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1. General methods

Reagents were purchased from commercial sources and were directly used unless otherwise
noted. '"H NMR and '3C NMR (400 and 100 MHz, respectively) spectra were recorded in CDCls.
'H NMR chemical shifts are reported in ppm relative to tetramethylsilane (TMS) with the solvent
resonance employed as the internal standard (CDCl; at 7.26 ppm). Data are reported as the follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet and m = multiplet),
coupling constants (Hz) and integration. '>*C NMR chemical shifts are reported in ppm relative to

tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl; at 77.16 ppm).

2. General procedure for synthesis of 2,3'-spirobi[indolin]-2-ones 3

In a 5 mL of flame-dried vial with a stir bar, the mixture of 3-aminooxindoles 1 (0.2 mmol),
2-bromobenzyl bromides 2 (0.22 mmol, 1.1 equiv.), CuBr (0.01 mmol, 1.4 mg), ‘BuONa (0.8
mmol, 76.8 mg, 4.0 equiv.) in 2.0 mL of DMF was stirred at 100 or 170 °C for specified time.
After completion of the reaction indicated by TLC, 10.0 mL of water was added into the mixture
and the solution was extracted with EtOAc (6 x 5 mL). The combined organic layers were dried
over anhydrous Na,SO,, filtered, concentrated, and the residue was purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to afford the products 3. It was
noted that the reaction mixtures could be directly purified by flash column chromatography on
silica gel when the reactions were performed in mesitylene.

Tert-butyl 1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3a: Yellow oil;
60.3 mg, yield 86%. 'H NMR (400 MHz, CDCl;): § 1.12 (s, 9H), 3.21 (d, J = 16.7

Hz, 1H), 3.25 (s, 3H), 3.65 (d, J = 16.1 Hz, 1H), 6.85 (d, J= 7.7 Hz, 1H), 6.98-7.03

(m, 2H), 7.10-7.15 (m, 2H), 7.24-7.27 (m, 1H), 7.30-7.34 (m, 1H), 7.98 (d, J = 8.1
Hz, 1H); 3C NMR (100 MHz, CDCl;): J 26.6, 27.9, 41.6, 68.8, 81.5, 108.1, 115.1, 121.8, 123.0,
123.2, 124.5, 127.0, 128.1, 129.2, 132.6, 142.7, 143.3, 151.1, 176.7. HRMS (ESI-TOF) calcd. for
C21H»oN,NaOs [M + Nal* 373.1523; found: 373.1523.
Tert-butyl 1-ethyl-2-0x0-2,3'-spirobi[indoline]|-1'-carboxylate 3b: White solid;
40.1 mg, yield 55%; mp 206.7-207.9 °C. '"H NMR (400 MHz, CDCl;): ¢ 1.11 (s,

9H), 1.33 (t, J = 7.2 Hz, 3H), 3.23 (d, J = 16.0 Hz, 1H), 3.44-3.50 (m, 1H), 3.63 (d,
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J=16.1 Hz, 1H), 4.05-4.12 (m, 1H), 6.87 (d, J = 7.8 Hz, 1H), 6.97-7.02 (m, 2H), 7.10-7.14 (m,
2H), 7.23 (d, J = 7.7 Hz, 1H), 7.28-7.32 (m, 1H), 7.98 (d, J = 7.9 Hz, 1H); 3C NMR (100 MHz,
CDCl3): 6 13.1,27.9,35.2,41.7, 68.8, 81.6, 108.2, 115.1, 121.9, 123.0, 124.4, 127.0, 128.1, 129.1,
132.8, 142.0, 143.5, 151.1, 176.2. HRMS (ESI-TOF) calcd. for C5,H»sN,O3 [M + HJ™ 365.1860;
found: 365.1869.

O Tert-butyl 2-oxo0-1-phenyl-2,3'-spirobi[indoline]-1'-carboxylate 3c: White solid;

42.1 mg, yield 51%; mp 202.4-203.6 °C. 'H NMR (400 MHz, CDCl;): ¢ 1.17 (s,

9H), 3.39 (d, /= 16.1 Hz, 1H), 3.75 (d, J = 16.1 Hz, 1H), 7.02-7.09 (m, 3H), 7.16-
7.22 (m, 3H), 7.28 (s, 1H), 7.39-7.42 (m, 1H), 7.55-7.56 (m, 4H), 8.04 (d, J = 7.8 Hz, 1H); 13C
NMR (100 MHz, CDCly): 6 28.1, 42.5, 69.0, 82.0, 109.7, 115.2, 122.2, 123.1, 123.8, 124.5, 125.6,
126.8, 127.8, 128.2, 129.0, 129.6, 132.7, 134.5, 142.2, 143.5, 151.2, 175.8. HRMS (ESI-TOF)

caled. for CoH4N,NaO3 [M + NaJ* 435.1679; found: 435.1686.

