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General information

Unless otherwise noted, materials were purchased from commercial suppliers and used
without further purification. Column chromatography was performed on silica gel (200~300
mesh). Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial
chiral columns as stated at 30 T with UV detector at 254 nm. Optical rotations were reported as
follows: [a]" b (c g/100 mL, solvent). All *H NMR and °F NMR spectra were recorded on a
Bruker Avancell 400 MHz and Bruker Avance III 471 MHz respectively, 1*C NMR spectra
were recorded on a Bruker Avancell 101 MHz or Bruker Avance III 126 MHz with chemical
shifts reported as ppm (in CDCls, TMS as internal standard). Data for *H NMR are recorded as
follows: chemical shift (8, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, br
= broad singlet, dd = double doublet, coupling constants in Hz, integration). HRMS (ESI) was
obtained with a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 5
was assigned by the X-ray analysis.

4-1sothiocyanato pyrazolones® and 3-ylideneoxindoles? were prepared according to the
literature procedures. The racemic products were synthesized using quinine/quinidine = 1:1 as
catalyst.

Experimental procedures and characterization of products 3aa-3ag and 4-7

General procedure: synthesis of compound 3aa-3ag
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To a Schlenk tube equipped with a magnetic stir bar was charged with compound 1 (0.2
mmol) and C3 (5 mmol %), followed with DCM (2 mL). Compound 2 (0.24 mmol) was then
added in one portion. The reaction mixture was stirred at room temperature. When compound 1
was consumed as checked by TLC, the reaction was stopped and purified by column
chromatography on silica gel directly to give the product 3.

Prepared according to the general procedure within 7 h as white solid
(104.4 mg, 89% vyield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [a]® = 97.7 (c 0.79, CHCl,); Mp 150.1-153°C; 'H NMR
(400 MHz, Chloroform-d) & 9.13 (s, 1H), 8.06 (d, J = 7.9 Hz, 2H), 7.82
(d, J = 6.9 Hz, 2H), 7.63-7.54 (m, 3H), 7.44 (t, J = 7.9 Hz, 2H),
3aa 7.41-7.36 (m, 2H), 7.30-7.24 (m, 4H), 7.05 (t, J = 7.7 Hz, 1H), 6.66 (d, J

= 7.8 Hz, 1H), 6.47 (t, J = 7.6 Hz, 1H), 5.22 (d, J = 7.6 Hz, 1H), 5.05 (s,

1H), 4.99 (d, J = 16.0 Hz, 1H), 4.92 (d, J = 16.0 Hz, 1H), 3.75-3.67 (m, 1H), 3.57-3.49 (m, 1H),
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0.38 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, Chloroform-d) & 202.0 , 174.6 , 168.9 , 165.1 ,
143.8,137.5,135.2,131.3,130.5,129.9, 129.3 , 129.20, 129.1, 128.6 , 127.7 , 127.6 , 127.5,
125.9,123.7,122.7,119.2,109.5,73.9,68.2,61.4,58.4,44.7,12.9 ; HRMS (ESI) m/z Calcd
for CssH2oN4O4S* ([M+H]*) 601.1904, Found 601.1901; Enantiomeric excess was determined to
be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm,
30 °C, 0.8 mL/min, tmajor = 8.4 MiN, tminor = 37.5 min).
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1 10.040 MM 0.9337 48B06.35059 B5.79714 49.0482
2 35.415 MM 6.1768 4992.68652 13.47171 50.9508
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1 8.437 BB 0.9987 2.818%c6ed 37B.578B37 99.39%48
2 37.522 MM 1.6306 171.70578 1.75504 0.6054

