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1. General Information

Reagents were purchased from commercial sources and were used as received unless
mentioned otherwise. Reactions were monitored by TLC. 'H NMR and *3C NMR spectra were
recorded in CDCl; and DMSO-ds. *H NMR chemical shifts are reported in ppm relative to
tetramethylsilane (TMS) with the solvent resonance employed as the internal standard (CDClIs at
7.26 ppm, DMSO-dg at 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s =
singlet, br s = broad singlet, d = doublet, t = triplet, g = quartet, 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 (CDCl; at 77.20 ppm, DMSO-ds at 39.51 ppm).
The enantiomeric excesses were determined by chiral HPLC analysis. HPLC analysis was
performed on Shimadzu SCL-10AVP HPLC systems consisting of the followings: pump, LC-10AD;
detector, SPD-10A measured at 254 nm. HRMS was recorded on Bruker Q TOF. Optical rotations
were measured with a Perkin-Elmer-341 polarimeter. Melting points were recorded on a Bithi
Melting Point B-545.

2. General procedure for the synthesis of 3

(5 mol%)
Me CSZCO3 0.5 eq)
N_R!
N CH20|2 rt, 10 h
H
1

In an ordinary vial equipped with a magnetic stirring bar, the f,y-unsaturated butenolides 2 (0.3
mmol, 1.5 equiv) were added to a solution of arylsulfonyl indoles 1 (0.2 mmol, 1.0 equiv), catalyst
D (5 mol %) and Cs,COs3 (0.1 mmol, 0.5 equiv) in CH.Cl, (2 mL) at the room temperature. And
then, the mixture was stirred at the same temperature for 10 h. After completion of the reaction, as
indicated by TLC, the products 3 were isolated by flash chromatography on silica gel
(PE/EA/CH.CI> = 10/1/1 ~ 6/1/1).

A\
N
H

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)-5-phenylfuran-2(5H)-one (3a)

Light yellow solid; 75.5 mg, 96% yield; 75:25 dr, 97% ee; [a]p? = -479.2 (¢ 1.00, CH,Cl.) for major
diastereomer; m.p. 132.8-133.5 <€;

The ee was determined by HPLC (Chiralpak IB, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min, 4
= 254 nm, major diastereomer: tminor = 10.7 mMin, tmajor = 12.6 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.76 (s, 1H), 7.70 (s, 1H), 7.60-7.58 (m,
3H), 7.41 (d, J=7.5 Hz, 2H), 7.33-7.28 (m, 2H), 7.18 (dd, J = 14.6, 7.4 Hz, 2H), 7.12-7.07 (m, 2H),
7.00-6.90 (m, 3H), 5.29 (s, 1H), 2.35 (s, 3H), 1.36 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.1, 154.5, 140.0, 139.8, 135.0, 133.4,
129.7,128.5,127.9,127.5,127.3,125.6, 125.2, 125.1,119.8, 119.4, 118.4, 110.1, 108.6, 91.6, 48.9,
12.1,9.6.

HRMS (ESI-TOF) calcd. for C27H23NNaO; [M + Na]* 416.1626; found: 416.1632.
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(S)-5-((S)-(4-fluorophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (3b)

Light yellow solid; 63.8 mg, 78% yield; 70:30 dr, 94% ee; [0]p?° = -364.7 (¢ 1.00, CH,Cl,) for major
diastereomer; m.p. 114.3-115.2 <€;

The ee was determined by HPL.C (Chiralpak OD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 8.0 Min, tmajor = 26.6 Min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.78 (s, 1H), 7.68 (s, 1H), 7.60-7.58 (m,
3H), 7.43 (dd, J = 8.6, 5.6 Hz, 2H), 7.35-7.29 (m, 2H), 7.23-7.15 (m, 2H), 6.95-6.90 (m, 4H), 5.31
(s, 1H), 2.36 (s, 3H), 1.36 (s, 3H).

13C NMR (75 MHz, DMSO-dg) & (major diastereomer) 173.0, 160.1 (d, J = 242.2 Hz, 1C), 154.4,
139.6, 136.2 (d, J = 3.1 Hz, 1C), 135.0, 133.5, 131.5 (d, J = 7.9 Hz, 1C), 128.5, 128.2, 127.4, 125.3,
125.1, 119.8, 119.3, 118.4, 114.2 (d, J =21.0 Hz, 1C), 110.2, 108.3, 91.6, 48.2, 12.1, 9.6.

HRMS (ESI-TOF) calcd. for Co;H22FNNaO; [M + Na]* 434.1527; found: 434.15009.

(S)-5-((S)-(2-chlorophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (3c)

Light yellow solid; 82.2 mg, 96% yield; 77:23 dr, 95% ee; [a]p? = -516.4 (¢ 1.00, CH,Cl.) for major
diastereomer; m.p. 137.8-139.4 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 0.5 mL/min,
A =254 nm, major diastereomer: tminor = 50.4 min, tmajor = 54.6 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.81 (s, 1H), 8.14 (s, 1H), 7.71-7.67 (m,
2H), 7.56-7.53 (d, J = 7.7 Hz, 2H), 7.33-7.28 (m, 2H), 7.20-7.15 (m, 4H), 7.06-7.00 (m, 1H), 6.92-
6.90 (m, 2H), 5.57 (s, 1H), 2.38 (s, 3H), 1.35 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 172.8, 154.2, 139.2, 136.9, 134.9, 134.4,
133.9, 131.7, 129.3, 128.6, 127.6, 127.4, 126.0, 125.6, 125.0, 124.8, 119.7, 119.2, 118.4, 110.2,
105.1,91.8,45.8,12.4,9.5.

HRMS (ESI-TOF) calcd. for C27H22CINNaO; [M + Na]* 450.1237; found: 450.1234.

(S)-5-((S)-(3-chlorophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (3d)




Light yellow solid; 60.6 mg, 71% yield; 68:32 dr, 92% ee; [a]p® = -291.2 (¢ 1.00, CH,Cl,) for major
diastereomer; m.p. 108.5-109.7 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 7.1 Min, tmajor = 10.1 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.83 (s, 1H), 7.67-7.58 (m, 4H), 7.41-
7.31 (m, 4H), 7.23 (d, J = 7.2 Hz, 1H), 7.19-7.11 (m, 2H), 7.06-7.04 (m, 1H), 6.91 (g, J = 9.4, 8.3
Hz, 2H), 5.32 (s, 1H), 2.37 (s, 3H), 1.35 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.1, 154.4, 142.6, 139.5, 135.1, 133.8,
132.2, 129.6, 129.5, 128.7, 128.5, 127.6, 127.4, 125.8, 125.5, 125.1, 120.0, 119.3, 118.6, 110.4,
107.9,91.5,48.6,12.1, 9.7.

