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1. General methods

NMR spectra were recorded with tetramethylsilane as the internal standard. "H NMR spectra
were recorded at 400 MHz, and '3*C NMR spectra were recorded at 100 MHz (Bruker Avance). 'H
NMR chemical shifts () are reported in ppm relative to tetramethylsilane (TMS) with the solvent
signal as the internal standard (CDCl; at 7.26 ppm, (CD3),SO at 2.50 ppm). 3C NMR chemical
shifts are reported in ppm from tetramethylsilane (TMS) with the solvent resonance as the internal
standard (CDCl; at 77.00 ppm, (CD;),SO at 39.52 ppm). Data are given as: s (singlet), d (doublet),
t (triplet), q (quartet), dd (double of doublet), br (broad) or m (multiplets), coupling constants (Hz)
and integration. Flash column chromatography was carried out using silica gel eluting with ethyl
acetate and petroleum ether. High resolution mass spectra were obtained with the Q-TOF-Premier
mass spectrometer. Reactions were monitored by TLC and visualized with ultraviolet light. IR
spectra were recorded on a Thermo Fisher Nicolet Avatar 360 FTIR spectrometer on a KBr beam
splitter. All the solvents were used directly without any purification.

2. Optimization of the TFA loadings
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Scheme S1. Optimization of the loadings of TFA
Finally, we investigated the effect of the of TFA loadings to further improve the synthetic
efficiency. When 25 mol% of TFA was employed, the yield was decreased to 70%. And much
inferior results were obtained with less TFA. Thus, 20 mol% of TFA was proved to be optimal.
Notably, we could detect a trace of product without Boc group in the reaction mixture by HRMS
(Figure S1), and the Boc group could be removed completely by using 2.0 equivalent of TFA for

72 h.
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Figure S1. ESI-HRMS spectrum of the reaction of 1a, 2a and 3a with 20 mol% of TFA in 1.0 mL
of toluene after 72 h

3. Experimental data for pyrrolo[1,2-a]isoquinoline-based bispirooxindoles 4
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General procedure: To a 5.0 mL vial were successively added N-alkyl substituted isatin 1
(0.20 mmol), 1,2,3,4-tetrahydroisoquinoline 2 (0.24 mmol), methyleneindolinone 3 (0.24 mmol),
TFA (0.04 mmol) and 1.0 mL toluene. The resulting mixture was stirred at 50 °C until almost full
consumption of 1 as monitored by thin layer chromatography, and then the reaction mixture was
directly subjected to flash column chromatography on silica gel (petroleum ether/ ethyl acetate) to

afford the corresponding products 4.

I-(tert-butyl)  2'-methyl 1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
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pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4a)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
88.5 mg, 76% yield; reaction time = 72 h; mp 190.8-192.1 °C; 'H NMR (400 MHz, CDCl;),
8.15 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.37 (q, J = 8.0 Hz,
2H), 7.27 (t, J = 8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.02 (s, 2H), 6.87 (d, J = 8.0 Hz, 2H), 6.41
(d, J=28.0 Hz, 1H), 5.75 (s, 1H), 4.33 (s, 1H), 3.32 (s, 3H), 3.10-2.99 (m, 4H), 2.71-2.55 (m, 3H),
1.55 (s, 9H); 13C NMR (100 MHz, CDCl3)  176.7, 175.9, 168.2, 149.2, 144.9, 139.6, 134.9, 134.6,
129.9 (20), 129.3, 128.7, 126.6, 126.5, 125.5, 125.3, 125.2, 124.5, 123.0, 122.8, 114.7, 108.0,
84.0, 70.3, 69.9, 63.8, 58.4, 51.3, 41.6, 29.7, 28.0, 26.0. IR (KBr) v 2980, 2941, 1771, 1736, 1721,

1296, 1154, 751 cm’'. HRMS (ESI) calcd for C34H34N3;06" [M+H]* 580.2442, found 580.2445.

1-(tert-butyl) 2'-methyl 1"-ethyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4b)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 18:1);
108.0 mg, 91% yield; reaction time = 24 h; mp 173.0-174.1 °C; 'H NMR (400 MHz, CDCl;), §
7.65 (d, J = 8.0 Hz, 1H), 7.41 (dd, J; = J, = 8.0 Hz, 2H), 7.24-6.96 (m, 8H), 6.55 (d, J = 8.0 Hz,
1H), 5.97 (d, J = 4.0 Hz, 1H), 3.99 (d, J = 8.0 Hz, 1H), 3.60 (q, J = 8.0 Hz, 1H), 3.39 (s, 3H),
3.14-3.04 (m, 2H), 2.89-2.84 (m, 1H), 2.72 (d, J = 16.0 Hz, 1H), 2.59 (t, J = 8.0 Hz, 1H), 1.52 (s,
9H), 0.72 (t, J = 8.0 Hz, 3H); 3C NMR (100 MHz, CDCl3) 8 175.2, 173.7, 171.3, 148.7, 143.8,
139.7, 137.7, 134.4, 129.9, 129.0, 128.8, 126.6, 126.3, 125.7, 124.9, 123.8, 123.6, 123.4, 122.3,
114.0, 107.6, one carbon missing in the aromatic region, 83.7, 77.6, 62.2, 60.7, 55.0, 51.6, 42.7,
33.7, 29.6, 27.9, 12.1. IR (KBr) v 2979, 2935, 1738, 1701, 1474, 1360, 1163, 747 cm-'. HRMS

(ESI) caled for C3sHygN304" [M+H]*594.2599, found 594.2597.
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1-(tert-butyl) 2'-methyl 1"-allyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-alisoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4¢)

White solid obtained by filtration of the precipitate; 90.5 mg, 75% yield; reaction time = 24 h; mp
172.8-174.1 °C; '"H NMR (400 MHz, CDCl3), 8 7.67 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 2H),
7.22-7.08 (m, 6H), 7.04-6.96 (m, 2H), 6.51 (d, J = 8.0 Hz, 1H), 5.97 (d, J = 12.0 Hz, 1H), 5.29-
5.20 (m, 1H), 4.87 (d, J=12.0 Hz, 1H), 4.51 (d, J=16.0 Hz, 1H), 4.29-4.23 (m, 1H), 3.99 (d, J =
8.0 Hz, 1H), 3.66 (dd, J; =4.0 Hz, J, = 8.0 Hz, 1H), 3.38 (s, 3H), 3.11-3.05 (m, 1H), 2.90-2.83 (m,
1H), 2.72 (dd, J; = J, = 4.0 Hz, 1H), 2.60 (dd, J; = J, = 4.0 Hz, 1H), 1.52 (s, 9H); 3C NMR (100
MHz, CDCl3) 8 175.2, 173.7, 171.3, 148.7, 144.0, 139.8, 137.6, 134.4, 130.6, 129.9, 129.1, 128.8,
126.5, 126.4 (2C), 125.8, 125.0, 123.8 (20C), 123.1, 122.5, 117.0, 114.1, 108.5, 83.8, 77.8, 62.1,
60.7, 55.1, 51.6, 42.8, 41.4, 29.6, 28.0. IR (KBr) v 3449, 2938, 1739, 1705, 1473, 1359, 1298,

1162, 747 cm™'. HRMS (ESI) m/z calcd for C36H36N;04" [M+H]" 606.2599, found606.2595.

1-(tert-butyl)  2'-methyl 1"-benzyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4d)

White solid obtained by filtration of the precipitate; 100.2 mg, 76% yield; reaction time = 28 h;
mp 170.1-171.6 °C; '"H NMR (400 MHz, CDCl;), 8 7.70 (d, J = 8.0 Hz, 1H), 7.43 (dd, J, = J, =
8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 1H), 7.13-7.04 (m, 8H), 6.99-6.91 (m, 2H), 6.54 (d, J = 8.0 Hz,
2H), 6.30 (d, J = 8.0 Hz, 1H), 5.97 (d, J = 12.0 Hz, 1H), 4.89 (d, J = 16.0 Hz, 1H), 4.22 (d, J =
16.0 Hz, 1H), 3.99 (d, J = 8.0 Hz, 1H), 3.35 (s, 3H), 3.10-2.99 (m, 1H), 2.89-2.82 (m, 1H), 2.71
(dd, J; = J, = 4.0 Hz, 1H), 2.57 (dd, J; = J, = 8.0 Hz, 1H), 1.48 (s, 9H); *C NMR (100 MHz,
CDCl3) 6 175.3,173.9, 171.2, 148.7, 144.0, 139.9, 137.5, 134.9, 134.3, 130.0, 129.2, 128.8, 128.6,
127.2,126.7, 126.6, 126.4 (2C), 125.8, 125.0, 124.0, 123.9, 123.2, 122.6, 114.2, 108.8, 83.8, 77.5,
62.0, 60.6, 55.3, 51.6, 43.0, 42.7, 29.6, 27.9. IR (KBr) v 3437, 2924, 1767, 1736, 1467, 1355,

1294, 1161, 754 cm’'. HRMS (ESI) calcd for C4oH3sN3;06" [M+H]* 656.2755, found 656.2754.
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1-(tert-butyl) 2'-methyl 5"-fluoro-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4e)

White solid obtained by filtration of the precipitate; 84.6 mg, 71% yield; reaction time = 72 h; mp
198.5-200.1 °C; 'H NMR (400 MHz, CDCl3), 8 7.70 (d, J = 8.0 Hz, 1H), 7.39 (d, /= 8.0 Hz, 1H),
7.23-7.02 (m, 7H), 6.94 (t, J = 8.0 Hz, 1H), 6.45 (dd, J; =J, = 4.0 Hz, 1H), 5.97 (d, J = 8.0 Hz,
1H), 3.95 (d, J = 8.0 Hz, 1H), 3.39 (s, 3H), 3.15-3.06 (m, 1H), 2.91-2.86 (m, 1H), 2.74 (s, 4H),
2.60 (t,J = 8.0 Hz, 1H), 1.54 (s, 9H); 3C NMR (100 MHz, CDCl;) § 175.0, 173.9, 171.1, 158.9 (d,
J =240.0 Hz, 1C), 148.8, 140.6, 139.7, 137.4, 134.2, 129.3, 128.9, 126.4, 126.0, 125.8, 125.0,
124.9, 123.6, 123.4, 116.3 (d, J = 24.0 Hz, 1C), 114.5 (d, J = 26.0 Hz, 1C), 114.1, 108.1 (d, J =
8.0 Hz, 1C), 84.2,77.9, 62.2, 60.9, 54.9, 51.7,42.9, 29.6, 27.7, 25.3. IR (KBr) v 3406, 2973, 2924,
2850, 1760, 1615, 1490, 1351, 1300, 1165, 761 cm . HRMS (ESI) calcd for C;4H33FN;O4"

[M+H]" 598.2348, found 598.2350.

