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1. General information 

Reactions were monitored by thin layer chromatography using UV light to visualize the course 

of reaction. Purification of reaction products was carried out by flash chromatography on silica gel 

or just by simple filtration and washing. 
1
H and 

13
CNMR spectra were obtained using a Bruker 

DPX-400 spectrometer. 
1
H NMR chemical shifts are reported in ppm (δ) relative to 

tetramethylsilane (TMS) with the solvent resonance employed as the internal standard. Data are 

reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), 

coupling constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm (δ) from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard. Melting points were 

measured on an electrothermal digital melting point apparatus. 

2. The 0.2 mmol scale synthesis of spiro[oxindole-thioxoimidazolidine-indoline] hybrids 3 

In a sealed tube equipped with a magnetic stirring bar, a mixture of 3-isothiocyanato oxindole 1 

(0.2 mmol), trimethylindolenine 2 (0.3 mmol) in 1.0 mL of DCM was stirred under catalyst-free 

condition at rt for 5 h, and then was directly loaded onto a silica gel and purified by flash 

chromatography to give the desired product 3, using hexane/EtOAc (8/1, v/v) as the eluent. 

3. Characterization data of compounds 3 

 

3aa: Light yellow solid, m.p. 200.3-201.5 
o
C; yield 85% (61.7 mg), >20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.61 (s, 3H), 1.15 (s, 3H), 1.45 (s, 3H), 3.15 (s, 3H), 6.48 (s, 1H), 6.76 (d, J = 8.0 Hz, 

1H), 6.84-6.87 (m, 1H), 6.93 (d, J = 7.6 Hz, 1H), 6.98-7.02 (m, 1H), 7.16-7.26 (m, 3H), 8.16 (d, J 

= 7.6 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 18.6, 22.1, 26.1, 28.5, 46.7, 70.3, 81.7, 107.6, 

114.3, 121.0, 121.6, 123.7, 125.8, 126.4, 126.5, 129.7, 136.0, 141.9, 143.4, 173.2, 177.0; HRMS 

(ESI-TOF) m/z: Calcd. for C21H21N3NaOS [M+Na]
+
: 386.1298; Found: 386.1287. 

 

3ab: Light yellow solid, m.p. 180.4-181.3 
o
C; yield 75% (56.6 mg), >20:1 dr;

 1
H NMR (CDCl3, 
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400 MHz) δ: 0.60 (s, 3H), 1.17 (s, 3H), 1.21-1.25 (m, 3H), 1.51 (s, 3H), 3.50-3.55 (m, 1H), 

3.85-3.90 (m, 1H), 6.16-6.24 (m, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.84-6.88 (m, 1H), 6.95 (d, J = 7.6 

Hz, 1H), 7.00-7.03 (m, 1H), 7.19-7.26 (m, 3H), 8.20 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 

MHz) δ: 12.6, 19.6, 23.1, 29.5, 35.3, 47.7, 71.3, 82.8, 108.5, 115.3, 122.0, 122.5, 124.8, 127.0, 

127.6, 127.7, 130.7, 137.0, 141.9, 144.4, 173.4, 178.0; HRMS (ESI-TOF) m/z: Calcd. for 

C22H23N3NaOS [M+Na]
+
: 400.1454; Found: 400.1448. 

 

3ac: Light yellow solid, m.p. 155.4-156.0 
o
C; yield 92% (80.8 mg), 10:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.54 (s, 3H), 1.11 (s, 3H), 1.48 (s, 3H), 4.50 (d, J = 15.6 Hz, 1H), 5.12 (d, J = 15.2 

Hz, 1H), 6.55-6.61 (m, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.80-6.83 (m, 1H), 6.93 (d, J = 6.4 Hz, 1H), 

6.97-7.01 (m, 1H), 7.14-7.27 (m, 8H), 8.19 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 

19.8, 23.0, 29.8, 44.5, 47.6, 71.3, 82.9, 109.4, 115.2, 122.1, 122.7, 124.7, 126.9, 127.5, 127.6, 

127.8, 128.0, 128.9, 129.0, 130.6, 135.5, 136.9, 142.1, 144.4, 173.9, 177.6; HRMS (ESI-TOF) m/z: 

Calcd. for C27H25N3NaOS [M+Na]
+
: 462.1611; Found: 462.1606. 