HRMS (ESI-TOF) calcd. for C27H22CINNaO; [M + Na]* 450.1237; found: 450.1240.

(S)-5-((S)-(4-chlorophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (3e)

Light red solid; 57.1 mg, 67% yield; 63:37 dr, 89% ee; [a]o?® = -322.1 (c 1.00, CHCl,) for major
diastereomer; m.p. 132.2-132.9 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 8.1 Min, tmajor = 15.4 min);

'H NMR (300 MHz, DMSO-dg) & (major diastereomer) 10.81 (s, 1H), 7.67-7.59 (m, 4H), 7.42 (d,
J =8.1Hz, 2H), 7.35-7.30 (m, 2H), 7.24 (d, J = 1.3 Hz, 1H), 7.17-7.15 (m, 3H), 6.95-6.90 (m, 2H),
5.32 (s, 1H), 2.37 (s, 3H), 1.36 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.0, 154.3, 139.5, 139.1, 135.0, 133.5,
131.5,130.2,128.6, 127.6, 127.5,127.4,125.3,125.1, 119.8, 119.2, 118.4, 110.2, 108.0, 91.4, 48.2,
12.1,9.6.

HRMS (ESI-TOF) calcd. for C27H22CINNaO- [M + Na]* 450.1231; found: 450.1236.

(S)-5-((S)-(2,5-dichlorophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-
2(5H)-one (3f)

White solid; 74.0 mg, 80% vyield; 73:27 dr, 89% ee; [a]o?® = -640.1 (c 1.00, CH.CI,) for major
diastereomer; m.p. 222.3-223.7 €;

The ee was determined by HPL.C (Chiralpak OD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 6.8 MiN, tmajor = 8.7 Min);

'H NMR (300 MHz, DMSO-ds) 6 (major diastereomer) 10.89 (s, 1H), 8.11 (s, 1H), 7.68 (s, 2H), 7.56
(d, J=7.7 Hz, 2H), 7.37-7.32 (m, 2H), 7.24-7.10 (m, 4H), 6.94-6.92 (m, 2H), 5.54 (s, 1H), 2.39 (s, 3H),
1.36 (s, 3H).
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13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 172.6, 153.8, 138.9, 138.8, 134.8, 134.7,
132.6, 131.3, 130.8, 130.5, 128.8, 127.7, 127.6, 127.4, 125.8, 124.7, 119.8, 118.7, 118.6, 110.3,
104.2,91.5, 46.0, 12.3, 9.5.

HRMS (ESI-TOF) calcd. for Co7H22Cl1.NO2 [M + H]* 462.1028; found: 462.1032.

(S)-5-((S)-(4-bromophenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (39)

Light yellow solid; 77.3 mg, 82% yield; 67:33 dr, 94% ee; [a]p?® = -373.5 (¢ 1.00, CH,Cl.) for major
diastereomer; m.p. 108.7-109.8 <€;

The ee was determined by HPLC (Chiralpak IB, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min, 1
= 254 nm, major diastereomer: tminor = 11.7 Min, tmajor = 18.4 min);

'H NMR (300 MHz, DMSO-dg) & (major diastereomer) 10.80 (s, 1H), 7.65-7.57 (m, 4H), 7.37-
7.32 (m, 3H), 7.30-7.27 (m, 3H), 7.23-7.14 (m, 2H), 6.94-6.86 (m, 2H), 5.28 (s, 1H), 2.37 (s, 3H),
1.35 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.1, 154.4, 139.6, 139.5, 135.1, 133.6,
132.0, 130.5, 128.7, 128.5, 127.5, 127.4,125.2, 119.9, 119.3, 118.8, 118.6, 110.3, 108.0, 91.5, 48.4,
12.1,9.7.

HRMS (ESI-TOF) calcd. for C27H22BrNNaO; [M + Na]* 494.0726; found: 494.0731.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(4-nitrophenyl)methyl)-5-phenylfuran-2(5H)-
one (3h)

Yellow solid; 54.0 mg, 62% yield; 60:40 dr, 87% ee; [a]p?® = -270.7 (¢ 1.00, CH.Cl,) for major
diastereomer; m.p. 79.9-80.6 €;

The ee was determined by HPLC (Chiralpak IC, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min, 4
= 254 nm, major diastereomer: tminor = 30.0 Min, tmajor = 43.7 min);

!H NMR (400 MHz, DMSO-dg) § (major diastereomer) 10.87 (s, 1H), 8.04-7.95 (m, 2H), 7.69 (d,
J=8.3 Hz, 2H), 7.67-7.54 (m, 4H), 7.37-7.29 (m, 2H), 7.25-7.19 (m, 1H), 7.16 (d, J = 7.9 Hz, 1H),
6.99-6.83 (m, 2H), 5.50 (s, 1H), 2.38 (s, 3H), 1.38 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 172.8, 154.1, 148.1, 145.3, 139.1, 135.0,
134.0,130.9, 128.7, 128.5, 127.6, 125.5, 125.1, 122.7,120.0, 119.1, 118.6, 110.3, 107.2, 91.0, 48.7,
12.1, 9.6.

HRMS (ESI-TOF) calcd. for C27H22N2NaO4 [M + Na]* 461.1477; found: 461.1484.
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(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(m-tolyl)methyl)-5-phenylfuran-2(5H)-one (3i)

Light yellow solid; 67.7 mg, 83% yield; 63:37 dr, 92% ee; [a]o? = -325.9(c 1.00, CH:Cl,) for major
diastereomer; m.p. 97.7-98.9 €;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 12.1 min, tmajor = 16.2 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.74 (s, 1H), 7.70 (s, 1H), 7.60-7.58 (m,
3H), 7.35-7.26 (m, 3H), 7.24-7.10 (m, 3H), 7.04-6.83 (m, 3H), 6.79 (d, J = 7.5 Hz, 1H), 5.24 (s,
1H), 2.35 (s, 3H), 2.11 (s, 3H), 1.35 (5, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.1, 154.5, 139.8, 136.3, 134.9, 133.3,
130.5, 128.6, 128.4, 127.6, 127.3, 127.2, 126.7, 126.2, 125.2, 125.1, 119.7, 119.3, 118.3, 110.1,
108.6,91.7, 48.8, 21.0, 12.1, 9.6.