40.1 mg, yield 47%. 'H NMR (400 MHz, CDCL;): J 1.12 (s, 9H), 3.31 (d, J = 16.0

Hz, 1H), 3.73 (d, /= 16.0 Hz, 1H), 4.41 (d, /= 15.4 Hz, 1H), 5.42 (d, /= 15.4 Hz,

1H), 6.78 (d, J = 7.1 Hz, 1H), 6.96-7.01 (m, 1H), 7.03 (d, J = 7.3 Hz, 1H), 7.12-
7.17 (m, 2H), 7.21 (d, J= 7.2 Hz, 1H), 7.28 (d, /= 10.0 Hz, 2H), 7.36 (s, 4H), 8.02 (d, J = 7.4 Hz,
1H); BC NMR (100 MHz, CDCl;): 6 27.8, 41.8, 44.1, 68.8, 81.7, 109.0, 115.1, 121.8, 123.0,
123.2, 124.5, 126.9, 127.6, 127.9, 128.1, 129.0, 129.1, 132.7, 135.9, 141.9, 143.5, 151.1, 176.8.
HRMS (ESI-TOF) calcd. for C,7Hp¢N,NaOs [M + Na]t 449.1836; found: 449.1851.
Tert-butyl  1,5-dimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate  3e:
Colourless oil; 51.0 mg, yield 70%. 'H NMR (400 MHz, CDCl;): 6 1.13 (s, 9H),

2.24 (s, 3H), 3.19 (d, J = 16.1 Hz, 1H), 3.22 (s, 3H), 3.63 (d, J = 16.1 Hz, 1H),

6.73 (d, J = 7.8 Hz, 1H), 6.91 (s, 1H), 6.99-7.03 (m, 1H), 7.10 (d, J = 7.7 Hz,
1H), 7.14 (d, J = 7.4 Hz, 1H), 7.23-7.27 (m, 1H), 7.98 (d, J = 8.1 Hz, 1H); '*C NMR (100 MHz,
CDCly): 5 21.1,26.6,27.9, 41.6, 68.9, 81.5, 107.9, 115.1, 122.5, 123.0, 124.5, 127.2, 128.1, 129.4,
132.6, 132.9, 140.3, 143.4, 151.2, 176.6. HRMS (ESI-TOF) calcd. for Co,H,sN,NaO; [M + Na]*

387.1679; found: 387.1686.
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Tert-butyl 5-methoxy-1-methyl-2-o0xo0-2,3'-spirobi[indoline]-1'-carboxylate
3f: White solid; 54.0 mg, yield 71%; mp 163.2-164.5 °C. 'H NMR (400 MHz,

CDCLy): 6 1.14 (s, 9H), 3.20 (d, J = 16.2 Hz, 1H), 3.22 (s, 3H), 3.64 (d, J =

16.2 Hz, 1H), 3.70 (s, 3H), 6.71 (d, /= 1.9 Hz, 1H), 6.74 (d, J = 8.5 Hz, 1H),
6.82-6.84 (m, 1H), 6.98-7.02 (m, 1H), 7.13 (d, /=73 Hz, 1H), 7.23 (d, /= 7.7 Hz, 1H), 7.97 (d, J
= 8.1 Hz, 1H); 13C NMR (100 MHz, CDCIl;): § 26.6, 27.9, 41.6, 56.0, 69.1, 81.5, 108.6, 109.0,
113.6, 115.1, 123.0, 124.5, 127.0, 128.1, 133.7, 136.2, 143.3, 151.0, 156.6, 176.4. HRMS (ESI-
TOF) calcd. for C5pH,4N,NaO,4 [M + NaJ* 403.1628; found: 403.1626.
Tert-butyl 5-fluoro-1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3g:
White solid; 59.0 mg, yield 80%; mp 190.3-192.1 °C. '"H NMR (400 MHz,

CDCly): 6 1.15 (s, 9H), 3.19 (d, J = 16.5 Hz, 1H), 3.24 (s, 3H), 3.65 (d, J = 16.0

Hz, 1H), 6.76-6.78 (m, 1H), 6.87 (d, J = 6.5 Hz, 1H), 7.00-7.04 (m, 2H), 7.14 (d,
J=17.0 Hz, 1H), 7.24-7.27 (m, 1H), 7.97 (d, J = 7.8 Hz, 1H); 3C NMR (100 MHz, CDCly): 6 26.8,
27.9, 41.6, 68.9, 81.8, 108.7 (d, J = 7.6 Hz, 1C), 110.1 (d, J = 24.8 Hz, 1C), 115.2, 115.4 (d, J =
23.4 Hz, 1C), 123.2, 124.5, 126.6, 128.3, 134.0, 138.7, 143.2, 150.8, 159.6 (d, J = 240.9 Hz, 1C),

176.4. HRMS (ESI-TOF) calcd. for C,H;FN;NaOs [M + Na]* 391.1428; found: 391.1436.

Yellow solid; 41.3 mg, yield 56%; mp 161.2-162.7 °C. '"H NMR (400 MHz, CDCls):

0 1.18 (s, 9H), 3.20 (d, J = 16.1 Hz, 1H), 3.46 (s, 3H), 3.64 (d, J = 16.0 Hz, 1H),

6.88-6.94 (m, 2H), 6.99-7.07 (m, 2H), 7.13 (d, J = 7.4 Hz, 1H), 7.23-7.27 (m, 1H),

7.97 (d, J= 8.1 Hz, 1H); 3*C NMR (100 MHz, CDCl;): 6 27.9, 28.4,41.7, 68.8, 81.8, 115.1, 117.1

(d, J=19.2 Hz, 1C), 117.7, 123.1, 123.9 (d, J = 6.2 Hz, 1C), 124.5, 126.7, 128.2, 129.8, 135.4,

143.2, 147.7 (d, J = 242.3 Hz, 1C), 150.9, 176.3. HRMS (ESI-TOF) calcd. for C,;H,1FN,NaO; [M
+ Na]* 391.1428; found: 391.1424.

