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1. General experimental 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.
The ee values were determined by chiral HPLC analysis. The d.r. values were determined by 'H-
NMR analysis. '"H and '*CNMR spectra were obtained using a Bruker DPX-500 spectrometer. 'H
NMR chemical shifts are reported in ppm (J) 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. 13C NMR chemical shifts are reported in ppm () from tetramethylsilane (TMS) with
the solvent resonance as the internal standard. Optical rotations were measured with a polarimer
with the solvent indicated. Melting points were measured on an electrothermal digital melting

point apparatus.
2. Typical experimental procedures for catalytic asymmetric synthesis of compounds 3:

In a tube equipped with a magnetic stirring bar, to the mixture of chromone-oxindole synthon 1
(0.10 mmol) and diarylprolinol trimethylsilyl ether C3 (20 mol%) in 1.0 mL of toluene was added
enal 2 (0.15 mmol). The reaction mixture was stirred at room temperature for 2d, and then added
DABCO-6H,0 (20 mol%), was stirred at room temperature for 5d, and was directly loaded onto a
silica gel and purified by flash chromatography to give the desired product 3, using hexane/EtOAc

(10/1, v/v) as the eluent.

3. Characterization data and HPLC conditions of compounds 3:

3a: White solid, m.p. 136.4-138.2 °C; Yield 57%; 95% ee, >20:1 dr, [a]p*® = +60.10 (¢ 0.8,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (90/10 hexane/i-

PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 15.04 min; Ty, = 34.08 min); 'H NMR
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(CDCls, 500 MHz) 6: 1.56 (s, 9H), 1.96-2.03 (m, 1H), 2.59-2.64 (m, 1H), 3.23 (d, J = 14.5 Hz,
1H), 4.00-4.08 (m, 1H), 4.64-4.75 (m, 2H), 6.91-6.93 (m, 2H), 6.96-7.07 (m, SH), 7.16-7.18 (m,
2H), 7.27-7.30 (m, 1H), 7.43-7.51 (m, 2H), 7.86-7.89 (m, 1H), 9.72 (d, J = 3.0 Hz, 1H); 3C NMR
(CDCls, 125 MHz) &: 28.1, 31.5, 42.8, 50.8, 51.4, 52.6, 79.8, 84.5, 114.9, 118.0, 120.8, 121.9,
122.4, 124.6, 127.1, 128.1, 128.2, 128.8, 129.7, 134.3, 136.2, 138.9, 148.5, 160.8, 176.7, 192.8,

202.2; HRMS (ESI-TOF) m/z: Calcd. for C3;H,9NNaOg [M+Na]*: 546.1887; Found: 546.1893.

3b: White solid, m.p. 108.2-109.9 °C; Yield 54%; 92% ee, >20:1 dr, [a]p?’ = +60.42 (c 2.1,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (70/30 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40 = 10.59 min; Tym = 23.92 min); 'H NMR
(CDCls, 500 MHz) J: 1.57 (s, 9H), 1.95-2.02 (m, 1H), 2.59-2.64 (m, 1H), 3.25 (d, J = 15.0 Hz,
1H), 3.98-4.05 (m, 1H), 4.58-4.73 (m, 2H), 6.69-6.73 (m, 2H), 6.88-6.90 (m, 2H), 6.96-6.98 (m,
1H), 7.03-7.07 (m, 1H), 7.17-7.20 (m, 2H), 7.27-7.29 (m, 1H), 7.46-7.51 (m, 2H), 7.86-7.88 (m,
1H), 9.74 (d, J = 3.5 Hz, 1H); 3C NMR (CDCl;, 125 MHz) §: 28.0, 31.3, 42.7, 49.6, 51.3, 52.6,
79.7, 84.6, 115.0, 115.1 (d, Jer = 21.2 Hz), 117.8, 120.6, 122.1 (d, Jor = 29.0 Hz), 124.6, 127.0,
128.9, 129.4, 130.2, 136.1, 138.8, 148.3, 160.6, 161.6 (d, Jcr = 246.0 Hz), 176.5, 192.5, 201.9;

HRMS (ESI-TOF) m/z: Calcd. for C3;HasFNNaOg [M+Na]*: 564.1793; Found: 564.1798.

3¢: White solid, m.p. 119.8-120.9 °C; Yield 55%; 92% ee, >20:1 dr, [o]p?® = +40.84 (c 1.8,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (70/30 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 11.40 min; Ty, = 24.21 min); 'H NMR
(CDCls, 500 MHz) ¢: 1.58 (s, 9H), 1.94-2.01 (m, 1H), 2.59-2.64 (m, 1H), 3.24 (d, J = 15.0 Hz,

1H), 3.97-4.04 (m, 1 H), 4.59-4.71 (m, 2H), 6.80 (d, J=9.5 Hz, 2H), 6.97 (d, /= 10.0 Hz, 1H),
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7.03-7.07 (m, 1H), 7.14-7.21 (m, 4H), 7.27-7.29 (m, 1H), 7.46-7.50 (m, 2H), 7.86-7.88 (m, 1H),
9.76 (d, J = 2.5 Hz, 1H); 3C NMR (CDCl;, 125 MHz) o: 28.0, 31.5, 42.7, 49.7, 51.2, 52.4, 79.8,
84.7, 115.0, 117.8, 120.6, 121.9, 122.1, 122.2, 124.6, 127.0, 128.9, 129.3, 130.1, 131.3, 133.6,
136.2, 138.8, 148.2, 160.5, 176.5, 192.4, 201.9; HRMS (ESI-TOF) m/z: Caled. for

C3:HosBrNNaOg [M+Na]*: 624.0992; Found: 624.0993.

3d: White solid, m.p. 102.5-104.1 °C; Yield 57%; 93% ee, >20:1 dr, [a]p?® = +140.40 (c 2.2,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (70/30 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tyygjor = 7.42 min; Ty = 12.21 min); '"H NMR (CDCl;,
500 MHz) ¢: 1.51 (s, 9H), 1.89-1.95 (m, 1H), 2.25 (s, 3H), 2.53-2.56 (m, 1H), 3.17 (d, J = 11.5 Hz,
1H), 3.94-3.95 (m, 1H), 4.60-4.62 (m, 2H), 6.80-6.85 (m, 3H), 6.95-6.99 (m, 3H), 7.10-7.12 (m,
2H), 7.19-7.25 (m, 2H), 7.37-7.39 (m, 1H), 7.60 (s, 1H), 9.66 (s, 1H); 3C NMR (CDCl;, 125
MHz) ¢: 20.5, 28.1, 31.5, 42.8, 50.6, 51.4, 52.6, 79.8, 84.4, 114.8, 117.6, 120.3, 122.3, 124.5,
126.6, 127.9, 128.1, 128.7, 129.7, 131.3, 134.3, 137.2, 138.8, 148.5, 158.8, 176.7, 192.9, 202.2;

HRMS (ESI-TOF) m/z: Calcd. for C33H;NNaOg [M+Na]*: 560.2044; Found: 560.2047.