 

3ad: Light yellow solid, m.p. 214.6-215.5 
o
C; yield 84% (71.4 mg), >20:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 0.95 (s, 3H), 1.19 (s, 3H), 1.46 (s, 3H), 6.71 (d, J = 8.0 Hz, 1H), 

7.01-7.05 (m, 1H), 7.10-7.18 (m, 2H), 7.25-7.34 (m, 3H), 7.42-7.45 (m, 2H), 7.49-7.53 (m, 1H), 

7.60-7.64 (m, 2H), 7.96 (d, J = 7.6 Hz, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 19.7, 23.2, 28.4, 

48.7, 71.7, 82.8, 109.9, 116.3, 122.6, 123.1, 125.3, 126.3, 127.2, 127.3, 127.5, 129.1, 130.4, 130.9, 

134.3, 139.2, 143.8, 144.6, 173.9, 181.9; HRMS (ESI-TOF) m/z: Calcd. for C26H23N3NaOS 

[M+Na]
+
: 448.1454; Found: 448.1448. 

 

3ae: Light yellow solid, m.p. 192.3-193.0 
o
C; yield 90% (68.6 mg), >20:1 dr;

 1
H NMR (CDCl3, 
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400 MHz) δ: 0.74 (s, 3H), 1.25 (s, 3H), 1.54 (s, 3H), 3.24 (s, 3H), 6.71-6.75 (m, 1H), 6.78-6.81 (m, 

1H), 7.03-7.13 (m, 4H), 7.26-7.30 (m, 1H), 8.23 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) 

δ: 19.6, 23.2, 27.4, 29.5, 47.7, 71.4, 82.9, 109.3 (d, JCF = 8.2 Hz), 114.9 (d, JCF = 25.1 Hz), 115.3, 

117.1 (d, JCF = 23.2 Hz), 122.1, 125.0, 127.7, 129.0 (d, JCF = 7.5 Hz), 137.0, 139.0, 144.2, 158.7 

(d, JCF = 241.4 Hz), 173.9, 178.0; HRMS (ESI-TOF) m/z: Calcd. for C21H20FN3NaOS [M+Na]
+
: 

404.1203; Found: 404.1198. 

 

3af: Light yellow solid, m.p. 168.3-169.2 
o
C; yield 85% (64.1 mg), >20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.67 (s, 3H), 1.24 (s, 3H), 1.55 (s, 3H), 2.20 (s, 3H), 3.22 (s, 3H), 6.48 (s, 1H), 6.73 

(d, J = 8.0 Hz, 1H), 7.02-7.04 (m, 1H), 7.07 (s, 1H), 7.09-7.12 (m, 2H), 7.26-7.30 (m, 1H), 8.28 (d, 

J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 19.7, 21.0, 23.2, 27.2, 29.5, 47.6, 71.4, 82.7, 

108.4, 115.2, 122.1, 124.7, 127.5, 127.6, 130.9, 132.4, 137.1, 140.5, 144.4, 174.1, 177.8; HRMS 

(ESI-TOF) m/z: Calcd. for C22H23N3NaOS [M+Na]
+
: 400.1454; Found: 400.1447. 

 

3ag: Light yellow solid, m.p. 228.3-228.3 
o
C; yield 77% (60.8 mg), >20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.73 (s, 3H), 1.27 (s, 3H), 1.29-1.33 (m, 3H), 1.58 (s, 3H), 3.58-3.63 (m, 1H), 

3.93-3.98 (m, 1H), 6.51-6.54 (m, 1H), 6.79-6.82 (m, 1H), 7.03-7.14 (m, 4H), 7.28-7.32 (m, 1H), 

8.26 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 12.6, 19.6, 23.2, 29.5, 35.5, 47.6, 71.3, 

83.0, 109.2 (d, JCF = 8.3 Hz), 115.0, 115.3, 117.0 (d, JCF = 23.1 Hz), 122.1, 124.9, 127.7, 129.2 (d, 

JCF = 7.1 Hz), 136.9, 137.9, 144.1, 158.6 (d, JCF = 242.4 Hz), 173.1, 177.9; HRMS (ESI-TOF) m/z: 

Calcd. for C22H22FN3NaOS [M+Na]
+
: 418.1360; Found: 418.1361. 

 

3ah: Light yellow solid, yield 84% (78.8 mg), >20:1 dr;
 1
H NMR (DMSO-d6, 400 MHz) δ: 0.77 

(s, 3H), 1.12 (s, 3H), 1.50 (s, 3H), 3.48 (s, 3H), 4.86 (d, J = 15.6 Hz, 1H), 4.95 (d, J = 15.6 1H), 
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6.49 (s, 1H), 6.83-6.88 (m, 2H), 7.06-7.13 (m, 2H), 7.24-7.30 (m, 2H), 7.33-7.39 (m, 4H), 8.04 (d, 

J = 7.6 Hz, 1H), 9.68 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 24.4, 29.9, 31.7, 48.5, 52.2, 

60.6, 77.0, 87.4, 115.5, 118.3, 119.8, 119.9, 127.5, 132.7, 133.4, 133.8, 140.7, 141.1, 144.6, 148.8, 

160.2, 178.0, 187.0; HRMS (ESI-TOF) m/z: C28H28N3O2S [M+H]
+
: 470.1897; Found: 470.1890. 