HRMS (ESI-TOF) calcd. for C2sH2sNNaO2 [M + Na]* 430.1778; found: 430.1783.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yI)(p-tolyl)methyl)-5-phenylfuran-2(5H)-one (3j)

White solid; 72.6 mg, 89% vyield; 58:42 dr, 91% ee; [a]p?® = -436.3 (c 1.00, CH.Cl,) for major
diastereomer; m.p. 126.7-127.3 <€;

The ee was determined by HPLC (Chiralpak IB, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min, 1
= 254 nm, major diastereomer: tminor = 9.6 Min, tmajor = 11.1 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.74 (s, 1H), 7.66 (s, 1H), 7.58-7.55 (m,
3H), 7.34-7.25 (m, 4H), 7.17 (dd, J = 14.7, 7.5 Hz, 2H), 6.93-6.84 (m, 4H), 5.22 (s, 1H), 2.35 (s,
3H), 2.09 (s, 3H), 1.34 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.5, 154.8, 140.0, 137.1, 135.2, 134.7,
133.5,129.8,128.7,128.3, 127.9, 127.5, 125.4, 125.3, 119.9, 119.6, 118.5, 110.3, 108.9, 92.0, 48.8,
20.6,12.3,9.8.

HRMS (ESI-TOF) calcd. for CogH2sNNaO, [M + Na]* 430.1783; found: 430.1764.

(S)-5-((S)-(4-methoxyphenyl)(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-
2(5H)-one (3k)

Light yellow solid; 79.3 mg, 94% yield; 55:45 dr, 88% ee; [a]p?® = -205.5 (¢ 1.00, CH,Cl.) for major
diastereomer; m.p. 110.9-111.3 <€;
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The ee was determined by HPLC (Chiralpak IC, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 7.3 Min, tmajor = 9.4 Min);

'H NMR (600 MHz, DMSO-ds) 6 (major diastereomer)10.74 (s, 1H), 7.67-7.57 (m, 4H), 7.35-7.26
(m, 4H), 7.24-7.18 (m, 1H), 7.15 (d, J = 7.9 Hz, 1H), 6.98-6.81 (m, 2H), 6.65 (d, J = 8.5 Hz, 2H),
5.22 (s, 1H), 3.60 (s, 3H), 2.35 (s, 3H), 1.35 (s, 3H).

13C NMR (151 MHz, DMSO-ds) & (major diastereomer) 173.2, 156.9, 154.7, 139.9, 133.3, 132.0,
130.7,130.6, 128.5, 128.4, 127.3, 125.2, 119.9, 119.7, 119.6, 118.3, 112.9, 110.1, 108.9, 91.9, 54.8,
48.8,12.1,9.7.

HRMS (ESI-TOF) calcd. for C2sH2sNNaOs [M + Na]* 446.1727; found: 446.1726.

(S)-5-((S)-[1,1'-biphenyl]-4-yl(2-methyl-1H-indol-3-yl)methyl)-3-methyl-5-phenylfuran-
2(5H)-one (3I)

White solid; 79.8 mg, 85% vyield; 52:48 dr, 86% ee; [a]p?® = -187.6 (c 1.00, CH.Cl;) for major
diastereomer; m.p. 124.6-125.3 <€;

The ee was determined by HPLC (Chiralpak 1B, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 8.6 Min, tmajor = 12.1 min);

'H NMR (300 MHz, DMSO-ds) 8 (major diastereomer) 10.75 (s, 1H), 7.73-7.55 (m, 4H), 7.51-7.45
(m, 4H), 7.41-7.35 (m, 3H), 7.34-7.30 (m, 3H), 7.29-7.20 (m, 2H), 7.19-7.13 (m, 2H), 6.90-6.87 (m, 1H),
5.28 (s, 1H), 2.41 (s, 3H), 1.34 (s, 3H).

13C NMR (75 MHz, DMSO-ds) 8 (major diastereomer) 174.1, 155.3, 140.1, 139.9, 139.8, 137.8,
135.6, 134.0, 130.9, 129.5, 129.3, 128.1, 127.9, 127.0, 126.8, 126.2, 125.9, 125.6, 120.5, 120.0,
119.1, 110.8, 109.0, 92.4, 49.3, 12.5, 10.1.

HRMS (ESI-TOF) calcd. for Cs3sH2sNNaO» [M + Na]* 492.1939; found: 492.1933.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(thiophen-2-yl)methyl)-5-phenylfuran-2(5H)-
one (3m)

Light red solid; 68.5 mg, 86% yield; 53:47 dr, 93% ee; [a]o?® = -583.2 (c 1.00, CHCl,) for major
diastereomer; m.p.72.8-73.4 €;

The ee was determined by HPL.C (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tmajor = 31.5 min, tminor = 35.8 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.83 (s, 1H), 7.67 (d, J = 6.6 Hz, 1H),
7.59 (s, 1H), 7.53 (d, J = 7.6 Hz, 2H), 7.37-7.30 (m, 2H), 7.28-7.23 (m, 1H), 7.22-7.14 (m, 2H),
6.94 (q, J = 8.4, 7.9 Hz, 2H), 6.86 (d, J = 3.6 Hz, 1H), 6.75 (dd, J = 5.2, 3.5 Hz, 1H), 5.42 (s, 1H),
2.27 (s, 3H), 1.40 (s, 3H).
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13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 172.8, 153.1, 142.0, 139.7, 135.1, 133.7,
128.8,128.4,127.6,126.9, 126.1, 125.8, 125.5, 125.3, 124.3, 119.9, 118.4, 110.3, 108.0, 91.6, 45.5,
11.8,9.7.