O Tert-butyl 1-methyl-2-o0xo0-7-(trifluoromethyl)-2,3'-spirobi[indoline]-1'-

carboxyl -ate 3i: Yellow oil; 49.4 mg, yield 59%. 'H NMR (400 MHz, CDCl;): §

1.14 (s, 9H), 3.19 (d, J = 16.1 Hz, 1H), 3.47 (s, 3H), 3.65 (d, J = 15.9 Hz, 1H),

7.03-7.08 (m, 2H), 7.15 (d, J = 6.3 Hz, 1H), 7.28 (s, 2H), 7.61 (d, J = 7.4 Hz, 1H),
7.98 (d, J= 7.5 Hz, 1H); '*C NMR (100 MHz, CDCLy): 6 27.8, 28.4, 42.1, 67.1, 82.1, 112.6 (q, J =
33.2 Hz, 1C), 115.1, 122.3, 122.6, 123.3, 124.6, 125.2, 126.5, 127.0 (q, J = 5.9 Hz, 1C), 1284,

S3



135.2, 140.5, 143.2, 150.7, 176.3. HRMS (ESI-TOF) calcd. for CyH;F;N;NaO; [M + Na]*
441.1397; found: 441.1401.

1-Methyl-2,3'-spirobi[indolin]-2-one 3j: Yellow solid; 31.0 mg, yield 62%; mp
259.9-262.1 °C. '"H NMR (400 MHz, CDCls): 6 3.23 (s, 3H), 3.25 (d, J = 15.8 Hz,

1H), 3.61 (d, /= 15.8 Hz, 1H), 4.18 (s, 1H), 6.71 (d, J= 7.6 Hz, 1H), 6.79-6.86 (m,

2H), 6.99-7.02 (m, 1H), 7.08-7.14 (m, 2H), 7.24 (d, J = 7.7 Hz, 1H), 7.29-7.33 (m,
1H); 3C NMR (100 MHz, CDCl;): 6 26.6, 41.9, 68.3, 108.5, 110.0, 119.8, 122.8, 123.4, 124.7,
126.7, 127.9, 129.6, 133.1, 142.6, 149.9, 178.5. HRMS (ESI-TOF) calcd. for C;¢H5N,O [M + H]*
251.1179; found: 251.1182.
1-Ethyl-2,3'-spirobi[indolin]-2-one 3k: Yellow solid; 44.9 mg, yield 85%; mp
252.1-253.2 °C. '"H NMR (400 MHz, CDCl;): 6 1.30 (t,J= 7.1 Hz, 3H), 3.25 (d, /=

15.7 Hz, 1H), 3.62 (d, J = 15.8 Hz, 1H), 3.78-3.81 (m, 2H), 4.19 (s, 1H), 6.71 (d, J

= 7.6 Hz, 1H), 6.78-6.83 (m, 1H), 6.88 (d, /= 7.6 Hz, 1H), 6.98-7.01 (m, 1H), 7.09-
7.14 (m, 2H), 7.25 (d, J = 7.4 Hz, 1H), 7.29-7.32 (m, 1H); '3C NMR (100 MHz, CDCl5): § 12.8,
35.1, 42.0, 68.3, 108.6, 110.1, 119.8, 123.0, 123.2, 124.7, 126.8, 127.9, 129.5, 133.4, 141.7, 149.9,
178.1. HRMS (ESI-TOF) calcd. for C{7H7N,O [M + HJ* 265.1335; found: 265.1339.
1-Phenyl-2,3'-spirobi[indolin]-2-one 31: White solid; 29.4 mg, yield 47%; mp
223.8-224.6 °C. '"H NMR (400 MHz, CDCls): 6 3.39 (d, J= 15.8 Hz, 1H), 3.75 (d, J

=15.7 Hz, 1H), 4.35 (s, 1H), 6.75 (d, J = 7.5 Hz, 1H), 6.82-6.88 (m, 2H), 7.03-7.07

(m, 1H), 7.11-7.17 (m, 2H), 7.23 (d, J= 7.6 Hz, 1H), 7.33 (d, J = 7.4 Hz, 1H), 7.40-7.47 (m, 3H),
7.52-7.55 (m, 2H); 3C NMR (100 MHz, CDCl;): J 42.6, 68.4, 109.8, 110.1, 119.9, 123.2, 123.9,
124.8, 126.5, 126.6, 128.0, 128.2, 129.5, 129.8, 133.0, 134.4, 142.4, 149.9, 177.9. HRMS (ESI-
TOF) calcd. for C;;H7N,O [M + H]* 313.1335; found: 313.1347.

1-Benzyl-2,3'-spirobi[indolin]-2-one 3m: Yellow solid; 48.3 mg, yield 74%; mp
211.9-213.4 °C. '"H NMR (400 MHz, CDCl3): 6 3.32 (d, /= 15.7 Hz, 1H), 3.69 (d, J

= 15.8 Hz, 1H), 4.26 (s, 1H), 4.89 (d, J = 15.5 Hz, 1H), 4.96 (d, J = 15.6 Hz, 1H),

6.73-6.76 (m, 2H), 6.81-6.85 (m, 1H), 6.95-6.99 (m, 1H), 7.10-7.21 (m, 3H), 7.25-7.29 (m, 2H),
7.33 (s, 4H); *C NMR (100 MHz, CDCl;): 6 42.2, 44.1, 68.3, 109.5, 110.1, 119.9, 123.0, 123.4,
124.8, 126.7, 127.5, 127.9, 128.0, 129.0, 129.5, 133.1, 135.8, 141.7, 149.9, 178.7. HRMS (ESI-
TOF) calcd. for CypH sN,NaO [M + Na]* 349.1311; found: 349.1323.
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O 1,5-Dimethyl-2,3'-spirobi[indolin]-2-one 3n: Yellow solid; 40.2 mg, yield
76%; mp 251.8-252.4 °C. 'TH NMR (400 MHz, CDCl;): § 2.26 (s, 3H), 3.21 (s,