1-(tert-butyl) 2'-methyl 5"-chloro-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4f)

White solid obtained by filtration of the precipitate; 86.4 mg, 70% yield; reaction time = 24 h; mp
196.4-197.7 °C; 'H NMR (400 MHz, CDCl3), 8 8.09 (d, J= 8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H),
7.54 (d, J=4.0 Hz, 1H), 7.41-7.24 (m, 3H), 7.05 (d, J = 8.0 Hz, 2H), 6.91-6.86 (m, 1H), 6.80 (d, J
= 8.0 Hz, 1H), 6.39 (d, J = 12.0 Hz, 1H), 5.72 (s, 1H), 4.27 (s, 1H), 3.31 (s, 3H), 3.13-3.05 (m,
1H), 3.01 (s, 3H), 2.69-2.57 (m, 3H), 1.56 (s, 9H); 3*C NMR (100 MHz, CDCl;) 8 176.5, 175.6,
168.2, 149.2, 143.5, 139.6, 134.8, 134.4, 130.0, 129.7, 129.4, 128.9, 128.5, 128.3, 126.6, 125.6,
125.3, 125.1, 125.0, 123.0, 114.8, 109.1, 84.2, 70.2, 69.9, 64.0, 58.2, 51.5, 41.7, 29.6, 28.0, 26.2.

IR (KBr) v 3428, 2943, 1723, 1487, 1294, 1154, 755 cm’!. HRMS (ESI) m/z calcd for
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C34H3;3CIN;O6" [M+H]* 614.2052, found 614.20544.

1-(tert-butyl) 2'-methyl 6"-chloro-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4g)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
89.3 mg, 73% yield; reaction time = 72 h; mp 153.5-155.2 °C; 'H NMR (400 MHz, CDCl;),
8.09 (d,/=8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.45 (d, /= 8.0 Hz, 1H), 7.38 (t, /= 8.0 Hz, 1H),
7.26 (t, J = 8.0 Hz, 1H), 7.09 (dd, J; = J, = 4.0 Hz, 1H), 7.04-7.02 (m, 2H), 6.90-6.86 (m, 2H),
6.39 (d, J=4.0 Hz, 1H), 5.71 (s, 1H), 4.28 (s, 1H), 3.30 (s, 3H), 3.06-3.04 (m, 1H), 3.01 (s, 3H),
2.72-2.57 (m, 3H), 1.55 (s, 9H); 3C NMR (100 MHz, CDCl3) 4 176.7, 175.9, 168.3, 149.2, 146.1,
139.6, 135.9, 134.9, 134.5, 129.7, 129.4, 128.9, 126.6, 125.6 (2C), 125.3, 125.2, 125.1, 123.0,
122.7, 114.8, 108.9, 84.2, 70.0, 69.9, 63.9, 58.3, 51.5, 41.6, 29.7, 28.0, 26.2. IR (KBr) v 3435,
2940, 1720, 1607, 1488, 1363, 1294, 1152, 757 cm’l. HRMS (ESI) calcd for Cs34H33CIN;Og"

[M+H]" 614.2052, found 614.2056.

1-(tert-butyl) 2'-methyl 7"-chloro-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4h)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
97.5 mg, 79% yield; reaction time = 72 h; mp 210.5-211.7 °C; 'H NMR (400 MHz, CDCl;), §
8.09 (d, /=8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.45 (d, /= 8.0 Hz, 1H), 7.39 (t, /= 8.0 Hz, 1H),
7.27 (t, J = 8.0 Hz, 2H), 7.06-7.00 (m, 3H), 6.91-6.86 (m, 1H), 6.40 (d, J = 8.0 Hz, 1H), 5.70 (s,
1H), 4.26 (s, 1H), 3.69 (s, 3H), 3.11-3.06 (m, 1H), 3.02 (s, 3H), 2.67-2.56 (m, 3H), 1.55 (s, 9H);
3C NMR (100 MHz, CDCl;) 8 176.6, 176.2, 168.2, 149.2, 140.8, 139.6, 134.9, 134.6, 132.3,

129.8, 129.7, 129.4, 128.9, 126.6, 125.6, 125.3, 125.2, 123.6, 123.1, 123.0, 115.4, 114.8, 84.2,
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69.9,69.7, 64.3, 58.1, 51.5, 41.6, 29.7, 29.3, 28.0. IR (KBr) v 3430, 2983, 2916, 2831, 1746, 1701,

1601, 1483, 993, 836, 761 cm™!. HRMS (ESI) caled for C34H;33CIN;Og" [M+H]" 614.2052, found

614.2053.

1-(tert-butyl) 2'-methyl 5"-bromo-1"-methyl-2,2"-dioxo0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4i)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 15:1);
91.3 mg, 69% yield; reaction time = 24 h; mp 201.8-203.6 °C; 'H NMR (400 MHz, CDCl;), §
8.09 (d, J=8.0 Hz, 1H), 7.97 (d, /= 8.0 Hz, 1H), 7.67 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.38 (d, J
=8.0 Hz, 1H), 7.28 (s, 1H), 7.03 (s, 2H), 6.88 (s, 1H), 6.75 (d, /= 8.0 Hz, 1H), 6.39 (d, /= 4.0 Hz,
1H), 5.71 (s, 1H), 4.26 (s, 1H), 3.30 (s, 3H), 3.20-3.06 (m, 1H), 3.01 (s, 3H), 2.69-2.57 (m, 3H),
1.55 (s, 9H); 3C NMR (100 MHz, CDCl3) 8 176.5, 175.5, 168.2, 149.2, 144.0, 139.7, 134.9, 134.5,
132.9, 129.7, 129.4, 128.9, 128.8, 127.7, 126.6, 125.6, 125.3, 125.2, 123.0, 115.5, 114.8, 109.5,
84.2,70.2, 69.9, 64.0, 58.2, 51.5,41.7, 29.7, 28.0, 26.2. IR (KBr) v 3407, 2939, 1735, 1713, 1606,
1481, 1357, 1290, 1246, 1153, 1100, 762 cm™!. HRMS (ESI) calcd for C34H33BrN;O6" [M+H]*

658.1547, found 658.1549.

1-(tert-butyl) 2'-methyl 6"-bromo-1"-methyl-2,2"-dioxo0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4j)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
96.0 mg, 73% yield; reaction time = 72 h; mp 165.3-166.8 °C; 'H NMR (400 MHz, CDCl;), &
8.08 (d,/=8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H), 7.39 (t, J = 8.0 Hz, 2H), 7.26 (t, /= 8.0 Hz, 2H),
7.03 (d, J = 8.0 Hz, 3H), 6.90-6.86 (m, 1H), 6.39 (d, J = 4.0 Hz, 1H), 5.71 (s, 1H), 4.27 (s, 1H),

3.30 (s, 3H), 3.10-3.03 (m, 1H), 3.01 (s, 3H), 2.72-2.56 (m, 3H), 1.55 (s, 9H); 3C NMR (100
S8



MHz, CDCl;) § 176.6, 175.9, 168.2, 149.2, 146.3, 139.7, 134.9, 134.5, 129.8, 129.3, 128.9, 126.6,
125.9, 125.7 (2C), 125.6, 125.3, 125.2, 123.8, 123.1, 114.8, 111.6, 84.2, 70.1, 70.0, 63.9, 58.3,
51.5, 41.7, 29.7, 28.0, 26.2. IR (KBr) v 3435, 2978, 2940, 1723, 1604, 1485, 1362, 1294, 1154,

757 cml. HRMS (ESI) caled for C34H33BrN3Og™ [M+H]* 658.1547, found 658.1549.

1-(tert-butyl) 2'-methyl 1"-methyl-5"-nitro-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4k)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 15:1 to
5:1); 26.2 mg, 21% yield; reaction time = 24 h; mp 203.1-204.7 °C; 'H NMR (400 MHz, CDCly),
0 8.41 (s, 1H), 8.34 (d, J= 8.0 Hz, 1H), 8.05 (d, J= 8.0 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.40 (t,
J=8.0Hz, 1H), 7.27 (t, J= 8.0 Hz, 1H), 7.04 (s, 2H), 6.97 (d, J= 8.0 Hz, 1H), 6.90 (t, J = 8.0 Hz,
1H), 6.40 (d, J = 8.0 Hz, 1H), 5.72 (s, 1H), 4.36 (s, 1H), 3.39 (s, 3H), 3.21-3.10 (m, 1H), 3.08 (s,
3H), 2.71-2.59 (m, 3H), 1.56 (s, 9H); 13C NMR (100 MHz, CDCl3) 8 176.3, 176.1, 168.2, 150.5,
149.1, 143.8, 139.8, 134.7, 134.1, 129.4 (20), 129.0, 127.8, 127.2, 126.7, 125.7, 125.2, 125.0,
123.0, 120.5, 114.9, 107.8, 84.3, 70.1, 70.0, 64.2, 58.2, 51.6, 41.9, 29.6, 28.0, 26.5. IR (KBr) v
3441,2945, 1772, 1728, 1614, 1339, 1152, 752 cm™'. HRMS (ESI) caled for C34H33N,Og" [M+H]*

625.2293, found 625.2293.

1-(tert-butyl)  2'-methyl  1"-methyl-2,2"-dioxo-5"-(trifluoromethoxy)-6',10b'-dihydro-2'H,5'H-
dispiro[indoline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (41)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
12:1); 76.1 mg, 57% yield; reaction time = 36 h; mp 128.9-130.2 °C; '"H NMR (400 MHz, CDCl;),
6 8.11 (d, J=8.0 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.40 (dd, J, = J,= 8.0 Hz, 2H), 7.29-7.22 (m,

2H), 7.03 (s, 2H), 6.91-6.84 (m, 2H), 6.40 (d, J = 8.0 Hz, 1H), 5.72 (s, 1H), 4.27 (s, 1H), 3.32 (s,
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3H), 3.13-3.06 (m, 1H), 3.02 (s, 3H), 2.68-2.56 (m, 3H), 1.55 (s, 9H); 3C NMR (100 MHz,
CDCly) § 176.5, 175.8, 168.2, 149.2, 145.0 (2C), 143.6, 139.7, 134.8, 134.4, 129.7, 129.4, 128.9,
128.4, 126.6, 125.6, 125.2 (2C), 123.2, 123.0, 118.6, 114.8, 108.5, 84.2, 70.3, 69.9, 64.0, 58.3,
51.5,41.7,29.7, 28.0, 26.2. IR (KBr) v 3449, 1722, 1359, 1156, 756 cm’!. HRMS (ESI) caled for

C35H33F3N3O577 [M+H]™ 664.2265, found 664.2268.