 

3ba: Light yellow solid, m.p. 245.3-246.2 
o
C; yield 85% (64.1 mg), >20:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 0.94 (s, 3H), 1.15 (s, 3H), 1.39 (s, 3H), 2.34 (s, 3H), 3.23 (s, 3H), 7.02 (s, 

1H), 7.05-7.08 (m, 1H), 7.11-7.16 (m, 2H), 7.30 (d, J = 7.2 Hz, 1H), 7.44-7.48 (m, 1H), 7.84 (d, J 

= 8.0 Hz, 1H), 9.37 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 19.6, 21.4, 22.6, 27.0, 28.8, 

48.8, 71.4, 82.6, 109.6, 116.2, 122.4, 123.0, 126.4, 126.8, 127.8, 130.9, 134.5, 136.8, 144.1, 144.9, 

174.7, 181.6; HRMS (ESI-TOF) m/z: Calcd. for C22H23N3NaOS [M+Na]
+
: 400.1454; Found: 

400.1448. 

 

3bb: Light yellow solid, m.p. 231.3-231.5 
o
C; yield 90% (71.1 mg), 14:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 0.86 (s, 3H), 1.11 (s, 3H), 1.36 (s, 3H), 2.27 (s, 3H), 3.15 (s, 3H), 

6.88-6.91 (m, 1H), 6.96 (s, 1H), 7.06-7.13 (m, 2H), 7.24-7.30 (m, 1H), 7.79 (d, J = 8.0 Hz, 1H), 

9.35 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 24.3, 26.1, 28.0, 32.0, 33.0, 60.1, 76.4, 87.5, 

115.4 (d, JCF = 8.2 Hz), 119.2 (d, JCF = 26.2 Hz), 120.6, 121.8 (d, JCF = 23.1 Hz), 127.8, 132.6, 

133.2 (d, JCF = 8.1 Hz), 139.3, 141.6, 145.1, 149.3, 162.8 (d, JCF = 237.3 Hz), 179.0, 186.5; 

HRMS (ESI-TOF) m/z: Calcd. for C22H22FN3NaOS [M+Na]
+
: 418.1360; Found: 418.1352. 

 

3bc: Light yellow solid, m.p. 231.2-232.0 
o
C; yield 73% (57.7 mg), >20:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 0.81 (s, 3H), 1.13 (s, 3H), 1.36 (s, 3H), 2.28 (s, 3H), 3.33 (s, 3H), 

6.97-7.07 (m, 4H), 7.27-7.32 (m, 1H), 7.82 (d, J = 8.0 Hz, 1H), 9.25 (br s, 1H); 
13

C NMR 

(DMSO-d6, 100 MHz) δ: 19.7, 21.4, 23.0, 28.8, 29.5, 48.4, 71.3, 82.7, 115.6, 118.7 (d, JCF = 18.4 
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Hz), 123.1 (d, JCF = 15.3 Hz), 123.5, 127.9, 130.0, 130.4, 134.4, 136.2, 144.8, 147.3 (d, JCF = 

239.0 Hz), 174.1, 180.5; HRMS (ESI-TOF) m/z: Calcd. for C22H22FN3NaOS [M+Na]
+
: 418.1360; 

Found: 418.1353. 

 

3bd: Light yellow solid, m.p. 180.6-181.2 
o
C; yield 81% (63.3 mg), 20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.59 (s, 3H), 1.14 (s, 3H), 1.45 (s, 3H), 2.12 (s, 3H), 2.24 (s, 3H), 3.13 (s, 3H), 

6.24-6.29 (m, 1H), 6.64 (d, J = 7.6 Hz, 1H), 6.75 (s, 1H), 6.98-7.04 (m, 3H), 8.04-8.06 (m, 1H); 

13
C NMR (CDCl3, 100 MHz) δ: 19.7, 21.0, 21.4, 23.0, 27.2, 29.6, 47.7, 71.4, 82.9, 108.3, 115.0, 

122.7, 127.5, 128.0, 130.8, 132.3, 134.5, 134.8, 140.5, 144.6, 174.2, 177.5; HRMS (ESI-TOF) m/z: 

Calcd. for C23H25N3NaOS [M+Na]
+
: 414.1611; Found: 414.1600. 