3e: White solid, m.p. 114.1-115.9 °C; Yield 57%; 96% ee, >20:1 dr, [a]p® = +60.02 (¢ 1.2,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty = 16.78 min; Ty, = 21.36 min); 'H NMR
(CDCl3, 500 MHz) 0: 1.51 (s, 9H), 1.87-1.94 (m, 1H), 2.25 (s, 3H), 2.53-2.57 (m, 1H), 3.19 (d, J =
15.0 Hz, 1H), 3.89-3.96 (m, 1H), 4.51-4.62 (m, 2H), 6.62-6.67 (m, 2H), 6.79-6.83 (m, 3H), 7.11-
7.14 (m, 2H), 7.21-7.25 (m, 2H), 7.39-7.42 (m, 1H), 7.59 (s, 1H), 9.68 (d, J = 3.0 Hz, 1H); 3C
NMR (CDCl;, 125 MHz) J: 20.4, 28.0, 31.4, 42.7, 49.5, 51.4, 52.7, 79.8, 84.6, 114.9 (d, Jcr =

21.4 Hz), 115.2, 117.6, 120.2, 122.2, 124.6, 126.6, 128.8, 129.5, 130.2, 130.3, 131.4, 137.2, 138.8,
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148.3, 158.7, 161.6 (d, Jor = 246.2 Hz), 176.5, 192.7, 202.0; HRMS (ESI-TOF) m/z: Calcd. for

C33H30FNN306 [M+Na]+: 5781949, Found: 578.1951.

3f: White solid, m.p. 110.2-112.1 °C; Yield 56%; 91% ee, 10:1 dr, [a]p*® = +170.33 (c 2.2,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty = 18.90 min; Ty, = 24.60 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.52 (s, 9H), 1.87-1.92 (m, 1H), 2.53-2.56 (m, 1H), 3.18 (d, J = 11.5 Hz,
1H), 3.90-3.92 (m, 1H), 4.56-4.58 (m, 2H), 6.72-6.74 (m, 2H), 6.81 (d, J = 8.5 Hz, 1H), 7.07-7.13
(m, 4H), 7.19-7.25 (m, 2H), 7.41 (d, J = 7.0 Hz, 1H), 7.59 (s, 1H), 9.69 (s, 1H); 3C NMR (CDCl;,
125 MHz) o: 20.5, 28.1, 31.6, 42.8, 49.6, 51.2, 52.5, 79.9, 84.7, 115.0, 117.6, 120.3, 122.1, 122.2,
124.7, 126.6, 129.0, 129.4, 130.2, 131.3, 131.5, 133.7, 137.3, 138.8, 148.3, 158.7, 176.5, 192.7,

202.0; HRMS (ESI-TOF) m/z: Calcd. for C33H;30BrNNaOg [M+Na]*: 638.1149; Found: 638.1155.

3g: White solid, m.p. 128.4-129.7 °C; Yield 42%; 93% ee, >20:1 dr, [a]p?® = +27.98 (c 0.34,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tj40, = 16.22 min; Tym, = 36.25 min); 'H NMR
(CDCls, 500 MHz) J: 1.23 (s, 3H), 1.25 (s, 3H), 1.57 (s, 9H), 1.95-2.02 (m, 1H), 2.61-2.66 (m,
1H), 2.86-2.93 (m, 1H), 3.24 (d, J = 14.5 Hz, 1H), 3.99-4.06 (m, 1H), 4.66-4.73 (m, 2H), 6.90-
6.96 (m, 3H), 7.00-7.08 (m, 3H), 7.17-7.19 (m, 2H), 7.29-7.31 (m, 1H), 7.37-7.40 (m, 1H), 7.44-
7.46 (m, 1H), 7.73 (s, 1H), 9.73 (s, 1H); '3C NMR (CDCls, 125 MHz) d: 24.0, 28.2, 31.6, 33.4,
429, 50.7, 51.4, 52.6, 79.9, 84.5, 114.9, 117.8, 120.4, 122.4, 124.1, 124.6, 128.0, 128.2, 128.8,
129.7, 134.4, 135.0, 138.9, 142.5, 148.6, 159.1, 176.8, 193.1, 202.4; HRMS (ESI-TOF) m/z:

Calcd. for C;35H3sNNaOg [M+Na]*: 588.2357; Found: 588.2362.

S5



3h: White solid, m.p. 129.7-131.6 °C; Yield 40%; 93% ee, >20:1 dr, [a]p?® = +40.80 (¢ 0.60,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (98/2 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; T, = 45.00 mMin; Ty, = 109.77 min); 'H NMR
(CDCls, 500 MHz) J: 1.22 (s, 3H), 1.24 (s, 3H), 1.58 (s, 9H), 1.93-2.00 (m, 1H), 2.60-2.65 (m,
1H), 2.86-2.93 (m, 1H), 3.25 (d, J = 14.5 Hz, 1H), 3.96-4.02 (m, 1H), 4.58-4.68 (m, 2H), 6.80 (d,
J=9.5 Hz, 2H), 6.91 (d, J = 10.5 Hz, 1H), 7.14-7.21 (m, 4H), 7.28-7.30 (m, 1H), 7.37-7.40 (m,
1H), 7.46-7.49 (m, 1H), 7.72 (d, J = 3.0 Hz, 1H), 9.76 (d, J = 2.0 Hz, 1H); *C NMR (CDCl;, 125
MHz) J: 24.0, 28.1, 31.6, 33.4, 42.8, 49.7, 51.3, 52.6, 80.0, 84.8, 115.1, 117.8, 120.4, 122.1, 122.3,
124.1, 124.8, 129.0, 129.4, 130.3, 131.4, 133.8, 135.0, 138.9, 142.6, 148.4, 159.0, 176.6, 192.9,

202.2; HRMS (ESI-TOF) m/z: Calcd. for C3sH34BrNNaOg [M+Na]*: 666.1462; Found: 666.1467.

3i: White solid, m.p. 101.9-103.3 °C; Yield 52%; 96% ee, >20:1 dr, [a]p®® = +80.42 (¢ 1.5,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 15.60 min; Ty, = 20.28 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.50 (s, 9H), 1.89-1.96 (m, 1H), 2.53-2.57 (m, 1H), 3.15 (d, J = 15.0 Hz,
1H), 3.93-4.00 (m, 1H), 4.56-4.68 (m, 2H), 6.85-6.91 (m, 3H), 6.93-7.02 (m, 3H), 7.10-7.16 (m,
3H), 7.20-7.23 (m, 1H), 7.37-7.39 (m, 1H), 7.44-7.47 (m, 1H), 9.64 (d, J= 2.5 Hz, 1H); 3C NMR
(CDCls, 125 MHz) 0: 28.0, 31.3, 42.7, 50.7, 51.2, 52.4, 79.8, 84.4, 112.0 (d, Jcr = 23.1 Hz), 114.8,
119.5, 119.6, 121.1, 122.2, 123.6 (d, Jcr = 24.2 Hz), 124.5, 128.0, 128.2, 128.8, 129.4, 134.0,
138.8, 148.4, 156.2, 157.5 (d, Jcr = 213.8 Hz), 176.6, 201.9; HRMS (ESI-TOF) m/z: Calcd. for

C3,HosFNNaOg [M+Na]*: 564.1793; Found: 564.1798.
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3j: White solid, m.p. 122.1-123.2 °C; Yield 56%; 95% ee, >20:1 dr, [a]p* = +50.35 (c 1.6,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4, = 14.80 min; Ty, = 18.01 min); 'H NMR
(CDCls, 500 MHz) ¢: 1.51 (s, 9H), 1.87-1.94 (m, 1H), 2.53-2.58 (m, 1H), 3.16 (d, J = 15.0 Hz,
1H), 3.91-3.98 (m, 1H), 4.52-4.65 (m, 2H), 6.63-6.67 (m, 2H), 6.83-6.85 (m, 2H), 6.88-6.91 (m,
1H), 7.12-7.16 (m, 3H), 7.19-7.22 (m, 2H), 7.40-7.42 (m, 1H), 7.44-7.47 (m, 1H), 9.66 (d, J=2.5
Hz, 1H); 3C NMR (CDCls, 125 MHz) §: 28.0, 31.2, 42.6, 49.7, 51.3, 52.5, 79.9, 84.7, 112.0 (d,
Jor=24.0 Hz), 115.0 (d, Jor = 20.4 Hz), 115.2 (d, Jor = 22.7 Hz), 119.5, 119.6, 122.2, 123.6 (d,
Jer=25.0 Hz), 124.6, 128.9, 129.2, 138.8, 148.3, 156.2, 157.4 (d, Jcr =241.0 Hz), 162.2 (d, Jcr =
246.2 Hz), 176.5, 191.8, 201.7; '9F NMR (CDCl;, 376 MHz) d: -113.57, -120.58; HRMS (ESI-

TOF) m/z: Calcd. for C3,Hy7F,NNaOg [M+Na]*: 582.1699; Found: 582.1704.

