153.0, 152.6, 142.0, 134.4,
134.3, 133.7, 133.3, 129.8, 128.0, 127.9, 127.2, 126.9, 126.7, 126.2, 124.5, 121.6,
119.5,116.7, 115.0, 112.8, 112.6, 108.4, 59.5, 54.6, 43.4, 42.8, 38.8, 27.5; IR (KBr): 7y
3363, 3061, 3029, 2961, 2925, 2853, 1708, 1606,1500, 1440, 1371, 1339, 1261, 1216,
1107, 1076, 1040, 929, 905, 839, 803, 755, 699; ESI FTMS exact mass calcd for
(C31H27C1N203+H)+ requires m/z 511.1788, found m/z 511.1784; Enantiomeric
excess: 97%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
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flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.466 min (minor), tg = 10.821 min

(major).

1-benzyl-6-bromo-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4iaa): dr > 99:1; yield: 99%; colorless sticky
oil; [a]p™ = -220.2 (¢ 0.9, CHCLs); "H-NMR (CDCls, 400 MHz) & (ppm): 7.35-7.24
(m, 5H), 7.16-7.11 (m, 2H), 6.94 (dd, J = 8.0, 1.6 Hz, 1H), 6.86 (td, /= 7.6, 1.2 Hz,
1H), 6.79 (d, J= 1.6 Hz, 1H), 6.73-6.67 (m, 3H), 6.62 (d, J= 8.6 Hz, 1H), 6.46 (d, J =
7.6 Hz, 1H), 5.59 (s, 1H), 4.95 (d, J= 15.6 Hz, 1H), 4.56 (d, J = 15.6 Hz, 1H), 3.98 (s,
1H), 3.68 (s, 3H), 2.99 (d, J = 14.5 Hz, 1H), 2.10 (d, J = 14.5 Hz, 1H), 1.93 (s, 3H);
PC-NMR (CDCls, 100 MHz) & (ppm): 179.3, 154.2, 153.6, 143.1, 135.5, 135.3, 134.2,
131.5, 129.1, 129.0, 128.2, 127.9, 127.8, 127.3, 126.0, 125.6, 122.5, 120.6, 117.7,
116.1, 113.8, 113.6, 112.1, 60.7, 55.6, 44.2, 43.8, 39.9, 28.4; IR (KBr): ¥ 3390, 3064,
3031, 2969, 2925, 2854, 1710, 1602, 1498, 1443, 1370, 1293, 1265, 1216, 1111, 1043,
928, 903, 843, 812, 737, 698; ESI FTMS exact mass calcd for (C3;Hy;BrN,O3+H)"
requires m/z 555.1283, found m/z 555.1282; Enantiomeric excess: 93%, determined
by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T
=30 °C, 254 nm ): tg = 6.580 min (minor), tg = 11.024 min (major).

1-benzyl-4'-(2-hydroxyphenyl)-6'-methoxy-4',6-dimethyl-3',4'-dihydro-1'H-spiro

[indoline-3,2'-quinolin]-2-one (4jaa): dr > 99:1; yield: 99%; colorless sticky oil;
[a]p?® = -338.5 (¢ 0.5, CHCls); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.33-7.26 (m,
6H), 7.14 (td, J= 7.9, 1.6 Hz, 1H), 6.91-6.84 (m, 2H), 6.77 (dd, J = 8.0, 1.2 Hz, 1H),
6.72-6.68 (m, 2H), 6.62-6.60 (m, 2H), 6.50 (s, 1H), 5.84 (s, 1H), 4.98 (d, /= 15.6 Hz,
1H), 4.63 (d, J = 15.6 Hz, 1H), 4.01 (s, 1H), 3.66 (s, 3H), 2.94 (d, J = 14.8 Hz, 1H),
2.24 (s, 3H), 2.08 (d, J = 14.8 Hz, 1H), 1.97 (s, 3H); "C-NMR (CDCls, 100 MHz) &
(ppm): 179.1, 154.0, 153.7, 142.0, 139.5, 136.1, 135.4, 135.2, 129.2, 128.9, 128.8,
128.1, 127.6, 127.3, 127.1, 124.0, 123.5, 120.3, 117.9, 116.1, 113.9, 113.8, 109.7,
60.3, 55.6, 45.1, 43.6, 39.5, 29.2, 21.8; IR (KBr): y 3363, 3059, 3029, 2960, 2924,
2854, 1699, 1619, 1499, 1445, 1377, 1348, 1292, 1261, 1217, 1151, 1111, 1081, 1042,
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934, 808, 753, 698; ESI FTMS exact mass calcd for (C3;H3oN,O3+H)" requires m/z
491.2335, found m/z 491.2328; Enantiomeric excess: 96%, determined by HPLC
(Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C,

254 nm ): tg = 8.459 min (minor), tg = 13.191 min (major).

1-benzyl-7-fluoro-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-

spiro[indoline-3,2'-quinolin]-2-one (4kaa): dr > 99:1; yield: 99%; colorless sticky
oil; [a]p? = -286.7 (c 0.8, CHCLs); "H-NMR (CDCls, 400 MHz) & (ppm): 7.35-7.25
(m, 6H), 7.13 (td, J = 7.9, 1.6 Hz, 1H), 6.92-6.85 (m, 2H), 6.83-6.78 (m, 1H),
6.74-6.68 (m, 3H), 6.62-6.60 (m, 2H), 5.67 (s, 1H), 5.03 (d, /= 15.2 Hz, 1H), 4.88 (d,
J=15.3 Hz, 1H), 4.03 (s, 1H), 3.66 (s, 3H), 2.93 (d, J = 14.7 Hz, 1H), 2.07 (d, J =
14.7 Hz, 1H), 1.95 (s, 3H); *C-NMR (CDCls, 100 MHz) & (ppm): 178.9, 154.0, 153.8,
147.1,(J = 242 Hz) 137.1, 135.3, 135.2, 134.8, 128.9, 128.6, 128.4, 128.3, 128.2,
127.7, 127.7, 127.6, 127.4, 123.6, 123.5, 120.4, 120.2, 120.2, 117.8, 117.3, 117.1,
116.2, 113.9, 113.7, 60.8, 55.6, 45.3, 44.8, 39.6, 28.9; IR (KBr): y 3380, 3063, 3032,
2962, 2926, 2854, 1705, 1629, 1600, 1497, 1446, 1349, 1261, 1183, 1104, 1080, 1043,
875, 802, 735, 699; ESI FTMS exact mass calcd for (C3;H,7FN,O5;+H)" requires m/z
495.2084, found m/z 495.2074; Enantiomeric excess: 92%, determined by HPLC
(Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C,

254 nm ): tg = 5.952 min (minor), tg = 8.306 min (major).

1-benzyl-7-bromo-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4laa): dr > 99:1; yield: 99%; colorless sticky
oil; [a]p™ = -256.8 (c 0.6, CHCLs); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.32-7.28
(m, 4H), 7.26-7.20 (m, 3H), 7.14 (td, J = 7.8, 1.6 Hz, 1H), 6.94-6.87 (m, 2H),
6.79-6.74 (m, 2H), 6.70 (dd, J = 8.6, 2.8 Hz, 1H), 6.63-6.59 (m, 2H), 5.61 (s, 1H),
5.38-5.28 (m, 2H), 4.04 (s, 1H), 3.66 (s, 3H), 2.93 (d, J = 14.7 Hz, 1H), 2.08 (d, J =
14.7 Hz, 1H), 1.92 (s, 3H); *C-NMR (CDCls, 100 MHz) & (ppm): 179.8, 153.9, 153.8,
139.4, 137.5, 135.7, 135.2, 135.0, 134.9, 128.7, 128.6, 128.2, 127.3, 127.2, 126.5,
124.2, 123.6, 120.5, 117.9, 116.2, 113.9, 113.7, 60.1, 55.6, 45.2, 44.2, 39.7, 28.9; IR
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(KBr): v 3360, 3061, 3030, 2961, 2925, 2853, 1708, 1603, 1581, 1499, 1448, 1350,
1262, 1214, 1157, 1112, 1040, 1018, 803, 737, 699; ESI FTMS exact mass calcd for
(C31H27BrN203+H)Jr requires m/z 555.1283, found m/z 555.1276; Enantiomeric
excess: 93%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.752 min (minor), t = 11.020 min

(major).