 

3be: Light yellow solid, m.p. 212.3-212.3 
o
C; yield 84% (65.7 mg), 19:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.60 (s, 3H), 1.13 (s, 3H), 1.20-1.24 (m, 3H), 1.45 (s, 3H), 2.24 (s, 3H), 3.49-3.54 (m, 

1H), 3.84-3.89 (m, 1H), 6.35 (br s, 1H), 6.75 (s, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.83-6.87 (m, 1H), 

6.98 (d, J = 8.0 Hz, 1H), 7.21-7.27 (m, 2H), 8.05 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) 

δ: 11.6, 18.5, 20.3, 21.8, 28.6, 34.3, 46.7, 70.2, 81.9, 107.5, 114.2, 121.4, 121.7, 126.0, 126.5, 

127.0, 129.6, 133.5, 140.9, 143.5, 172.6, 176.7; HRMS (ESI-TOF) m/z: Calcd. for C23H25N3NaOS 

[M+Na]
+
: 414.1611; Found: 414.1605. 

 

3bf: Light yellow solid, m.p. 207.5-208.1 
o
C; yield 83% (67.9 mg), 17:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.74 (s, 3H), 1.25 (s, 3H), 1.27-1.34 (m, 3H), 1.57 (s, 3H), 2.34 (s, 3H), 3.58-3.61 (m, 

1H), 3.93-3.97 (m, 1H), 6.41 (s, 1H), 6.79-6.81 (m, 1H), 6.85 (s, 1H), 7.03-7.06 (m, 1H), 

7.09-7.13 (m, 2H), 8.12 (d, J = 5.6 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 11.0, 18.0, 19.8, 21.4, 

28.1, 33.9, 46.1, 69.7, 81.6, 107.5 (d, JCF = 8.1 Hz), 113.5 (d, JCF = 25.0 Hz), 113.6, 115.4 (d, JCF 

= 23.2 Hz), 121.1, 126.6, 127.6, 127.7, 133.0, 133.2, 136.4, 142.7, 157.2 (d, JCF = 241.3 Hz), 
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171.6, 176.0; HRMS (ESI-TOF) m/z: Calcd. for C23H24FN3NaOS [M+Na]
+
: 432.1516; Found: 

432.1506. 

 

3bg: Light yellow solid, m.p. 158.5-159.3 
o
C; yield 90% (81.5 mg), 10:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.55 (s, 3H), 1.09 (s, 3H), 1.47 (s, 3H), 2.22 (s, 3H), 4.50 (d, J = 15.6 Hz, 1H), 5.15 

(d, J = 15.6 Hz, 1H), 6.47-6.58 (m, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.73 (s, 1H), 6.79-6.83 (m, 1H), 

6.97 (d, J = 8.0 Hz, 1H), 7.10-7.14 (m, 1H), 7.20-7.26 (m, 6H), 8.05 (d, J = 8.0 Hz, 1H); 
13

C NMR 

(CDCl3, 100 MHz) δ: 19.8, 21.4, 22.8, 30.0, 44.5, 47.7, 71.3, 83.1, 109.4, 115.1, 122.7, 122.8, 

127.0, 127.5, 128.0, 128.1, 129.0, 130.5, 134.6, 135.6, 142.1, 144.6, 174.1, 177.3; HRMS 

(ESI-TOF) m/z: Calcd. for C28H27N3NaOS [M+Na]
+
: 476.1767; Found: 476.1766. 

 

3bh: Light yellow solid, m.p. 290.0-291.1 
o
C; yield 78% (68.5 mg), >20:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 1.04 (s, 3H), 1.23 (s, 3H), 1.49 (s, 3H), 2.36 (s, 3H), 6.78 (d, J = 8.0 Hz, 

1H), 7.06 (s, 1H), 7.11-7.15 (m, 2H), 7.38-7.42 (m, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.56-7.60 (m, 

1H), 7.67-7.71 (m, 2H), 7.85 (d, J = 8.0 Hz, 1H), 9.46 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) 

δ: 19.7, 21.4, 22.6, 28.7, 49.0, 71.6, 83.0, 109.9, 116.4, 123.1, 127.2, 127.8, 130.4, 130.9, 134.6, 

136.8, 143.9, 144.8, 174.1, 181.9; HRMS (ESI-TOF) m/z: Calcd. for C27H25N3NaOS [M+Na]
+
: 

462.1611; Found: 462.1604. 