1-(tert-butyl) 2'-methyl 1"-methyl-2,2"-dioxo-6"-(trifluoromethyl)-6',10b'-dihydro-2'H,5'H-

dispiro[indoline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4m)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 40:1 to 30:1);
67.1 mg, 52% yield; reaction time = 36 h; mp 198.3-199.6 °C; 'H NMR (400 MHz, CDCl;), §
8.09 (d,J=8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.66 (d, /= 8.0 Hz, 1H), 7.39 (t, /= 8.0 Hz, 2H),
7.27 (t, J = 8.0 Hz, 1H), 7.06 (d, J = 16.0 Hz, 3H), 6.89 (s, 1H), 6.40 (d, J = 8.0 Hz, 1H), 5.74 (s,
1H), 4.32 (s, 1H), 3.36 (s, 3H), 3.13-3.07 (m, 1H), 3.02 (s, 3H), 2.68-2.56 (m, 3H), 1.56 (s, 9H);
3C NMR (100 MHz, CDCl;) & 176.6, 175.7, 168.2, 149.1, 145.6, 139.7, 134.8, 134.4, 132.6,
130.8, 129.6, 129.4, 128.9, 126.7, 125.7, 125.3, 125.2, 124.9, 123.0, 119.9 (2C), 114.9, 104.8,
84.3,70.1, 70.0, 64.0, 58.3, 51.5, 41.8, 29.7, 28.0, 26.2. IR (KBr) v 3451, 2931, 1762, 1730, 1463,

1324, 1159, 777 cm’'. HRMS (ESI) calcd for C35sH33F3N306 [M+H]* 648.2316, found 648.2318.

1-(tert-butyl) 2'-methyl 1"-methyl-2,2"-dioxo-7"-(trifluoromethyl)-6',10b'-dihydro-2'H,5'H-
dispiro[indoline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4n)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 50:1 to
40:1); 20.9 mg, 16% yield; reaction time = 18 h; mp 180.5-181.9 °C; '"H NMR (400 MHz, CDCl;),
6 8.08 (d, J= 8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.76 (d, /= 8.0 Hz, 1H), 7.65 (d, /= 8.0 Hz,

1H), 7.39 (t, /= 8.0 Hz, 1H), 7.28 (d, /= 4.0 Hz, 1H), 7.19 (t, /= 8.0 Hz, 1H), 7.04 (d, /= 8.0 Hz,
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2H), 6.89 (t, J = 8.0 Hz, 1H), 6.41 (d, J = 8.0 Hz, 1H), 5.72 (s, 1H), 4.28 (s, 1H), 3.52 (s, 3H),
3.10-3.06 (m, 1H), 3.02 (s, 3H), 2.64-2.56 (m, 3H), 1.56 (s, 9H); 3C NMR (100 MHz, CDCl;) &
176.7, 176.6, 168.0, 149.1, 143.0, 139.6, 134.9, 134.5, 129.7, 129.6, 129.4, 128.9, 128.0, 127.9,
126.6, 125.7, 125.3, 125.2, 123.0, 122.2, 114.9, 112.6, 112.2, 84.2, 69.9, 68.4, 64.4, 58.1, 51.5,
41.5,29.7, 28.7, 28.0. IR (KBr) v 3431, 2953, 1720, 1466, 1350, 1150, 746 cm'. HRMS (ESI)

caled for C;5H33F3N;06" [M+H]" 648.2316, found 648.2316.

1-(tert-butyl) 2'-methyl 1",5"-dimethyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (40)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 15:1);
57.5 mg, 48% vyield; reaction time = 48 h; mp 199.4-200.6 °C; 'H NMR (400 MHz, CDCl), §
8.15(d,J=8.0 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.38 (t, /= 8.0 Hz, 2H), 7.25 (t,J = 8.0 Hz, 1H),
7.15 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 2H), 6.90-6.85 (m, 1H), 6.76 (d, J = 8.0 Hz, 1H),
6.41 (d, J = 8.0 Hz, 1H), 5.74 (s, 1H), 4.31 (s, 1H), 3.30 (s, 3H), 3.13-3.04 (m, 1H), 3.00 (s, 3H),
2.70-2.56 (m, 3H), 2.34 (s, 3H), 1.55 (s, 9H); 13C NMR (100 MHz, CDCl;) 8 176.9, 175.9, 168.3,
149.3, 142.6, 139.6, 135.0, 134.8, 132.5, 130.2, 130.0, 129.3, 128.7, 126.6, 126.5, 125.5, 125.3
(20), 125.2, 123.1, 114.7, 107.7, 84.1, 70.4, 70.0, 63.8, 58.4, 51.3, 41.6, 29.7, 28.0, 26.0, 20.9. IR
(KBr) v 3446, 2980, 2939, 2820, 1768, 1736, 1708, 1492, 1358, 1293, 1154, 760 cm'. HRMS

(ESI) caled for C35HsgN;O¢" [M+H]* 594.2599, found 594.2600.

1-(tert-butyl) 2'-methyl 1",5",7"-trimethyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4p)
White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 15:1);

80.9 mg, 67% yield; reaction time = 72 h; mp 200.2-201.9 °C; '"H NMR (400 MHz, CDCly), &
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8.15 (d, J=8.0 Hz, 1H), 7.96 (d, J= 8.0 Hz, 1H), 7.37 (t, J= 8.0 Hz, 1H), 7.26 (t, J = 8.0 Hz, 1H),
7.21 (s, 1H), 7.03 (d, J = 4.0 Hz, 2H), 6.88-6.85 (m, 2H), 6.40 (d, J = 8.0 Hz, 1H), 5.72 (s, 1H),
4.26 (s, 1H), 3.57 (s, 3H), 3.12-3.04 (m, 1H), 3.00 (s, 3H), 2.72-2.59 (m, 3H), 2.56 (s, 3H), 2.28 (s,
3H), 1.55 (s, 9H); 3C NMR (100 MHz, CDCLy) 5 176.9, 176.5, 168.3, 149.3, 140.2, 139.6, 135.0,
134.9, 134.2, 132.3, 130.1, 129.3, 128.7, 127.4, 126.4, 125.5, 125.3, 125.2, 123.1, 123.0, 119.2,
114.7, 84.1, 69.9, 69.6, 64.2, 58.2, 51.3, 41.5, 29.7, 29.3, 28.0, 20.6, 18.8. IR (KBr) v 3447, 2982,
2940, 1737, 1701, 1477, 1357, 1294, 1154, 1095, 759 cm'. HRMS (ESI) calcd for Cs3gHzsN304"

[M+H]* 608.2755, found 608.2753.

1-(tert-butyl) 2'-methyl 5"-methoxy-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-
dispiro[indoline-3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4q)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 12:1 to 8:1);
87.6 mg, 72% yield; reaction time = 72 h; mp 160.0-161.9 °C; '"H NMR (400 MHz, CDCly), §
8.17 (d,J=8.0 Hz, 1H), 7.94 (d, /= 8.0 Hz, 1H), 7.37 (t, /= 8.0 Hz, 1H), 7.26 (t,J = 8.0 Hz, 1H),
7.14 (d, J=4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 2H), 6.91-6.85 (m, 2H), 6.77 (d, J = 12.0 Hz, 1H),
6.40 (d, J = 8.0 Hz, 1H), 5.75 (s, 1H), 4.29 (s, 1H), 3.81 (s, 3H), 3.30 (s, 3H), 3.13-3.05 (m, 1H),
3.00 (s, 3H), 2.73-2.64 (m, 2H), 2.58 (d, J = 16.0 Hz, 1H), 1.56 (s, 9H); 3C NMR (100 MHz,
CDCl3) 8 176.8, 175.7, 168.2, 156.4, 149.2, 139.6, 138.4, 135.0, 134.8, 130.0, 129.4, 128.7, 128.0,
126.5, 125.6, 125.5, 125.3, 123.1, 115.2, 114.7, 111.0, 108.6, 84.2, 70.7, 70.0, 64.0, 58.4, 55.9,
51.3,41.7, 29.7, 28.0, 26.1. IR (KBr) v 3394, 2942, 2829, 1707, 1607, 1494, 1360, 1158, 1035,

760 cm™'. HRMS (ESI) caled for C35H36N;0,7 [M+H]" 610.2548, found 610.2544.

1-(tert-butyl) 2'-methyl 7'-bromo-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-

3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4r)
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White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 18:1);
117.2 mg, 89% yield; reaction time = 24 h; mp 143.2-144.9 °C; 'H NMR (400 MHz, CDCl;), §
8.16 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.38 (q, J = 8.0 Hz,
2H), 7.33 (d, J=8.0 Hz, 1H), 7.28 (t, /= 8.0 Hz, 1H), 7.12 (t, /= 8.0 Hz, 1H), 6.88 (d, /= 8.0 Hz,
1H), 6.78 (t, J= 8.0 Hz, 1H), 6.39 (d, /= 8.0 Hz, 1H), 5.74 (s, 1H), 4.32 (s, 1H), 3.33 (s, 3H), 3.00
(s, 3H), 2.91-2.85 (m, 1H), 2.77-2.61 (m, 3H), 1.57 (s, 9H); 1*C NMR (100 MHz, CDCl;) 8 176.4,
175.8, 168.1, 149.1, 144.9, 139.5, 137.3, 134.9, 130.8, 130.1, 129.6, 128.9, 126.8, 126.4, 125.8,
125.4,125.3, 124.5, 122.9, 122.2, 114.8, 108.1, 84.3, 70.0, 69.7, 63.9, 58.2, 51.4, 41.3, 31.0, 28.0,
26.0. IR (KBr) v 3448, 2978, 2942, 2826, 1716, 1610, 1472, 1361, 1295, 1248, 1153, 759 cm"'.

HRMS (ESI) caled for C54H33BrN;O6" [M+H]" 658.1547, found 658.1549.

1-(tert-butyl) 2'-methyl 8'-bromo-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4s)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
16:1); 98.6 mg, 75% yield; reaction time = 72 h; mp 141.7-142.8 °C; '"H NMR (400 MHz, CDCl,),
6 8.11 (d, J= 8.0 Hz, 1H), 7.92 (d, J= 8.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.37 (q, J = 8.0 Hz,
2H), 7.27 (t, J=8.0 Hz, 1H), 7.19 (s, 1H), 7.11 (t, J= 8.0 Hz, 1H), 7.00 (dd, J; =J,=4.0 Hz, 1H),
6.87 (d, J = 8.0 Hz, 1H), 6.25 (d, J = 8.0 Hz, 1H), 5.67 (s, 1H), 4.30 (s, 1H), 3.32 (s, 3H), 3.07-
3.03 (m, 1H), 3.00 (s, 3H), 2.75-2.53 (m, 3H), 1.57 (s, 9H); '3C NMR (100 MHz, CDCl;) & 176.5,
176.0, 168.2, 149.1, 144.9, 139.5, 137.5, 133.7, 132.1, 130.1, 129.6, 128.9, 128.6, 126.4, 125.3,
124.9, 124.6, 122.9, 120.3, 114.8, 108.1, one carbon missing in the aromatic region, 84.4, 70.3,
69.5, 63.6, 58.4, 51.4, 41.2, 29.6, 28.0, 26.1. IR (KBr) v 3442, 2977, 2941, 1717, 1609, 1476,
1361, 1294, 1248, 1153, 758 cm’!. HRMS (ESI) caled for C33H33BrN;Og" [M+H]* 658.1547,

found 658.1544.
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1-ethyl 2'-methyl 1"-methyl-2,2"-dioxo-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-pyrrolo[2,1-
alisoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4t)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 12:1);
44.8 mg, 41% yield; reaction time = 72 h; mp 209.2-210.4 °C; 'H NMR (400 MHz, CDCl;), §
8.15 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.42-7.34 (m, 2H),
7.29 (t,J=8.0 Hz, 1H), 7.12 (t, J = 8.0 Hz, 1H), 7.03 (d, J = 4.0 Hz, 2H), 6.90-6.86 (m, 2H), 6.36
(d, J=8.0 Hz, 1H), 5.78 (s, 1H), 4.45-4.35 (m, 2H), 4.31 (s, 1H), 3.32 (s, 3H), 3.07-3.02 (m, 1H),
3.00 (s, 3H), 2.75-2.56 (m, 3H), 1.36 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl;) & 176.8,
176.0, 168.2, 150.8, 145.0, 139.3, 135.0, 134.5, 130.0 (2C), 129.4, 128.9, 126.7, 126.6, 125.8,
125.6, 125.4, 124.5, 123.0, 122.9, 114.8, 108.1, 70.2, 69.8, 64.2, 63.3, 58.4, 51.4, 41.6, 29.9, 26.0,
14.2. IR (KBr) v 3422, 2940, 1721, 1611, 1473, 1362, 1293, 1234, 756 cm-'. HRMS (ESI) calcd

for C32H30N306+ [M+H]+ 5522129, found 552.2128.