1-benzyl-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-7-(trifluoromethyl)-3',4'-di

hydro-1'H-spiro[indoline-3,2'-quinolin|-2-one (4maa): dr > 99:1; yield: 89%;
colorless sticky oil; [a]p®® = -265.6 (¢ 0.8, CHCl;); 'H-NMR (CDCls, 400 MHz) &
(ppm): 7.50 (dd, J = 8.1, 0.8 Hz, 1H), 7.30-7.26 (m, 3H), 7.23-7.20 (m, 1H),
7.17-7.11 (m, 4H), 6.99 (t, J = 7.8 Hz, 1H), 6.89 (td, J = 7.8, 1.2 Hz, 1H), 6.75-6.69
(m, 2H), 6.63-6.59 (m, 2H), 5.55 (s, 1H), 5.19 (d, /= 16.8 Hz, 1H), 5.03 (d, /= 16.8
Hz, 1H), 4.03 (s, 1H), 3.65 (s, 3H), 2.96 (d, J = 14.7 Hz, 1H), 2.08 (d, J = 14.6 Hz,
1H), 1.86 (s, 3H); >C-NMR (CDCl;, 100 MHz) & (ppm): 180.5, 153.9, 153.8, 140.2,
136.5, 135.2, 135.2, 134.8, 128.7, 128.4, 128.3, 127.8 (J = 76.6 Hz), , 127.3 (J= 6.0
Hz), 127.0, 125.8, 124.7, 122.4, 122.0, 119.3 (J = 268.0 Hz), 116.3, 114.0, 113.7,
112.6 (J =32.6 Hz), 59.0, 55.6, 45.5, 45.5 (J = 4.8 Hz), 39.8, 28.8; IR (KBr): y 3412,
3089, 3065, 3033, 2925, 2854, 1715, 1596, 1499, 1447, 1333, 1296, 1270, 1232, 1157,
1122, 1097, 1042, 843, 802, 749, 698; ESI FTMS exact mass calcd for
(C32H27F3N203+H)+ requires m/z 545.2052, found m/z 545.2043; Enantiomeric
excess: 94%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 4.915 min (minor), tg = 6.436 min

(major).

1-benzyl-4'-(2-hydroxyphenyl)-6'-methoxy-4',7-dimethyl-3',4'-dihydro-1'H-spiro

[indoline-3,2'-quinolin]-2-one (4naa): dr > 99:1; yield: 60%; colorless sticky oil;
[a]p? = -252.6 (c 0.2, CHCl3); "H-NMR (CDCls, 400 MHz) & (ppm): 7.33 (dd, J =
7.9, 1.4 Hz, 1H), 7.26-7.23 (m, 2H), 7.20-7.16 (m, 1H), 7.11-7.07 (m, 3H), 6.98 (d, J
= 6.8 Hz, 1H), 6.87-6.79 (m, 3H), 6.74 (dd, J= 8.0, 1.3 Hz, 1H), 6.63 (dd, /J=8.7, 2.8
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Hz, 1H), 6.56 (d, J = 8.6 Hz, 1H), 6.50 (d, J = 2.7 Hz, 1H), 5.76 (s, 1H), 5.18 (d, J =
16.7 Hz, 1H), 4.92 (d, J = 16.7 Hz, 1H), 4.01 (s, 1H), 3.58 (s, 3H), 2.86 (d, J = 14.9
Hz, 1H), 2.18 (s, 3H), 2.04 (d, J = 14.8 Hz, 1H), 1.90 (s, 3H); >C-NMR (CDCls, 100
MHz) & (ppm): 178.7, 152.9, 152.8, 138.9, 136.7, 134.6, 134.3, 132.2, 131.8, 127.8,
127.5, 127.1, 126.2, 125.8, 122.1, 121.1, 119.3, 118.7, 117.0, 115.2, 112.9, 112.8,
58.6, 54.5, 44.8, 43.7, 38.4, 28.4, 17.7; IR (KBr): y 3357, 3058, 3029, 2961, 2925,
2853, 1697, 1600, 1499, 1445, 1353, 1262, 1224, 1182, 1157, 1101, 1043, 860, 802,
750, 698; ESI FTMS exact mass calcd for (C32H30N203+H)+ requires m/z 491.2335,
found m/z 491.2324; Enantiomeric excess: 94%, determined by HPLC (Daicel
Chirapak IC, hexane/ isopropanol = 70/ 30, flow rate 1.0 mL/min, T = 30 °C, 254

nm ): tg = 6.963 min (minor), tg = 9.588 min (major).

1-benzyl-5,6-difluoro-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-dihydro-1
'H-spiro[indoline-3,2'-quinolin]-2-one (40aa): dr > 99:1; yield: 87%; colorless
sticky oil; [o]p?® = -157.1 (¢ 0.8, CHCL); '"H-NMR (CDCl;, 400 MHz) & (ppm):
7.27-7.15 (m, 5H), 7.07 (td, /= 7.9, 1.5 Hz, 1H), 6.93 (d, /= 7.5 Hz, 1H), 6.78 (td, J
= 7.8, 0.9 Hz, 1H), 6.68-6.66 (m, 2H), 6.61 (d, J = 7.9 Hz, 1H), 6.57-6.54 (m, 1H),
6.34 (dd, J=10.0, 6.3 Hz, 1H), 6.01 (s, 1H), 5.39 (s, 1H), 4.87 (d, J = 15.6 Hz, 1H),
4.48 (d, J=15.6 Hz, 1H), 3.85 (s, 1H), 3.64 (s, 3H), 2.98 (d, /= 14.2 Hz, 1H), 2.05 (d,
J =142 Hz, 1H), 1.85 (s, 3H); "C-NMR (CDCls, 100 MHz) & (ppm): 178.7, 153.3,
152.5, 150.7 (/= 13.5 Hz), 148.2 (J = 14.1 Hz), 146.6 (J=12.8 Hz), 144.2 (J=13.1
Hz), 136.9 (J = 7.6 Hz), 134.6, 134.0, 130.1 (J = 380.8 Hz), 128.0, 127.4, 127.3,
126.9, 126.2, 118.1 (J = 326.1 Hz), 114.9, 113.8, 113.6, 112.7, 112.4, 97.9 (J = 22.9
Hz), 60.4, 54.6, 43.0, 42.7, 39.1, 26.7; IR (KBr): 73385, 3064,3032, 2925, 2855, 1709,
1624, 1499, 1448, 1399, 1346, 1294, 1270, 1239, 1212, 1168, 1110, 1042, 800, 740,
697; ESI FTMS exact mass calcd for (C31H26F2N203+H)+ requires m/z 513.1990,
found m/z 513.1988; Enantiomeric excess: 93%, determined by HPLC (Daicel
Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C, 254

nm ): tg = 6.345 min (minor), tg = 8.988 min (major).
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7-bromo-1-(4-tert-butylbenzyl)-4'-(2-hydroxyphenyl)-6'-methoxy-4'-methyl-3',4'-
dihydro-1'H-spiro[indoline-3,2'-quinolin]-2-one (4paa): dr > 99:1; yield: 63%;
colorless sticky oil; [a]p? = -232.1 (¢ 0.5, CHCl;); '"H-NMR (CDCls, 400 MHz) &
(ppm): 7.33-7.30 (m, 4H), 7.18-7.14 (m, 3H), 6.97 (d, J = 7.0 Hz, 1H), 6.90 (td, J =
7.7, 1.3 Hz, 1H), 6.78 (t, J = 7.8 Hz, 2H), 6.71 (dd, J = 8.7, 2.8 Hz, 1H), 6.63 (d, J =
8.6 Hz, 1H), 6.59 (d, J = 2.7 Hz, 1H), 5.55 (s, 1H), 5.37-5.25 (m, 2H), 4.02 (s, 1H),
3.67 (s, 3H), 2.91 (d, /= 14.7 Hz, 1H), 2.08 (d, J = 14.7 Hz, 1H), 1.94 (s, 3H), 1.30 (s,
9H); *C-NMR (CDCls;, 100 MHz) & (ppm): 179.7, 153.8, 150.0, 141.9, 139.5, 135.6,
135.2, 135.1, 134.4, 128.6, 128.2, 127.2, 126.3, 125.4, 124.1, 123.5, 120.5, 117.9,
116.2, 114.0, 113.7, 102.2, 59.9, 55.6, 45.3, 43.9, 39.7, 34.4, 31.3, 29.0; IR (KBr): 7y
3416, 2964, 2924, 2855, 1706, 1667, 1644, 1606, 1501, 1449, 1415, 1352, 1268, 1213,
1157, 1112, 1045, 878, 806, 742; ESI FTMS exact mass calcd for
(C3sH3sBrN,O3+H)" requires m/z 611.1909, found m/z 611.1902; Enantiomeric
excess: 95%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.091 min (minor), tg = 7.138 min

(major).