 

3ca: Light yellow solid, m.p. 236.2-236.7 
o
C; yield 76% (74.3 mg), >20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 1.11 (s, 3H), 1.29 (s, 3H), 1.75 (s, 3H), 4.65 (d, J = 15.2 Hz, 1H), 5.15 (d, J = 7.6 Hz, 

1H), 6.88 (d, J = 7.6 Hz, 1H), 7.12-7.16 (m, 2H), 7.22 (d, J = 8.4 Hz, 1H), 7.28-7.39 (m, 6H), 

7.45-7.49 (m, 1H), 7.53-7.57 (m, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.95 (d, J 

= 7.2 Hz, 1H), 8.63 (d, J = 8.4 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 19.0, 19.6, 29.2, 29.7, 

44.7, 71.5, 86.9, 110.0, 118.8, 122.2, 122.4, 125.6, 125.9, 126.6, 126.8, 127.7, 127.8, 127.9, 128.0, 



S8 

 

128.9, 131.0, 133.8, 135.2, 141.0, 144.8, 176.8, 188.4; HRMS (ESI-TOF) m/z: Calcd. for 

C31H27N3NaOS [M+Na]
+
: 512.1767; Found: 512.1762. 

 

3da: Light yellow solid, m.p. 141.3-142.0 
o
C; yield 75% (62.0 mg), >20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.88 (s, 3H), 1.52 (s, 3H), 1.59 (s, 3H), 3.18 (s, 3H), 6.42-6.46 (m, 1H), 6.76 (d, J = 

7.6 Hz, 1H), 6.80-6.84 (m, 1H), 7.18-7.33 (m, 4H), 7.72-7.83 (m, 3H), 8.56 (d, J = 8.8 Hz, 1H); 

13
C NMR (CDCl3, 100 MHz) δ: 19.3, 25.2, 27.1, 27.8, 49.8, 71.4, 83.0, 108.6, 115.3, 122.1, 122.7, 

126.6, 126.8, 129.0, 129.8, 130.7, 142.9, 174.2, 178.7; HRMS (ESI-TOF) m/z: Calcd. for 

C25H23N3NaOS [M+Na]
+
: 436.1454; Found: 436.1444. 

 

3db: Light yellow solid, m.p. 171.5-172.5 
o
C; yield 90% (77.6 mg), 20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.92 (s, 3H), 1.52 (s, 3H), 1.56 (s, 3H), 3.17 (s, 3H), 6.69-6.72 (m, 1H), 6.74-6.77 (m, 

1H), 6.91-6.97 (m, 2H), 7.25-7.35 (m, 2H), 7.72 (d, J = 8.8 Hz, 1H), 7.76-7.83 (m, 2H), 8.51-8.53 

(m, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 19.3, 25.2, 27.4, 27.9, 49.8, 71.4, 83.1, 109.3 (d, JCF = 

8.1 Hz), 115.0 (d, JCF = 25.2 Hz), 115.2, 117.0 (d, JCF = 23.4 Hz), 122.0, 124.3, 126.7, 129.1, 

129.6, 129.9, 132.2, 135.2, 135.8, 139.0, 158.8 (d, JCF = 242.0 Hz), 173.9, 178.5; HRMS 

(ESI-TOF) m/z: Calcd. for C25H22FN3NaOS [M+Na]
+
: 454.1360; Found: 454.1363. 

 

3dc: Light yellow solid, m.p. 244.6-245.1 
o
C; yield 70% (60.3 mg), 20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.86 (s, 3H), 1.56 (s, 3H), 1.62 (s, 3H), 3.39 (s, 3H), 6.42 (br s, 1H), 6.74-6.79 (m, 

1H), 6.94-7.01 (m, 2H), 7.27-7.36 (m, 2H), 7.73 (d, J = 8.8 Hz, 1H), 7.78-7.83 (m, 2H), 8.58-8.61 

(m, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 18.3, 24.4, 26.7, 28.6, 48.5, 70.3, 82.1, 113.9, 117.5 (d, 

JCF = 19.4 Hz), 121.0, 121.7 (d, JCF = 3.1 Hz), 122.3 (d, JCF = 7.1 Hz), 123.2, 125.6, 128.1, 128.4 

(d, JCF = 9.1 Hz), 128.6, 128.8, 129.5, 131.1, 134.2, 134.6, 146.8 (d, JCF = 244.1 Hz), 172.6, 176.9; 

HRMS (ESI-TOF) m/z: Calcd. for C25H22FN3NaOS [M+Na]
+
: 454.1360; Found: 454.1356. 
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3dd: Light yellow solid, m.p. 175.6-176.3 
o
C; yield 80% (68.3 mg), 19:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.86 (s, 3H), 1.53 (s, 3H), 1.61 (s, 3H), 2.03 (s, 3H), 3.16 (s, 3H), 6.36 (s, 3H), 6.64 

(d, J = 8.0 Hz, 1H), 6.92 (s, 1H), 7.01 (d, J = 8.0 Hz, 1H), 7.28-7.33 (m, 2H), 7.73-7.83 (m, 3H), 

8.60 (d, J = 8.8 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 19.3, 20.9, 25.3, 27.2, 27.7, 49.6, 71.5, 

82.9, 108.4, 115.1, 122.1, 124.1, 126.6, 127.5, 127.6, 129.0, 129.6, 129.8, 130.9, 132.1, 132.4, 

135.4, 136.0, 140.5, 174.0, 178.5; HRMS (ESI-TOF) m/z: Calcd. for C26H25N3NaOS [M+Na]
+
: 

450.1611; Found: 450.1600. 