3k: White solid, m.p. 92.3-93.4 °C; Yield 62%; 96% ee, >20:1 dr, [a]p®® = +30.62 (c 2.8,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; T = 15.72 min; Ty, = 20.37 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.63 (s, 9H), 1.99-2.04 (m, 1H), 2.64-2.68 (m, 1H), 3.27 (d, J = 12.0 Hz,
1H), 4.01-4.07 (m, 1H), 4.64-4.75 (m, 2H), 6.85-6.86 (m, 2H), 6.99-7.02 (m, 1H), 7.20 (d, J = 8.0
Hz, 2H), 7.23-7.29 (m, 3H), 7.31-7.33 (m, 1H), 7.52-7.57 (m, 2H), 9.78 (d, J = 2.0 Hz, 1H); 13C
NMR (CDCl;, 125 MHz) o: 28.0, 31.4, 42.6, 49.7, 51.1, 52.3, 80.0, 84.8, 112.0, 112.2, 115.1,
119.5,119.6, 121.1, 122.1 (d, Jor = 23.8 Hz), 123.7 (d, Jcr = 25.1 Hz), 124.7, 129.0, 129.1, 131.3,
133.4, 138.8, 148.2, 156.8, 157.5 (d, Jcr = 241.3 Hz), 176.5, 191.7, 201.7; '°F NMR (CDCls, 376
MHz) J: -120.51; HRMS (ESI-TOF) m/z: Calcd. for C;Hy7BrFNNaOg [M+Na]*: 642.0898;
Found: 642.0893.
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31: White solid, m.p. 133.5-135.1 °C; Yield 60%; 92% ee, >20:1 dr, [a]p®® = +50.05 (c 1.4,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40r = 16.27 min; Tyne = 32.42 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.50 (s, 9H), 1.85-1.90 (m, 1H), 2.54-2.58 (m, 1H), 3.12 (d, J = 11.5 Hz,
1H), 3.92-3.98 (m, 1H), 4.55-4.66 (m, 2H), 6.79-6.82 (m, 1H), 6.87-6.89 (m, 3H), 6.95-7.02 (m,
4H), 7.14-7.17 (m, 1H), 7.37-7.40 (m, 1H), 7.44-7.46 (m, 1H), 9.63 (s, 1H); 3C NMR (CDCls,
125 MHz) ¢: 28.1, 31.4,42.7, 50.7, 51.7, 52.5, 79.7, 84.7, 110.0 (d, Jcr = 24.2 Hz), 115.4 (d, Jcr =
22.4 Hz), 116.4, 118.0, 120.7, 122.0, 127.1, 128.3, 128.4, 131.6, 134.1, 134.7, 136.3, 148.5, 159.5
(d, Jcr = 246.1 Hz), 160.7, 161.1, 176.2, 192.6, 201.9; 1F NMR (CDCl;, 376 MHz) J: -116.94;

HRMS (ESI-TOF) m/z: Calcd. for C3;HasFNNaOg [M+Na]*: 564.1793; Found: 564.1797.

3m: White solid, m.p. 114.8-116.2 °C; Yield 59%; 95% ee, >20:1 dr, [a]p?® = +50.71 (c 0.80,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 13.93 min; Ty = 29.65 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.58 (s, 9H), 1.90-1.97 (m, 1H), 2.61-2.66 (m, 1H), 3.22 (d, J = 15.0 Hz,
1H), 3.97-4.05 (m, 1H), 4.60-4.71 (m, 2H), 6.73-6.78 (m, 2H), 6.88-7.09 (m, 6H), 7.47-7.53 (m,
2H), 7.87-7.89 (m, 1H), 9.75 (d, J = 3.0 Hz, 1H); 3C NMR (CDCls, 125 MHz) d: 28.0, 31.3, 42.6,
49.6, 51.6, 52.6, 79.7, 84.8, 109.8 (d, Jcr = 25.4 Hz), 115.3 (d, Jor = 22.3 Hz), 115.5 (d, Jcr =
23.1 Hz), 116.4 (d, Jor = 8.1 Hz), 116.5, 117.8, 120.6, 122.0, 127.1, 130.0, 134.7, 136.2, 148.2,
158.5, 159.8 (d, Jor = 214.3 Hz), 160.5, 161.3, 161.7 (d, Jcr = 245.0 Hz), 176.1, 192.3, 201.7; '°F
NMR (CDCls, 376 MHz) J: -113.31, -116.64; HRMS (ESI-TOF) m/z: Calcd. for C3;;,H,7F,NNaOg

[M+Na]*: 582.1699; Found: 582.17004.
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3n: White solid, m.p. 105.1-106.8 °C; Yield 56%; >99% ee, 9:1 dr, [a]p?® = +210.10 (c 2.30,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4, = 18.00 min; Ty = 24.41 min); 'H NMR
(CDCls, 500 MHz) ¢: 1.61 (s, 9H), 1.94-1.98 (m, 1H), 2.64-2.67 (m, 1H), 3.24 (d, J = 10.0 Hz,
1H), 4.00-4.05 (m, 1H), 4.62-4.72 (m, 2H), 6.86-6.87 (m, 2H), 6.92-6.96 (m, 1H), 7.00 (d, J= 7.0
Hz, 1H), 7.04-7.06 (m, 1H), 7.08-7.10 (m, 1H), 7.22 (d, /= 7.0 Hz, 2H), 7.51-7.55 (m, 2H), 7.89-
7.91 (m, 1H), 9.78 (s, 1H); 3C NMR (CDCl;, 125 MHz) ¢: 28.1, 31.5, 42.6, 49.6, 51.5, 52.4, 79.7,
85.0, 109.8 (d, Jor = 20.0 Hz), 115.6 (d, Jor = 20.5 Hz), 116.6, 117.9, 120.6, 122.0, 122.3, 127.1,
131.5, 132.4,133.4, 134.7, 136.3, 148.2, 160.0 (d, Jcr = 202.5 Hz), 160.5, 176.0, 192.2, 201.6; '°F
NMR (CDCls, 376 MHz) ¢: -116.55; HRMS (ESI-TOF) m/z: Calcd. for C;H,7;BrFNNaOg

[M+Na]*: 642.0898; Found: 642.0895.