1-benzyl-6'-ethoxy-4'-(2-hydroxyphenyl)-4'-methyl-3',4'-dihydro-1'H-spiro[indol
ine-3,2'-quinolin]-2-one (4aba): dr > 99:1; yield: 70%; colorless sticky oil; [a]p™’ =
-306.9 (¢ 0.4, CHCl3); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.27-7.19 (m, 6H),
7.09-7.03 (m, 2H), 6.92 (d, J= 7.2 Hz, 1H), 6.85-6.80 (m, 2H), 6.70 (dd, J = 8.0, 1.1
Hz, 1H), 6.64-6.58 (m, 2H), 6.54 (s, 2H), 5.65 (s, 1H), 4.92 (d, J=15.5 Hz, 1H), 4.59
(d, J=15.5 Hz, 1H), 3.97 (s, 1H), 3.80 (s, 2H), 2.87 (d, /= 14.8 Hz, 1H), 2.02 (d, J =
14.7 Hz, 1H), 1.91 (s, 3H), 1.24 (t, J = 7.0 Hz, 3H); >C-NMR (CDCl;, 100 MHz) &
(ppm): 177.9, 153.0, 152.0, 140.8, 134.9, 134.3, 128.1, 127.8, 127.1, 126.6, 126.3,
126.1, 123.2, 121.9, 119.3, 116.9, 115.1, 113.5, 107.9, 62.8, 59.4, 43.9, 42.7, 38.5,
28.1, 13.8; IR (KBr): v 3412, 3061, 2971, 2925, 1696, 1644, 1610, 1496, 1464, 1358,
1262, 1212, 1154, 1085, 1046, 955, 877, 801, 747, 699; ESI FTMS exact mass calcd
for (C3H3oN,03+H)" requires m/z 491.2335, found m/z 491.2321; Enantiomeric
excess: 94%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
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flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 6.961 min (minor), tg = 10.914 min

(major).

1-benzyl-6-chloro-6'-ethoxy-4'-(2-hydroxyphenyl)-4'-methyl-3',4'-dihydro-1'H-sp
iro[indoline-3,2'-quinolin]-2-one (4hba): dr > 99:1; yield: 99%; colorless sticky oil;
[a]p?® = -262.6 (c 0.8, CHCls); '"H-NMR (CDCl;, 400 MHz) & (ppm): 7.35-7.31 (m,
2H), 7.29-7.25 (m, 3H), 7.18 (d, J = 7.8 Hz, 1H), 7.13 (td, J = 7.8, 1.6 Hz, 1H), 6.86
(td, J=7.7, 1.2 Hz, 1H), 6.78 (dd, J = 8.0, 1.8 Hz, 1H), 6.71 (m, 2H), 6.67 (d, J=2.6
Hz, 1H), 6.64-6.60 (m, 2H), 6.57 (d, J = 7.5 Hz, 1H), 5.60 (s, 1H), 4.96 (d, J = 15.6
Hz, 1H), 4.57 (d, J = 15.6 Hz, 1H), 3.98 (s, 1H), 3.98-3.84 (m, 2H), 2.98 (d, J = 14.5
Hz, 1H), 2.09 (d, J = 14.5 Hz, 1H), 1.94 (s, 3H), 1.32 (t, J = 7.0 Hz, 3H); *C-NMR
(CDCl3, 100 MHz) 6 (ppm): 178.2, 157.6, 152.9, 148.1, 140.7, 137.2, 134.8, 131.2,
128.4, 128.1, 128.0, 127.8, 127.2, 126.7, 126.5, 126.3, 123.3, 121.9, 120.9, 119.5,
119.0, 118.9, 116.7, 116.0, 115.2, 107.9, 59.7, 43.2, 42.8, 38.7, 27.7; IR (KBr): y 3369,
3062, 3030, 2974, 2925, 2855, 1709, 1606, 1498, 1441, 1371, 1292, 1249, 1212, 1111,
1076, 1047, 840, 814, 754, 699; ESI FTMS exact mass calcd for (C3,Hy9CIN,O3+H)"
requires m/z 525.1945, found m/z 525.1946; Enantiomeric excess: 97%, determined
by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T
=30 °C, 254 nm ): tg = 5.821 min (minor), tg = 9.522 min (major).

1-benzyl-4'-(2-hydroxyphenyl)-4'-methyl-6'-phenoxy-3',4'-dihydro-1'H-spiro[ind
oline-3,2'-quinolin]-2-one (4aca): dr > 99:1; yield: 99%; colorless sticky oil; [o]p™
= -223.4 (c 0.5, CHCL;); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.27-7.21 (m, 4H),
7.19-7.15 (m, 4H), 7.08-7.03 (m, 2H), 6.92-6.88 (m, 1H), 6.84-6.74 (m, 7H), 6.67 (dd,
J=128.0, 1.2 Hz, 1H), 6.61-6.58 (m, 2H), 5.36 (s, 1H), 4.94 (d, J = 15.6 Hz, 1H), 4.59
(d, J=15.6 Hz, 1H), 4.10 (s, 1H), 2.95 (d, J = 14.7 Hz, 1H), 2.07 (d, J = 14.7 Hz, 1H),
1.88 (s, 3H). *C-NMR (CDCls, 100 MHz) & (ppm): 178.2, 157.6, 152.9, 148.1, 140.7,
137.2, 134.8, 131.2, 128.4, 128.1, 128.0, 127.8, 127.2, 126.7, 126.5, 126.3, 123.3,
121.9, 120.9, 119.5, 119.0, 118.9, 116.7, 116.0, 115.2, 107.9, 59.7, 43.2, 42.8, 38.7,
27.7; IR (KBr): ¥ 3352, 3059, 3029, 2957, 2922, 2854, 1695, 1604, 1485, 1453, 1363,
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1259, 1214, 1168, 1098, 1077, 1025, 802, 750, 694; ESI FTMS exact mass calcd for
(C36H30N203+H)+ requires m/z 539.2335, found m/z 539.2322; Enantiomeric excess:
91%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow

rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 5.592 min (minor), tg = 7.473 min (major).

1-benzyl-6-chloro-4'-(2-hydroxyphenyl)-4'-methyl-6'-phenoxy-3',4'-dihydro-1'H-
spiro[indoline-3,2'-quinolin]-2-one (4hca): dr > 99:1; yield: 99%; colorless solid,
m.p. 161-163 °C; [a]p™ = -164.8 (¢ 0.9, CHCL;); 'H-NMR (CDCls, 400 MHz) &
(ppm): 7.37-7.34 (m, 2H), 7.31-7.24 (m, 5H), 7.17-7.09 (m, 2H), 6.99 (t, J = 7.4 Hz,
1H), 6.93-6.83 (m, SH), 6.76 (dd, J= 8.0, 1.7 Hz, 1H), 6.71-6.65 (m, 3H), 6.42 (d, J =
7.5 Hz, 1H), 5.19 (s, 1H), 5.00 (d, J= 15.6 Hz, 1H), 4.63 (d, J = 15.6 Hz, 1H), 4.09 (s,
1H), 3.06 (d, J = 14.4 Hz, 1H), 2.15 (d, J = 14.4 Hz, 1H), 1.93 (s, 3H); C-NMR
(CDCl3, 100 MHz) 6 (ppm): 179.5, 158.7, 154.0, 149.2, 143.0, 138.2, 135.3, 134.7,
130.9, 129.5, 129.2, 129.0, 128.3, 128.1, 127.9, 127.3, 125.6, 122.6, 122.0, 120.8,
120.0, 119.8, 117.6, 117.1, 116.1, 109.4, 60.8, 44.0, 43.7, 40.0, 28.2; IR (KBr): Y3374,
3063, 3031, 2922, 2853, 1707, 1605, 1485, 1441, 1371, 1344, 1293, 1221, 1165, 1109,
1075, 1002, 817, 753, 694; ESI FTMS exact mass calcd for (C36H29C1N203+H)+
requires m/z 573.1945, found m/z 573.1946; Enantiomeric excess: 95%, determined
by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T
=30 °C, 254 nm ): tg = 4.788 min (minor), tg = 6.438 min (major).