1-benzyl 2'-methyl 1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[ indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4u)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 18:1);
57.2 mg, 47% vyield; reaction time = 72 h; mp 176.7-178.2 °C; 'H NMR (400 MHz, CDCl), §
8.17 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.39-7.28 (m, 8H),
7.13 (t,J= 8.0 Hz, 1H), 7.04 (d, J= 4.0 Hz, 2H), 6.88 (d, /= 8.0 Hz, 1H), 6.82-6.78 (m, 1H), 6.36
(d, J=8.0 Hz, 1H), 5.80 (s, 1H), 5.45 (d, J=12.0 Hz, 1H), 5.35 (d, /= 12.0 Hz, 1H), 4.33 (s, 1H),
3.33 (s, 3H), 3.11-3.03 (m, 1H), 3.00 (s, 3H), 2.74-2.57 (m, 3H); 13C NMR (100 MHz, CDCI;) &
176.6, 176.0, 168.1, 150.7, 145.0, 139.2, 135.1, 135.0, 134.5, 130.0, 129.9, 129.4, 128.9, 128.5,

128.2, 127.7, 126.6, 125.8, 125.6, 125.4, 124.5, 122.9 (2C), 114.8, 108.1, one carbon missing in
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the aromatic region, 70.2, 69.9, 68.3, 64.1, 58.4, 51.4, 41.6, 29.8, 26.0. IR (KBr) v 3039, 2931,
1738, 1718, 1469, 1343, 1292, 1229, 1154, 756 cm™'. HRMS (ESI) m/z caled for C37H3,N;04"

[M+H]" 614.2286, found 614.2284.

methyl 1"-methyl-2,2"-dioxo-1-tosyl-6',10b'-dihydro-2'H,5' H-dispiro[ indoline-3,1'-pyrrolo[2,1-
alisoquinoline-3',3"-indoline]-2'-carboxylate (4v)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 15:1);
73.9 mg, 58% yield; reaction time = 24 h; mp 227.4-228.6 °C; 'H NMR (400 MHz, CDCl;), §
8.15 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz,
1H), 7.41 (t, J= 8.0 Hz, 1H), 7.36 (t, J = 8.0 Hz, 1H), 7.29 (t, /= 4.0 Hz, 1H), 7.22 (d, /= 8.0 Hz,
2H), 7.11 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.86 (dd, J; = 4.0 Hz, J, = 8.0 Hz, 2H),
6.32 (t, J = 8.0 Hz, 1H), 5.98 (d, J = 8.0 Hz, 1H), 5.71 (s, 1H), 4.17 (s, 1H), 3.29 (s, 3H), 3.01-
2.95 (m, 1H), 2.92 (s, 3H), 2.68-2.51 (m, 3H), 2.42 (s, 3H); '*C NMR (100 MHz, CDCl3) & 176.6,
175.8, 167.8, 145.3, 144.9, 139.1, 135.3, 134.7, 134.0, 130.1, 129.8, 129.6, 129.1, 129.2, 127.9,
126.4, 126.0 (2C), 125.7, 125.6, 124.5, 122.9, 122.6, 113.0, 108.1, 70.2, 69.3, 64.4, 58.0, 51.4,
41.6, 29.7, 26.0, 21.7. IR (KBr) v 3412, 2922, 1748, 1710, 1608, 1464, 1374, 1183, 1148, 1084,

753 cm™'. HRMS (ESI) caled for C36H3,N306S™ [M+H]* 634.2006, found 634.2000.

PhHNOC

methyl 1"-methyl-2,2"-dioxo-1-(phenylcarbamoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2'-carboxylate (4w)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 99.3 mg, 83% yield; reaction time = 40 h; mp 210.6-211.7 °C; '"H NMR (400 MHz, CDCl;),
6 10.51 (s, 1H), 8.44 (d, J= 8.0 Hz, 1H), 8.19 (d, /=4.0 Hz, 1H), 7.54 (dd, J,=J, = 8.0 Hz, 3H),

7.43 (dd, J,= 8.0 Hz, J, = 4.0 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.36-7.31 (m, 3H), 7.18-7.10 (m,
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2H), 7.05 (t, J = 8.0 Hz, 2H), 6.91 (dd, J,= J, = 8.0 Hz, 2H), 6.39 (d, J = 8.0 Hz, 1H), 5.86 (s, 1H),
427 (s, 1H), 3.34 (s, 3H), 3.14-3.08 (m, 1H), 3.01 (s, 3H), 2.71 (d, J = 8.0 Hz, 2H), 2.63 (d, J =
16.0 Hz, 1H); '*C NMR (100 MHz, CDCLy) & 181.6, 175.7, 167.8, 149.2, 145.0, 140.0, 137.1,
134.7, 134.5, 130.2, 129.6, 129.5, 129.2, 129.0, 126.9, 126.5, 126.3, 125.8, 125.2, 124.4, 124.2,
123.0, 122.8, 120.4, 116.3, 108.2, 70.2, 69.5, 64.2, 58.9, 51.6, 41.7, 29.7, 26.1. IR (KBr) v 3245,
2931, 1721, 1606, 1551, 1156, 749 cnr'. HRMS (ESI) caled for Cy6Hs N,Os* [M+H]* 599.2289,

found 599.2283.

PhHNOC

ethyl 1",5-dimethyl-2,2"-dioxo-1-(phenylcarbamoyl)-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-2'-carboxylate (4x)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
87.8 mg, 72% yield; reaction time = 24 h; mp 166.4-168.1 °C; '"H NMR (400 MHz, CDCl;),
10.53 (s, 1H), 8.46 (d, J= 8.0 Hz, 1H), 8.27 (d, J = 8.0 Hz, 1H), 7.56 (dd, J; = J, = 8.0 Hz, 3H),
7.46-7.33 (m, 5H), 7.18-7.04 (m, 4H), 6.91 (t, J = 8.0 Hz, 2H), 6.39 (d, J = 4.0 Hz, 1H), 5.87 (s,
1H), 4.29 (s, 1H), 3.58-3.49 (m, 2H), 3.35 (s, 3H), 3.15-3.07 (m, 1H), 2.68 (dd, J; = 8.0 Hz, J, =
16.0 Hz, 3H), 0.56 (t, J = 8.0 Hz, 3H); '3C NMR (100 MHz, CDCl;) 8 181.7, 175.7, 167.2, 149.1,
145.0, 140.2, 137.1, 134.7, 134.6, 130.1, 129.8, 129.5, 129.2, 129.0, 126.8, 126.5, 126.2, 125.8,
125.5,124.3,124.2,122.9, 122.8, 120.3, 116.3, 108.2, 70.2, 69.6, 64.1, 60.9, 58.9, 41.7, 29.7, 26.1,
13.1. IR (KBr) v 3257, 2927, 1721, 1607, 1549, 754 cm’!. HRMS (ESI) calcd for C3;H33N,O5*

[M+H]" 613.2446, found 613.2447.

1-(tert-butyl) 2'-ethyl 1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4y)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to 15:1);
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74.4 mg, 63% yield; reaction time = 5 h; mp 148.9-150.1 °C; 'H NMR (400 MHz, CDCl;), 6 8.19
(d, J= 8.0 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.35 (q, J = 8.0 Hz, 2H),
7.26 (t, J = 8.0 Hz, 1H), 7.15-7.09 (m, 1H), 7.03-7.02 (m, 2H), 6.87 (t, J = 8.0 Hz, 2H), 6.39 (d, J
= 8.0 Hz, 1H), 5.74 (s, 1H), 4.32 (s, 1H), 3.51-3.48 (m, 2H), 3.32 (s, 3H), 3.09-3.04 (m, 1H), 2.71-
2.56 (m, 3H), 1.56 (s, 9H), 0.54 (t, J = 8.0 Hz, 3H); '3C NMR (100 MHz, CDCl;) § 176.9, 176.0,
167.7, 149.2, 145.0, 139.8, 135.0, 134.7, 130.1, 129.9, 129.3, 128.7, 126.8, 126.5, 125.6 (2C),
125.3, 124.6, 123.1, 122.8, 114.7, 108.0, 84.1, 70.3, 70.1, 63.9, 60.6, 58.4, 41.7, 29.7, 28.0, 26.0,
13.1. IR (KBr) v 2980, 2934, 1724, 1473, 1296, 1155, 755 cm’l. HRMS (ESI) caled for

C35H36N306" [M+H] 594.2599, found 594.2593.

1-(tert-butyl) 2'-methyl 5-fluoro-1"-methyl-2,2"-dioxo0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4z)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
62.9 mg, 53% yield; reaction time = 24 h; mp 177.4-179.0 °C; 'H NMR (400 MHz, CDCl;), §
8.02 (d, /= 8.0 Hz, 1H), 7.96 (dd, J; =J, = 4.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.37 (t, /= 8.0
Hz, 1H), 7.13-7.03 (m, 4H), 6.88 (d, J= 8.0 Hz, 2H), 6.37 (d, /= 8.0 Hz, 1H), 5.70 (s, 1H), 4.31 (t,
J=8.0 Hz, 1H), 3.32 (s, 3H), 3.08-3.01 (m, 4H), 2.71-2.56 (m, 3H), 1.54 (s, 9H); 3C NMR (100
MHz, CDCl;) ¢ 176.4, 175.9, 168.0, 160.4 (d, J = 243.0 Hz, 1C), 149.2, 145.1, 135.6 (d, J = 3.0
Hz, 10), 135.1, 134.4, 132.1 (d, J=9.0 Hz, 1C), 130.1, 129.5, 126.7, 126.5, 125.7, 124.6, 123.0 (d,
J=12.0 Hz, 1C), 116.1 (d, J= 8.0 Hz, 1C), 115.5, 115.3, 113.1 (d, J = 25.0 Hz, 1C), 108.2, 84.4,
70.4,70.2, 63.6, 58.7, 51.6,41.7,29.7, 28.1, 26.1. IR (KBr) v 3431, 2927, 1736, 1717, 1481, 1296,

1151, 753 cm!. HRMS (ESI) caled for C34H33FN;O06" [M+H]™ 598.2348, found 598.2349.