 

3de: Light yellow solid, m.p. 182.3-183.0 
o
C; yield 70% (59.8 mg), 20:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.96 (s, 3H), 1.33-1.37 (m, 3H), 1.63 (s, 3H), 1.70 (s, 3H), 3.63-3.68 (m, 1H), 

3.96-4.02 (m, 1H), 6.47 (s, 1H), 6.88-6.93 (m, 2H), 7.29-7.45 (m, 4H), 7.83-7.93 (m, 3H), 8.67 (d, 

J = 8.85 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 12.7, 19.3, 25.2, 27.8, 49.8, 71.4, 83.0, 108.6, 

115.2, 122.1, 122.5, 124.2, 126.6, 127.1, 127.5, 129.0, 129.7, 129.9, 130.7, 132.1, 135.4, 135.8, 

141.9, 173.5, 178.5; HRMS (ESI-TOF) m/z: Calcd. for C26H25N3NaOS [M+Na]
+
: 450.1611; 

Found: 450.1608. 

 

3df: Light yellow solid, m.p. 183.9-184.5 
o
C; yield 88% (86.1 mg), 19:1 dr;

 1
H NMR (CDCl3, 

400 MHz) δ: 0.93 (s, 3H), 1.60 (s, 3H), 1.72 (s, 3H), 4.65 (d, J = 15.6 Hz, 1H), 5.24 (d, J = 15.2 

Hz, 1H), 6.52-6.65 (m, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.88-6.92 (m, 1H), 7.22-7.26 (m, 1H), 

7.31-7.43 (m, 8H), 7.83-7.93 (m, 3H), 8.71 (d, J = 8.8 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 

19.4, 25.1, 28.0, 44.6, 49.7, 71.4, 83.1, 109.5, 115.1, 122.1, 122.8, 124.2, 126.6, 127.0, 127.6, 

128.1, 129.0, 129.1, 129.9, 130.6, 135.4, 135.5, 142.1, 173.9, 178.1; HRMS (ESI-TOF) m/z: 

Calcd. for C31H27N3NaOS [M+Na]
+
: 512.1767; Found: 512.1765. 
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3dg: Light yellow solid, m.p. 203.7-204.2 
o
C; yield 70% (66.5 mg), >20:1 dr;

 1
H NMR 

(DMSO-d6, 400 MHz) δ: 1.22 (s, 3H), 1.53 (s, 3H), 1.60 (s, 3H), 6.73 (d, J = 8.0 Hz, 1H), 

6.92-6.96 (m, 1H), 7.12 (d, J = 7.6 Hz, 1H), 7.26-7.30 (m, 1H), 7.39-7.54 (m, 5H), 7.62-7.66 (m, 

2H), 7.90-8.00 (m, 3H), 8.36 (d, J = 8.4 Hz, 1H), 9.66 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) 

δ: 19.4, 25.3, 26.7, 50.4, 72.0, 83.3, 109.9, 116.2, 122.6, 123.1, 124.7, 126.6, 127.2, 127.3, 128.8, 

129.1, 129.5, 130.0, 130.4, 130.9, 132.2, 134.3, 135.1, 138.2, 143.8, 173.7, 182.8; HRMS 

(ESI-TOF) m/z: Calcd. for C30H25N3NaOS [M+Na]
+
: 498.1611; Found: 498.1594. 

 

3dh: Light yellow solid, yield 71% (62.9 mg), >20:1 dr;
 1
H NMR (DMSO-d6, 400 MHz) δ: 1.11 

(s, 3H), 1.44 (s, 3H), 1.61 (s, 3H), 3.17 (s, 3H), 3.26 (s, 3H), 6.31 (d, J = 2.4 Hz, 1H), 6.86-6.89 

(m, 1H), 6.97 (d, J = 8.8 Hz, 1H), 7.37-7.47 (m, 2H), 7.89-7.95 (m, 3H), 8.42 (d, J = 8.8 Hz, 1H), 

9.68 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 24.0, 30.2, 31.2, 32.0, 53.8, 60.4, 77.4, 87.9, 

114.8, 117.8, 120.3, 120.5, 127.3, 132.0, 133.5, 133.6, 134.2, 134.7, 136.8, 139.2, 141.9, 143.9, 

160.1, 178.0, 188.6; HRMS (ESI-TOF) m/z: Calcd. for C26H26N3O2S [M+H]
+
: 444.1740; Found: 

444.1734. 