3H), 3.24 (d, J = 15.8 Hz, 1H), 3.61 (d, J = 15.8 Hz, 1H), 4.17 (s, 1H), 6.70-

6.75 (m, 2H), 6.80-6.83 (m, 1H), 7.06 (s, 1H), 7.09-7.12 (m, 3H); *C NMR
(100 MHz, CDCl;): 6 21.1, 26.6, 42.0, 68.3, 108.2, 110.0, 119.8, 123.6, 124.7, 126.8, 127.9, 129.8,
133.1, 133.2, 140.2, 149.9, 178.5. HRMS (ESI-TOF) calcd. for C;H;7N,O [M + H]* 265.1335;
found: 265.1339.
5-Fluoro-1-methyl-2,3'-spirobi[indolin]-2-one 30: White solid; 39.2 mg, yield
73%; mp 190.9-192.8 °C. 'H NMR (400 MHz, CDCl;): 6 3.22 (s, 3H), 3.23 (d, J

= 15.8 Hz, 1H), 3.61 (d, J = 15.8 Hz, 1H), 4.21 (s, 1H), 6.71 (d, J = 7.6 Hz, 1H),

6.76-6.83 (m, 2H), 6.98-7.02 (m, 2H), 7.08-7.13 (m, 2H); '3C NMR (100 MHz,

CDCl): 6 26.7,42.0, 68.5, 109.1 (d, /=79 Hz, 1C), 110.1, 111.1 (d, J=24.7 Hz, 1C), 115.7 (d, J

=23.4 Hz, 10), 120.0, 124.8, 126.3, 128.1, 134.6 (d, J = 7.6 Hz, 1C), 138.4, 149.6, 159.7 (d, J =

240.9 Hz, 1C), 178.2. HRMS (ESI-TOF) calcd. for C;¢H3FN,NaO [M + Na]* 291.0904; found:
291.0911.

OMe Tert-butyl 5'-methoxy-1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate

3p: Yellow solid; 50.2 mg, yield 66%; mp 168.7-169.5 °C. '"H NMR (400 MHz,

CDCly):  1.11 (s, 9H), 3.16 (d, J = 16.2 Hz, 1H), 3.24 (s, 3H), 3.61 (d, J = 16.1

Hz, 1H), 3.78 (s, 3H), 6.72 (s, 1H), 6.78 (d, J= 8.5 Hz, 1H), 6.83 (d, /= 7.6 Hz,
1H), 6.98-7.01 (m, 1H), 7.10 (d, J= 7.0 Hz, 1H), 7.29-7.33 (m, 1H), 7.87 (d, J = 8.6 Hz, 1H); 3C
NMR (100 MHz, CDCly): 6 26.6, 27.9, 41.6, 55.8, 68.9, 81.3, 108.1, 110.9, 112.7, 115.5, 121.8,
123.2, 128.4, 129.2, 132.6, 137.0, 142.8, 151.1, 156.0, 176.6. HRMS (ESI-TOF) calcd. for
CyHpsN;NaOy4 [M + Na]* 403.1628; found: 403.1636.

O/\o Tert-butyl 1'-methyl-2'-oxospiro[[1,3]dioxolo[4,5-f]lindole-6,3"-indoline]-
5(7H)- carboxylate 3q: Yellow solid; 51.3 mg, yield 65%; mp 228.0-229.6 °C. 'H

NMR (400 MHz, CDCLy): & 1.10 (s, 9H), 3.09 (d, J = 15.8 Hz, 1H), 3.23 (s, 3H),

N,\Ae 3.54 (d, J = 15.7 Hz, 1H), 5.93 (d, J = 7.6 Hz, 2H), 6.61 (s, 1H), 6.83 (d, /= 7.4
Hz, 1H), 7.00-7.02 (m, 1H), 7.13 (d, J = 6.8 Hz, 1H), 7.29-7.31 (m, 1H), 7.63 (s, 1H); *C NMR
(100 MHz, CDCly): J 26.6, 27.9, 41.3, 69.4, 81.4, 98.4, 101.4, 104.9, 108.1, 118.7, 121.7, 123.2,
129.3, 132.5, 137.6, 142.7, 143.5, 147.5, 151.0, 176.5. HRMS (ESI-TOF) calcd. for
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CH»N,oNaOs [M + Nal* 417.1421; found: 417.1428.
Tert-butyl 4'-fluoro-1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3r:
White solid; 48.0 mg, yield 65%; mp 162.8-164.0 °C. 'H NMR (400 MHz,

CDCly): 6 1.12 (s, 9H), 3.23 (d, J = 16.4 Hz, 1H), 3.25 (s, 3H), 3.62 (d, J = 16.4

Hz, 1H), 6.71-6.75 (m, 1H), 6.85 (d, /= 7.7 Hz, 1H), 7.01-7.05 (m, 1H), 7.14 (d,

J=17.6 Hz, 1H), 7.20-7.24 (m, 1H), 7.31-7.35 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H); 3C NMR (100

MHz, CDCl): J 26.7, 27.8, 42.8, 69.3, 82.0, 108.3, 109.9 (d, J = 19.4 Hz, 1C), 111.0, 113.9,

121.9, 123.4, 125.8, 129.5, 130.1 (d, /= 7.6 Hz, 1C), 132.2, 142.8, 150.9, 158.9 (d, J = 245.1 Hz,
1C), 176.2. HRMS (ESI-TOF) caled. for C;;H»FN,NaO5 [M + Na]* 391.1428; found: 391.1436.