1-(tert-butyl) 2'-methyl 5-chloro-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
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3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4aa)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
41.1 mg, 34% yield; reaction time = 72 h; mp 138.2-140.0 °C; 'H NMR (400 MHz, CDCl;), &
8.22 (d, J=4.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.38-7.35 (m, 2H),
7.11 (t,J=8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.88 (d, J= 8.0 Hz, 2H), 6.36 (d, /= 8.0 Hz, 1H),
5.70 (s, 1H), 4.32 (s, 1H), 3.32 (s, 3H), 3.09-3.01 (m, 4H), 2.73-2.55 (m, 3H), 1.54 (s, 9H); 3C
NMR (100 MHz, CDCl;) 6 176.1, 175.7, 167.9, 149.0, 145.1, 138.2, 135.0, 134.3, 131.9, 130.7,
130.1, 129.4, 128.9, 126.7, 126.4, 125.6 (2C), 124.5, 122.9, 122.8, 116.0, 108.1, 84.5, 70.3, 70.1,
63.5, 58.4, 51.5, 41.6, 29.7, 28.0, 26.1. IR (KBr) v 3429, 2927, 1736, 1714, 1470, 1340, 1295,

1155, 752 cm'. HRMS (ESI) calcd for C34H;33CIN;O6" [M+H]* 614.2052, found 614.2055.

Boq
N

0,

i
COM
o2

"7

"Me

z

1-(tert-butyl) 2'-methyl 5-bromo-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-dispiro[indoline-
3,1'-pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4ab)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 20:1);
55.2 mg, 42% vyield; reaction time = 72 h; mp 162.2-163.9 °C; 'H NMR (400 MHz, CDCl), §
8.35(d,/J=4.0 Hz, 1H), 7.87 (d, J= 8.0 Hz, 1H), 7.54-7.51 (m, 2H), 7.36 (t, /= 8.0 Hz, 1H), 7.11
(t, J= 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 6.36 (d, J = 8.0 Hz, 1H),
5.69 (s, 1H), 4.31 (s, 1H), 3.32 (s, 3H), 3.09-3.00 (m, 4H), 2.72-2.55 (m, 3H), 1.54 (s, 9H); 3C
NMR (100 MHz, CDCl;) 6 176.0, 175.7, 167.9, 149.0, 145.1, 138.8, 135.1, 134.3, 132.3, 131.9,
130.1, 129.4, 128.4, 126.7, 126.5, 125.6, 124.5, 123.0, 122.8, 118.2, 116.4, 108.1, 84.5, 70.3, 70.1,
63.5, 58.3, 51.6, 41.6, 29.7, 28.0, 26.1. IR (KBr) v 3440, 2941, 1738, 1713, 1469, 1339, 1295,

1155, 752 cmr!. HRMS (ESI) caled for C34H33BrN3;Og* [M+H]* 658.1547, found 658.1541.

I-(tert-butyl) 2'-methyl 1",5-dimethyl-2,2"-dioxo-6',10b'-dihydro-2'H,5'H-dispiro[indoline-3,1'-
S18



pyrrolo[2,1-a]isoquinoline-3',3"-indoline]-1,2'-dicarboxylate (4ac)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to 15:1);
70.8 mg, 60% yield; reaction time = 48 h; mp 139.5-141.6 °C; 'H NMR (400 MHz, CDCl;), §
7.94 (s, 1H), 7.83 (d, /= 8.0 Hz, 1H), 7.54 (d, /= 8.0 Hz, 1H), 7.36 (t, /= 8.0 Hz, 1H), 7.18 (d, J
=8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.01 (s, 2H), 6.86 (d, J = 4.0 Hz, 2H), 6.40 (d, J = 8.0 Hz,
1H), 5.71 (s, 1H), 4.33 (s, 1H), 3.32 (s, 3H), 3.09-3.02 (m, 4H), 2.71-2.55 (m, 3H), 2.40 (s, 3H),
1.55 (s, 9H); 13C NMR (100 MHz, CDCls3)  176.9, 175.8, 168.3, 149.2, 145.0, 137.2, 134.9, 134.8,
134.7, 129.9 (2C), 129.3, 129.2, 126.7, 126.4, 125.6, 125.5, 124.6, 123.1, 122.7, 114.5, 107.9,
83.9,70.2, 69.9, 63.7, 58.4, 51.3, 41.6, 29.7, 28.0, 26.0, 21.3. IR (KBr) v 3419, 2940, 1720, 1486,
1341, 1295, 1156, 753 cm’'. HRMS (ESI) caled for C3sH3gN3Og™ [M+H]™ 594.2599, found
594.2598.

4. Experimental data for derivations of 4i and 4y

N
cl Pd(OAG), (5 mol%) O \©

butyl di-1-adamantylphosphine
(; Y 6 mol"Aj/)p P ePaMe
' "
Cs,CO03 (2.0 equiv), DME N.
B(OH), 80°C, 24 h cl Me
5
56% yield

General procedure: Under nitrogen atmosphere, compound 4i (131.7 mg, 0.20 mmol), 4-
chlorophenyl boronic acid (1.5 equiv), Cs,CO;5 (2.0 equiv), Pd(OAc), (0.05 equiv) and butyl di-1-
adamantylphosphine (0.06 equiv) were successively added to a 15 mL dried tube, followed by
adding 2.0 mL DME. The resulting mixture was stirred at 80 °C for 24 h till almost full
consumption of 4i monitored by thin layer chromatography, and then the reaction mixture was
directly subjected to flash column chromatography on silica gel (petroleum ether/ ethyl acetate) to

afford the corresponding product 5.

1-(tert-butyl) 2'-methyl 5"-(4-chlorophenyl)-1"-methyl-2,2"-diox0-6',10b'-dihydro-2'H,5'H-
dispiro[indoline-3,1'-pyrrolo[2,1-aJisoquinoline-3',3"-indoline]-1,2'-dicarboxylate (5)
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White solid obtained by column chromatography (petroleum ether/ethyl acetate = 18:1 to 15:1);
77.7 mg, 56% yield; reaction time = 24 h; mp 145.8-146.9 °C; 'H NMR (400 MHz, CDCl), §
8.15 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 4.0 Hz, 1H), 7.58-7.51 (m, 3H),
7.39-7.33 (m, 3H), 7.28 (d, J = 8.0 Hz, 1H), 7.05-7.03 (m, 2H), 6.94 (d, J= 8.0 Hz, 1H), 6.91-6.87
(m, 1H), 6.42 (d, J = 8.0 Hz, 1H), 5.76 (s, 1H), 4.38 (s, 1H), 3.36 (s, 3H), 3.14-3.03 (m, 1H), 3.01
(s, 3H), 2.82-2.57 (m, 3H), 1.56 (s, 9H); '3C NMR (100 MHz, CDCl3) 8 176.8, 176.0, 168.3,
149.2, 144.6, 139.6, 138.7, 135.0, 134.9, 134.7, 133.1, 129.9, 129.4, 128.9, 128.8, 128.6, 128.1,
127.6, 126.6, 125.6, 125.3 (2C), 123.1, 123.0, 114.8, 108.4, 84.3, 70.5, 70.1, 64.1, 58.4, 51.4, 41.8,
29.7, 28.0, 26.2. IR (KBr) v 3425, 2929, 1719, 1482, 1153, 741 cm'. HRMS (ESI) calcd for

C4oH37CIN;O6" [M+H]" 690.2365, found 690.2367.

TFA (2.0 equiv) / /%OzEt
S S . ‘o
CH,Cl,, 35 °C ,\"/
72h "Me
6
70% yield

General procedure: To a 5.0 mL vial were successively added 4y (75.6 mg, 0.13 mmol),
TFA (29.6 mg, 0.26 mmol) and 1.0 mL CH,Cl,. The resulting mixture was stirred at 35 °C for 72
h, and then the reaction mixture was directly subjected to flash column chromatography on silica

gel (petroleum ether/ ethyl acetate) to afford the corresponding products 6.

ethyl 1"-methyl-2,2"-dioxo-6',10b'-dihydro-2'H,5' H-dispiro[ indoline-3,1'-pyrrolo[2,1-
alisoquinoline-3',3"-indoline]-2'-carboxylate (6)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 8:1 to
6:1); 44.9 mg, 70% yield; reaction time = 72 h; mp 131.9-133.4 °C; 'H NMR (400 MHz, CDCly),
6 8.12 (d, J=4.0 Hz, 1H), 8.08 (s, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.36 (t, /= 8.0 Hz, 1H), 7.26 (t,J
= 8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.90-6.84 (m, 3H), 6.45 (d, J =
8.0 Hz, 1H), 5.77 (s, 1H), 4.27 (s, 1H), 3.53-3.49 (m, 2H), 3.32 (s, 3H), 3.13-3.05 (m, 1H), 2.73-

2.59 (m, 3H), 1.74-1.68 (m, 1H), 0.54 (t, J = 8.0 Hz, 3H); '3C NMR (100 MHz, CDCl3) & 180.2,
S20



176.1, 168.0, 145.0, 140.9, 135.3, 134.8, 131.6, 129.9, 129.1, 128.5, 126.8, 126.5, 126.3, 125.7,
124.6, 123.4, 122.8, 109.4, 108.0, one carbon missing in the aromatic region, 70.5, 68.6, 63.2,
60.5, 58.0, 41.9, 29.8, 26.0, 13.1. IR (KBr) v 3277, 2927, 1723, 1471, 752 cm'!. HRMS (ESI)
caled for C30H N304+ [M+H]* 494.2074, found 494.2073.