HRMS (ESI-TOF) calcd. for CosH21NNaO-S [M + Na]* 422.1191; found: 422.1189.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(naphthalen-2-yl)methyl)-5-phenylfuran-2(5H)-
one (3n)

Light yellow solid; 69.3 mg, 78% yield; 60:40 dr, 95% ee/(minor 30% ee); [a]o?° = -529.0 (c 1.00,
CH.Cly) for major diastereomer; m.p. 214.7-215.4 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
A =254 nm, major diastereomers: tminor = 7.9 mMiN, tmgjor = 12.5 min, minor diastereomers: tminor =
13.7 min, tmajor = 19.7 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.79 (s, 1H), 7.98 (s, 1H), 7.74-7.62 (m,
5H), 7.63 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.6 Hz, 1H), 7.44-7.35 (m, 2H), 7.35-7.25 (m, 2H), 7.21-
7.12 (m, 2H), 6.90 (d, J = 8.2 Hz, 2H), 5.50 (s, 1H), 2.39 (s, 3H) ,1.38 (s, 3H).

13C NMR (75 MHz, DMSO-dg) & (major diastereomer) 173.1, 154.5, 139.7, 137.6, 134.9, 133.6,
132.4, 131.1, 128.6, 128.5, 127.8, 127.6, 127.5, 127.3, 127.1, 126.8, 125.8, 125.4, 125.3, 125.1,
119.7,119.2, 118.4, 110.1, 108.3, 91.7, 48.8, 12.1, 9.6.

HRMS (ESI-TOF) calcd. for Ca1H2sNNaO» [M + Na]* 466.1783; found: 466.1791.

(S)-5-((S)-(2,5-dimethyl-1H-indol-3-yl)(phenyl)methyl)-3-methyl-5-phenylfuran-2(5H)-one
(30)

Light yellow solid; 75.9 mg, 93% yield; 64:36 dr, 90% ee/(minor 23% ee); [a]o®° = -345.4 (c 1.00,
CH,Cl,) for major diastereomer; m.p. 104.7-105.6 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, major diastereomers: tminor = 14.5 min, tmajor = 16.5 min, minor diastereomers: tminor =
11.6 min, tmajor = 13.5 min);

'H NMR (300 MHz, DMSO-dg) & (major diastereomer) 10.60 (s, 1H), 7.63-7.51 (m, 4H), 7.39 (d,
J=17.6 Hz, 2H), 7.36-7.26 (m, 3H), 7.23-7.16 (m, 1H), 7.12-7.05 (m, 2H), 7.03-6.94 (m, 1H), 6.75
(d, J = 8.1 Hz, 1H), 5.26 (5, 1H), 2.35 (s, 3H), 2.30 (s, 3H), 1.36 (s, 3H).

13C NMR (75 MHz, DMSO-dg) & (major diastereomer) 173.2, 154.5, 140.1, 139.9, 133.4, 133.3,
129.6,128.4,127.8, 127.6,127.5, 127.3, 126.5, 125.5, 125.1, 121.3, 119.0, 109.8, 108.1, 91.6, 48.9,
21.5,12.2,9.6.

HRMS (ESI-TOF) calcd. for C2sH2sNNaO2 [M + Na]* 430.1783; found: 430.1786.
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(S)-5-((S)-(5-bromo-2-methyl-1H-indol-3-yl)(phenyl)methyl)-3-methyl-5-phenylfuran-2(5H)-
one (3p)

Light yellow solid; 69.7 mg, 74% yield; 71:29 dr, 96% ee; [o]p?° = -330.8 (¢ 1.00, CH,Cl,) for major
diastereomer; m.p. 215.9-216.3 <€;

The ee was determined by HPLC (3p-Boc) (Chiralpak 1A, EtOH/hexane = 5/95, flow rate 1.0
mL/min, A = 254 nm, major diastereomers: tminor = 5.6 Min, tmajor = 6.2 Min);

'H NMR (300 MHz, DMSO-ds) 8 (major diastereomer) 11.01 (s, 1H), 7.84 (s, 1H), 7.62 (d, J=7.8
Hz, 2H), 7.56 (s, 1H), 7.42-7.26 (m, 4H), 7.24-7.16 (m, 1H), 7.15-7.06 (m, 3H), 7.05-6.94 (m, 2H),
5.31 (s, 1H), 2.37 (s, 3H), 1.37 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 173.1, 154.6, 139.7, 139.5, 135.4, 133.6,
129.7,128.5,128.1, 127.6,127.3, 125.7, 125.2, 125.1, 122.3, 121.6, 112.0, 111.3, 108.6, 91.5, 48.2,
12.2,9.6.

HRMS (ESI-TOF) calcd. for C2;H22BrNNaO; [M + Na]* 494.0732; found: 494.0739.

(S)-5-(4-fluorophenyl)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)furan-2(5H)-
one (3q)

Light yellow solid; 80.3 mg, 97% yield; 72:28 dr, 92% ee/(minor 34% ee); [a]p?° = -387.0 (c 1.00,
CH.Cl,) for major diastereomers; m.p. 213.5-214.7 <€;

The ee was determined by HPLC (Chiralpak IA, i-PrOH/hexane = 15/85, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tmajor = 6.3 MiN, tminor = 7.7 min, minor diastereomers: tminor = 8.7
min, tmajor = 24.1 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomers) 10.77 (s, 1H), 7.72 (s, 1H), 7.68-7.56 (m, 3H),
7.40 (d, J = 7.6 Hz, 2H), 7.18-7.07 (m, 5H), 7.04-6.96 (m, 1H), 6.97-6.87 (m, 2H), 5.26 (s, 1H), 2.35 (s,
3H), 1.36 (s, 3H).

13C NMR (101 MHz, DMSO-dg) & (major diastereomer) 173.1, 161.2 (d, J = 244.1 Hz, 1C), 154.4,
140.0, 136.0 (d, J = 2.4 Hz, 1C), 135.0, 133.5, 129.8, 127.7, 127.5, 127.4 (d, J = 8.2 Hz, 1C), 125.7,
125.6, 125.5,119.8, 118.4, 115.3 (d, J = 21.5 Hz, 1C), 110.2, 108.5, 91.4, 48.9, 12.2,9.7.

HRMS (ESI-TOF) calcd. for C27H22FNNaO; [M + Na]* 434.1527; found: 434.1536.