FoT ert-butyl 5'-fluoro-1-methyl-2-oxo-2,3'-spirobi[indoline]-1'-carboxylate 3s:

White solid; 58.2 mg, yield 79%; mp 191.8-192.8 °C. 'H NMR (400 MHz, CDCl;):

0 1.11 (s, 9H), 3.18 (d, J = 16.4 Hz, 1H), 3.24 (s, 3H), 3.62 (d, J = 16.4 Hz, 1H),

6.84-6.87 (m, 2H), 6.92-6.96 (m, 1H), 7.00-7.04 (m, 1H), 7.11 (d, J= 7.2 Hz, 1H),
7.31-7.35 (m, 1H), 7.91-7.94 (m, 1H); 3C NMR (100 MHz, CDCL): 6 26.6, 27.9, 41.3, 69.1, 81.7,
108.2, 111.8 (d, J = 24.4 Hz, 1C), 114.3 (d, J = 22.7 Hz, 1C), 115.7 (d, J = 8.1 Hz, 1C), 121.8,
123.3, 128.8 (d, J = 8.6 Hz, 1C), 129.4, 132.2, 139.4, 142.7, 151.0, 159.2 (d, J = 239.3 Hz, 1C),
176.4. HRMS (ESI-TOF) calcd. for Cy;Hy FN,NaOs [M + Na]* 391.1428; found: 391.1441.

Rk Tert-butyl 6'-fluoro-1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3t:

Q Yellow oil; 58.2 mg, yield 79%. '"H NMR (400 MHz, CDCl;): ¢ 1.11 (s, 9H), 3.16
Boc—N

(d, J=15.9 Hz, 1H), 3.24 (s, 3H), 3.58 (d, J = 15.9 Hz, 1H), 6.67-6.72 (m, 1H),

va.e 6.85 (d, J=17.7 Hz, 1H), 7.00-7.06 (m, 2H), 7.11 (d, J = 7.2 Hz, 1H), 7.31-7.34 (m,
1H), 7.74 (d, J = 10.2 Hz, 1H); 3C NMR (100 MHz, CDCls): J 26.6, 27.8, 40.8, 69.6, 82.0, 103.5
(d, J=29.6 Hz, 1C), 108.2, 109.4 (d, J = 22.8 Hz, 1C), 121.8, 122.3, 123.3, 124.8 (d, /= 9.9 Hz,
1C), 129.4, 132.2, 142.7, 144.7 (d, J = 12.3 Hz, 1C), 150.9, 163.1 (d, J = 241.0 Hz, 1C), 176.3.
HRMS (ESI-TOF) caled. for C;;H»FN,NaO; [M + Na]* 391.1428; found: 391.1437.
CFs T, ert-butyl 1-methyl-2-0x0-5'-(trifluoromethyl)-2,3'-spirobi[indoline]-1'-car-

boxylate 3u: Yellow solid; 52.0 mg, yield 62%; mp 169.7-170.8 °C. 'H NMR

(400 MHz, CDCly): 6 1.13 (s, 9H), 3.26 (s, 3H), 3.26 (d, J = 16.4 Hz, 1H), 3.67

(d, J = 16.4 Hz, 1H), 6.87 (d, J = 7.7 Hz, 1H), 7.01-7.05 (m, 1H), 7.11 (d, J =
7.1 Hz, 1H), 7.32-7.36 (m, 1H), 7.39 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H);
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3C NMR (100 MHz, CDCl;): d 26.6, 27.8, 41.1, 69.1, 82.3, 108.4, 114.8, 121.6, 121.7, 123.4,
124.5 (q, J = 270.0 Hz, 1C), 125.0 (q, J = 32.0 Hz, 1C), 125.8 (q, J = 4.0 Hz, 1C), 127.9, 129.6,
131.9, 142.8, 146.3, 150.8, 176.1. HRMS (ESI-TOF) caled. for C,H»,F3N,03 [M + H]" 419.1577;
found: 419.1573.

Tert-butyl 5'-chloro-1-methyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3v:
White solid; 56.5 mg, yield 74%; mp 190.9-192.8 °C. 'H NMR (400 MHz,

CDCLy): 6 1.11 (s, 9H), 3.18 (d, J = 16.4 Hz, 1H), 3.24 (s, 3H), 3.62 (d, J = 16.3

Hz, 1H), 6.85 (d, J= 7.7 Hz, 1H), 7.00-7.04 (m, 1H), 7.09-7.12 (m, 2H), 7.22 (d,
J=138.7Hz, 1H), 7.31-7.35 (m, 1H), 7.91 (d, J = 8.6 Hz, 1H); 13C NMR (100 MHz, CDCl5): § 26.7,
27.9,41.2, 69.0, 81.9, 108.3, 116.0, 121.8, 123.4, 124.6, 128.0, 128.1, 129.0, 129.5, 132.1, 142.1,
142.8, 150.9, 176.3. HRMS (ESI-TOF) caled. for C,;H;,CIN,NaO; [M + Na]* 407.1133; found:
407.1141.
Tert-butyl 1'-methyl-2'-oxospiro[benzo|g]indole-2,3'-indoline]-1(3 H)-carboxyl-
ate 3w: Yellow oil; 44.1 mg, yield 55%. 'H NMR (400 MHz, CDCl;): J 1.28 (s,
9H), 3.27 (d, J=16.0 Hz, 1H), 3.31 (s, 3H), 3.92 (d, /= 16.0 Hz, 1H), 6.88 (d, J =

7.8 Hz, 1H), 6.94-6.98 (m, 1H), 7.06 (d, J = 7.4 Hz, 1H), 7.29-7.34 (m, 2H), 7.43-

7.48 (m, 2H), 7.64 (d, J = 8.2 Hz, 1H), 7.84 (d, J = 7.4 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H); 3C
NMR (100 MHz, CDCls): 6 26.7, 27.8, 43.0, 70.6, 82.0, 108.2, 122.1, 123.2, 123.3, 124.9, 125.2,
125.3, 125.5, 125.6, 128.4, 129.4, 132.6, 134.6, 138.4, 142.5, 152.0, 176.3. HRMS (ESI-TOF)
caled. for CysHy4N,NaO3 [M + NaJ* 423.1679; found: 423.1697.