5. Crystal structure of 4a

\ ! 4a (CCDC 1849888)

Displacement ellipsoids are drawn at the 30% probability level.
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6. "TH NMR and 3C NMR spectra

w
e
Lo
(=]
IS
& ILLTAN
T S Fooe[~ mm“hm\
o o 1967
652 )
99z Lo oS Lp—
692 0 = [
LT g S ) @8,.“ 2 8z 15—
662F — pee 1285
PO —_— 4 yeeg: LLeoy
90'¢ [ £6'69
ol'e sz 0L
(42> L3 89'9L
. i ~ ) - 00'LL
£Er— ~ F160] 2001
N 20v8—
e 86201
89'pLL
Le SLTTL
"g— - — 60 e0ect
e i | s LSPTL
LV'STL
OrS, < LpE0| © LTS5zl
mmw 6@ 6r'SZL
e — = yi64] o 9r9zl
202/ = - - oL _‘w,om_.
6024 s = eOL[ 898z
ol RPOZre 9z 6zl
m_}l 660 mm,mwr
i ~ 96013 £66Z1
7] B ] k560 65 ElL
wwm 1 =3 P Z6vEl
o) o [ 95651
peL o0, = 06l
wmw /S TN F e SLBYL
z 3 £789L—
o L1 o-Z < Lo €6'5L1
£5L 2 =z @ RS
S5L o °
96'L1 o
pl'g s
9Lg’
o

-10

40 30

50

S22

160 150

200 190 180 1

210




e
©
el
——

GIM-114

e
/

/

I
4 7

avtt

1CO,Me
o)
Et

e
N,

N

4b

Fize

*ELs

o0t
WQN,F
roLL
wm: b4
ple
Mz
»160

=00}
FLO'L
Tn_..m

rsze
vbO'L

11.0

0.0

0.5

1.0

8.5 80

9.0

10.0 9.5

10.5

11.5

.0

oLeL—

€642~
962
LLEES

[7X4 o

09’15~
00'S5—
6909~
8129~

899L
00°LL
ZeLL
09'LL
pLce

LSL0L—

B.mmvw
E mﬁ%
£6pZLL
bi'SZL
pE'9Zl
859ZL
188zl
vO'6ZL
£6'621
8 vEl
99'L¢L
SLepl

TAVIR,
89°CLL~
6L5LL"

GIM-114

-10

30

50

T
110

T
200

T
210

S23



[4=33
85'Z1
09¢
0921
29T
04T
LT
PLT
SL'TY
98'C1
18T

gee
£9°¢1
59¢
89'¢1
69°€
86'¢
00
ey
1244
sz
8T 171
gy

62
B~
g5
98y7
sav’
STS
96'G

666

059

Nmo/
969

mm?,
002+
20°L]
v0' L
80
oL'L
Ve
LWL
Ve
vl L
SL'L
LIWE
L
8l'L]
8L'L
6141
0zl
1L
L
9TL
or'L
L

9911

=

mCO,Me
o}
“Allyl

Ve
N
4c

606

o'k
Lh
50
szl
00°¢
Lzol
860
Reol
2901
/660

m'nee

F60'4
=01

roez
Ngeg
Rz
0L

11.0

0.0

0.5

1.0

5.0

55

8.5 80

9.0

10.0 9.5

10.5

11.5

.0

96'LT~
€962

Ndlas
9Ly
€915~
Cl'86—
6909~
€129

899L
00'LL
eLL
SLLL

rE%6?
B0'PLL
LOLLL
8r'ezi
60'€Ch
L8€Cl
peetl
S6 vl
8LGT)
LE9ZL
8¢9z
05'9Z1
v8'8Zl
[4%:143
€6'6C)
L90EL
SEvEL
€9LEL

STLLLA
SLELL~
1ZsiL

GIM-115

%OQMS

“Allyl

-10

T
190

T
200

T
210

S24



gee
LST
65¢
69C
LT
€Le
58T
98T
S€e—

86°¢
S,qw
0Z¥7
v
1817~
L6y
S6G
86'G
629
g9
£5'9
mmo/
169
£6'9
569
169
669"
0L
0L
60°L
oLL
Ll L]
VL
Zhif
SVl
SL'L]
Tl
v i1
9T L1
or'L
v L]
VL
St L
69'L

Ll

avtt

mCO,Me
[0)
Bn

e
N,

N

4d

=088

00t
reol
oz

{54
%8 8
¥STL
e
ok

11.0

0.0

0.5

1.0

8.5 80

9.0

10.0 9.5

10.5

11.5

.0

6'LT~
€962

692

No.mvv.
POLS~
0265~
9509~
L&'197

899L
00'LL
eLL
€5'LL
pece

08801 —
mw.wmr%

rovelL
86'7C)
8L'GTL
LE'9TL
yrotlL
859zl
99'9C)
SLiZL
L9821
€88zl
LI'6C)

ZATIEN
98'€LL~
LesLLY

GIM-116

-10

30

50

T T T
200 190 180 1

T
210

S25



J

git

097

29T

pLT

687

687 S
16T
e
6€€—

p6e
96 ﬂ..v

dn il

i

8¢'L1
ob'L
69°L
LWL

gim-144

Fzzor

14

Gl

ol By

b

o

i

7

194
Gl
ple)

"

ozt
[4'S
14

00k

0k

90k

6Lk

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

60 55 50 45 40 3.5

6.5

8.5 80

9.0

11.5

.0

oL TAN
TLiz—
95627

etr—

8915~
evrs—
5809~
8129~

89'9L
00°LL
celL
6gLLy
oB%T8
34494
ereeh
LS'ECL
gl
8521
2092
eroclh
988zl
8z 6z
6L PEL
P LEL
59661~

aLeyl—

0L'LGL~
ologL—

60 LI~
PEELL~
16vLL

gim-144

-10

T T T T T T
140 130 120 110 100 90

T
150

T T T T
200 190 180 170

T
210

S26



951
ST
29T
99T
9T
69C
L0E~
S0€
80'¢
oL'e
eL'e
Le'e
Ly

cL's—

8g'9
114 oﬁ"
6.9

189
98'9
88'9
68'9
069
1697
pOL
5021
vZL
7z
67L
L
L
peL
[0
9gL
6L
WL
S L1
SGL
96/
86'L

£08]

avtt

"mCO,Me
0O 2

7
N,

N

Me

4f

=8¢'8

Foze
/80°€
FozL
FZl'g

=00}

11.0

0.0

0.5

1.0

3.5

4.0

8.5

9.0

10.0 9.5

10.5

11.5

.0

LV92~,
66 12—
va6z/

89'Lr—

67 15—
118G
86'€9
0669
¥z 0L
859L
oo.tw
il
0z v8—

50604 —

E6EELT
66'7CL
pL'STL
LTSTL
1952
65921
98'8Z1
9¢'6Z4
L9BTL
S6'6Z1
S YEl
Pe el

L1'89L—
09641
vmwh_.u/.

GIM-129

%OzMe

"

et

"
N.
Me

4f

-10

T
190

200

T
210

S27



icgd
19¢
g9Z
99'¢C
9T
89'Z
0L'Z
oLe

10e
90'¢
oge

=

|7

8c'9
%9
189
04—
9L

ve'L
mm.hv

oL's

GIM-150

CO,Me

Boq
N
(@]
4g

»

44

Frie
mo—.n
Feui
FS0¢

Fiol

0.0

0.5

1.0

2.0

25

6.0 55 50 45 40 3.5

6.5

8.5 80

9.0

1.0 10.5 100 9.5

1.5

.0

1192,
6612~
99627

€9 —

Lris—
9Z8G
98€9
£560\"
6669
896,
oo.tw
il
0z 78—

58801
e8pLlL
€Lech
PoeCl
90521
R4
8T'6TL
95'GT)
[4: 314
19921
Se'8zlL
sSeezl
LL6Zh
SP'PelL
sSevel
sS85l
656¢L
Zlovl
SL'érl
ST88L—
e GLL
S9 w._:.V

GJM-150

-10

30

T T T T T T
140 130 120 110 100 90

T
150

T
200

T
210

S28



g8t
19z
€9¢C
92
997
192
20e~
905’

69'¢—

9aTr—

oLs—
6e9
i
oL
>
V6L
%L

oL'e

GJM-158

J

/

/|

A

0§
mCOMe
,,,(% 2
N,

i

Me

Cl
4h

116

ke
82€
ez

pEe

860

660

860

L0
mwmm
/88T

9Ll
#160
®o0'L

11.0

0.0

0.5

1.0

3.5

4.0

w

8.5

9.0

10.0 9.5

10.5

11.5

.0

L0'8Z
mn.mNW
:.mm

LSir—

9 15—
pL8S,
0579
8969\
8969
89'9L
oo.tw
il
8518
L05Z)
eLez)
0952}
2zsei]
625211
295241
859211
58671
9e'6Z 1A

PLETLA
9L'6ZL~,
ST'ZEL

06 vm_..\.

8

LIerl—

L1891 —
LTOLL
Z9 w._:.V

GJM-158

-10

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

S29



-10

@
re
= S
rS
- } Fuwels 5192,
— - 108z —
i - 89627
197 ks
69 Lo Wb—
1 s —= Fug” .
wm.m . Welo 75—
=== =, reri[e 1Z'85
0Le —_ = Feogl, S.qmﬂ
zLe & £6'69
oze vZ 0L
0gE L2 899L
9T r— e -— Foot oo.tw.
La e LL
61 v8—
e vS 604
P8pLL
= 551
bG— - ——— F950 Z0°€ZL
659 e 81'sZl
oy o%. 20 = 9zszl
e A wg It ss5tl
: = 00 :
20 e yo0zle T
9Ti7 — Fegh 98821
ozt = S| LE6TL
1 - Zoh| = LL6ZL
LE L] 860 L82¢l
Mw% = o 3960 & LrpEL
: = b0 8¥eEl
1y 1] =, Lo i
6 L (@) ) & mm,mnr
1941 CO/( = = Lol
96'L £ o el o [4451 4
96/ v 2 — SL'89L—
80'e T ¥ Lo BV'SLI
08 a o /= 59—
o
re
O L 5
@ i
w
8 B 8
& = &

200 190 180 170 160 150 140 130 120 110 100
S30

210




19T
r9e
§9¢C
19T
89Z
oLz
L0e
€0¢
90¢
0g'e

Ly

gim-149

A

.