Prepared according to the general procedure within 7 h as white solid
(105.6 mg, 86% vyield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [a]5 = 92.6 (c 0.43, CH:Cl,); Mp
160.1-162.9 °C; 'H NMR (400 MHz, Chloroform-d) & 8.81 (s, 1H),
8.04 (dd, J =8.7, 1.2 Hz, 2H), 7.55 (d, J = 7.7 Hz, 1H), 7.50-7.45 (m,
4H), 7.40 (d, J = 6.7 Hz, 2H), 7.30-7.25 (m, 5H), 7.04 (td, J = 7.8, 1.1
Hz, 1H), 6.65 (d, J = 7.9 Hz, 1H), 6.43 (td, J = 7.6, 1.0 Hz, 1H), 5.12
(s, 1H), 5.07 (dd, J = 7.7, 1.1 Hz, 1H), 4.99 (d, J = 8.0 Hz, 1H), 4.96
(d, J = 12.0 Hz, 1H), 3.86-3.78 (m, 1H), 3.60-3.47 (m, 1H), 2.67 (s,
3H), 0.43 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 201.9, 168.3, 143.8, 139.2,
137.5, 135.2, 132.1, 130.7, 130.4, 129.1, 128.6, 127.7, 127.6, 127.5, 126.5, 125.9, 123.6, 122.7,
119.1, 109.4, 67.6, 61.4, 58.4, 44.7, 20.5, 13.0; HRMS (ESI) m/z Calcd. for CssH31N4O4S*
(IM+H]") 615.2061, Found 615.2060; Enantiomeric excess was determined to be 98%

3ba

S2



(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C,

08 mL/mln, tmajor = 90 min, tminor = 408 mln)
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1 9.488 FPB 0.6855 5T784.919%92 123.2711E 50.8947
2 39.037 MM 6.3312 56Z26.36475 14.81122 49,3053
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1 B.988 PB 0.9032 1.09070e4 200.31203 99.0255
2 40.826 MM 1.6750 107.33015 1.067494 0.9745

3ca

Prepared according to the general procedure within 7 h as white solid
(110.5 mg, 90% vyield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [a]; = 70.2 (c 0.64, CH2Cl,); CH.Cl,); Mp 146.5-148.0°C;
'H NMR (400 MHz, Chloroform-d) & 8.85 (s, 1H), 8.06 (d, J = 8.1 Hz,
2H), 7.61 (d, J = 7.2 Hz, 2H), 7.46-7.38 (m 6H), 7.31-7.24 (m, 4H), 7.06
(t, J =7.7 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.48 (t, J = 7.6 Hz, 1H),
5.29 (d, J = 7.6 Hz, 1H), 5.05 (s, 1H), 4.96 (s, 2H), 3.77-3.65 (m, 1H),
3.57-3.49 (m, 1H), 2.41 (s, 3H), 0.39 (t, J = 7.1 Hz, 3H); *C NMR (101
MHz, Chloroform-d) & 202.1, 168.9, 165.1, 158.0, 143.9, 139.0, 137.6,

135.2, 131.2, 131.1, 130.3, 129.2, 129.2, 129.1, 128.6, 127.6, 127.5, 126.9, 125.9, 123.7, 122.6,

119.1, 109.5, 61.4, 58.3,

44.7, 215, 13.0; HRMS (ESI) m/z Calcd. for CssHa1N404S* ([M+H]*)

615.2061, Found 615.2061; Enantiomeric excess was determined to be 99% (determined by
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HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min,
tmajor = 9.4 min, tminor = 35.8 min)

DADT A, Sig=254 4 Ref=360,100 (CHPCHEM\T\DATAWSG 7061206.0)
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1 10.5%94 MM 1.2711 3.53410e4 463.37820 50.4437
2 29,582 MM T.0395 3.47193e4 B2.20084 49.5583
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1 9.387 BB 0.8639 2.208%94ed  402.76300 99.4143