1-benzyl-6'-fluoro-4'-(2-hydroxyphenyl)-4'-methyl-3',4'-dihydro-1'H-spiro[indoli
ne-3,2'-quinolin]-2-one (4ada): dr > 99:1; yield: 44%; colorless sticky oil; [a]p™’ =
-176.0 (¢ 0.2, CHCls); '"H-NMR (CDCls, 400 MHz) & (ppm): 7.28-7.16 (m, 6H),
7.11-7.04 (m, 2H), 6.85-6.81 (m, 1H), 6.79-6.77 (m, 1H), 6.76-6.72 (m, 2H),
6.70-6.67 (m, 1H), 6.61 (d, J = 7.8 Hz, 1H), 6.55 (m, 1H), 5.39 (s, 1H), 4.93 (d, J =
15.5 Hz, 1H), 4.60 (d, J = 15.5 Hz, 1H), 4.06 (s, 1H), 2.96 (d, J = 14.7 Hz, 1H), 2.05
(d, J = 14.7 Hz, 1H), 1.90 (s, 3H); *C-NMR (CDCls, 100 MHz) & (ppm): 178.0,
156.2 (J = 236.0 Hz), 152.9, 140.8, 136.8, 134.8, 133.3, 131.0, 128.5 (J/ = 6.2 Hz),
128.2, 127.8, 127.3, 126.7, 126.4, 126.3, 123.3, 121.9, 119.6, 116.8, 115.0 (J = 7.6

S14



Hz), 113.6 (/= 19.0 Hz), 107.9, 59.6, 43.2, 42.8, 38.6, 27.7; IR (KBr): v 3359, 3060,
3031, 2962, 2922, 2853, 1698, 1608, 1497, 1464, 1446, 1371, 1296, 1261, 1201, 1175,
1151, 1102, 1082, 1022, 938, 803, 754, 699; ESI FTMS exact mass calcd for
(C30H25FN202+H)+ requires m/z 465.1978, found m/z 465.1976; Enantiomeric excess:
78%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow

rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 4.861 min (minor), tg = 5.823 min (major).

1-benzyl-6-chloro-4'-(2-hydroxy-5-methylphenyl)-6'-methoxy-4'-methyl-3',4'-dih
ydro-1'H-spiro[indoline-3,2'-quinolin]-2-one (4hab): dr > 99:1; yield: 99%;
colorless sticky oil; [a]p®® = -265.8 (¢ 0.8, CHCl;); 'H-NMR (CDCls, 400 MHz) &
(ppm): 7.36-7.25 (m, 5H), 7.02 (s, 1H), 6.93 (dd, J = 8.1, 1.6 Hz, 1H), 6.82 (dd, J =
8.0, 1.7 Hz, 1H), 6.72-6.70 (m, 2H), 6.65-6.61 (m, 4H), 5.39 (s, 1H), 4.96 (d, /= 15.6
Hz, 1H), 4.58 (d, J = 15.6 Hz, 1H), 4.00 (s, 1H), 3.68 (s, 3H), 2.95 (d, J = 14.6 Hz,
1H), 2.26 (s, 3H), 2.06 (d, J = 14.6 Hz, 1H), 1.93 (s, 3H); >C-NMR (CDCl;, 100
MHz) & (ppm): 179.2, 153.7, 151.7, 143.0, 135.4, 134.7, 134.2, 130.9, 129.5, 129.0,
129.0, 128.6, 128.1, 127.9, 127.3, 125.5, 122.7, 117.6, 116.1, 113.8, 113.7, 109.4,
60.5, 55.6, 44.6, 43.8, 39.7, 28.8, 20.9; IR (KBr): y 3363, 3069, 3030, 2925, 2855,
1711, 1606, 1497, 1442, 1370, 1341, 1255, 1215, 1182, 1134, 1074, 1040, 814, 736,
700; ESI FTMS exact mass calcd for (C32H29C1N203+H)+ requires m/z 525.1945,
found m/z 525.1936; Enantiomeric excess: 90%, determined by HPLC (Daicel
Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C, 254

nm ): tg = 6.207 min (minor), tg = 9.744 min (major).

1-benzyl-6-chloro-4'-(2-hydroxy-5-methoxyphenyl)-6'-methoxy-4'-methyl-3',4'-di
hydro-1'H-spiro[indoline-3,2'-quinolin|-2-one (4hac): dr > 99:1; yield: 86%;
colorless sticky oil; [a]p®® = -247.9 (¢ 0.7, CHCl;); 'H-NMR (CDCls, 400 MHz) &
(ppm): 7.28-7.18 (m, 5H), 6.77-6.75 (m, 2H), 6.68-6.53 (m, 7H), 5.08 (s, 1H), 4.89 (d,
J=15.6 Hz, 1H), 4.52 (d, J = 15.6 Hz, 1H), 3.93 (s, 1H), 3.65 (s, 3H), 3.60 (s, 3H),
2.90 (d, J = 14.6 Hz, 1H), 1.99 (d, J = 14.6 Hz, 1H), 1.86 (s, 3H); *C-NMR (CDCl;,
100 MHz) 6 (ppm): 179.1, 153.7, 153.5, 147.9, 143.0, 136.0, 135.3, 135.3, 134.8,
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130.8, 129.0, 128.4, 127.9, 127.3, 125.4, 122.7, 118.3, 116.1, 114.4, 114.1, 113.5,
112.0, 109.4, 60.3, 55.7, 55.6, 44.4, 43.9, 39.9, 28.7; IR (KBr): vy 3364, 3062, 3030,
2927, 2853, 2833, 1712, 1607,1499, 1439, 1421, 1370, 1287, 1213, 1176, 1112, 1041,
811, 737, 699; ESI FTMS exact mass calcd for (C32H29C1N204+H)+ requires m/z
541.1894, found m/z 541.1890; Enantiomeric excess: 90%, determined by HPLC
(Daicel Chirapak IC, hexane/ isopropanol = 80/ 20, flow rate 1.0 mL/min, T = 30 °C,

254 nm ): tg = 7.234 min (minor), tg = 12.239 min (major).

1-benzyl-6-chloro-4'-ethyl-4'-(2-hydroxyphenyl)-6'-methoxy-3',4'-dihydro-1'H-sp
iro[indoline-3,2'-quinolin]-2-one (4had): dr > 99:1; yield: 87%:; colorless solid; m.p.
115-117 °C; [o]p™ = -70.9 (¢ 0.6, CHCL); 'H-NMR (CDCls, 400 MHz) & (ppm):
7.37-7.28 (m, SH), 7.16-7.11 (m, 1H), 6.98 (dd, J = 7.8, 1.4 Hz, 1H), 6.87-6.84 (m,
1H), 6.77-6.75 (m, 2H), 6.68-6.62 (m, 4H), 6.15 (d, J = 8.1 Hz, 1H), 5.08 (s, 1H),
5.00 (d, J=15.6 Hz, 1H), 4.63 (d, J=15.6 Hz, 1H), 3.82 (s, 1H), 3.74 (s, 3H), 2.94 (d,
J=14.3 Hz, 1H), 2.64 (dt, J = 14.6, 7.3 Hz, 1H), 2.36-2.27 (m, 2H), 0.96 (t, /= 7.3
Hz, 3H); >C-NMR (CDCls, 100 MHz) & (ppm): 180.0, 154.5, 153.1, 142.9, 136.5,
135.3, 134.2, 131.9, 131.8, 129.4, 128.9, 128.1, 127.8, 127.4, 127.3, 125.8, 122.5,
120.9, 117.6, 116.2, 114.1, 113.5, 109.3, 61.3, 55.8, 44.3, 44.0, 40.3, 29.7, 10.1; IR
(KBr): v 3371, 3062, 3030, 2960, 2925, 2854, 1708, 1605, 1495, 1443, 1370, 1347,
1261, 1215, 1144, 1103, 1077, 1041, 804, 739, 699; ESI FTMS exact mass calcd for
(C32H29C1N203+H)Jr requires m/z 525.1945, found m/z 525.1942; Enantiomeric
excess: 89%, determined by HPLC (Daicel Chirapak IC, hexane/ isopropanol = 80/ 20,
flow rate 1.0 mL/min, T = 30 °C, 254 nm ): tg = 5.355 min (minor), tg = 7.924 min

(major).