CO,Me
X
Me

(L}
7
N,

Ly

Br

oA

Fooe
882
Frlo
Tno,m

Fro

10.0 9.5

10.5

11.0

0.0

0.5

1.0

50 45 40 3.5

55

8.5 80

9.0

11.5

.0

9192~
2082—
zLez

99—

SPLS—
€285
mm.mmﬁ
6669
6004
89'9L
00°LL
el
68—

£9' Lk~
e
pTSTL
LzST
poszL
6952l
zLsel
€652l
z99zL
5881
pe6ZL
gy el
eavEL

(44
S8GLL
19 wh._.V

GTM-149

-10

10

40

T
150

0

T
190

T
210

S31



¥
65T
£9¢
692
Le
80°¢
oL'e
ZL'e
pL'e
9l'e
e
6£€
9e'r—

LS

B9
it

oL~
i

6L
mm&u.
vo,w\.
90'8
£e'8
S¢'8
(34°]

GIM-1895D

Bo
o]

=, Fpee

‘lw Mpoe
.mmmm,m L

=

\||L =860

10.0 9.5

10.5

11.0

0.0

0.5

1.0

50 45 40 3.5

55

8.5 80

9.0

11.5

.0

8r'9z,
86'LC—
65627

88 ip—

65 15—
5188
6179
5669\
L00L
899L
oo.tv
e Ll
Ve r8—
LLLOL
eEpLL
£50Z1
66221
L0'STL
ZTsTL
ZLSEL
L9zl
iz 2zl
sLuzL—
00621
LE6ZL
ov 6zl
0L el
SO EL
SU6EL
08 €l
vl 67l
05051
5L8gL—
60°9LL
szaLl

GIM-1895D

-10

30

T T T T T
130 120 110 100 90

T
140

T
200

T
210

S32



L

551
96T
29T
S9T
99¢C
89¢C
c0e~
90'€
80'¢
Le
eL'e
[43%
Ly

gim-191

F3CO

W

a

=¢Ze

Fuoe
00'€
i

Fare

=00k

10.0 9.5

10.5

11.0

40 3.5

4.5

55 50

6.0

8.5 80

9.0

11.5

.0

L

gim-191

F3CO

4

-10

T
190

T
200

T
210

S33



A

96T
[4: R4
59T
89¢
c0e~

0e
60¢
m_aw\
9e'e

cer—

pl'S—

6€'9

Nvov
689
PO L~
80°L",
[T
L
02
129
6L
L
9 L]
191
S6'L
1611
80'8
0.8’

gjm-192

668

I
rove

162
{250
pe0t

koo

Fzol

ko

v10L
A
¥z
g
00t
+00'L
00’

11.0

0.0

0.5

1.0

3.5

4.0

8.5

9.0

10.0 9.5

10.5

11.5

.0

gjm-192

V292
00'82—
89627

Lr—

0S15—
VE8G
€079
000L\"
9002
859.
oo.tw.
L
9z 78—

-10

10

40

T
130

T
200

T
210

S34



95T
19T
[4:X4
9T
{41 ]
90'¢
80¢
o_.,m\
c5e
8Tr—

i

/

/1]
iy

rff
o

4

1]

COM
""f% e
N.

AN

Me
CF3
4n

Feze

\goe
¥1ZE
hzgo
JE0E

660

=660

=160

z0'L
mvo z
80}
=680
NS,F
2z0'L
.01
m?mo

00’k

11.0

0.0

0.5

1.0

3.0

3.5

4.0

w

55

6.5 6.0

9.0 8.5 7.0

10.0 9.5

10.5

11.5

.0

0082+

€L8TF
_L.mm\

pSLr—

1P Is—
04'86
ae)
6289
88%
89°'9.
oo.tw
ZeLL
At
L8pLL
61221
00€ZL
LV'SZL
626211
19 mmi
€992+
684711
86°LC1A
L6'8T L~

LE6TL]
mnmmg
L96Z
6V el
SePElL
p9BEL
8,03\
zLepl

96'L9)—

65'9.1
mwlw:v.

GIM-1905D

-10

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

S35



" —
pEt
98T
09Z
992
19T
692
oLz
00'€

90¢
60'¢
og'e

Ler—

8
mh.o/
L9
0L
8&/
9L
mnhw
8L
S6L
161>
918

gim-139

i

f

nmrr

JI

/1

Me

40

e

F05'6

5g6¢
Fioe
eLe

rioe

Foo't

koot
1_.06

o'k
%n:
fore
602

F00'L
=860

10.0 9.5

10.5

11.0

0.0

0.5

1.0

40 3.5

4.5

55 50

6.0

6.5

8.5

9.0

11.5

.0

gim-139

£6°02~
vz

co.mm.ﬁ/.
99627

L9y

LELS—
5€'85
vm.mm.//.
66'69
SE0L
89'9L
0044
el
L0've—

Me

40

-10

30

T T T
110 100 90

T
120

T
200

T
210

S36



o
i
B Le
(=]
rS
Le 0884~
- 090z~
I 00'82
mm.,wl — = F096[ ~ Nm.mN/.
96z & ww.mNV
652 A
292 —_ Faer B Lo—
592 —_— y6LE -y
992 - -1 0z 15—
897 S— ,98Z] 2 :
ooel S k90| 7 mmww/
i5e— — Fuez[ = e
g s
9T r— - —— ®e60f MMMM
g
LS £T6H
Loezt
| = L ezh
e i geal] monnl] 1S vz STh
EES ) reeor e ST
L] s 65T
889 S s zrozL 4
0L ’ el | A |
£0'L - 002 Ve 6Lt
—N,h/ — e Zhel e S00EL{
9z L\ — I €60 EZELS
&1 N 3951w 9L vELF
20 va%
S6Ly - sl o logel
ik - o 3 ool 8z6vl o
= =00 : =
o5 2, B 2,
00 = 00 =
= //lN\ L2 = //lN\
T AL o & : T AL o
0-Z. A X = . le8gl— 2 A : =5
Q K £5°9LL Q
=z =z
® o 5 z601L” o)
ra
O & ; O &
= re =
& = &

-10

40 30

50

100 90
S37

110

200

210




88t
09
997
19T
697
0Le
00€—
8&“
0ee

18E—

6T 7—

8§
889
889
202
0L
pLL
Ll
9z
6L
61>
a'e
8Le

GIM-148

J

f

1)

5

l

J

J

J

J

516

po'L
Loz

162
Loz
“oseE
=662

=60

960

160
Y e01
moqm
7p02
¥0SL
Mmm:

90t
860
F00'L

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

40 3.5

4.5

55 50

6.0

8.5 80

9.0

11.5

.0

0182~
£0'82—
vre6z/

L9Wp—

ZE IS
PEGG,
8885~
969~
Z00L
89°0L
898.
00'LL
zeuLt,

a8 's8?

001k

Ll

Pz Gh

80€zl

szsel
arsel

95621

159zl

6Lzl
€L wﬁw

SE6ZL

SUpEL

66 7EL

LZerl—
8g95L—
LT89L—

PLGLL
6L w._:.V

GIM-148

-10

10

T
150

0

T
190

T
200

T
210

S38



£§t
v9Z
992
02
e
€Lz
€Lz
Lz

06T
00'¢
£ee

Er—

PLS—
8¢9
or'9
9L'9

089
1897
68'9
0L L
z114
L]
9L
7L
8z
0% L1
Z¢ L]
peL
5¢4]
8L
6L
Wi
L]
252
C
6 L]
96L

g8

wﬁw.

CO,Me
Me

o
iy,

I//O
N,

Boq
N
4r

=056

kize
FoLL

Z0¢
=00'¢

=0t

01
H.sn_u,_.
ok
%mm 0
80tk
Ll
co'L
Her_.,w
o0'L
=o'l
Fzo'L

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

40 3.5

4.5

55 50

6.0

8.5 80

9.0

11.5

.0

£0'92~
66L2—
96'0¢~"

Zir—

9E'15—
1286
£6€9
S50\
0002
896,
oo.tw.
L
9z a—

60801
LipLL
oz'zzlh
L6'ZCL
LSvCl
[4%°143
8e'sTl
r8'scl
SE9ZlL
9L'9ZlL
68'8C)
L9'6Zh
60°0EL
LL0gl
68vElL
oT'LeL
pS6EL
88 vl
33141
90891 —
LLSLL
vv,m:V

GIM-160

CO,Me
Me

Boq
N
N o)
N,
4r

[l
Br

-10

30

50

T
110

T
190

T
200

T
210

S39



£}
157
€92
€92
592

0L'T
b NN
LT
00'€
€0'€
ee

oc'r—

L9G—

vZ'9
oz’
98'9
88'9
6697
0024
0L
Z0L
60°L1
Wi
Vi
6L°L
ST L
9T L
8z L]
peL
9¢L
8¢/
ov'L
o L

4s

=0Z6

Feze
£ee
190

=00¢

p0oL

=860

660

€0l
zl'l
80'L
vl
891l
LT

80t
vad

o'k

10.0 9.5

10.5

11.0

0.0

0.5

1.0

40 3.5

4.5

5.0

55

8.5

9.0

11.5

.0

90'92~,
L0'82—
zo627

eip—

or'LG—
LT8G
v.w,mmﬁ
0569
LTOL
89'9L
oo.:.W
el
8e've—

€180l
LLpLL
ezl
68'ZTL
Lozl
98Tl
€E'6TL
8e9ZlL
9821
68T
SG'6CL
oL'oel
60ZElL
L9EEL
€GLEL
rS6el
144
LO6YL
L1'89L—
86'GLL
LS w._:.Vh

GIM-161

\
N
4s

-10

T T T T
140 130 120 110

T
150

T T T T
200 190 180 170

T
210

S40



vEL
9€ 11
8¢l
9521
092
99°Z1
192
8971
0T
042
00°€1
z0°¢
£0°€1
v0'e
ze'eq
LE'P
LS
8Ey
6CF
2
Wy
'y
e iy
tida
8LG
SE'97
189
98'91
189
88'91
68'9
069
£0'L1
0 L
0L
L
L
9T L]
1T
621
1€'L]
'L
ve L]
GE L1
9g'L
Ah
8e'L
6€°L]
orL
oF £
il
L
\S'L
£5°L
10'8
£0'8
'8

S

|

4t

Fove

Feire

62€
Lio1
=£0°¢

=20

=00}
Msoo,m
80T
WN:
SOl
602
gL'l
»10
P01

10.0 9.5

10.5

11.0

0.0

0.5

1.0

40 3.5

4.5

55 50

6.0

8.5

9.0

11.5

.0

6lL'pL—

pPO'9T—
98'6T—

9S I r—
621G
ov.mm./
€2'¢9
S r.wmk
Z8'69
LZoL
8994
co.tv.
TeLL

L0801
9Ll
88'ZTl
L6TTh
6 vzl
9€'5ZlL
95'GTL
86T
c99Zl
99'9Z1
06'8Z1
lrecl
S6'6CL
ooogl
6P el
cosel
Ze6eL
96'vPPL
€8'05L
91’89, —
L0'9LL
LL w._:.V

GIM-104

4t

-10

30

50

T T T T T T
140 130 120 110 100 90

T
150

T
200

T
210

S41



1527
1921
592
5921
192
8921
0.2
W4
ZLe
pLZ
00€Y
€0
50€
50¢
10
goed
60°¢-
Le
oy
£Er—

€e'g
9€'g
144"
LS

vOL
SO'L
€eL
S€L
LeL
6¢L

108
€08

8L'8

GIM-113

4u

Fesz
152
izl

FLFE

660

L0k
fopt
660

¥860
060
90}
86}
A
Fovs
Aoy
»b50
=001

10.0 9.5

10.5

11.0

40 3.5

4.5

5.0

6.5 6.0

7.0

8.5

9.0

11.5

.0

—

P9'STL
P8'SZI
099211
ZL LTI
02821+
25821
16821
8£'6Z1 4
6621
100
aos
mm.vm;
60'G¢L
56l d

—

ST

—

ZL'egL—
96641
L9 wh_.V

GIM-113

ant

%OzMe
Me

Ty

=]
<

-10

30

50

T
110

T
190

T
200

T
210

S42



LET
'z
1571
552
8571
652
0971
192
€971
¥9Z
G921
89'Z1
26T
8621
162
8z ]
ooed
10 &
po'E