NO,

30: White solid, m.p. 101.2-102.7 °C; Yield 40%; 93% ee, 18:1 dr, [a]p®® = +18.31 (¢ 1.00,
CH;Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty = 22.36 min; Ty, = 42.42 min); 'H NMR
(CDCl3, 500 MHz) ¢0: 1.50 (s, 9H), 1.87-1.94 (m, 1H), 2.57-2.62 (m, 1H), 3.35 (d, J = 11.6 Hz,
1H), 3.93-4.00 (m, 1H), 4.55-4.64 (m, 2H), 6.83-6.88 (m, 1H), 6.93 (d, J = 8.4 Hz, 1H), 7.00-7.03
(m, 2H), 7.09 (d, J = 7.6 Hz, 1H), 7.39-7.48 (m, 2H), 7.80-7.87 (m, 3H), 9.77 (s, 1H); 1*C NMR
(CDCls, 125 MHz) 6: 27.0, 28.7, 41.6, 48.4, 50.4, 51.3, 79.0, 84.3, 108.8 (d, Jcr = 24.1 Hz), 114.9
(d, Jor = 22.4 Hz), 115.6, 115.7, 116.8, 119.6, 121.2, 122.3, 126.1, 128.5, 129.7, 129.8, 133.5,
135.4, 141.3, 146.4, 147.0, 159.0 (d, Jor = 244.3 Hz), 159.4, 174.7, 190.9, 200.3; '°F NMR
(CDCl;, 376 MHz) ¢: -115.97; HRMS (ESI-TOF) m/z: Calcd. for Cs;;Hy;FN,NaOg [M+Na]*:
609.1644; Found: 609.1649.
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3p: White solid, m.p. 116.6-118.2 °C; Yield 55%; 92% ee, >20:1 dr, [a]p?° = +70.14 (c 3.3,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 12.76 min; Tym, = 17.61 min); 'H NMR
(CDCls, 500 MHz) J: 1.50 (s, 9H), 1.85-1.90 (m, 1H), 2.54-2.58 (m, 1H), 3.12 (d, J = 11.5 Hz,
1H), 3.92-3.98 (m, 1H), 4.55-4.66 (m, 2H), 6.79-6.82 (m, 1H), 6.87-6.89 (m, 3H), 6.95-7.02 (m,
4H), 7.14-7.17 (m, 1H), 7.37-7.40 (m, 1H), 7.44-7.46 (m, 1H), 9.63 (s, 1H); 3C NMR (CDCls,
125 MHz) ¢: 28.0, 31.2, 42.6, 50.7, 51.5, 52.3, 79.8, 84.7, 109.8 (d, Jcr = 25.0 Hz), 112.1 (d, Jcr =
23.8 Hz), 115.4 (d, Jcr = 22.5 Hz), 116.3, 116.4, 119.5, 119.6, 121.1, 123.7 (d, Jcr = 25.1 Hz),
128.2, 128.4, 133.8, 148.3, 156.9, 157.5 (d, Jcr = 241.3 Hz), 159.9 (d, Jcr = 242.5 Hz), 176.2,
191.8, 201.6; '9F NMR (CDCls, 376 MHz) d: -116.84, -120.59; HRMS (ESI-TOF) m/z: Calcd. for

C3,Hy7Fo,NNaOg [M+Na]*: 582.1699; Found: 582.17004.

3q: White solid, m.p. 109.3-110.7 °C; Yield 56%; 93% ee, >20:1 dr, [a]p?® = +20.61 (¢ 1.2,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; T = 13.53 min; Ty, = 17.95 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.51 (s, 9H), 1.82-1.89 (m, 1H), 2.54-2.58 (m, 1H), 3.14 (d, J = 15.0 Hz,
1H), 3.89-3.97 (m, 1H), 4.50-4.63 (m, 2H), 6.67-6.71 (m, 2H), 6.81-6.91 (m, 4H), 6.93-6.96 (m,
1H), 7.14-7.18 (m, 1H), 7.40-7.47 (m, 2H), 9.65 (d, J= 3.0 Hz, 1H); 13C NMR (CDCls, 125 MHz)
0:28.0,31.2,42.5,49.6,51.5,52.4, 79.8, 84.9, 109.7 (d, Jcr = 24.2 Hz), 112.1 (d, Jcr = 23.4 Hz),
115.3 (d, Jop = 22.5 Hz), 115.6 (d, Jcr = 20.1 Hz), 116.4, 116.5, 119.5, 119.6, 121.1, 123.7 (d, Jcr
= 24.4 Hz), 129.8, 148.2, 157.7 (d, Jcr = 245.1 Hz), 159.6 (d, Jor = 225.4 Hz), 162.3 (d, Jcr =
228.3 Hz), 176.1, 191.6, 201.5; 'F NMR (CDCls, 376 MHz) d: -113.16, -116.55, -120.43; HRMS

(ESI-TOF) m/z: Calcd. for C3,H,sF3NNaOg [M+Na]*: 600.1604; Found: 600.1598.
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3r: White solid, m.p. 102.8-104.2 °C; Yield 58%; 97% ee, 15:1 dr, [a]p?® = +40.74 (c 2.00,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (90/10 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40, = 15.24 min; Tyme = 19.73 min); 'H NMR
(CDCls, 500 MHz) ¢0: 1.52 (s, 9H), 1.83-1.88 (m, 1H), 2.54-2.57 (m, 1H), 3.12 (d, J = 11.5 Hz,
1H), 3.89-3.94 (m, 1H), 4.52-4.61 (m, 2H), 6.76-6.78 (m, 2H), 6.84-6.95 (m, 3H), 7.12-7.19 (m,
3H), 7.41-7.46 (m, 2H), 9.67 (s, 1H); '3C NMR (CDCl;, 125 MHz) d: 28.1, 31.4, 42.6, 49.7, 51.4,
52.3, 79.9, 85.0, 109.8 (d, Jor = 25.1 Hz), 112.2 (d, Jcr = 22.5 Hz), 115.7 (d, Jcr = 22.5 Hz),
116.6, 116.7, 119.6, 122.4, 123.8 (d, Jor = 25.4 Hz), 131.6, 133.2, 134.7, 148.2, 156.8, 157.5 (d,
Jor = 241.3 Hz), 160.0 (d, Jor = 243.8 Hz), 176.0, 191.5, 201.4; '°F NMR (CDCls, 376 MHz) J: -
116.46, -120.37; HRMS (ESI-TOF) m/z: Caled. for C;H,cBrF,NNaOg [M+Na]™: 660.0804;

Found: 660.0810.

3s: White solid, m.p. 118.7-120.0 °C; Yield 47%; 93% ee, >20:1 dr, [a]p* = +45.03 (¢ 0.25,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (97/3 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty = 43.44 min; Ty, = 96.47 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.58 (s, 9H), 1.93-2.00 (m, 1H), 2.58-2.63 (m, 1H), 3.20 (d, J = 14.5 Hz,
1H), 3.98-4.05 (m, 1H), 4.65-4.74 (m, 2H), 6.93-6.94 (m, 2H), 6.98 (d, J = 10.5 Hz, 1H), 7.04-
7.11 (m, 4H), 7.17-7.23 (m, 2H), 7.48-7.54 (m, 2H), 7.87-7.89 (m, 1H), 9.73 (d, J = 2.5 Hz, 1H);
BC NMR (CDCls, 125 MHz) ¢: 28.1, 31.5, 42.7, 50.6, 51.3, 52.5, 79.7, 85.1, 115.7, 118.0, 120.7,
122.0, 123.3, 124.7, 127.1, 128.2, 128.3, 128.4, 128.5, 129.1, 134.1, 134.5, 136.3, 139.8, 148.3,
160.7, 176.2, 192.7, 202.1; HRMS (ESI-TOF) m/z: Calcd. for C;H,sCINNaOg [M+Na]*:

580.1497; Found: 580.1501.
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3t: White solid, m.p. 132.4-133.6 °C; Yield 56%; 93% ee, >20:1 dr, [a]p?® = +54.57 (c 0.73,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40r = 31.69 mMin; Ty = 73.49 min); 'H NMR
(CDCls, 500 MHz) J: 1.51 (s, 9H), 1.84-1.91 (m, 1H), 2.50-2.55 (m, 1H), 3.16 (d, J = 14.5 Hz,
1H), 3.87-3.94 (m, 1H), 4.50-4.62 (m, 2H), 6.74 (d, J = 10.0 Hz, 1H), 6.89 (d, J = 10.5 Hz, 1H),
6.96-7.00 (m, 1H), 7.09-7.15 (m, 4H), 7.40-7.45 (m, 1H), 7.50 (s, 1H), 7.78-7.80 (m, 1H), 9.68 (s,
1H); 3C NMR (CDCls, 125 MHz) §: 27.0, 30.5, 41.6, 48.5, 50.0, 51.4, 78.7, 84.2, 114.8, 116.8,
119.6, 121.0, 121.3, 122.1, 123.7, 126.0, 126.8, 129.1, 130.5, 132.4, 133.6, 135.2, 138.6, 147.0,
159.5, 174.9, 191.2, 200.6; HRMS (ESI-TOF) m/z: Caled. for C;,H»;BrCINNaOg [M+Na]*:

658.0602; Found: 658.0607.