References:
1. (a) Shi, F.; Tao, Z.-L.; Luo, S.-W.; Tu, S.-J.; Gong, L.-Z. Chem. Eur. J. 2012, 18,
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Dhekne, B. D. Kulkarni, A. S. Rao, Indian J. Chem. B. 1977, 15, 755; (e) R. A. Smith,
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Absolute configuration of 4had:

(2'S,4'S) cl

Empirical formula C3,H,9CIN, O3

Formula weight 525.02

Temperature 290(2) K

Crystal system orthorhombic

Space group P2,2,24

Unit cell dimensions a=837710(10) A «=90.00°
b=10.29002) A  =90.00°
c=31.1680(4) A y=90.00°

Volume 2686.69(7) A’

4 4

Density (calculated) 1.298 mg/mm’

F(000) 1104.0

Crystal size 0.37 x0.32 x 0.31

Theta range for data collection 9.06 to 134.8°

Index ranges 9<h<10,-12<k<11,-37<1<37

Reflections collected 21252

Independent reflections 4779[R(int) = 0.0238]

Data / restraints / parameters 4779/0/347

Goodness-of-fit on F~ 1.033

Final R indices [/>2a(])] R, =0.0306, wR, = 0.0882

R indices (all data) R, =0.0336, wR, = 0.0904

Largest diff. peak and hole 0.15/-0.21
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'H and *C NMR Spectra

4aaa

69L6 T~
9180 8~
catrzs

5C6 E,
22862

2299 °e—

1260 —

BFZY B
9£99

5796 P,
LE00°C

B
0E19°9
00Z9°9
9929°0
£r33°0
£938°9
6206°9
GLILL
clalL
62T L
2650 LF
1862 L
ccoE L
£2lE L
6eIs L

70 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 05 0.0
1 foomd

=

EAFIHT —

BEES HE ~
GSULTE
LLRE T =

GFFEE —
GIEETS —

DEa R

UFZLLTT o
ECHIRTT 4

9EOTRT
TTIT6LI w.w

DEFITEEL
CLLFEEL
Yl sl
GRERIF]
ENDLEST
ERONFE ]

ELTNABLL —

180 170 [ 130 (1] 150 120 (R11] (L1 S R 70 bl Sl 0] 1] m it

190

Fl imnm

S19



4baa

1186 T,
$230 7~
61174

G262~
P6L6 T

6299 ¢—

8050 F—

1486~
L529

TIEE
2696 ¥

i s
£E19°9
£029°9
06299
0069 9
b969 9
e 9
ZrER 9
97069
080T LF
8B L
142 L
ZITE L
C5TE L
02bE L

MeO

JMJMM@L@L

=868

Foo's
Fuot

Foot

Frre

a0

=20l

1ol

75 7.0 6.5 6.0 St 50 4.5 4.0 35 3.0 2.5 2.0 15 1.0 05 0o
£l (ppm)

8.0

809167~
Go9eE e
09b% FE"
9PES B~
080F £~
TLLE T

LoF3 Ge—
1#FS 09—

FEDD 801
FeLLETL
cTTaell
FLOZSLL
CLTE LI
258 0al
5008 221
8L9T FT1
CFILEEL
GeLl wmﬁv

£zeg izl
96L1 mm—%
&961 621
rLIE mm—\
GenG el
1580 2k
98L5 051~

609461
8060 FC1

1596 BLL—

Al

180 170 160 150 140 130 120 110 100 40 a0 70 60 50 40 30 20 10
£1 (ppm)

180

520



4caa

L6761
CPI0 T
preozd

2R
LFe6 7

099 £— m

PIE0 b— bero

PEOL P, L

187L ok
w

1£21 G, e

L9ne” L ¢ z01

a5 OF w
01099 W =

££29°9 .
62L9°9

=
£089°9 o
££69°9 O —

19pL 9 yes 0
63L'9 O w0l
09949 £201
LB9L'9 P60
i88'9 e} drot
16239 2 L0
C8r6 9 101
LOPL L

LEGL L
9961 L

75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 30 25 20 15 1.0 05 0.0
1 (ppm)

3.0

£1L0'8g—
9600 ZL—

£985 62—
8648 FFh—

6218 56—
209E 05—

Ll

OLLLLOT
£e9LeTl
Logeetl
TeRE 9Ll
8RLeLIL
jasa it
ELLPETT
00F% vﬁ.%
EE1Z LTI
9812°8Z1—¢
0r98 mmﬁx
0L9% mmﬁ\
Sillgel
9261 GEl
Free wmﬁ\
0BLLOFL
00L8'25T
FriG esl

CESEBLL—

ll.l_]i

"

180 170 160 150 140 130 120 110 100 El 80 70 60 50 40 30 20 10
1 (ppm)

190

S21



4daa

BOSH L
30951
bR9E 1
£8LF1
b6 1
£P00°7
LOF0T
LSBT
LF6ET
1599 °€
SRO0 P 7.
8zak b

£005 b
BLIG Y

PeEs W
B2CC Y

29LLG
P16G9
086679
19299
668979 ﬁ
806979

POL9
£21L79
129479
£69L79
0Z8L9
Z6EL9
669879
249879
ZE8E9
15889
zrez o
L1069
15069
1£16°9
LL169
LIE69
LISE9
116679
6800°L
6221 L
§9Z1°L
LZhl L
£5HT L
1191
16914
9531 L

leal 'L
1602°L
nele’L
£822°L
LIET L
£L0z’L
BOIE°L
6928 L
FOLE L

Me

MeO

zT©

ol

| e J

Fazg

Feoe
Fizt

Laot

Lo

~FE0

FIt

—le0

681
H001
60
967
p60
B0
ufﬁ:

Loo't

1.5 70 6.5 6.0 ] 5.0 4.5 4.0 3.5 30 23 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

BECT 61~
PopG 617

0681 62—

Pl 6L~
2R N
9TLL G

6329 C6—
CLEL 09—

I

Py

]

GFES 801
SOLLETL
SOSBELL
£LZT 90l
3916 LI1
Z0se 021
oose NN:/r
cEFlF vmﬁ/
[EANFARN

9921 8Zl-f
orl8 mm~$
o %3} mm~\
0Ly 2Ll
800% GEl
2L65 mﬁ\
CeLl vl

LELLEST
8ZE0PCL

L2ES BLL—

Me

z1C

MeO

|

| J.Hm

170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10
£1 (ppm)

130

S22



4eaa

£896 T~
06812~
19227

E200° 5~
00F0 e

Fe99°e—

2eLl v —

628657
9809°9
5199°9
2969°9
2£08°9
06089
61189
42289
pEIT L
b8 Lk
LPOF in
DEEE L
092k L
BSLY L
886k L

Fose
Feso

Foot

Free

Me

—a0l

AJQQLUJML

o8

zxC

OH

Fago

(b8

980
wgm 0
SpLT
w?,mm.o
Ligo
Yezo
vl
fage
LpR'L

MeO

75 70 6.5 6.0 55 5.0 45 40 35 3.0 2.5 20 15 10 05 00
£1 (ppm)

3.0

FLET 67—

09:5 68—
CTOL G —

elP9Ce—
9eks 09—

FaFe 801
IBCLELL
LGEE el
COFZOLL
0946 L1119
18£k 0219
ELsrETly
6509 °F219
GLIE 9T
ZT81LTI
828 L2l
5902 8214
L0E8 8T
GEET BT1A

556t 521
FLIE TEL—
1662 P17
1182 5¢1

L2LS TP1—

mmmmmf
9120 vﬁv

2090 8Ll —

180 170 160 150 140 130 120 110 100 80 80 70 60 50 40 30 20 10
£1 (ppm)
S23

180



4faa

1256 1~
99112
9EE1 T

Z020°E~
2950°¢"

cElLe—
6096

GLE P~
6099 <"