2 35.863 MM 0.8972 130.12835 2.41743  0.5857

Prepared according to the general procedure within 7 h as white solid
(106.8 mg, 87% vyield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [o]3 = 70.2 (c 0.64, CH2Cl,); Mp 146.5-148.0°C; ‘*H NMR
o (400 MHz, Chloroform-d) 6 8.90 (s, 1H), 8.06 (d, J = 8.0 Hz, 2H), 7.69 (d,
"'COOEt J = 8.1 Hz, 2H), 7.47-7.35 (m, 6H), 7.29-7.23 (m, 4H), 7.06 (td, J = 7.8,
1.2 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.47 (td, J = 7.6, 1.0 Hz, 1H), 5.23
(dd, J=7.8, 1.1 Hz, 1H), 5.05 (s, 1H), 5.00 (d, J = 16.0 Hz, 1H), 4.94 (d, J
= 16.0 Hz, 1H), 3.75-3.65 (m, 1H), 3.57-3.49 (m, 1H), 2.48 (s, 3H), 0.38 (t,
J = 7.1 Hz, 3H); *3C NMR (101 MHz, Chloroform-d) § 202.0 , 168.9 ,
165.1,143.9, 140.9, 137.6, 135.2, 129.9, 129.8, 129.2, 129.0, 128.6, 128.3, 127.6, 127.5, 125.8,
123.8, 1225, 119.1, 109.5, 73.8, 68.1, 61.3, 58.3, 44.7, 21.5, 13.0; HRMS (ESI) m/z Calcd. for
CasH31N4O4S* ([M+H]*) 615.2061, Found 615.2059; Enantiomeric excess was determined to be
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99% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm,
30 OC, 08 mL/mln, tmajor = 108 min, tminor = 345 mln)

T Y T T min|
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# [min] [min] ImAT*= ] [mALD] %
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1 10.560 MM 1.1970 3.01423e4 419.70874 50.2958

2 29.501 MM 6.8562 2.97880e4 T2.41100 49.7044
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1 10.840 PB 0.9270 1.82658ed4  299.72717 99.4306
2 34,450 MM 1.3645 104.59440 1.27757 0.5694

Prepared according to the general procedure within 5 h as white solid
(107.5 mg, 87% vyield) after silica gel chromatography (EtOAc/petroleum
N.\-Ph  ether = 1/6). [a]® = 73.4 (c 1.36, CH.Cl,); Mp 150.1-153.7°C;'H NMR
NN (400 MHz, Chloroform-d) & 9.36 (s, 1H), 8.00 (d, J = 7.8 Hz, 2H),
"’CO%Et 7.87-7.80 (m, 2H), 7.44-7.35 (m, 4H), 7.30-7.22 (m, 6H), 7.09 (td, J = 7.8,
1.2 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.56 (d, J = 7.6 Hz, 1H), 5.35 (dd, J
= 7.8, 1.1 Hz, 1H), 5.05 (s, 1H), 4.98 (d, J = 16.0 Hz, 1H), 491 (d, J =
16.0 Hz, 1H) 3.72-3.64 (, 1H), 3.55-3.47 (m, 1H), 0.36 (t, J = 7.2 Hz, 3H);
F NMR (470 MHz, Chloroform-d) & -109.09 (m).*3C NMR (101 MHz,
Chloroform-d) 5 201.8, 169.1, 165.2, 164.1 (d, J = 253.5 Hz), 157.2, 143.9, 135.1, 132.2 (d, J =
9.0 Hz), 129.4, 129.0, 128.6, 127.8, 127.7, 127.5, 125.9, 123.4, 122.7, 119.2, 116.3 (d, J = 21.2
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Hz), 109.7, 73.8, 68.3, 61.4, 58.4, 44.7, 13.0; HRMS (ESI) m/z Calcd. for CasH2sFN4OsS*
(IM+H]*) 619.1810, Found 619.1810; Enantiomeric excess was determined to be 96%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C,
0.8 mL/min, tmajor = 15.3 min, tminor = 66.9 min)
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1 9.724 BB 0.7600 9850.43555 205.22461 50.2037