3u: White solid, m.p. 98.5-99.7 °C; Yield 34%; 94% ee, >20:1 dr, [a]p*® = +20.47 (c 0.57,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Ty40r = 57.04 Min; Tpinor = 74.99 min); 'H NMR
(CDCls, 500 MHz) ¢: 1.50 (s, 9H), 1.87-1.93 (m, 1H), 2.53-2.58 (m, 1H), 3.15 (d, J = 14.5 Hz,
1H), 3.76 (s, 3H), 3.94-4.01 (m, 1H), 4.60-4.69 (m, 2H), 6.61-6.64 (m, 1H), 6.77 (d, J = 3.0 Hz,
1H), 6.88-6.92 (m, 3H), 6.95-7.01 (m, 4H), 7.31 (d, J = 11.0 Hz, 1H), 7.41-7.45 (m, 1H), 7.80-
7.82 (m, 1H), 9.67 (d, J = 2.5 Hz, 1H); 3C NMR (CDCls, 125 MHz) §: 27.1, 28.7, 41.7, 49.6, 50.6,
51.5,54.7,78.7, 83.2, 107.4, 112.5, 114.8, 116.8, 119.7, 120.8, 126.0, 127.0, 127.2, 127.5, 129.9,
131.2, 133.2, 135.1, 147.5, 156.0, 159.7, 175.6, 191.7, 201.2; HRMS (ESI-TOF) m/z: Calcd. for

C33H3;NNaO;7 [M+Na]*: 576.1993; Found: 576.1989.
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3v: White solid, m.p. 93.7-94.9 °C; Yield 41%; 97% ee, >20:1 dr, [a]p® = +10.67 (¢ 0.77,
CH,Cl,); The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-
PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tj40r = 62.24 Min; Ty = 76.19 min); 'H NMR
(CDCl3, 500 MHz) ¢: 1.51 (s, 9H), 1.84-1.91 (m, 1H), 2.52-2.57 (m, 1H), 3.15 (d, J = 15.0 Hz,
1H), 3.75 (s, 3H), 3.90-3.97 (m, 1H), 4.53-4.64 (m, 2H), 6.64-6.67 (m, 1H), 6.75-6.78 (m, 3H),
6.91 (d, J=10.0 Hz, 1H), 6.95-7.01 (m, 1H), 7.11 (d, J = 11.0 Hz, 2H), 7.33 (d, /= 11.0 Hz, 1H),
7.41-7.45 (m, 1H), 7.80-7.82 (m, 1H), 9.69 (d, J = 3.0 Hz, 1H); 3C NMR (CDCls, 125 MHz) J:
27.0,30.5,41.7,48.7,50.4, 51.5, 54.7, 78.8, 83.5, 107.5, 112.6, 115.1, 116.8, 119.7, 120.9, 121.1,
126.0, 129.1, 129.6, 130.3, 131.1, 132.6, 135.2, 147.3, 156.0, 159.6, 175.5, 191.4, 200.9; HRMS

(ESI-TOF) m/z: Calcd. for C33H30BrNNaO; [M+Na]": 654.1098; Found: 654.11002.

4. Large-scale synthesis of product 3k

{ c3 T3
20 mol 9
d o (20 mol %) O/,,_
S DABCO * 6H,0 (20 mol %)
O 0 * @\ [e] Br
N Br

> toluene, rt,7d
Boc Boc

2 (1.5 mmol) 3k

1 (1.0 mmol)
0.29 g, 47%, 95% ee, >20:1 dr

In a tube equipped with a magnetic stirring bar, to the mixture of chromone-oxindole synthon 1
(1.0 mmol) and diarylprolinol trimethylsilyl ether C3 (20 mol%) in 10 mL of toluene was added
enal 2 (1.5 mmol). The reaction mixture was stirred at room temperature for 2 d, and then added
DABCO-6H,0 (20 mol%), was stirred at room temperature for 5 d, and was directly loaded onto a
silica gel and purified by flash chromatography to give the desired product 3k, using

hexane/EtOAc (10/1, v/v) as the eluent (0.29 g, 47%, 95% ee, >20:1 dr).
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5. X-Ray Crystal Data for Compound 3h

1
12)=0 Br
N

\
Boc

Table S1 Crystal data and structure refinement for 3h

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A, b/A, c/A

a/°, B/°, y/°,

Volume/A3

Z

Pcalcg/ cm?

wmm-!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

3h
C33H30BrNOg
616.49
100.00(10)
monoclinic
P2,/c

8.1114(12), 35.404(3), 9.9824(15)

90, 104.195(16), 90.

2779.1(7)

4

1.473

2.416

1272.0

0.11 x 0.1 x 0.08

CuKa (A = 1.54184)

4.992 to 147.55
9<h<5,-43<k<40,-11<1<12
10494

5417 [Rip = 0.0895, Ryigm, = 0.1324]
5417/0/374

1.028

R, = 0.0809, wR, = 0.1684

R, = 0.1422, wR, = 0.2052
0.63/-1.05

Crystal Data for C;3H;30BrNOg (M =616.49 g/mol): monoclinic, space group P2,/c (no. 14),a =
8.1114(12) A, b= 35.404(3) A, c = 9.9824(15) A, p = 104.195(16)°, V= 2779.1(7) A3, Z= 4, T =
100.00(10) K, w(CuKa) = 2.416 mm!, Dcalc = 1.473 g/cm?, 10494 reflections measured (4.992° <
20 < 147.55°), 5417 unique (Rin; = 0.0895, Rgigma = 0.1324) which were used in all calculations.
The final R, was 0.0809 (I > 2o(I)) and wR, was 0.2052 (all data).
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6. Assignment of the absolute configuration of 3h by the quantum chemical calculation of

electronic circular dichroism (ECD)

\
- X Exp. ECD of ¢-3
,' \ — Cal. ECD of C8S,C9S,C10R,C11S,C12S
J ; - ---Cal. ECD of C8R,C9R,C10S,C11R,C12R
20 \
rr-‘ 'l ;
1V )
104 Y
= | v 1
— It ]
= \f ! 7'\ -~
— 0 s = 1
's 2 o YRS " AN = 400
~ 1
g 104 ‘\ !
Wavelength (nm)
-20 -
.30 4
_40

The experimental ECD spectrum of compound chiral 3h

S15



7. The copies of 'TH NMR, 3C NMR and HPLC spectra for compounds 3

H and 3C NMR of 3a

FIsT
856'1
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966'1
92021
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s
s |
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[
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W U |

|
|

i

=8101

EF zin
I 8670

I oot

E o6

F sog

&
fea
gz
w 60'l
62

F 60

F wal

5.0
£1 (ppn)