 

3di: Light yellow solid, yield 72% (74.7 mg), >20:1 dr;
 1
H NMR (DMSO-d6, 400 MHz) δ: 1.06 

(s, 3H), 1.44 (s, 3H), 1.66 (s, 3H), 3.21 (s, 3H), 4.89-4.99 (m, 2H), 6.29 (d, J = 2.4 Hz, 1H), 

6.76-6.79 (m, 1H), 6.84 (d, J = 8.8 Hz, 1H), 7.29-7.45 (m, 7H), 7.90-7.94 (m, 3H), 8.47 (d, J = 8.4 

Hz, 1H), 9.91 (br s, 1H); 
13

C NMR (DMSO-d6, 100 MHz) δ: 24.0, 30.2, 31.4, 48.6, 53.6, 60.4, 

77.4, 88.1, 115.5, 117.9, 120.0, 120.4, 132.1, 132.7, 133.7, 133.8, 134.2, 136.7, 139.1, 140.7, 

141.0, 143.8, 160.1, 177.8, 188.4; HRMS (ESI-TOF) m/z: Calcd. for C32H30N3O2S [M+H]
+
: 

520.2053; Found: 520.2047. 
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4. Preparative scale synthesis of the product 3aa 

 

In a sealed tube equipped with a magnetic stirring bar, a mixture of 3-isothiocyanato oxindole 

1a (2.0 mmol), trimethylindolenine 2a (3.0 mmol) in 10.0 mL of DCM was stirred under 

catalyst-free at rt for 5 h, and then was directly loaded onto a silica gel and purified by flash 

chromatography (hexane/EtOAc, 8/1, v/v) to give the desired product 3aa (0.61 g, 84%, >20:1 dr). 

5. General experimental procedures for in vitro cytotoxicity assay 

Two human cancer cell lines, K562 and A549 were purchased from Chinese Academy of 

Sciences. All the cells were cultured in RPMI-1640 medium (GIBICO, USA), supplemented with 

10% fetal bovine serum (Hyclone, USA) and Penicillin-Streptomycin ( respectively 100 U/mL) in 

5% CO2 at 37°C. The cytotoxicity assay was performed according to the MTT 

(3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) method in 96-well microplates. 

Briefly, 5000 cells were seeded into each well of 96-well cell culture plates and allowed to grow 

for 24 h before drug addition. The K562 tumor cell line was exposed to test compounds 3ab, 3ac, 

3af, 3be, 3bg and 3bh at the concentrations of 10, 20, 40, 80, and 100 μmol·L
-1

 in triplicates for 

48 h, comparable to cisplatin (Aladdin, China). Then the MTT reagent was added to reaction with 

the cancer cells for 4 hours. At least, measure the OD value at 490 wavelengths. IC50 of all the 

compounds were calculated by IBM SPSS Statistics (version 19). 

6. Further investigation of transformation of 3aa 

 

To a stirred solution of 3aa (72.6 mg, 0.20 mmol) in acetone (1.0 mL) was added K2CO3 (41 

mg, 0.30 mmol) at 0 °C. Then iodomethane (43 mg, 0.30 mmol) in 2.0 mL acetone was added 

dropwise into the stirred reaction mixture. The reaction mixture was allowed to stir at room 

temperature for another 12 h, and was directly loaded onto a silica gel and purified by flash 
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chromatography (hexane/EtOAc, 10/1, v/v) to give the desired product 4aa. 

4aa: Light yellow solid, yield 84% (63.3 mg), >20:1 dr; 
1
H NMR (CDCl3, 400 MHz) δ: 0.72 (s, 

3H), 1.03 (s, 3H), 1.65 (s, 3H), 2.47 (s, 3H), 3.12 (s, 3H), 5.58-5.60 (m, 1H), 6.43-6.47 (m, 1H), 

6.58 (d, J = 7.6 Hz, 1H), 6.69-6.71 (m, 1H), 6.88-6.92 (m, 1H), 7.01-7.06 (m, 1H), 7.12-7.16 (m, 

1H), 7.37 (d, J = 8.0 Hz, 1H); 
13

C NMR (CDCl3, 100 MHz) δ: 14.7, 18.4, 19.8, 26.6, 30.9, 45.3, 

81.1, 86.3, 107.3, 113.3, 121.8, 122.4, 123.3, 126.4, 127.4, 129.1, 141.8, 143.5, 145.2, 171.1, 