6z¢’

Lip—

LS
16 m/
66
059

p&d

mmou
98'9
189"
£6'9
p69]
WL
1L
WL
£T'L1
9L
8241
6T
peL
9g'L
WL
oL
gL
68'L1
16'L
£0'81
508
181

%_.w

Fg60

g60
~g50
v960
S8l
Z0'L
Lok
581
180
660
Je0t
P80
paL
860
00}

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

60 55 50 45 40 3.5

6.5

8.5 80

9.0

11.5

.0

S9'Le—
€092~
L96T—

60'80L—
prden
mm,mﬁk
ISpZL~E
096ZL
89'GZL
209zt
P09z
06'22L
LUz
1Z6ZL
19'6ZL
L00E}

9L L8 —
08'sLL
mm,m:V

GIM-101

l

l

-10

T T T T T T
140 130 120 110 100 90

T
150

T T T
200 190 180 170

T
210

S43



192
s9C
0LT
[4%4
L0'e
80'¢
oL'e
e
pL'e
pe'e
w7y

N

LS0L—

GIM-103

%OzMe
Me

“t
N,

ant
'

A
N

PhHNOC
0]
N

4w

104
{561
60°€
i
Azoe

FrLi

=00}

=00}

902
€Le
622

80'¢
60
6¢1
9L'e
=p0'L
=90k

Fibi

10.0 9.5

11.0

0.0

0.5

1.0

3.0

40 3.5

4.5

55 50

6.5 6.0

7.0

8.5

9.0

10.5

11.5

.0

L9z —
0L'62—

Lr—

651G~
68'85
w_‘,vw./
cm‘mw/
0Z'0L
89'9L
004

A
ctebt
LT9LL
B6E0Z4
45448
66224
£TZh
8evZLy
LL'SZL
L8'ST
ST9TH

8 9Z1
mm,ON_‘;m
00’62
€TeTlL
€S'6TL
£9'6C)
ozogl
LLvEL
80'L¢EL
LoorlL
oSyl

cgzoL/
VLSLL~
85184,

GIM-103

PhHNOC
0]

-10

10

T T T T T T
140 130 120 110 100 80

T
150

T T T T
200 190 180 170

T
210

S44



bS50
950
959,
9971
%2
€17
20°¢
60°¢1
s
£re
soed
ol
25
vm.n.,f
cot
ist

6Zr—

L86—
629
%8
7\
Ay

9Z'8
mw.mV
Sr'8
t\.mN

€50L—

GIM-96

PhHNOC

4x

Frez

Tmcm

€z
woqm
yiel

=00

=00’}
=00k
207
Ry
LS
00¢

860
o0t

6610

10.0 9.5

11.0

3.0

3.5

45 4.0

55 50

6.0

8.5 80

9.0

10.5

11.5

.0

80t —

S0'9C—
L96C—

69'Lr—

0685
8.8%
9079,
£9'69
g0z
89°9.
002L

sFebt

STkl

0cocl

S22

06221

siveig

ZEVTH

SPSTHy

V85T

61924

08'9Z)
56821
9L'6Z1L
8p'6Tl
Loel
LSPEL
89 vl
90'L¢}
LO'SPL

0Ti9L—

896GLL—
99’18l —

GIM-96

PhHNOC

mCO,Et
.,,,(% 2
\N
Me

\
N
4x

(@)
N

-10

30

50

T T T T
140 130 120 10

T
150

T
190

T
200

T
210

S45



cs0
vS0
S50

g5t
692
892
0Lz
1z
9Lz~
zge
8ye
6r'e
0s¢
IS¢

Er—

6021
LWL
e14]
L L]
12
vz 2]
9L
8z 1
Pl
9¢'2
8g'L
ov L]
e5L
§§L
6L
564

B8]

Hze

967

=8L'6

hogs

1L
mem
y902

=60k

=004

=660
/40T

860
o0t

10.0 9.5

10.5

11.0

0.0

0.5

1.0

55 50 45 40 35 3.0

6.0

8.5 80

9.0

11.5

.0

Wek—

€092,
2082—
g6z

S9'Lp—

pr'8s
nm.cmM..
88'€9~
8004
Nm.ohv.
89'9L
00'LL
TeLL
ey
66"26%
pLpLL
6LTTL
80'€T)
LSrTh
€Szl
095zl
r9'sclL
0g'9zl
18'9ZL
LL8Zh
£e'6Tl
£66Z1
oLoglL
eLPEL
86'PEL
y86EL
86'vrL

PLLSL—

£09LL~
v69LL

GIM-G7

-10

T
110

T
120

T
140

T
150

T T T T
200 190 180 170

T
210

S46



B&:
092
592
592
192
0Lz
Lz
mc,&
80 \

e

61
—m,vW
ey

0L's—

9g'9

g’
189

%.wv
€02
502
802
80L
011
[
IR
9L
521
1L
621
1S L]
€521
v6 L]
S6L
9621
164
108
€08

Ir _// J/ JI( Vi

Boc

-Z

i

CO,Me
(/

ey,

Me

4z

=9re

TmN,m
vil'y
Mmm,m

=iel

=004

=004

-1
hovy
Pt
RgZL
P60
560

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

3.5

45 4.0

55 50

6.0

8.5

9.0

11.5

.0

€192~
S082—
eL6z”

0L'\p—

1816 —
9985
_.o,mm.//.r
L0L
LEOL
SL9L
B.EV
6€LL
oba8?
9ZT'SLL
B SLL
68221
loeeh
8s'vTl
S9'GTL
8y ozl
LL9zh
8p'6Tl
_wfon_‘%
e pel
mc,mer

LOGYL—
eyl —

61651 —
zoleLs
z0'89L—
S6GLL
SPOLL

GIM-89

Boc

4z

-10

T
110

T
120

T
140

T
150

170

T T T
200 190 180

T
210

S47



gg2
092
p9Z
597
992
197
692
0Lz

s0¢
60¢
e

Er—

0L's—

S€9
£ wv
.89
%,wv
£0'L]
5024
6024
bL'L]
£1'21
97 L1
SeL
9gL
LEL
8L
8¢ 41
6EL
LG
€54
1611
£6'L
ze e
zee’

GIM-02

ald

=9¢'6

Feee

Fezy
FZee

8Tl

=0t
Feol

=9L'g
pLz
el
Aere
1V
Ao
=00'L

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

40 3.5

4.5

55 50

6.0

8.5

9.0

11.5

.0

60'92~,
1612~
19627

09—

pPSLe—
6£'85
cm,mm.//.r
L004
SZO0L
89°9L
co.:.W
el
8y v8—
0L'80L
L0k
08zl
£62Z1
052l
L1982
85'GTL
f44°T43
99'9Z)
68'8ZL~\
Zrezl
800€L
69°0€L
€6'1EL
Terel
POSEL
Lz'sel
S0SvL
£0'6rL
06'L9)—
CLGLL
mc,wty.

GIM-02

Wt

|

-10

T T T T T T
140 130 120 110 100 90

T
150

T T T T
200 190 180 170

T
210

S48



gt

097

€97

v9Z

997

897

897

0.2
07
80
e
ber—

69'6—

seo,
£638
68'9
€01~
971~
98L
88

5€'8
mﬂwv

GIM-84

A

=506

hepe
9y
wmqm

=00k

FzoL

=004
»90C
661
gL'l
0 K4
oot
=001

10.0 9.5

10.5

11.0

0.0

0.5

1.0

3.0

40 3.5

4.5

55 50

6.0

8.5

9.0

11.5

.0

192,
8612~
69627

09'Lr—

55 I5—
€886
£5¢9
8002\
SZTOL
899L
S.RW.
Ll
e

42144
08'Zz)
ommﬁk
LS Pzt
856217
Sr9zl
L99T)
£r'azl
£r6TL
800}
9g'1EL
1728l
90°'GEL

68191 —
69'GLL
mm,m{.ry.

GIM-84

-10

T T T T
140 130 120 110

T
150

T T T T
200 190 180 170

T
210

S49



©
e
Lo
(=]
>
[ 0% 12~
Nw 1092,
S — o F6E6 [ 4 8612
e 5 6962
652 «
¥9Z — s 5 o 95 Lp—
592 T = L%l
L9 Ll 1Z15—
897 — - veorrg 6E'85
20¢ 862 .
; —_ - - 4 19°€9
s0¢ L peeo-\
L0€ a ;
6L0L
et L 89°'9L
: : 00'LL
eer— Sy —— mlvw L | ZeLL
* 1958—
Lo
bes— - — 00|
6E'9 Lo 26'20L—
:8/ N :
98'g = 00w PEELLT
el S o
0L o 51z ~
8023 = seof e 8r'STL
bz _— gy 295Th
e1] S wc: Fi e ozl
i _ gt ozeel
BL'L = ° JDDA—‘ L= SZezk
1z2] = 660 L8621
: (0] -
2 . e
Ve L1 < @
oc'L] S = - 26 el
L£L / T N—Z [ :
5 L1 1AL g 0£'89L—
SS'L o2 < Fa BLSGLIN
8L @ z 68°9LL—
ve L o &
6 L =
O
o
8 = @
5 = 5

-10

40 30

50

100 90
S50

110

T
160 150 140 130 120

170

l

190 180

200

210




95
LST
[4:X4
191
89C
04T
LT

gL
6¢ L1
681
1521
£5°L
b L]
95'L
9511
85
85°L
TLL
eLL
V6L
96'L
#1'81

Boc
N

A

Cl

=106

vite
Mom,m
Mroo,_.

s0€

=260

00t
o't
160
Tl
0z
80
yzs
Nepe
By
wvoe
00t

1292
£0'82—
ez’

Lr—

epLs—
8e'8s
:..vm//,r
L00L
9oL
89'9L
oo.T /

el
9T v8—

GIM-166

Cl

-10

10

20

40

110 100

120

180

190

210

S51



<60
vso

g5°?

oL FW
el

e
05¢
15
15e
ese

Zr—
LS
P9
99
pe'9
999
189
069
£0'2
p0' 24
60°27
Vs
SVL
vZL
9zL
8z 1
pe'L
9¢' 4
8¢ 4]
€51
662
80'8
z1'8
cL'g

GIM-162

|

=00¢

kot

¥Zoe

€0k
mmmm
AoT

Feet

86'0
Mﬁ.‘.m.o
z0e
yeoz
s0¢

86 |
pLL
el

Mzc_u,m

Lo

o

el —

€0'9C—
9L'6C—

68 Lp—

86'LS
om.om%
LVEIN
6589
mv.ohM
89'9L
00'LL
el

16101~
67201
9gcel
09721
0LSeL
1zl
ov'9zl
8vsei
pL 6T
896zl
85151
LUPEL
6z el
2ol

00'881+
90'9LL~
SL'08L~

GIM-162

-10

T
110

T
120

T
140

T
150

T T T T
200 190 180 170

T
210

S52