525

D,

a.0

8.5

4.0

a5

|

F1'8E—
L TE—

CRIF—
SL0S
cv._mw
H8'ZS

6L0L
:.R/w
£vLLdf
661

svvs

68'P 11
S6'LTI
LL0EI
£6°121
9§ 2T 1y
192 1
[F4]
90°8Z 1L
[X4CTAR S
08821
£9°621
0€'PE E\q
1Z'9¢ _L__H
z6'8E1
£SBY ] —

LL09T—

TLGLT—

O8'Zal—

ZTeii—

i

70 B0 50 40 30
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HPLC of 3a

WD A, Wavelength=254 nm (G911 RACEMATE.D)

mill
800~ )
: 4
i g &
BUU-_ Vi @fb- '\"_\
: s n &
400-_ I“O; @,}
] o
;I
R T o T T T L
5 10 15 20 2 a0 5 min
[*]
# Time Area Height Width  Area% Symmetry
| 15,14 177319 450.7 0,655 49,073 0.697
2 33723 184017 56,2 11973 o0.927 0.597
VD A, Wavelength=284 nm (GY-11.00
E
4=
0=
200-
: ¢
; g
100 -__—L % @f}'?‘\
: ¢
0- ! i .
" == A [ 4 A | I o \ | | I | '
1 10 15 20 i kil s mn
[
#  Time Area Height Width  Area% Symmetry
1 15,046 20830 518.3 0.E69%9 | 97681 064
2 H.083 494.5 83 0.9687 2319 0607
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'H and 3C NMR of 3b

£90°0—
TLST]
156°1
86T
mmm.:
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£65°0
£09'C
DE9°T
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ZRLTL
FOOT1
06’121
G1ZZ1
IER Al \
10Lgt
mw,wm_../_/m
OF'6Zl-¢
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HLBET
0L 8k —
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HPLC of 3b

WD A, Wavelength=254 nm (CACHEMIZVIWDATARTY-A-2018_4 30 2018-04-28 14-05-31Z-B-182.0)

mill
500—;
400 —
SEID—E
200-
100-
D—: A
- T ¥ T T [ = T [ 3 T e 5T
k) 10 15 20 25 a0 35 mil
]
# Time Area Height Width Area% Symmetry
1 10,934 20518.3 578.7 01,5909 51,591 0,717
z 24,121 19253.1 328.5 09767 48,409 0,675
WD A, Wawelength=254 nm (CACHEMIZADDATATY-A-2018_4 30 2018-04-29 14-38-3000-B-15.00
_H@l
- ,5‘,53'
oo
@
%&*
Lo-"_'"-\-\_l
| T T ) T
10 15 20 26 min
[+]
# Time Area Height Width  Area® Symmetry
1 10,594 145908, 2 4719 07148 95,959 0,53
2 23,927 6270.5 119.4 0.8752 4,041 05811
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'H and 3C NMR of 3¢
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HPLC of 3¢

WD A, Wavelength=254 nm (CACHEM3ZVDAT AT -A2018_4 30 2018-04-28 154725 -C-1.00

350~
00-
250
200-
150
100-

[4]
# Time Area Height Width  Area% Symmetry
1 11.676 14082.2 400.4 05862 50,014 0.856
e 24,125 140745 236,49 0.9904 49,986 0718

VWD A, Wavelength=254 nm (CACHEMIZVIDAT AT -A-2018_4_30 2018-04-20 16-18-23Y-C-1.0)

)
o
o &
™ é.'h'
o
Nr‘a
b
[ T I [ ’ r f T [
<3 10 15 20 25 i}
# Time Area Height Width  Area% Symmetry
1 11.405 1615861 3488.3 0,772 95,752 0,545
2 24,213 7168 1309 0.9126 4,245 0,599
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'H and 3C NMR of 3d
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HPLC of 3d

WD A, Wavelength=254 nm (Zv-A67-2018_5_28 2018-06-28 13-19-5 18- AGT XD

i N @'}'k g r?%";\
1400 - ‘$ R
1200—5 & &
1000
EHJEI'f
EiDEI‘f
400~
ZUEI—E
0= : .
I I I b [ [ [ g i
5 10 14 20 25 30 36 il
]
# Time Area Height ¥Width  Area% Symmetry
1 7452 o3rezq 16354 0.2471 20,375 1,195
2 12,179 029821 14156 0.6233 49,625 0,729

WD A, W avelength=2564 nm (2y-AG7-2018_6_28 2018-06-28 13-19-51E-AET5.0)

35
# Time Area Height Width Area®% Symmetry
1 7.424 86158.8 2557.3 0.5615 96,428 1.246
2 12,213 3192 09,7 0.534 3.072 1.054
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'H and 13C NMR of 3e
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HPLC of 3e

VDA A, Wavelength=254 nm (Zv-A-595-2018_9_17 2018-08-17 15-18-240T-B-4X.D)

: s
28 e 8
Sl S
250% v o
2002
150
100
60
o
== T T [ T T T I o=
<3 10 15 20 26 30 35 min
[4] []
& Time Area Height Width Area% Symmetry
1 17.107 162726 265.8 1.009 50,323 0,757
2 21,278 16064 2435 1.1464 49,677 0.69%
VIUD A, Wavelength=254 nm Z1Y-AB25-2018_9_17 2018-08-17 15-19-242r7-B-45.0)
I T I AT T I
] 10 18 20 25 30

# Time Area Height Width Area% Symmetry
1 16,709 02066,3 15155 1.0125 07,859 0.621
2 21,361 20145 6.1 0,929 2,141 0,752
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H and 13C NMR of 3f
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HPLC of 3f

WG A, Wavelength=254 nm (Zv-C-35-2018_8_11 2048-08-11 17-34830 - C-20. I

miil) = A
70 ﬁ n_,@ r._;f”:“
: o § 4
i i D
50 A
0
30-
20
10-
03—
2 T T | [t T | |
g 10 15 20 24 a0 il
# Time Area Height ¥idth  Area% Symmetry
1 19,635 3258.8 4.7 09922 49,583 0.664
Z 24,802 33136 45,2 12208 a0.417 0,707
YINDA A, Wavelength=254 nm (ZY7-C-35-2018_8_11 2018-08-11 17-34-63Z7Y-0-35.0)
miéll o Yo
E o
2000 § | 4
17860 &

[
# Time Area Height Width  Area® Symmetry
1 18,908 127952.5 2160.7 0,97 95,711 0,443
i 24,608 57333 9.5 11973 4,289 0,599
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'H and 3C NMR of 3g
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HPLC of 3g

WIND 1 A, Wavelength=254 nm (21 v-A-70X-2019.6.6.00

A
2
0 Q,}
%’Qs
T [ [ i
10 20 30 40 min
[ []
# Time Area Height Width Area% Symmetry
1| 17.248 2379.3 33.9 L7 | 50032 | 053
z | 3509 2367 18,3 2091 | 49868 | 0,541
WIUD A, Wavelength=254 nm (Zv-AT05 I
mal -
1400 <
1200 -
100:3—;
800 -
600 - o
E w
400~ 0 Qéb
3 o
200 = %Q@
0= =
T T T e e e T et
10 20 30 40 min
o O
& Time Area Height Width Area% Symmetry
1 16,227 145972.9 16086 1.5124 96,620 0,393
2 36,256 ol06.7 599 1.4211 3.380 0,793
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H and 3C NMR of 3h

690'0—

=OF'9
ERE'D

Fer

Feot
Frot

Feot

Foot

Fere

161
(ANt
St
el

zo'l
Egao

Feot

2n 15 1.0 0.5

2.5

9.0 8.5 8.0 7.5 7.0 B.5 6.0 5.5 5.0 4.5
1 (ppm)

9.5

F1T—

PROL

S1LE
mv.i..\
96°6L:
mw.ww\

sl
08°L11
8601
g1zl
gzl
Tl
mm.x:/,m
PO6Z1N,
EP6TI-7
Rdm%

6E°IEL
9LEE]
£05E M
S8'8E 1
S.ﬁ:\
se'spl
L6851 —

99l —

98'c61—

sleog—

T T T T T T T T T T
190 1@ im 160 150 140 130 ien 110 100

T
200

0

£1 (ppm)