Tert-butyl 1,3'-dimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate ~ 3x:
Yellow oil; 48.1 mg, yield 66%, dr 4:1. '"H NMR (400 MHz, CDCls): J (major)

0.93 (d,J=7.1 Hz, 3H), 1.13 (s, 9H), 3.25 (s, 3H), 3.90 (q, J/ = 6.9 Hz, 1H), 6.84-

6.95 (m, 3H), 7.01-7.10 (m, 2H), 7.20-7.23 (m, 1H), 7.28-7.32 (m, 1H), 7.97 (d, J

= 7.8 Hz, 1H); 3C NMR (100 MHz, CDCl;): é (major) 13.3, 26.7, 27.8, 45.1, 74.3, 81.4, 108.0,

114.8, 122.6, 122.8, 123.0, 123.3, 128.9, 129.4, 131.0, 132.7, 142.8, 143.2, 151.2, 177.1. HRMS
(ESI-TOF) calcd. for C,,H4N,NaO; [M + Na]* 387.1679; found: 387.1681.

F Tert-butyl 6'-fluoro-1,3'-dimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate

3y: Yellow solid; 39.8 mg, yield 52%, dr 2:1; mp 108.7-110.2 °C. 'H NMR (400

Me MHz, CDCl;): ¢ (major + minor) 0.91 (d, J = 7.0 Hz, 3H), 1.12 (s, 9H), 3.21 (s,
o
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1H), 3.25 (s, 2H), 3.84 (q, J = 7.1 Hz, 1H), 6.69-6.73 (m, 1H), 6.82-6.90 (m, 2H), 6.94-7.01 (m,
2H), 7.30-7.34 (m, 1H), 7.74 (d, J = 10.2 Hz, 1H); 3C NMR (100 MHz, CDC]l;): J (major + minor)
13.5, 14.5,26.7,27.8, 44.6, 74.2, 74.9, 82.0, 103.2 (d, /= 29.5 Hz, 1C), 103.3 (d, /= 29.4 Hz, 1C),
108.1, 109.3 (d, J = 22.8 Hz, 1C), 122.1, 122.7, 123.2, 123.3, 123.4, 127.5, 128.1, 129.1, 129.6,
143.2, 143.4, 144.1, 144.2, 151.0, 151.2, 163.2 (d, J = 241.2 Hz, 1C), 173.9, 176.7. HRMS (ESI-
TOF) calcd. for C5pH,3FN;NaO3 [M + NaJ* 405.1585; found: 405.1592.

Tert-butyl 6'-chloro-1,3'-dimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate
3z: White solid; 55.8 mg, yield 70%, dr 3:1; mp 79.3-81.2 °C. 'H NMR (400 MHz,

CDCl3): 6 (major + minor) 0.91 (d, J= 7.1 Hz, 3H), 1.12 (s, 9H), 3.20 (s, 0.75H),

N,\/,e 3.25 (s, 2.25H), 3.84 (q, J = 7.0 Hz, 1H), 6.84-6.89 (m, 2H), 6.93-6.99 (m, 3H),
7.30-7.33 (m, 1H), 8.02 (s, 1H); *C NMR (100 MHz, CDCI;): J (major + minor) 13.4, 14.3, 26.7,
27.8,44.7, 74.0, 74.6, 82.0, 108.2, 115.2, 115.3, 122.0, 122.7, 122.9, 123.0, 123.2, 123.3, 123.6,
127.4, 129.2, 129.6, 131.3, 134.0, 143.2, 143.4, 143.9, 151.0, 173.8, 176.7. HRMS (ESI-TOF)
caled. for CyyH,3CIN;NaOs [M + Na]* 421.1289; found: 421.1297.

Tert-butyl 1,3',5-trimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carboxylate 3a':
Yellow solid; 52.2 mg, yield 69%, dr 3:1; mp 86.6-88.1 °C. 'H NMR (400

MHz, CDCl;): ¢ (major + minor) 0.93 (d, J = 7.0 Hz, 3H), 1.13 (s, 9H), 2.20

(s, 2.25H), 2.29 (s, 0.75H), 3.18 (s, 0.75H), 3.23 (s, 2.25H), 3.89 (q, J = 6.8
Hz, 1H), 6.68 (s, 1H), 6.73 (d, /= 8.0 Hz, 1H), 7.04 (d, /= 9.0 Hz, 1H), 7.10 (d, J = 6.7 Hz, 2H),
7.23 (d,J=7.4 Hz, 1H), 7.98 (d, J= 7.6 Hz, 1H); *C NMR (100 MHz, CDCl;): § (major + minor)
13.3,14.7, 21.0, 26.7, 27.8, 45.1, 73.5, 74.4, 81.4, 107.8, 114.6, 114.8, 122.7, 122.8, 123.0, 123.9,
127.8, 128.2, 129.0, 129.6, 132.2, 132.8, 140.8, 141.0, 142.9, 151.3, 174.0, 177.1. HRMS (ESI-
TOF) calcd. for Cy3HysN,NaO; [M + Na]*" 401.1836; found: 401.1842.
Tert-butyl S5-methoxy-1,3'-dimethyl-2-0x0-2,3'-spirobi[indoline]-1'-carbo
-xylate 3b': Yellow oil; 49.7 mg, yield 63%, dr 4:1. '"H NMR (400 MHz,