(S)-5-(4-chlorophenyl-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)furan-2(5H)-
one (3r)




Light yellow solid; 82.9 mg, 97% yield; 73:27 dr, 94% ee/(minor 31% ee); [a]o® = -423.1 (c 1.00,
CH,Cl,) for major diastereomer; m.p. 204.1-205.5 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 12.7 min, tmajor = 19.9 min, minor diastereomers: tminor =
33.9 min, tmajor = 39.2 min);

'H NMR (600 MHz, DMSO-ds) & (major diastereomer) 10.78 (s, 1H), 7.84-7.53 (m, 4H), 7.43-
7.30 (m, 4H), 7.15 (d, J = 8.0 Hz, 1H), 7.12-7.07 (m, 2H), 7.02-6.97 (m, 1H), 6.96-6.77 (m, 2H),
5.26 (s, 1H), 2.36 (s, 3H), 1.36 (s, 3H).

13C NMR (151 MHz, DMSO-dg) & (major diastereomer) 173.1, 154.2, 139.9, 138.9, 135.0, 133.6,
132.1,129.8,128.6,127.8, 127.7,127.4,127.3,125.9, 125.7, 119.9, 118.5, 110.3, 108.4, 91.4, 49.0,
12.2,9.8.

HRMS (ESI-TOF) calcd. for C27H22CINNaO; [M + Na]* 450.1231; found: 450.1241.

(S)-5-(4-bromophenyl)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)furan-
2(5H)-one (3s)

A4 I

N
N
H

Light yellow solid; 90.2 mg, 95% yield; 73:27 dr, 92% ee/(minor 28% ee); [a]p?° = -214.7 (c 1.00,
CH.Cly) for major diastereomer; m.p. 204.9-205.8 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, major diastereomer: tminor = 15.9 min, tmajor = 25.0 min, minor diastereomers: tminor =
44.9 min, tmajor = 48.5 min);

'H NMR (300 MHz, DMSO-ds) & (major diastereomer) 10.76 (s, 1H), 7.70 (s, 1H), 7.58-7.55 (m,
3H), 7.51-7.50 (m, 2H), 7.39 (d, J = 7.6 Hz, 2H), 7.12 (g, J = 7.8 Hz, 3H), 7.05-6.96 (m, 1H), 6.90
(9,3=8.7,7.8 Hz, 2H), 5.27 (s, 1H), 2.35 (s, 3H), 1.36 (s, 3H).

13C NMR (75 MHz, DMSO-ds) & (major diastereomer) 172.8, 154.0, 139.8, 139.3, 135.1, 134.9,
133.5,131.3,129.7,127.6, 127.5, 125.7, 125.6, 120.5, 119.8, 119.3, 118.4, 110.1, 108.3, 91.3, 48.8,
12.1,9.6.

HRMS (ESI-TOF) calcd. for C2;H22BrNNaO; [M + Na]* 494.0726; found: 494.0742.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)-5-(p-tolyl)furan-2(5H)-one (3t)

Light yellow solid; 70.1 mg, 86% yield; 77:23 dr, 96% ee/(minor 21% ee); [a]o?° = -412.0 (c 1.00,
CH.CIy) for major diastereomer; m.p. 120.8-121.3 <€;

The ee was determined by HPL.C (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A = 254 nm, major diastereomer: tminor = 10.4 min, tmajor = 14.4 min, minor diastereomers: tminor =
23.7 min, tmajor = 29.9 min);
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'H NMR (300 MHz, CDCls) & (major diastereomer) 7.84 (s, 1H), 7.71-7.57 (m, 1H), 7.45-7.40 (m,
2H), 7.40-7.33 (m, 2H), 7.20-7.13 (m, 1H), 7.13-7.00 (m, 8H), 5.30 (s, 1H), 2.26 (s, 3H), 2.12 (s,
3H), 1.38 (d, J = 1.5 Hz, 3H).

13C NMR (75 MHz, CDCls) 8 (major diastereomer) 174.3, 153.7, 139.3, 137.5, 136.3, 134.8, 133.9,
130.2, 129.6, 129.0, 127.8, 126.6, 126.0, 125.1, 121.1, 119.7, 118.0, 110.4, 109.9, 91.9, 48.7, 21.1,
12.8, 10.0.

HRMS (ESI-TOF) calcd. for C2sH2sNNaO2 [M + Na]* 430.1778; found: 430.1793.

(S)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)-5-(naphthalen-2-yl)furan-
2(5H)-one (3u)

Light red solid; 69.1 mg, 78% vyield; 72:28 dr, 93% ee/(minor 30% ee); [a]o?® = -396.1 (c 1.00,
CH.Cly) for major diastereomer; m.p. 116.3-117.2 <€;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 0.5 mL/min,
A =254 nm, major diastereomer: tminor = 34.7 Min, tmajor = 54.0 min, minor diastereomers: tminor =
97.0 min, tmajor = 105.3 min);

'H NMR (300 MHz, DMSO-ds) 8 (major diastereomer) 10.78 (s, 1H), 8.12 (s, 1H), 7.95-7.77 (m,
5H), 7.69 (s, 1H), 7.51-7.43 (m, 4H), 7.17 (d, J = 7.5 Hz, 1H), 7.10-7.01 (m, 2H), 6.95-6.91 (m,
3H), 5.45 (s, 1H), 2.39 (s, 3H), 1.37 (s, 3H).

13C NMR (75 MHz, DMSO-ds) 8 (major diastereomer) 173.1, 154.3, 140.0, 137.3, 134.9, 133.5,
132.7, 131.9, 129.7, 128.1, 127.9, 127.6, 127.4, 127.3, 126.3, 126.2, 125.5, 125.4, 123.8, 123 .4,
119.7,119.3, 118.3, 110.1, 108.5, 91.7, 48.8, 12.1, 9.6.

HRMS (ESI-TOF) calcd. for Cs1H2sNNaO» [M + Na]* 466.1778; found: 466.1764.