S30



HPLC of 3h

WD A, Wavelength=254 nm (Zv-C-6-5.00

mAd -
120~
100~
80—
- &
: o
B0~ S o
d o T &q
40~ & Rt
q b @,}
D_f_.bjduj\l\/\_,__ - . — o s S
 w 0 60 o " e mh
4] D
# Time Area Height Width Area% Symmetry
1 42,078 73743 a0.4 4,0438 49,546 0.45
2 97.7%4 7509.3 16 7.6073 50,454 0,385
W'D A, Wiavelength=254 nm (2-C-65-80.00
il -
1000 -
300 -
600 -
400 - b
] e @‘5’
- r\-\. q'_
200 2 &
] =
D_—n\_nﬂ-\.ﬁ_-""—"‘-\_o—\.-
g s e T [ [ ! |
20 40 alll a0 100 i
4] [+
# Time Area Height Width  Area% Symmetry
1 45,002 Gensar.7 1154.7 TR296 | 9255 | 0.29%
2| 109773 20550.6 414 8.2671 3042 L.o07
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H and 3C NMR of 3i
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1F NMR of 3i
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HPLC of 3i

YD A, Wiavelength=254 nm (ZY-AH65-2018_9_17 2018-00-17 11-38- 3807 v-A-86X.00)

2 % o

&3

20 25 a0 28
[
& Time Area Height Width  Area% Symmetry
1 15,794 47399.8 839.1 0.9414 49,172 0,669
2 19,978 48996.9 718.5 11365 50,828 0.531
WD 1 A, Wavelength=264 nm (Zy*-A-G65-2018_8_ 1T 2018-08-17 41-38-300 - ABGS I
3 T
médl - q?ri:
: &
1 X
2000 - a2
1500 -
1000 -
A00 -
o .
T | | | | | |
a] 10 14 20 26 20 34
# Time Area Height Width  Area® Symmetry
1 15,604 150245.6 2485.8 1.0074 97.957 0,706
2 20,282 31338 5 09112 2.043 0.631
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'H and 3C NMR of 3j
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19F NMR of 3j
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HPLC of 3j

VDA A, Wavelength=254 nm ZvY-B-25_2018_8

9 2018-00-09 11-18-480-B-20.0)

100 -
80-

B0 -

10 14 20 a0 cid]
i
# Time Area Height Width  Area% Symmetry
1] 14642 4076.4 05,7 07103 | s0.210 | 069
2 17,611 40424 796 0.8468 49,790 0,693
WD A, Wavelength=254 nm (Z1-B-25_2018_9_9 2018-09-09 11-18-4687-B-25.00)
A’
600-
500~
400+
300~
200+
1002
L | [ Lo | L [ [
10 15 20 25 30 35
K
# Time Area Height Width  Area® Symmetry
1 14,805 a009a.1 7314 (1.6858 97617 0.602
z 16,015 3.6 15,9 01,7683 2,383 1.082
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H and 3C NMR of 3k
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I9F NMR of 3k
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HPLC of 3k

VINDA A, Wfavelength=254 nm (Zv-B-C5_2018_8_8 2018-09-09 16-08-0580-C-22.0)

mALJ -
ZDEI—: ,{_:1
] 5 ;ﬁ'ﬁj A2
150 - oo o @?J
: od 0
100- Eﬁs@f}
50-
0-
| T | | L i : e P
4 10 14 20 26 20 35 i
4] [+]
# Time Area Height Width  Area% Symmetry
| 15,807 4985.2 111,48 0.7429 50,540 0,686
2 20,156 45708 d6,2 09429 49,460 0,685
YVANDA AL W ave length=254 nm (Zv-B-C5_2018_9_9 2018-08-09 16-03-0507v-C-25.0)
600 &
400 -
] &
h
1 Rk
200 - BoA
i '
:H—kjl—';ﬂ—f—f | Dﬁ!ﬁ
|:| — T
et St e [ S e e [ S [ | ’ [
10 15 20 25 30 35
- Time Area Height Width Area% Symmetry
1 15.724 379660,3 044 0.7497 97,950 0,553
2 20,378 7828 14,6 0.8923 2.020 1.142
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H and 3C NMR of 31
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19F NMR of 31
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HPLC of 31

VD A, Wavelength=254 nm (Z1Y-A505-2018_8_17 2018-08-17 15-10-24 Y- AH0.0)

midl -

1000~

800-

600~

40-

200-

D_
| | | | | | | e
£ 10 16 il 28 a0 3 min

0

§  Time frea Height Width  Area% Symmetry

1 15.497 52100.4 1066.7 0.814 49742 | 0.6l

2 1 5204l £04.9 14505 | 50258 | 0502

WD A, Wavelength=254 nm (Zvy-AS0S5-2018_9_26 20450028 15-06-22- AH35.0)

i b

ﬁ'\‘}

il
o
i}
Vi
s
— ——
| v | | Wl I
10 15 20 28 a0 ] min
O 0
# Time Area Height Width  Area% Symmetry
1 16,273 95470.6 1721.1 0.9342 6,204 0.565
2 J2.428 Ja07 44.7 1.4206 3.7% 077
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H and 3C NMR of 3m
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19F NMR of 3m
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HPLC of 3m

WD A, Wavelength=264 nm (Z1-B-65-2018_0_26 2018-00-26 13-15-312Y-B-62.00

mAll ‘“:1
: &
260 4
4 ¢ h@'\'
200 3 F
3 F~ q@_
5| =}
180 il
100 -
£ -
0 -
[ [ [ [ S [ | S |
) 10 15 20 25 30 35 min
[+]
# Time Area Height Width  Area% Symmetry
1 15,173 12956,3 2.8 07745 50,668 0.641
P 30,784 12614.6 141.7 1,4833 49,332 0,661
WG A, Wavelength=254 nm (Zv"-B-55-2018_9_26 2018-09-26 14-23-2 "2 B-55.00
™
a &"‘r}
i W
o
iy
| | | | i | Sl |
& 10 18 20 25 30 55 min
[ 4
# Time Area Height Width  Area% Symmetry
1 13,936 113580,1 2217.9 01,5535 97451 0.676
Z 29,655 29712 39.9 1.2419 2,044 1,306
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H and 3C NMR of 3n
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I9F NMR of 3n
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HPLC of 3n

YWD A, Wavelength=254 nm (2. C-65-2019_3_11 2018-03-11 10-31-300v-C-5X. 00

mill -
100 -
80
B0
4 it
20- o, g T
- o
: A R
0 ' P
! u ! [ [ [ g " [ [
& 10 15 20 25 min
4] [+]
# Time Area Height Width  Area% Symmetry
1 15,425 49 115 0.4911 ol.124 0.87
2 23418 3336 5 1.0542 45.676 0,799
VDA A, Wavelength=264 nm (ZvY-C-68-2019_3_112019-03-11 10-31-202-C-68.0)
médl -
2000 -
2600 -
2000
1500—2
z &
10005
: 0 g}rn“
600 = 5
: o
I:I_: e li\&s T
I - ! I I | 4 I d S
] 0 15 20 28 min
1 [+
# Time Area Height Width  Area% Symmetry
1 15 2756721 3115 1.4766 99,695 0,825
2 24,413 8343 13.4 1.0365 0,302 2.56E-2
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'H and 13C NMR of 30
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YF NMR of 30
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HPLC of 30

WA A, Wavelength=264 nm (HAM-125.00

10 20 30 40 &0 min
] 0
# Time Area Height Width  Area% Symmetry
1 22,548 16766.8 179.4 15578 50,460 0.568
2 41,461 16461 105.6 2.5086 40,540 0.524