2 19,022 MM 3.3859 9770.48145 48.09373 49.7963
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1 9.625 MM 0.9115 1.82927ed4  334.47070 97.7859

2 20.903 BB 1.1706 414.19626 4.21462 2.2141

Prepared according to the general procedure within 18 h as white solid
(110.5 mg, 85% yield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [a]y = 50.6 (c 0.36, CH2Cl,); Mp 163.5-164.7 °C; *H NMR
(400 MHz, Chloroform-d) 6 8.97 (s, 1H), 8.61 (d, J = 8.3 Hz, 1H), 8.06 (d,
J =82 Hz, 3H), 7.95 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.2 Hz, 1H),
7.63-7.50 (m, 3H), 7.44 (t, J = 7.8 Hz, 2H), 7.34 (d, J = 7.0 Hz, 2H),
7.28-7.20 (m, 4H), 6.92 (t, J = 7.7 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H), 6.19
(t, J = 7.7 Hz, 1H), 5.14 (s, 1H), 4.92 (s, 2H), 4.81 (d, J = 7.7 Hz, 1H),
3.69-3.61 (m, 1H), 3.51-3.40 (m, 1H), 0.26 (t, J = 7.1 Hz, 3H); 3C NMR
(101 MHz, Chloroform-d) & 202.2, 168.5, 165.1, 143.7, 137.5, 135.1,
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134.2, 131.6, 131.1, 129.1, 128.9, 128.9, 128.6, 128.3, 127.8, 127.7, 127.6, 127.4, 127.3, 126.9,
126.6, 126.0, 125.2, 123.5, 122.4, 119.2, 109.4, 67.6, 61.4, 58.5, 44.7, 12.9; HRMS (ESI) m/z
Calcd. for CsgH3iN4OsS* ([M+H]*) 651.2061, Found 651.2060; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 9.9 Min, tminor = 69.9 Min).

GADT A, Sig=254 4 Rel=360,100 (WSQ\ 7061601 D)
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1 10.233 PE 0.7628 2BT7RB.E666T75 60.10473 50.61B4
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el EEEEE e R | =mmmmmmmmm | === |
1 9.862 BB 0.8759 7265.90674 115.82347 99.8349

2 69.943 MM 0.8497 26.62778 5.2228le-1 0.3651

Prepared according to the general procedure within 7 h as white solid
(113.1 mg, 87% yield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [a]5 = 61.0 (¢ 0.73, CH.Cl,); Mp
150.1-153.1°C; *H NMR (400 MHz, Chloroform-d) & 8.98 (s, 1H), 8.26
(s, 1H), 8.12 (d, J = 8.1 Hz, 2H), 8.01 (q, J = 8.6 Hz, 2H), 7.90 (dd, J =
20.0, 8.2 Hz, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.50-7.44 (m, 3H), 7.41-7.33
(m, 2H), 7.28-7.21 (m, 4H), 6.91 (t, J = 7.7 Hz, 1H), 6.60 (d, J = 7.8 Hz,
1H), 5.98 (t, J = 7.6 Hz, 1H), 5.35 (d, J = 7.7 Hz, 1H), 5.10 (s, 1H), 4.94
(s, 2H), 3.69-3.58 (m, 1H), 3.57-3.45 (m, 1H), 0.34 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, Chloroform-d) & 202.1, 174.7, 169.0, 165.2, 157.6,
143.8, 137.6, 135.1, 133.9, 129.4, 129.1, 129.1, 129.0, 128.7, 128.6, 127.7, 127.6, 127.6, 127.5,
127.0, 126.2, 125.9, 123.7, 122.4, 119.2, 109.5, 73.8, 68.3, 61.3, 58.5, 44.7, 12.9; HRMS (ESI)
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m/z Calcd. for CsgH3iN4O4S* ([M+H]*) 651.2061, Found 651.2058; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A=254 nm, 30 OC, 0.8 mL/mln, tmajor =114 min, tminor =727 mln)