3. Scale-up experiment

Ph Q
Ts o Me D (5 mol %)
Cs,CO3 (0.5 eq)
A\ M + —_—
€ CHCly, rt, 10 h
N
H
Cl
1a 2r

In an ordinary vial equipped with a magnetic stirring bar, the f,y-unsaturated butenolide 2r (4.5
mmol, 1.5 equiv) was added to a solution of arylsulfonyl indole 1a (3.0 mmol, 1.0 equiv), catalyst
D (5 mol %) and Cs,CO3 (1.5 mmol, 0.5 equiv) in CH2Cl; (30 mL) at the room temperature. And
then, the whole was stirred for 10 h until the completion of the reaction, as indicated by TLC. Finally,
the reaction mixture was directly purified by flash chromatography on silica gel (PE/EA/DCM =
8:1:1) and obtained the product 3r (0.85 g, 66% vyield, 61:39 dr, 94% ee).
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4. Procedure for the synthesis of 4, 5 and 6

4.1 Synthesis of compound 4

A solution of 3r (85.6 mg, 0.2 mmol, 1.0 equiv) in dry THF (2 mL) was added DMAP (24.4
mg, 10 mol %), EtsN (36 L, 0.26 mmol, 1.3 equiv) and di-tert-butyl carbonate (60 L, 0.26 mmol,
1.3 equiv) dropwise at room temperature and stirred for 96 h. After completion of the reaction, as
indicated by TLC, the mixture was concentrated under reduced pressure and purified by flash
column chromatography on silica gel (PE/EA = 10/1) to afford product 4 (71.2 mg, 67% vyield) as a

light red solid.
cl
o)
\\©/ (Boc),0 (1.3 equiv)
N DMAP (10 mol %)

Ph EtsN (1.3 equiv)

Me THF, rt, 96 h

tert-butyl 3-((S)-((S)-2-(4-chlorophenyl)-4-methyl-5-ox0-2,5-dihydrofuran-2-
yl)(phenyl)methyl)-2-methyl-1H-indole-1-carboxylate (4)

White solid; 71.2 mg, 67% yield; >20:1 dr, 94% ee; [a]o?® = -552.8 (¢ 1.00, CH,Cl,); m.p. 119.9-
120.7 €;

The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 0.5 mL/min,
A =254 nm, tminor = 10.2 min, tmgjor = 12.1 min);

!H NMR (400 MHz, CDCls) & (major diastereomer) 8.04 (s, 1H), 7.66-7.56 (m, 1H), 7.45 (d, J = 8.2
Hz, 2H), 7.39 (d, J = 7.6 Hz, 2H), 7.34-7.22 (m, 3H), 7.19 (s, 1H), 7.14-7.08 (m, 2H), 7.07-6.98 (m, 2H),
5.31 (s, 1H), 2.57 (s, 3H), 1.65 (s, 9H), 1.51 (s, 3H).

13C NMR (101 MHz, CDClIs) & (major diastereomer)173.4, 152.6, 150.7, 138.1, 138.0, 135.7, 135.6,
133.8, 130.0, 129.2, 129.1, 128.9, 128.1, 127.9, 127.2, 126.5, 126.4, 123.6, 122.7, 116.5, 115.2, 90.7,
48.2, 28.3, 14.6, 10.2.

HRMS (ESI-TOF) calcd. for C3,H3CINNaO4 [M + Na]* 550.1761; found: 550.1762.

4.2 Synthesis of compound 5

A solution of 3a (0.5 mmol, 196.7 mg) in MeOH (6 mL) was treated with 10% palladium on
charcoal (10 wt %) and hydrogenated for 6 h at room temperature. The mixture was filtered through
a pad of Celite, and the filtrate was concentrated under reduced pressure, and then purified by
column chromatography (PE/EA = 6/1) to give the target product 5 (133.8 mg, 68% yield) as a white
solid.
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(3S,5R)-3-methyl-5-((S)-(2-methyl-1H-indol-3-yl)(phenyl)methyl)-5-phenyldihydrofuran-
2(3H)-one (5)

White solid; 133.8 mg, 68% yield; >20:1 dr, 91% ee; [a]o?® = -137.5 (¢ 1.00, CH2Cl,); m.p. 78.2-
79.3 €;

The ee was determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,
A =254 nm, tminor = 17.1 min, tmajor = 18.6 min);

'H NMR (300 MHz, CDCls3) 8 (major diastereomer) 8.02-7.76 (m, 2H), 7.53-7.37 (m, 2H), 7.34 (d,
J=7.1Hz, 2H), 7.28-7.19 (m, 3H), 7.19-7.07 (m, 3H), 7.07-6.91 (m, 3H), 4.91 (s, 1H), 2.60-2.47
(m, 1H), 2.47-2.34 (m, 1H), 2.28 (s, 3H), 2.26-2.16 (m, 1H), 0.82 (d, J = 6.7 Hz, 3H).

13C NMR (75 MHz, CDCls) 8 (major diastereomer) 179.6, 143.4, 139.9, 135.1, 133.8, 130.0, 128.8,
128.5, 128.4, 127.9, 127.7, 127.3, 125.9, 125.3, 121.2, 119.9, 110.4, 89.8, 52.0, 42.6, 33.9, 14.4,
13.1.

HRMS (ESI-TOF) calcd. for C27H2sNNaO; [M + Na]* 418.1783; found: 418.1775.

4.3 Synthesis of compound 6

A solution of 3a (0.3 mmol, 117.9 mg) in a mixture of EA (1.5 mL) and MeCN (1.5 mL) was
added dropwise to a solution of RuCls (7.2 mol %, 4.5 mg) and NalO4 (0.45 mmol, 96.0 mg, 1.5
equiv) in H20 (0.5 mL) at 0°C, and the mixture was stirred vigorously for 15 min, and then moved
to room temperature with stirring for 4 h. After the addition of a saturated Na,S,03 aqueous solution,
the mixture was extracted with EA and the combined organic layers were washed with brine and
dried over anhydrous Na,SOa. The solvent was removed in vacuo and the residue was purified by
column chromatography (PE/EA = 4/1), affording product 6 (38.8 mg, 30% yield) as a light red
solid.

Me o
o/ 5
RuCl; (7.2 mol %), NalO, (1.5 equiv) o
EA/MeCN/H,O (viviv = 3:3:1) Ph
0°Ctort,4h j\H
(@] Me
6

N-(2-((S)-2-((R)-4-methyl-5-oxo-2-phenyl-2,5-dihydrofuran-2-yl)-2-
phenylacetyl)phenyl)acetamide (6)
Me o)

o/O

“Ph
Ph
NH
(e} Me
Light yellow solid; 38.8 mg, 30% yield; >20:1 dr, 96% ee; [a]o?® = +205.5 (¢ 1.00, CH,Cl.); m.p.
213.8-214.7 €;
The ee was determined by HPLC (Chiralpak OD-H, i-PrOH/hexane = 5/95, flow rate 1.0 mL/min,

/1 = 254 nm, tminor = 241 min, tmajor = 284 mln),
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IH NMR (400 MHz, CDCls) & (major diastereomer) 11.14 (s, 1H), 8.55 (d, J = 7.5 Hz, 1H), 8.07
(d,J=1.7 Hz, 1H), 7.69 (d, J = 6.6 Hz, 1H), 7.50 (dd, J = 8.0, 1.5 Hz, 2H), 7.45-7.38 (m, 1H), 7.33-
7.24 (m, 8H), 7.02-6.84 (m, 1H), 5.59 (s, 1H), 2.21 (s, 3H), 1.72 (d, J = 1.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) & (major diastereomer) 201.6, 171.9, 169.2, 149.0, 141.2, 138.7,
135.3,132.4, 131.6, 130.8, 130.2, 128.8, 128.7, 128.6, 128.5, 127.0, 122.6, 121.9, 121.1, 89.3, 64.2,

25.6, 10.6.