WD A, Wawelength=254 nm (HX0-125.00

e
q}.
m
i ¢
H
| | | ' ' | |
10 20 a0 40 al min
L4 4]
# Time Area Height Width  Area% Symmetry
1 22,369 191856.8 17169 1.8624 96,294 0424
2 42,429 B765.4 4.8 2.0579 3406 0.456
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H and 3C NMR of 3p
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19F NMR of 3p
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HPLC of 3p

WD A, Wavelength=254 nm (240852018 9 4 2018-00-04 1436-240 - AG81.I0

-
31
280
210
160~ " ,J.?’ %
4 bl 'ﬁq ™ %\rﬁ
1DEI-; &?Sz{'} g@@h\
8- g
(E — ‘*—L—ML_»&“
T T o e o T B . o o e e e 7 e P P o s s e e e |
i 10 18 20 25
L4
# Time Area Height Width  Area% Symmetry
| 12718 19424 585 0,553 5712 0,691
Z 17442 13138 40,5 0,7469 48,288 0,654

WD A, Wavelength=254 nm (Zv-A-625-2018_9_4 2018-00-04 14-36-21'F-AE85.1)

1400 =
1200
1000
800 -
500 -
400 =
200 -

i} 10 15 20 25
# Time Area Height Width Area% Symmetry
1 12,765 60903.2 1686.7 06018 96,207 0,703
Z 17.614 2400,9 60,2 0,6653 3.793 0,837
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H and 3C NMR of 3q
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19F NMR of 3q
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HPLC of 3q

VD A, Wavelength=254 nm (Z7-B-25_2018_8_9 2018-09-09 14-25-55Wr-B-3X.0)

L]
#  Time frea Height Width  Area% Symmetry
1 101A 1689.5 358 0787 | 43147 | L.0R2
Z 13,706 1748.2 29.2 0.9978 | 50853 1,107

WD A, Wavelength=254 nm (ZvY-B-35-2019_3_11 2019-03-11 11-37-0802-B-35.D)

# Time Area Height Width  Area% Symmetry
13,533 105033.3 18438 094394 96,342 1,156
2 17,956 087.7 75.7 0.8776 3,658 1.016

—_—
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'H and 13C NMR of 3r
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19F NMR of 3r
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HPLC of 3r

VI A, Wavelength=254 nm (21 r-A-G05-2018_8_17 2018-09-17 45-18-20-C-40.D)

E 10 20 26 il 35 miri
L] [
g Time Area Height Width  Area® Symmetry
| 13,418 9742 £85.4 07228 | 49682 | 0759
2 17.293 300932 5573 08 50308 | 069

WVINDT A, Wavelength=254 nm (Zv-A805-2012_9_17 20180017 15-19-24-C-45.D)

il 10 15 i i
[+
# Time Area Height Width  Area% Symmetry
1 15,247 121427 26023 077 58,374 0,584
2 19.731 2007 S0.6 0.6606 1626 0,788
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IH and 13C NMR of 3s
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HPLC of 3s

YWD A, Wiavelength=284 nm (Zv™-A: 7 102,00

mAl -
200
: "
; 8 r{?’@
180 - -. i
i i )
100_: % E@@rﬁ
: o
UE—M I /-R\"""-\—._ 1 T
R 60  w m
[ [+
# Time Area Height Width Area% Symmetry
1 44,485 29266,2 113.7 4,2892 50,809 0,352
2 93.01 28334 4 734 b.4343 49,191 0.38
WD A, Wiawelength=284 nm (2 AT15-2.00
%
400 -
200 -
ZDD—: '-‘Eb
3 L ﬁﬁ
100 ¥ 4
: i
U—_ L™
| | | | 2 | -
20 40 G0 20 100 i
4] [+]
# Time Area Height Width  Area Symmetry
1 43,445 160091.3 5071 5.2618 96,602 0.312
2 96,478 5631 18.9 4,9571 3,398 0.575
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H and 3C NMR of 3t
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HPLC of 3t

WD A, W avelength=254 nm (Z9-C-TA.00

ot Eo
1602 o -.'\qg'
125 - #
E A
100 @ ,@‘?
g o "
'."5—2 E?gz‘;b-
50—:
25 N
0= . :
E T g T e T L) o R
10 20 an 40 a0 80 70 a0 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 32,977 182032 133 22808 50.770 0.43
2 73579 176507 63.1 46614 49,230 0,373
™
T c?‘hrf-"‘
B
i
b
| | | ' ' T T
20 40 G0 a0 min
Kl 0
# Time Area Height Width  Area% Symmetry
1 31699 54675.3 2910.2 31763 96,617 0,285
Z 73,494 19419.3 103.3 31335 3,303 0,59
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H and 3C NMR of 3u

S6p'l
5o8'1
9681
£06°T
££6'14
628T
6£8°T
995z
LIS T
1£1E
01'e
seLe
056°€
046
186°€
100'F
1o
10941
909+
ZEah
199
L89°b
0199
919’9
2£99
6£9'9
8949
pLeo
0889
9689
L169
5691
8969
9869
669
0L
0L
1oL
061°L
bRzL
L62LA
61E'LA
LobL
1b'L
SThL
8zhi
ZEpL
L
9pbL
0shL
b ]
popL
008°L
8L
078'L

e

W
ﬁ

FLE'L

1996
uuc.oW

LLJ ublu\__,)

e

N

LY
o
v
o
T

Fre1

Fein

Foot

Feze

Fizi L

Fiet

Fsrt
Fsel
w6z |
80'F
=161
L]

Fsot

Fean

6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 20 1.5 1.0 0s
£1 (ppm)

7.0

Q.0 8.5 8.0

9.5

SOTLE~
89°BZ -

b 1p—
£9°6
09°05-~
15715,
ot
£LFS

ow.mh./

2oLy
180,
IR

£P'LOT

z8'0zl
10921
£69Z1
E.nm_\
RbLTI

nm_mm_%
61181
zTeel
60°sE1
6t Lpl—

mc.m:/ﬁv
1y

96651 —
99'651—

£E9'GLT—

0L'1al—

9 0E—

70 B0 50 40 30

a0

190 180 1m0 160 150 140 130 120 110 1m

200

£ (ppm)

S66



HPLC of 3u

WD A, Wavelength=259 nm (Zv-AT7 35400

175=
150
125~
100~
75+
50-
2-

# Time Area Height Width  Area% Symmetry

1 3,267 45324.4 190.7 3.9616 49,559 0.539

Z 71270 43527 170.1 4,4606 3011 0.641

WIND A, Wigvelength=254 nm (Z-A7 352,00

0 40 Gl 80 min
(4] [+]
] Time Area Height Width  Area% Symmetry
1 57,041 133095.3 o047 43952 96,865 0,478
Z 74,995 4307.6 il 35811 3135 0,667
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'H and 13C NMR of 3v
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HPLC of 3v

YD A, W avelength=284 nm (Zy-C-1022.00

-
200- 5
: . 4
E ., !
180~ 3 r{,ggb B f
3 qr'}.- a é}
100~ i P
50—
|:|_: T !
i I li f | I
20 40 G0 20 min
[ [+
# Time Area Height Width  Area% Symmetry
1 62,29 23331.2 935 4.1586 49,758 0.217
2 73,986 235577 88,6 44333 20,242 0637

WD A, W avelength=254 nm (2 C-1052.0)

maLl |
a0 5
60—
-
20~
0-
I I K I T
20 40 aii} a0 min
[«] [+]
# Time Area Height Width Area% Symmetry
1 62,247 24734.9 89 4.6307 98,517 0.541
2 76,193 3723 1.9 3.273 1.483 1.113
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