GADT A, Sig=254 4 Rel=360,100 (WS@\1 7062101 0)
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1 11.364 VB 0.9819 1.38567e4 221.49254 50.0390
2 T2.845 MM 13.5739 1.38351e4 16.98738 49.9610
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1 11.388 BB 0.9503 1.56004e4 233.8B48BB5 99.9373
2 T2.697 MM 0.3188 9.79043 5.1189Be-1 0.0627

Prepared according to the general procedure within 15 h as white
solid (93.2 mg, 77% vyield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [o]; = 68.8 (¢ 0.32, CH.Cl;); Mp
146.1-148.7 °C; 'H NMR (400 MHz, Chloroform-d) & 8.74 (s, 1H),
8.03 (d, J=8.0 Hz, 2H), 7.62 (d, J = 5.1 Hz, 1H), 7.55 (d, J = 3.7 Hz,
1H), 7.46-7.39 (m, 4H), 7.31-7.24 (m, 4H), 7.20 (t, J = 4.4 Hz, 1H),
7.11 (t, J = 7.8 Hz, 1H), 6.79-6.57 (m, 2H), 5.80 (d, J = 7.6 Hz, 1H),
5.02 (d, J = 12.0 Hz, 1H), 4.99 (s, 1H), 4.95 (d, J = 12.0 Hz, 1H),
3.73-3.48 (m, 2H), 0.40 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,
Chloroform-d) 6 202.1, 165.0, 153.4, 144.0, 137.4, 135.1, 130.5, 129.5, 129.0, 128.6, 127.89,
127.9, 127.5, 125.9 , 124.0, 122.7, 119.1, 109.7, 73.5, 68.3, 61.5, 58.8, 44.7, 13.0; HRMS (ESI)
m/z Calcd. for Cs3Ho7N4O4S* ([M+H]*) 607.1468, Found 607.1464; Enantiomeric excess was
determined to be 79% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 11.7 Min, tminor = 64.4 min)
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GADT A, Sig=254 4 Rel=360,100 (WS 7061903 0)

Morm.

i
20 o _§§
-40 E#P
&0 T —
-80 T T T T T T T T T Y T
40 80 80 100 miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [mAT] %
el B |====]======- | =======-—- | —===—====- | ==mmmmme |
11.850 BV 0.9290 4171.83545 69.B2580 49.5319

2 6£1.143 MM

MNorm.

80
60
40
20

-20

8.9578 4250.69287 7.90B70 50.4881
 DADT A, Sig=254 4 Rel=360,100 (WSO 7061904 D)

40 ﬁdﬁé

-60 i

80+ T T T T T T T T T T T T T ™

(] 20 40 B0 80 100 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*=] [mAI] %

—===|m—————- |====]=====-- | =========- | === | ======== |

1 11.712 vV 1.0677 6860.05957 98.59518 89.5911

3ia

5.7894 T97.01672 2.29449 10.4088

Prepared according to the general procedure within 2 h as white solid
(979 mg, 91% yield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [a]s = 85.3 (c 0.91, CH.Cly); Mp
230.1-233.7 °C; *H NMR (400 MHz, Chloroform-d) & 8.79 (s, 1H),
7.95 (d, J = 7.8 Hz, 2H), 7.46-7.37 (m, 4H), 7.36-7.20 (m, 6H),
7.09-7.00 (m, 1H), 6.80 (d, J = 7.8 Hz, 1H), 5.08 (d, J = 16.0 Hz, 1H),
4.99 (s, 1H), 4.95 (d, J = 16.0 Hz, 1H), 3.79-3.71 (m, 1H), 3.65-3.52
(m, 1H), 2.55 (s, 3H), 0.45 (t, J = 7.1 Hz, 3H); **C NMR (101 MHz,