HRMS (ESI-TOF) calcd. for C27H23NNaO4 [M + Na]* 448.1525; found: 448.1503.

5. X-ray crystal data for compounds 3s and 6

Crystal data and structure refinement for 3s (CCDC 2060266)

3s CCDC 2060266

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pcalcg/ cmd
wmm?

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections

Co7H22BIrNO>
472.36

293(2)
orthorhombic
P21212;

9.5545(2)
10.0115(3)
24.6214(5)

90

90

90

2355.17(10)

4

1.332

2.551

968.0

0.17 x<0.13 =<0.009
CuKo (A= 1.54184)
7.18 t0 134.142
“7<h<I11,-11<k<10,-20<1<29
8533

4210 [Rint = 0.0293, Rsigma = 0.0392]

Data/restraints/parameters 4210/2/290

Goodness-of-fit on F? 1.035
R1=0.0431, wR, = 0.0954
R1 =0.0554, wR, = 0.1053

Final R indexes [[>=20c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A3 0.30/-0.28
Flack parameter -0.029(13)
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Crystal data and structure refinement fo

r 6 (CCDC 2060270)

Me o)

o [/
o)

Ph

Ph
NH

O}\Me

6 CCDC 2060270

Identification code 6

Empirical formula C27H23NO4
Formula weight 425.46
Temperature/K 293(2)

Crystal system triclinic

Space group P-1

alA 10.2533(10)

b/A 10.7469(10)

c/A 11.7360(9)

a/° 93.016(7)

/e 99.314(7)

y/° 116.142(10)
Volume/A3 1134.4(2)

z 2

Peaicg/cm?® 1.246

wmm'! 0.676

F(000) 448.0

Crystal size/mm3 0.15 %0.12 x<0.1
Radiation CuKoa (A =1.54184)
20 range for data collection/° 7.711t0134.122
Index ranges -12<h<10,-7<k<12,-14<1<13
Reflections collected 7932

Independent reflections 4034 [Rint = 0.0358, Rsigma = 0.0519]
Data/restraints/parameters 4034/0/295
Goodness-of-fit on F? 1.044

Final R indexes [I>=2c (I)] R: = 0.0525, wR; = 0.1223
Final R indexes [all data] R1 =0.0874, wR2 = 0.1505
Largest diff. peak/hole / e A3 0.18/-0.16
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6. The copies of 'H NMR, *C NMR and HPLC spectra of compounds 3, 4, 5 and

6

'H NMR, 3C NMR and HPLC spectra of 3a
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EAYSP\LC\YSP-28.lcd

200 DetA Chi
1 8 =
100- s @ 8
| e . RN
|\ ]\ ~ A | \
0 A S S St —
i T T T T T T T ‘ T T ‘ T T T T | T | T T T ‘ T T T
0 10 15 20 25 30
min
1 Det. A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 10.866 2608990 86740 17.900
2 13.174 2640939 85806 18.119
3 24.927 4648150 72947 31.890
4 29.052 4677329 54652 32.091
Total 14575408 100.000
EAYSP\LC\YSP-55"Icd
mV
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1000+ H
4 | '\
] [ o 2
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4 s | \ b o
oA e —
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0 5 10 15 20 25 30
min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 10.743 918616 23982 1.141
2 12.659 59714592 1334460 74189
3 24512 7032579 108388 8.737
4 27.629 12823503 153932 15.932
Total 80489290 100.000
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'H NMR, 3C NMR and HPLC spectra of 3b
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PeakTable
Detector A Chl 254nm
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'H NMR, 3C NMR and HPLC spectra of 3f
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'H NMR, 3C NMR and HPLC spectra of 3g
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Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 11.977 7559073 151868 50.085
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Total 15092527 100.000
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'H NMR, 3C NMR and HPLC spectra of 3h
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1 29.892 6684332 46245 49 846
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Total 13409883 100.000
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'H NMR, 3C NMR and HPLC spectra of 3i
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'H NMR, 3C NMR and HPLC spectra of 3j

00re 1—

c_@c.m
m.wmm.w/
088%'C
1v6t'T
F008'CT
9908°T
LTIST

BL6SE

STTTS—

8TFR'9
60L8°9
TLOBO
£0E6'9

LTETL
FRST'L
ST8I'L

80T L2
8TLTL
L66TL
€81¢L
1STEL
€18S°L
LSLS'L
€199°L

SPFLOT—

66T

el

Fuot

ch.o

ey
0z
Lscr
91°¢
60

660

10.0

10.5

1.0

1.5

12.0

12.5

f1 (ppm)

66'16—

6801~
01~
scgll
€961~
6611~
$TSTI
mm,nm_w\.
0§°LT1
L8'LTL
PERTI
8Tl
LL6T1
LFEl
69°FE
9rseif
€rLEl
66'6€1
PRPE1

I ELl—

I

f1 (ppm)