176.0; HRMS (ESI-TOF) m/z: Calcd. for C22H23N3NaOS [M+Na]
+
: 400.1454; Found: 400.1451. 
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7. X-ray crystal data for compound 3ae 

 

 

Table S1 Crystal data and structure refinement for 3ae 

Identification code 3ae 

Empirical formula C21H20FN3OS 

Formula weight 381.46 

Temperature/K  150.00(10) 

Crystal system 

Space group  

orthorhombic 

Pbca 

a/Å, b/Å, c/Å  8.0518(2), 17.6500(4), 26.8891(6) 

α/°, β/°, γ/°,  90, 90, 90  

Volume/Å
3
 3821.32(15) 

Z  8 

ρcalcg/cm
3
 1.326 

μ/mm
-1

 1.715 

F(000) 1600.0 

Radiation Cu Kα (λ = 1.54178) 

Crystal size/mm
3 

2Θ range for data collection/° 

0.15 × 0.13 × 0.12 

6.574 to 147.152 

Index ranges -9 ≤ h ≤ 9, -21 ≤ k ≤ 16, -33 ≤ l ≤ 31 

Reflections collected 17499 

Independent reflections 

Data/restraints/parameters 

Goodness-of-fit on F
2
 

Final R indexes [I>=2σ (I)] 

3807 [Rint = 0.0466, Rsigma = 0.0288] 

3807/0/248 

1.036 

R1 = 0.0512, wR2 = 0.1384 

Final R indexes [all data] R1 = 0.0542, wR2 = 0.1418 

Largest diff. peak/hole / e Å
-3 

0.48/-0.53 

  

Crystal Data for C21H20FN3OS (M =381.46 g/mol): orthorhombic, space group Pbca (no. 

61), a = 8.0518(2) Å, b = 17.6500(4) Å, c = 26.8891(6) Å, V = 3821.32(15) Å
3
, Z = 8, T = 

150.00(10) K, μ(Cu Kα) = 1.715 mm
-1

, Dcalc = 1.326 g/cm
3
, 17499 reflections measured (6.574° 

≤ 2Θ ≤ 147.152°), 3807 unique (Rint = 0.0466, Rsigma = 0.0288) which were used in all calculations. 

The final R1 was 0.0512 (I > 2σ(I)) and wR2 was 0.1418 (all data). 
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8. The copies of 
1
H NMR and

 13
C NMR spectra for compounds 3 and 4 

1
H and 

13
C NMR of 3aa 
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HRMS of 3aa 
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1
H and 

13
C NMR of 3ab 
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HRMS of 3ab 
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1
H and 

13
C NMR of 3ac 
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HRMS of 3ac 
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1
H and 

13
C NMR of 3ad 
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HRMS of 3ad 
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1
H and 

13
C NMR of 3ae 
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HRMS of 3ae 
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1
H and 

13
C NMR of 3af 
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HRMS of 3af 
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1
H and 

13
C NMR of 3ag 
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HRMS of 3ag 
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1
H and 

13
C NMR of 3ah 
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HRMS of 3ah 
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1
H and 

13
C NMR of 3ba 
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HRMS of 3ba 
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1
H and 

13
C NMR of 3bb 
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HRMS of 3bb 
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1
H and 

13
C NMR of 3bc 
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HRMS of 3bc 
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1
H and 

13
C NMR of 3bd 
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HRMS of 3bd 
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1
H and 

13
C NMR of 3be 
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HRMS of 3be 
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1
H and 

13
C NMR of 3bf 
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HRMS of 3bf 
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1
H and 

13
C NMR of 3bg 
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HRMS of 3bg 
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1
H and 

13
C NMR of 3bh 
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HRMS of 3bh 
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1
H and 

13
C NMR of 3ca 
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HRMS of 3ca 
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1
H and 

13
C NMR of 3da 
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HRMS of 3da 
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1
H and 

13
C NMR of 3db 
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HRMS of 3db 
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1
H and 

13
C NMR of 3dc 
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HRMS of 3dc 
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1
H and 

13
C NMR of 3dd 
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HRMS of 3dd 
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1
H and 

13
C NMR of 3de 
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HRMS of 3de 
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1
H and 

13
C NMR of 3df 

 

 

 



S59 

 

HRMS of 3df 
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1
H and 

13
C NMR of 3dg 
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HRMS of 3dg 
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1
H and 

13
C NMR of 3dh 
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HRMS of 3dh 
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1
H and 

13
C NMR of 3di 
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HRMS of 3di 
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1
H and 

13
C NMR of 4aa 
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HRMS of 4aa 

 

 