Chloroform-d) 4 201.6, 174.2, 169.0, 165.6, 157.6, 144.1, 137.4, 135.1, 129.8, 129.0, 128.7, 128.5,
127.8, 127.6, 125.7, 123.2, 123.1, 118.9, 110.0, 73.3, 68.4, 61.6, 57.6, 44.7, 16.9, 13.0. HRMS
(ESI) m/z Calcd. for CzoH27N4O4S* ([M+H]*) 539.1748, Found 539.1747; Enantiomeric excess
was determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 15.1 min, tminor = 32.5 min)
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GADT A, Sig=254 4 Rel=360,100 (WSO 7061208 0]
Narm. 3
350 3
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T
0 5 10 15 20 25 30 35 48 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mall] %
e | ====]======= | ========== | === | === |
1 15.105 MM 1.8828 1.84400e4 163.23233 50.6237
2 27.468 MM £.3149 1.79856e4 56.40002 49.3763
[ DADT A, SIig=254.4 Rel=360,100 (WSO 7061205.0)
Morm.
350
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i} T
L R S R L R R IR LR L R A E L AL R EL L R L [ R LA N
0 5 10 15 20 25 30 35 48 min)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAal*=] [mAiT] %
e | ====]======= | === | ======—=== | =======- |
1 15.155 PB 1.8259 2.7787%e4 20B.632B1 99.2773
2 32,532 MM 1.2038 202.27237 2.80043 0.7227

Prepared according to the general procedure within 2 h as white
solid (100.5 mg, 91% yield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [a]; = 85.5 (¢ 0.91, CH:Cl,); Mp
180.1-182.0°C; *H NMR (400 MHz, Chloroform-d) & 8.98 (s, 1H),
8.00 (d, J = 8.2 Hz, 2H), 7.47-7.18 (m, 11H), 7.07 (t, J = 7.6 Hz,
1H), 6.81 (d, J = 7.9 Hz, 1H), 5.07 (d, J = 16.0 Hz, 2H ), 5.01 (s,
1H), 4.95 (d, J = 16.0 Hz, 1H ), 3.79-3.71 (m, 1H), 3.62-3.54 (m,
1H), 2.88 (g, J = 7.2 Hz, 2H), 1.48 (t, J = 7.1 Hz, 3H), 0.47 (t, J =
7.1 Hz, 3H); C NMR (101 MHz, Chloroform-d) & 201.5, 165.7, 161.4, 144.1, 137.6, 135.1,
129.8, 128.9, 128.7, 128.7, 127.7, 127.6, 125.6, 123.4, 123.2, 119.0, 110.0, 73.6, 68.6, 61.6, 57.7,
44.7, 24.0, 13.1, 9.40; HRMS (ESI) m/z Calcd. for CaiH2aN404S* ([M+H]*) 553.1904, Found
553.1904; Enantiomeric excess was determined to be 99% (determined by HPLC using chiral
AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 11.5 min, tminor
= 35.3min)
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DAD1 A, Sig=254 .4 Ref=360,100 (WSQ\17060701.D)
Norm. 3 o
1?5—5 § ,'\Q
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— ]
0 10 20 30 40 60 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e |-——— 1 -—————- | -————————- |-—=—m———- R |
1 11.3985 MM 1.2003 1.0995%e4 152.68690 49.5536

2 34.306 MM 8.6825 1.11940e4 21.48764 50.4464

DADT A, Sig=254.4 Rel=360,100 (WSOW 70R0T02.0)
Morm. J 2
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mA] %
m=——=|m—————- |====]======= |=========- |=======—— ey |
1 11.486 BB 1.3098 1.60314e4 184.47820 99.5439
2 35.312 MM 0.8494 73.44873 1.44117 0.4561