60

110

T T T
170 160 150 140 130 120

T
180

T
190

S33



E:\YSP\LC\YSP-2020-22A-3.Icd

mV
1 Det. A Ch1
3000—
2000
] o 3
1000 ol
] )
] [ AR WA
0 - S ,,ﬁ;%iw-i/\, [
T T T T T T T | T T T T ‘ T T T | T
0 10 15 20 25
min
1 Det.A Ch1/254nm
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Detector A Chl 254nm
Peak# Ret. Time Area Height Area %o
1 9.219 32535785 1214550 50.048
2 10.945 32473279 1230594 49952
Total 65009063 100.000
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1 9.593 791130 21712 4.340
2 11.118 17439354 590343 95.660
Total 18230485 100.000
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PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %o
1 7.274 9650333 224266 49.763
2 9.335 9742447 200554 50.237
Total 19392780 100.000
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1 7.325 2194649 51379 5.888
2 9.368 35076888 718780 94.112
Total 37271537 100.000
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'H NMR, 3C NMR and HPLC spectra of 3l
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1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 8.611 4084566 122819 50.113
2 12.319 4066168 99409 49.887
Total 8150733 100.000
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 8.637 1995741 66018 7.197
2 12.102 25734176 675830 92.803
Total 27729917 100.000
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'H NMR, 3C NMR and HPLC spectra of 3m
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1 Det.AChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 31.208 6174210 59272 50.269 54 228
2 35.225 6108132 50030 49.731 45772
Total 12282342 109302 100.000 100.000
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1 31.547 23015564 208584 96.262 96.172
2 35.811 893666 8302 3.738 3.828
Total 23909230 216886 100.000 100.000
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'H NMR, 3C NMR and HPLC spectra of 3n
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HPLC of major 3n
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1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 8.218 18729163 564340 50.125
2 12.882 18636074 373536 49 875
Total 37365237 100.000
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1 Det.ACh1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 7.897 851279 25608 2616
2 12.506 31689272 614082 97.384
Total 32540552 100.000
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HPLC of minor 3n

EAYSPALC\YSP-2020-14-C.led
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peaktt Ret. Time Area Height Area %
1 13.503 6238017 109034 50.182
2 19.908 6192886 71425 49818
Total 12430904 100.000
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1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 13.712 3377401 54716 34.773
2 19.743 6335194 75281 65.227
Total 9712595 100.000
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'H NMR, 3C NMR and HPLC spectra of 30
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HPLC of major 30
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1 Det. A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 14.100 5934430 58564 49.733 51.995
2 16.714 5998073 54070 50.267 48.005
Total 11932504 112634 100.000 100.000
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1 Det. A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 14 456 2572219 30497 4.866 6.031
2 16.531 50291293 475194 95.134 93.969
Totall 52863512 505691 100.000 100.000



HPLC of minor 30

EAYSP\LC\YSP-2020-21-C'.led
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %o
1 11.291 4659489 110935 49.687
2 13.271 4718178 83988 50.313
Total 9377667 100.000
EAYSP\LC\YSP-2020-21-D.led
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PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 11.568 9301351 204055 38.540
2 13.519 14833029 257464 61.460
Total 24134380 100.000
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'H NMR, 3C NMR and HPLC spectra of 3p
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E:\YSP\LC\YSP-2020-20-AA-1-4 lcd
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 5.524 2610528 186660 49306
2 6.230 2684017 317594 50.694
Total 5294546 100.000
EAYSP\LC\YSP-2020-20-BB.lcd
mV
| - Det.A Ch1
1000 |

500 (|
J o
0 - T = T '
: — — T T T —
0 1 2 4 6 7 9
min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 5.557 171778 11749 1.909
2 6.153 8825149 1061484 98.091
Total 8996926 100.000
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'H NMR, 3C NMR and HPLC spectra of 3q
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E\YSP\LC\YSP-2020-2-00.lcd
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 6.256 2056830 124858 10.214
2 7.589 2139048 103931 10.623
3 8.593 7983768 281929 39.648
4 23.967 7957086 139724 39515
Total 20136731 100.000
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PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 6.286 36452823 1974457 69.668
2 7.653 1423375 72519 2.720
3 8.688 4776712 215115 9.129
4 24.126 9670705 187252 18.482
Total 52323615 100.000
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'H NMR, 3C NMR and HPLC spectra of 3r
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1 Det. A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 12.962 2216509 30083 7.096 12.666
2 20.459 2271329 29387 7.272 12.373
3 32.834 13358313 97738 42.768 41.151
4 38.151 13388180 80305 42 864 33811
Total 3123433 237513 100.000 100.000
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4 39.236 7984291 48878 17.543 933
Total 45512297 523470 100.000 100.000
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'H NMR, 3C NMR and HPLC spectra of 3s

ELSE T —

mcvm.m
ntwv.m/
6£6¥'C
00s'T
$90$'T
8TIST

T0LTS—
71989
€0689
€9169
v6£6'9
PEL6'D
61669
SLIOL
9TTo'L
8580°L-F
€901 LA
siirLdf
19c1 L4
1291°L
66LE L4
€50+ L]
£L08¥ L]
SL8Y L
£205°L 1
£60S'L
7875 L
1LL5 L
L869 LA

8C9L01—

Br

F00°€

Wmm.m

Feeo

0T

60'1
T61°¢
70T

454
00°¢
86°0

Foo1

6.5 6.0

7.0

10.5 10.0

11.0

096~
el

69'8¢
96'8¢
vTot
(433
08'6¢

M

800t
SE0T
08'8y—

9T 16—

1 (ppm)

ST801~
crom-—
LESTI
R
8L611]
£5°021
£9°521
sl
15421
194214
89'621
SETEN
16°€ET
P6HE1
:.mmi\
LT6ET
8L°6€1
86°¢514
S8TLI—

St

"

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
200

S53



00000

ISOOO(Fi
100000 \
] o 3 Tz
] g 3 S
i w A nAF
50000+ N /\ AN
1| i
I || | [ \
dN S g NN —
-SOOO(Fi
— — — — . — —— ‘
0 10 20 30 40 50 60 70
min
1 Det.A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 15.672 4820066 51822 16415 23.533
2 24.440 4912528 56176 16.730 25.511
3 44 158 9864787 59449 33.595 26.997
4 48.454 9766643 52761 33.261 23.959
Total 29364024 220208 100.000 100.000
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4 48 463 17294729 107077 17.070 8.179
Total 101318860 1309162 100.000 100.000
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'H NMR, 3C NMR and HPLC spectra of 3t
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Peak# Ret. Time Area Height Area % Height %
1 10.381 5392637 89052 26.038 34.808
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3 24.012 4969463 48252 23.995 18.860
4 30.605 4950481 33082 23.903 12.931
Total 20710619 255836 100.000 100.000
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4 29.951 5989098 41763 13.761 6.935
Total 43523147 602192 100.000 100.000
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'H NMR, 3C NMR and HPLC spectra of 3u
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'H NMR, 3C NMR and HPLC spectra of 4
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'H NMR, 3C NMR and HPLC spectra of 5
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'H NMR, 3C NMR and HPLC spectra of 6
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