GO96 P~
SS00°6"

efle s
L6659
L1£99
82699
8BILY
0CELY
LIPS
EFRLY
TLPL'Y
£IBRY
00£0 _u/
£CL0L
SIFTiN
6192 L
PLLE L
8L02°L
[2zZe’Ls
[AAND

I

OH CI
N

MeO

A

F187T
850

Feso

Frez

Freo

Fis0

Fig0

FLLD

75 7.0 65 50 55 50 45 40 3.5 30 25 2.0 15 1.0 05 0.0
£1 (ppmm)

3.0

£861 87—

FECO OF—
90FE £f—

9z1L 66
6525 19~

L6£8°601
889G E11
145811
91E0'911
TELY'LITY
1264021
£892 6211
Zr6E L211
1868 {211
2040821
6792 8214
915 821
CL08'8E1
0656 8T1
BLR16T1
LEILEETE
699 FET
LPRP L]
FOFOGET
6367 0F1
[t E29EN
6607 Fe1"

PLOC BLT—

I H CI
Meo
N

[

]

i

180 170 160 150 140 130 120 110 100 an 80 70 &0 50 40 30 20 10
1 (ppm)

190

S24



4gaa

8688 T~
12002~
96k0°7"

03L8 T~
167

0119 £—

ClZet—

GEEG T
8TLS
FTLE T
E116 7

G5y
289579
0CLE9
81869
9L29°9
LkS 9
L6599
19599
99L9°9
F6L99
G01R9
081 L
FOLE L
LPTE L

MeO

|| AJLJX_ML

Floe
oot

-gE0

6T

R0

860

Freo

il

=150
2p5 0
gl
Moz
Y960
00l
vza

35 3.0 2.5 2.0 15 10 0.5

f1 (ppm)

» ,,Jhmewl “LJiulﬂLihmemwmmrHmmm¢JmmJLme&mmmwummlw

70 65 6.0 55 5.0 4.5 4.0

75

0868 12—

LP6S B~
£TEE T
LOBL £

LFES Fo—
£06E 85—

GIFE 96

o608t
er0L m:/
LF06ELL

8021 m:%

G0LE'9Ll
1ges m:M

Foke 92l

2006 @mﬁW

cele Lal
7

8866 LTl
LEGE FEl—

0908 ZFL
9gar Tkl

6IGLT61
a0zZ0est

821191~
BFEG eI

3L0E BLI—

130 170 160 150 140 130 120 110 100 80 30 70 &0 50 40 30 20 10
1 (ppm)

150

S25



4haa

S198 T~
L2002~
06202+

S006 Z
L9566

SL09°E—

106 e—

TELF P
1816+

CLCR
59687

fife s,
2E6C9
[19¢'s
Fe95'9
aF6EC'Y
G109
G099
62£9°9
0££9°9
£891°L
8eLLL
GE6L L
1961 L
23T
0e6a 'L
L9620

MeO

zT0

Feoe
Fern

oot

Foos

—I80

Foot

Foot

~6810

rego
L6l
2680
61
bigo
LT0T
6T
£2e
61

75 70 6.5 6.0 5.5 5.0 45 4.0 35 30 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

16LELe—

CBOBBE~
169872
CLIFER

08L9 Fe—
9LBEBE—

S90F 201
L6ESTIL
£e68T1L
CTEOCTL
8eFL91L
£9LE61T
6297121
Dwmn.vmj
L33T 9719
LITL 9T
33639211
L3ET L2l
1696 L21
FEC0 BE 1
LGB 6T

00FL 2140
FB69 LEL
cecepel
[ARA 2 AE
8600°2F1—

CERI TG,
98807651

L0LE8LL—

M

180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10
1 (ppm)

180

S26



4iaa

1226 I~
E9L0°T~
[sAt i

1CL6E~
PLIOE"

GEEY L

e t—

STRE P
CI8s "

RN
6LIE

gofis 5,
£329°9
FLLSG
180979
86899
GBEYY
190L°%
12IL9
998L'G
06LY
Pl i~
EP9T L
989T L
G9LT L
IrlL L
0628 L
[$205

Fiaz
001

SLBO
Lotz
o
X3
e

75 70 65 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 10 0.5 0.0
1 (ppm)
B

3.0

PTLFPBT—

0806 65~
1888 £
BTLT b

2889 CC—
Z8LL09—

£Z912IL
FLESELL
LeGRELL
[San:let
Lkl LT
F80% 081
519 NN:
98L9 ST
SE00 3T
G0ZE LTI
91L8 121
ik L2l
8L9T BT1A
0810 621
(213010 4
9L95 121~
[4ANA A LN
L8le sl

6825 Sl

FeLl ebl—

6499 €61~
9502 Fe1-

LEEE BLI—

180 170 180 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
S27

190



4jaa

86T
12902~
16602/
oppz e

PLEG T~
#8662

S099°t—

9010 F—

FLOS T~
£9F9 F

CECE T
CREE T

Bribay
££09°9
£019°9
0L19°%
52309
0v0LS
00829~
62LT L
8182 L
6652 L
2905 "L
B2IEL
1025 L
LETE L
9976 "L

MeO

70 6.5 6.0 55 5.0 4.5 4.0 33 3.0 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

15

8.0

2Lesle—

CLET 8l—

B6LG 6L~
0199 £~
[

L1ER 66—
191£°09—

SEEL 601y
656LET1Y
ELEBEILY
PLL1 911
8056 L1
£ocE 0zl ]
L£16 671
6050°'F21 1
F6S1LT1
£21g 1717
0659 (211
£Lp1 8Tl
1168821
bdag
6072 6214

9997 ¢El
13k mmﬁw
6011921
£L55 mmﬁ\
m?omi

Z0LLesl
690 FE1L

9081 6L1—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

190

S28



4kaa:

Lova L
10s0g
B980T
L
BoFE T
8095°¢
EF9R T
GZ0E T
CRI0G
PZE0S
ETL9G
EGEE B
[ARER
EL19 D
£9L5'9
GH5
04699
1L
20ZL'Y
9EZL Y
SORL'S
GERLY
Z08L'Y
FLEL 'S
01089
ZZl8'Y
96189

£0£8°9
Sre8 9
£i58°9
62489
£518°9
57689
5568 9
1868°9
8006 9
PELE
61269
6101 'L w
B L
LT
POEL L T

1o¥1 'L O Z
0051 'L

z05e j = NHO
9167 I

0457 i
L1221
8CLZ'L
o182
6562°L
2008 'L
£2LE'L
ELLEL
pOzE L
6825 'L
99bE "L

MeQ

£967
Fao1

=LE0

=182

6870

ol
6670

Feso

=861
2767
rol
g6
Aol
Frig

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

a0

9LEe 82—

9069 6L~
DLEB T
0rge S

£9F8 Co—

o8RRI
FOGE'ETL
0ZFz 9Ll
EGSTLLL
98GELTT
ZFEELIL
2062 0Z1
£182 gl
926 021
1695 €Tl
8L28 el
Feer L2l
7269 L2l
DHLLETY
£LTLLTTY
GE6T BT1
LL8E BT1
OfLlE BZI§
0699 814
9808 821§
F98 Frl

Fe6e tel

[SZ1iel—

968 SR~
OFZe Bil—
GZ08 sl
9LE0FET

9916 8L —

) .