CDCls): & (major) 0.95 (d, J = 7.3 Hz, 3H), 1.15 (s, 9H), 3.23 (s, 3H), 3.67 (s,

3H), 3.90 (q, J = 6.8 Hz, 1H), 6.49 (s, 1H), 6.75 (d, J = 8.9 Hz, 1H), 6.83 (d,
J=9.7Hz, 1H), 7.03 (d, J= 7.1 Hz, 1H), 7.09 (d, J = 7.0 Hz, 1H), 7.23 (d, /= 7.5 Hz, 1H), 7.96
(d, J = 7.6 Hz, 1H); '*C NMR (100 MHz, CDCLy): 6 (major) 13.3, 26.7, 27.9, 45.1, 56.0, 74.6,
81.5, 108.3, 110.9, 113.4, 114.8, 122.9, 123.1, 128.3, 128.9, 131.0, 136.8, 142.8, 151.2, 156.0,
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176.8. HRMS (ESI-TOF) calcd. for C,3H6N,NaOy4 [M + NaJ* 417.1785; found: 417.1779.
Tert-butyl 3'-methyl-2-0x0-1-phenyl-2,3'-spirobi[indoline]-1'-carboxylate 3c':
Yellow solid; 41.8 mg, yield 49%, dr 3:1; mp 107.3-108.8 °C. 'H NMR (400 MHz,

CDCly): & (major) 1.06 (d, J = 7.0 Hz, 3H), 1.19 (s, 9H), 3.99 (q, J = 7.0 Hz, 1H),

6.94-6.98 (m, 1H), 7.02-7.08 (m, 2H), 7.09-7.14 (m, 2H), 7.40-7.41 (m, 1H), 7.48-
7.57 (m, 6H), 8.01-8.05 (m, 1H); 3C NMR (100 MHz, CDCls): 6 (major) 13.8, 28.1, 46.2, 74.5,
82.0, 109.4, 109.7, 114.7, 114.9, 122.9, 123.6, 125.5, 127.9, 128.7, 129.2, 129.6, 129.7, 132.4,
133.1, 142.5, 143.0, 151.4, 176.2. HRMS (ESI-TOF) caled. for CoHysNoNaO; [M + Na]*
449.1836; found: 449.1839.

3. Control experiments

In a 5 mL of flame-dried vial with a stir bar, the mixture of 3-aminooxindole 1a (0.2 mmol,
52.5 mg), 2-bromobenzyl bromide 2a (0.22 mmol, 55.0 mg, 1.1 equiv.), ‘BuONa (0.8 mmol, 76.8
mg, 4.0 equiv.) in 2.0 mL of DMF was stirred at 50 °C for 6 h. After completion of the reaction
indicated by TLC, CuBr (0.01 mmol, 1.4 mg) was added into the mixture and the resulting
solution was continually stirred at 100°C for 16 h. Then 10.0 mL of water was added into the
mixture and the solution was extracted with EtOAc (6 x 5 mL). The combined organic layers were
dried over anhydrous Na,SQ,, filtered, concentrated, and the residue was purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to afford compound 3a with 82%
yield (57.5 mg). It was emphasized that the non-cyclic intermediate 4 could be isolated and the
characterized data was listed as follows.
Tert-butyl  (3-(2-bromobenzyl)-1-methyl-2-oxoindolin-3-yl)carbamate  4:
White solid; 59.5 mg, yield 69%; mp 143.8-145.3 °C; 'H NMR (400 MHz,

CDCly), 6 1.19-1.25 (m, 9H), 3.14 (d, J = 13.5 Hz, 1H), 3.16 (s, 3H), 3.51 (d, J =

13.5 Hz, 1H), 5.54 (s, 1H), 6.69 (d, J = 7.7 Hz, 1H), 6.94-7.08 (m, 4H), 7.14-7.17
(m, 1H), 7.21-7.25 (m, 1H), 7.4 (d, J = 7.9 Hz, 1H); 3C NMR (100 MHz, CDCl;), § 26.5, 28.1,
41.8,62.9,80.5, 107.8, 122.2, 124.4, 125.9, 127.0, 128.9, 129.2, 132.4, 133.1, 133.5, 143.1, 153.9,

176.7. HRMS (ESI-TOF) calcd. for C,;H»;BrN;NaO3z [M + NaJ*: 453.0784; found: 453.0824.

4. Crystallographic information for compound 3j
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Compound 3j Data

Empirical formula Ci6H14N,O

Formula weight 250.29
Temperature/K 290(2)

Crystal system monoclinic

Space group P21/c

a/A 5.57110(10)

b/A 14.4715(4)

c/A 15.8198(5)

a/° 90

p/e 94.691(2)

v/° 90

Volume/A3 1271.15(6)

V4 4

pcalcg/cm3 1.308

wmm-1 0.660

F(000) 528.0

Crystal size/mm3 0.390 % 0.330 x 0.320
Radiation CuKa (A =1.54184)
20 range for data collection/° 8.294 to 140.08

Index ranges -4<h<6,-17<k<17,-19<1<19
Reflections collected 5613

Independent reflections 2369 [Rint =0.0166, Rsigma = 0.0214]
Data/restraints/parameters 2369/0/173
Goodness-of-fit on F2 1.047

Final R indexes [[>=2c (1)] R1=0.0394, wR2 = 0.1050
Final R indexes [all data] R1=0.0437, wR2=0.1104
Largest diff. peak/hole / e A-3 0.19/-0.16
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5. NMR spectra for compounds 3 and 4

H and 3C NMR of 3a
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'H and *C NMR of 3b
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H and 3C NMR of 3¢
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'H and *C NMR of 3d
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H and 3C NMR of 3e
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'H and *C NMR of 3f

AFTT—

ZEIT Bl
SETZ e

BELS G
poEe E—
6695~

it
[
p1CL'G
Jz61a
28189
£228°0
CECE G
BChE G
41965
BEGE D
T 1
812174
b1 L
6EZE" )
1ghz )
a5GZ ")

PEIE L~y
98604

_—

IS S

|
|
/
" —ooT @
M =
B 1
o
= o | 2
= &
,_,
I | s
i A I’
—
n\u oot
| | =
\ w
I
|
|
| |
|
| Ma
|
)
A_
gt g
< 0 -
~ -
1
| -
|
, -
o0’
\ -
|
| 8
| - [~
o
B .
oot
< | =
<
| E

_JML

2o
an”

i

0.0

0.5

1.0

1.5

2.0

2.5

3.0

36

4.0

4.5

5.0

5.6

6.0

8.5

1.0

7.5

g0

8.5

£1 (ppm)

S21



SFa
968

209

£80

T

kg
09t
alF

iy

035
2lb

203
G0

966
0iF
ale
Zh0

Bkl
ait

kS

0]

L

Fag

g
SR

Vb

96—

e
.tllv.
g

Ta—

BT
B0T—"

BT
“AIT—

LT
FET—
98T~
=Tt

e —

9oT—

TEFT—

19—

st —

=

180 170 160 150 140 130 120 110 100 an &0 0 A0 &0 40 30 20 ]
£1 (ppmd
S22

a0



'H and '3C NMR of 3g
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'H and *C NMR of 3h
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'H and *C NMR of 3i
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'H and *C NMR of 3j
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'H and *C NMR of 3k
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'H and *C NMR of 31
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H and 3C NMR of 3m
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H and 3C NMR of 3n
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H and 3C NMR of 30
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H and 3C NMR of 3p
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H and 3C NMR of 3q
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H and 3C NMR of 3r
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H and 3C NMR of 3s
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'H and *C NMR of 3t
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H and 3C NMR of 3u
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H and 3C NMR of 3v

LT T—

29T 5~
1208 E—
chbz e

C16G B
T8E9 S~

2hEs g
585579

mmmm.mﬂf
811074
vmmc.n%
TE6N L
vNNA.ns/:fr
S0LE L~
DEEE L
TO9E L

A
S0TE 4
ZBEE "L
ZEREL

8868 A~
20264~

s

o0t

—00z

o0t

—00°t

T.20 7.1 T.1z

T.24

732

T %

_lg.m

oot
ooe

oot

Hl
=
=
e ]

0.5

1.0

8.0 .5 7.0 .5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
£1 (ppm)

8.5

S53



P89 98—
bPCgilE—"

95T T~

oo’ eg-—

2kagl

09T Ly

LR
P26 18—

GCE

]

203
B5E
1£9
]
610
196

ATt

EET
04l

Sk6

29Z

TBIT—

T —

TELS

2T~

AT
TAET
“8ET
-1

Tap "RZT- -
.NmT\

TERT

ERT=T

05T—

] —

mwwmmmbmhwwm

180 170 160 150 140 130 120 110 100 an &0 0 A0 &0 40 a0 20 ]
£1 (ppmd
S54

a0



H and 3C NMR of 3w

9182 T—

02526
HmmN.m./

mNam.mW.
88055

CREE E~
PRER S

RS N PR R R e R

o
1
=

B e S gy 7 - . S0 7. 40

T
Q
o]
m

o0z

—00'2

oot

T
£.95 &40

T.00

7.3 T.25 T.20 V.15 V.10 T.O%

7.35

7.55

T.E0

Low

7.70

5

T

T 80

& 00 9% T.90 T.#5

2095

T.45,

[T . TR

T

alili]

00
o0
F-n0
oo
TF-on°

F=00

i

5

0.5

1.0

80 1.5 T.0 8.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.8 20

8.5

a.0

£1 (ppm)

S55



ATL 98—
Tpg lg="

886" 2k—

989°0L—

gk al
_.._mﬁ.tw
a8lF L

28h Tg—

Sk

T
b2 "
oag
985
S92°
S18°
BCR
BFS "
08k
08"
8157
FEq "
Gog”
Tes”

020

5§-215-C

TR0l

"2ST—

QT

180 170 160 150 140 130 120 110 100 an &0 0 a0 il 40 a0 20 10
£1 (ppmd
S56

a0



H and 3C NMR of 3x
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'H and 3C NMR of 3y
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H and 3C NMR of 3z
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H and 3C NMR of 3a'

1126 0
16660~
PES0 T—
9eeT 1=

SHET E2—
F98E E—

8Z8T L~
ZREE B

(ETE
Zoe8 'L~

BE1G G
8721 6=
czbsa
£120°)
ohen ‘)
8RN At
az0Tu-
bz I—
tesz 1
pnaz 1

£696 L~
g886 L~

' I JL

N

A

Mloo.m

—o0e

Faorg

Toog

Font

Fonz

-l

0.5

1.0

L5

2.0

2.8

3o

3.5

4.0

4.5

5.0

5.5

6.0

6.5

T.0

7.5

80

.5

£1 {ppm)
S63



08
1589

TE0

189
SkE

£30

CES

0k
ek’
09t
alF’

1k

24l

L29
251

SkL
a1
616
EL]
L7
1Z2
810
025
8EE
858

oke "

SIL]
158

162

el
£an

T
pr——

g —

9E—
¥

Sp—

T

T

pT1
.V:V
et
21
o
e
JZ1-
sE1—2
a1
621
s2ide

TEET
el

0T

i
g1~

18T—

Tpll=—
THT—

1

J

Lh

80

I

10

20

3o

40

50

60

Ta

80

100

110

120

130

140

160

160

170

180

£1 (ppm)

S64



'H and *C NMR of 3b'
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H and 3C NMR of 3¢'
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'H and 3C NMR of 4
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