OH
Me
N

MeO

180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10
1 (ppm)

190

S29



4laa

ZELE T~
159072~
&1017"

BFI6T~
9156

CLEE—

80F0 P —

BTG
Toge o
resec]
Leiecl
Erke s
18669
0909°9
9799
63899
6LbL'Y
635L°9
12969
BFOL'Y
BOOT "L,
6270 °L7
£58T°L
1482 'L
66T L
CE0E L
PLO% L

Fesz
Fort

Foot

Fioe

Feso

Fooz

Leso

a8
Lot
Apg]
hgt
801
Eppe
Loge

15 70 6.5 6.0 55 5.0 4.5 4.0 3.5 30 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

a0

6396 87—

Tl e~
ELLE bl
0652 S

P9 CC—
CFLL 09—

vm;.m:._
£986ellq
L¥BT 911
6664111
[AgaSas
0609221
2297 el
FaTs 921
BOOZ L219
OF9L LT
86T 821
LE09 82T
Z6TL78E1-E
L2968 Fel
BLL0CET
£297°6EL
929L°GET
GHOGLET
FOTF 61
SIFEEET
FiFEEG1

B198°6L1—

Br

OH
N

z1©°

Me

MeQO

180 170 160 150 140 130 120 110 100 Ll 80 70 60 50 40 30 20 10
1 (pptm)

180

S30



4maa

66531~
02902
96602

B6L6 T\
S9L6T

8169 —

6620 F—

Br00°%

quo.mn/a
1991 °¢—
L80g m\

Frae sy
[a 30
r09 9
8CZ9°9
FEES Y
L9699
TTEL'Y
LEFL'Y
12¢L°9
0601 L
G9Z1°L
FEEL L
aFFLL
CLPLL
£B6TL
LeLTL
0LLT L

Fote

et

Fut

rege

—66°0

Feot
el

—oot

kLT
re1T
o1l
=601
Felv
2021

LT

75 0 6.5 6.0 3.5 5.0 45 4.0 3.5 30 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

9918'82—

FELE 6En
U e
mwmv.va
L9FG G

LTF9CE—
1920 85—

99LFEIL
LZOBELL
CLILETl
Ce00F1l
GRFESLL
FoEa L1l
£FI90ZL
Fel0ZEL
L29FZal
mﬁmh.vmﬁ._
PEBE T
09207221
8682°L21
206L LETY
08 L2114
0FZZ BZ1H
LiPL 821

GleF BILF
SEZRL wmﬁ&
918 Pel-F
1gegeel
Liaeeel
266% 9Ll
122 orl

Teagesl
eFae el

9ZECDBL—

180 170 160 150 140 130 120 110 100 0 80 70 &0 50 40 30 20 10
1 (ppm)

130

S31



4naa

3368 T,
69102~
0F60 2
0gs1 e/

96L8 T,
894872

ClBG e—

2800 FP—

£C68 T,
L6 b
L5816~
[=IaN=4

Sdha
o6k
L1663
TLLED
26199
ey
LBRL 9~
9L08 3
09283
G0CE'S
Lol
FEE0 L
GFRl L
cleg’l
06T L

Me

Me

(o

zzO

OH

MeO

-

[T

Ly i3
F811
=L

=101

EL0e

—lol

Fell

Fe0l

=00t

reen

SOl
0L
oot
%f.m
0L
FEIE

3990
w% 0
117

Lrot

] 70 6.5 6.0 5.3 5.0 4.5 4.0 33 30 23 2.0 15 1.0 0.5 0.0
F1 feren

a.0

995LLL—

186E 82—

pE9y BE—
PRE £
2128 b

0E8% e—
0809 86—

ZF08 m:.A
FOEET1Y
12zl
1220411
1L0L 811
£ZIL6T1
311121
LZITCTl
91L8°6¢21
FEEC 9T
9691 LTl
G165 LE1

8692714
9558 TE L,
9617 2L,
pass vm&.
209 ¥El
$99L 951
1556 BEL
6618251
P06 251

ShPLBLL—

o

]

130 170 160 150 140 130 120 110 100 20 80 70 50 50 40 30 20 10
1 (ppm)

150

S32



40aa

£9PE T~
1660°7,
L0LD T

[ 3AN
626627

12F9 £—
GOFR E—

EEIF P
FE0s "

9B
£988 F

8FEE 5—

Bheer
£366°9
08199
15999
11899
GLLL9—
GELO'L
6251 mM
90L1 L7
6E0T 'L
2127 'L
6LET L
2967 L

1.0 0.5 0.0

135

15 7.0 65 6.0 55 5.0 45 40 35 3.0 2.5 2.0
£l {ppm)

8.0

Lokl 9T —

TLBL B
T99L T
1690 £

0989 ¥ —
9EEE 09—

GLE8 hmv.

15758

o1gLErt
EE1L 0 a8
£86F u:%
166L611
FTeE @mﬁ,/
686 921
££9: L1
Feel LTI

PLLOBZT
0160 P17

00FL Fr1
90LE FFI
FeLs 9kl
0L89 9¥1
9991 BFI
£L08 BRI
LeE9 05l
FPOLLDST
Gl sl
0ipe el

9BFLBLI—

Al

|

|

l|..u i

180 170 160 150 140 130 120 110 100 El a0 70 &0 50 40 30 20 10

190

f1 (ppm)

S33



4paa

2% =b0'6
GCEE T~ Lape
L0 T it
slorz”

SPEE T .
=

Z1£6T7 oot
2999 €— — Fzez
£IZ0F— M ~6570
626G ]
1567 G-k Lo

¢ ~eeT
e o O -
SILE e = o0l
Gty 2
CEEG 9 =

le]

cC199 O 2
1££9°9
£669°9 ]
ZI9L'Y i
B6LLG FE60
FECL L w ..w@m.o
P01 L = 5881
6002°L PO
6205 L Al
001E L et
128 lg'e
PREE L
OLEE L

10 05 0.0

15

75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0
£l (ppm)

30

a0 67~
PIGETE~
LEBF e~
CRLYBE~
68T6 Eb
820 G

gregce—
FOEE 65—

W EPlT

PRIOFLL
9612911
1046 w:/
9.£5 021
o106 mﬁw
26l pEl-—
sear szl
pr 921
1992 21
952 271
0sLb bEL
zo11 S5l

FE800C1—
FFEE ECl—

L9TLBLL—

180 170 160 150 140 130 120 110 100 90 a0 70 60 50 40 30 20 10
£1 (ppm)

180

S34



4aba

PICR Z
re68°2

9B6L E—
Oplee—

2996 .
0509+
=L N
At A=

e s
08859
5L05°9
650L9
LL0L'9
56189
2L189
§928°9
ZEE0L
1200 'Lt
BPOZ L
BLOZ L
olez L
SOET L
BPbT L
9857 L

EtC

e L

=8le

et
FoT

Foot

1%

rLLo

Fout

[eot

~e80

o8
e0E
20T
200
eg
»{o.m
Apgg

75 7.0 6.5 £.0 5.5 5.0 4.5 4.0 35 30 5 2.0 15 1.0 0.5 0.0
1 ippm)

&80

9ZLBEl—

2851 80—

C615 '8~
FEEL T~
0zes e

ELiFBE—
CEl8T9—

SF0E LOL
SLFSELL
GRITGLL
L6068 911
LEpe 6Ll
eleg1zl
FeZe e2l

161921
GECE WN~W.
8FL5 921
qcel izl
618 LZ1
L9L1°821
L
8516 wm—&
FEFRE 0Fl

[AIRAI N
ZBEE TG

BELELLL—

10

20

30

40

50

60

70

80

50
£1 (ppm)
S35

EtO
130 170 160 150 140 130 120 110 100

180




4hba:

95021
162€'1
COFE T
96661
02607
Z8OL T
50962
89667
vE83'€
9688'¢
8006'€
1L06'€
3165 1
8065
096+
068
£565'9
L5199
9bE9'9
06£9'9
1899°9
ibLs's
86899
12699
26699
Z90L'9
504’9
ceIL'S
coTL's
PLTL'Y
92LL'G
0LLL'S
CZ6L'9
04649
84689
£098'9
¥9L8'9
6089
6501 L
6L01 L
9521 L
9921 4
09T L
9691 L
0581 4
1157 L1
£192 L
192 L
PLEZ L
86711
1687 ¢
2662 L

OFLE L
PRI L
9TEL L
Liee L
88k L

W

EtO

75 7.0 65 6.0 55 5.0 4.5 4.0 35 30 25 20 15 1.0 035 00
1 (ppim)

30

99e8 Pl —

FoEs 8o

P68 6I~
1968 '€
96TF P

G953 09—
LLZEe9—

99Tk 601
OLLFFLL
9BESFLL
0Fa0'9LL
BLLL LTI
29L5021
SEILTELY
£96C 5719
FEZe LTl
£008 219
LBEE LT
Elagatdl
G010 6214
FELE DE L

!

gles Fel
P29 PEL
Ze0k Gl
Erel Gl

L

G2E0 Erl—

2966 TC1~
BCL1 FC1-"

eL8L 6LI—

"

i

Me

z1©

EtO

|

130 170 160 150 140 130 120 110 100 a0 a0 70 60 50 40 30 20 10
£1 (ppm)

180

S36



4aca

zZe8e 1
69707
££80°7
03267
9F6Z
SCICH
P19t
SBlEt
VL6 T
67869
626679
¥909°9
££19°9
L959°9
9659°9
9999
56L9'9
1LY
BLELY
£7CL9
0F9L'Y
EFLLY
69049
156079
7C6L°9
ALK
0CIR9
BLIBY
10789
PEER'9
0Z¥R'9
££88°9
8CEE'9
23889
TP06'9
10269
52269
2920t
8670°L
BCHO'L
CPI0 'L,
£00°L.
TREO'L
PoPL L
605111
8CC1L
SILLLq
BCELL
PLGL L
TITL
88774
£95 1
PPET L
at=A
BFET L
BLET'L
9TLTL

zTC

0 .

; MSOH

)

]

Fore
Eion

Feot

~Lot

Foot
Feot

oot

66l
0L
Le6g
501
0T
80
\szw

1.5 7.0 6.5 6.0 535 5.0 4.5 4.0 33 3.0 25 2.0 15 1.0 0.5 0.0
1 (pprm)

8.0

18eL 18—

BCTLBE~
[ACRASN
9082 £F

T65L 66—

£520'911
9che aLL
B0ec 611>
8oz 071
pavE 121
8255 921
RZEL 9EL
p0CE LEL
96va L2l
95gp gEl

£551 ekl
2896 2C1—
7169 (51,

s 1
\

GESTBLL—

; MeOH

it

180 170 160 150 140 130 120 110 100 40 a0 70 &0 50 40 30 20 10
£1 (ppm)

150

S37



4hca

BOZE T~
ZEEL T
Z6917

8080 £~
69L0°E7

LLR0F—

[TERaN
BECY b

0536 b~
0rz0s

frab s
[659°9
114279
125991
(29891
20689
G169
05669
RWN.EF
£PCE L
0192 Ew
15921
1962 LA
NNWN.TW
L162L
6562 L
08£E°L
BCCE L

M

g
=60l

o0t

Lzt

Fort

801
Foo't

7860
Pane
Jout
FELS
e
MTN 4
ZLLO
By
a0z

7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
£l (ppm)

8.0

8L22 82—

1100 0F~_
86EL
9600 ¥

0rEs 09—

-

LLLF 80T
L9191
&90T°LTL
GEOSTLTL
6L18811
£GR00ZL
12r8°0Z1
0180°zZZ1
0069221
xRN
CH0L LTl —=
LTLe'lal
6021821
8092821
0re0'aegl
FO6E 62l
SoFe ezl
calencl
SPILFEL
ZLlesel
8Lez8el
FPEOOCRL
12zZ ekl
1980 F61
CHZLBGT

T0eGall—

L

L

L ||||Ll

180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10
1 (ppm)

190

S38



4ada:

996381
Fre0'e

TTI0
PRE6T
161672
o18s Y
P0Z9
1016+
63¥6
ThEE 9
L9k
8660
BLICO
12099
91299
L399
£0L9°9
£L89°9
2069°9
FL69°0
CPOLG
61209
882L°9
PRELD
SLRLY
PLPLY
05529
¥29L 9
COLLG
6289
26609
L0189
6£18°9
LIRS
262789
289
98PE 9
91589
L9507
00RO
0950°L
1650°L
CRLO'E:
08LO'E
P60
L9601
2091 £

PE9L L
SL61°L
2608 L

0B1Z LAf
8522 L P
86671
89¥E £
BECT 1
PLST L]
2607 1

F

Fegz
Fait

Faot

Fago

] J&JL@L

oot

~00'1

Fsago

m_ﬁmm
oo
I
.fom

ligo
iR

0.0

05

10

15

2.0

25

30

35

4.0

4.5

5.0

55

6.0

6.5

70

75

2.0

£l (ppm)

SLELLT—

£889°8E~
2608 Tk
FELT L

CHI9EE—

69L6°L01
900221l
-

BLILELL
CrPELLl
OrLeFLL
86F0°CLL
FEELOLL
28196119
L8¥6 1219
£8TE 71
E19£79Z1
£99%F 9211
Z0LL 9T
2TFELT1A
BLFE LT1
DBN.WNT.

CE6bRT1E
£656 871
BEL0TEL
£84£7881
[4t:Rat
06487951
LZE870P1
9956201
6E10°CC1—
Al

£900°BL1—

I\fleO

=z

=10

] IH‘“\U |

180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10

150

F1 (ppm)

S39



4hab

CEEE I~
L1950 T~
zea07”
965 T/

1256 T,
20L6T7

BRLYE—

SF00P—

Al
£509 7

GHE6 T
BELE T

CiiCE
L1E9°9
91599
19699
86699
B20L°9
2iIL9
96089
GE13D
pEZ0L
£VGT L
L0LT L
SkLTL
PBLTL
196274
LLIEL
gTgE L
gsgE L

M

Loz
kot
L-66C

Fego

4 %4
GLO

Fag0

oot

=EL0

bRt
#1561
660
200
g
Lesy

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)

8.0

9L68 07—

LT 87—

LOPL 65~
68,
0069 Fb"

GCRR GE—
TLPG 09—

CEbb B0l
IPOLELL
LPIBElL
0291 9114
9269'L111
FiCe 721
BGLS CTI1Y
AR
09€6 LT14
26918214
21198211
9210 6219
L1980 6214
106G 621
CBER DELE
99T PEL~,
LG PELT
981K CEL

0180 Bl —

QELLTCI~
cLnLecl-"

FelZ 6Ll —

Me

180 170 160 150 140 130 120 110 100 90 a0 70 60 50 40 30 20 10
£1 (ppm)

190

5S40



4hac

7968 T~
PrE6 [~
20102

=4 RN
68162

920927
ovmo.m.\
256 e~

166t T~
18£C "

1698 b~
0206 7

£4E 5,

0£95°9
kLS9

28L5°9]
£955° 91
400979
£209°94
742991
5059794
SarL 9y

W

9TEL I

L

£89L°9

0Z8L°L
1661 L
AU
T80z°L
9LFE L
2092 L
[a s

87
oot

Figo

—80'E
=062

—S80

F26°0

kool

—0L0

OH
N

=10

—L8s

bzce

MeQO l
Me

MeO

oo

0.5

1.0

15

2.0

2.5

30

35

45

50

55

6.0

6.5

70

75

3.0

1 (ppm)

62GLBE

GEBBBE

.

G968 Eb_
LPER b

FLLS GG
CHTLCE
8282709

-

05ira01
T2L02ll
9Zeeell
BZOLFLL
So6FFLL
LBLLOLL
901811
Fecl el
808P CT1
Flee Lel
Fleg'Lel
£5BEBEL
L300°621
296L°0L1
9963 LT
OFbe Gl
£e6e Gl
(R
BLEOERL
(AL
020c°eCt
96FLECL

8ILl6LY

|
1
1
1
1
1
1
L
q

|
3

™~

MeO

MeO

=10

]

180 170 160 150 140 130 120 110 100 90 20 70 50 50 40 30 20 10
£1 (ppm)

150

S41



L1160y
1096 0
£306°07
10672
¥30£Z
7£2£T
83CET
82297
197
56597
720267
8096C
FLiL'E
9200 %
9Lk
ELLEY
PoLO'C
68L0°C
CEEL'Y
96519
L0299
1629°9
91£9'9
759’9
0569°9
1099°9
r99°9
86L9°9
7899
£16L°9
£36L°9
£E9L'9
B69L'9
LRLL'Y
BIBL'Y
09£3°9
63£3°9
80E8'9
BELB'Y
L9089
(9969
20069
29869
868691
bl
5811
ANE
L9EL LA
925 1°¢A
PICT LA

%

L

PAR: R
9C8T L
010£°L
[F0EL
L9eL’L
PR L
L192°L;

O

15 7.0 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
1 (ppm)

a0

L9101 —

280LET—

PRLE Ob
F9Z0 b
2675 b

B86L°GE—
9EEE 15—

Gole 601
85CCETT
ELCAR 408
9622 9119
CLESLTTY
266 021
18kFZE1
[AEReas
£00£°L2T
667 L2T
L1288 LE 1
Gz BZ 1
wmwa.mmfw
IR A TR -
£LGRTIET

6Lelel

leeg vel

Le9eGel

PREE 9T

6916 TP1

GLITEET~
0£8S PC1-"

1880081 —

Et

MeQ

MMM—M

zT0

180 170 160 150 140 130 120 110 100 30 70 50 50 40 30 20 10
1 (ppm)
S42

1580
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