Prepared according to the general procedure within 3 h as white solid
(101.9 mg, 90% yield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [o]; = 96.1 (c 1.06, CH,Cl,); Mp 125.1-130.7°C; *H NMR
(400 MHz, Chloroform-d) & 8.63 (s, 1H), 8.00 (d, J = 8.1 Hz, 2H),
7.49-7.37 (m, 4H), 7.35-7.23 (m, 6H), 7.07 (t, J = 7.6 Hz, 1H), 6.81 (d, J =
7.9 Hz, 1H), 5.10 (d, J = 16.0 Hz, 1H), 5.01 (s, 1H), 4.95 (d, J = 16.0 Hz,
1H), 3.80-3.72 (m, 1H), 3.62-3.54 (m, 1H), 3.16-3.10 (m, 1H), 1.55(d, J =
6.6 Hz, 3H), 1.47 (d, J = 7.0 Hz, 3H), 0.48 (t, J = 7.1 Hz, 3H); *3C NMR (101 MHz, Chloroform-d)
8201.2,174.2, 168.8, 165.6, 164.4, 144.2, 137.6, 135.1, 129.8, 128.9, 128.7, 127.7, 127.6, 125.6,
123.1,123.1, 118.8, 110.0, 73.6, 68.4, 61.54 , 57.9, 44.7, 30.4, 22.6, 19.7, 13.0; HRMS (ESI) m/z
Calcd. for CspH3iN4OsS* ([M+H]*) 567.2061, Found 567.2057; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 10.2 Min, tminor = 72.0 min)

3ka
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DADT A, Sig=254 4 Rel-360,100 (WSQ\ 7061201.0)
Narrm.
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1 T T T T T T T T T
0 20 40 80 80 100 120 min]
Peak RetTime Type Width Area Height Area
# [min] [min] [mAl*=] [mAlT] %
e |====]======= |========== | ===—=—=— === I
1 9.296 BB 1.5113 2.65660e4 266.42447 50.3098
2 T71.986 MM 33.6270 2.62388e4 13.00482 45.8902
[ DADT A, Sig=254 4 Rel=360,100 (C-\HPCHEM\T\DATAWSON 7061202.0)
mAL
250
200 2
150 <
100 é\
50 §_@§'
0 ¥
o 2 0 e " s " 100 120 min
Peak RetTime Type Width Area Height Area
# [mim] [mim] [mald*=] [mAlT] %
e Rt | ====]======= | ====—————= | ===———=——- | === |
1 10.169 BB 1.0564 1.119%23e4 140.65085 99.7638
2 T72.056 MM 0.7466 26.49672 5.91485e-1 0.2362

N
/ \N/Ph

y ,&O
""COOEt

3la

2H), 0.49 (t, J = 7.1 Hz,

Prepared according to the general procedure within 2 h as white solid
(106.0 mg, 94% vyield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [o]3 = 64.2 (¢ 0.45, CH:Cl,); Mp
147.1-150.9°C;*H NMR (400 MHz, Chloroform-d) & 8.52 (s, 1H), 7.94
(d, J=8.0Hz), 7.47-7.38 (m, 5H), 7.34-7.19 (m, 5H), 7.02 (t, J = 7.6 Hz,
1H), 6.81 (d, J = 7.9 Hz, 1H), 5.10 (d, J = 16.0 Hz, 1H), 5.02 (s, 1H),
498 (d, J = 16.0 Hz, 1H), 3.82-3.76 (m, 1H), 3.64-3.56 (m, 1H),
1.99-1.92 (m, 1H), 1.49-1.38 (m, 1H), 1.34-1.26 (m, 1H), 1.24-1.10 (m,
3H); 1*C NMR (101 MHz, Chloroform-d) & 174.3, 169.0, 165.5, 161.8,

144.2,135.2, 129.7, 128.9, 128.7, 127.7, 127.6, 125.6 , 123.3, 122.9, 118.8, 110.0, 73.7, 68.2, 61.5,
57.7, 44.7, 13.1, 11.0, 9.3, 9.2; HRMS (ESI) m/z Calcd. for C32H29N404S* ([M+H]*) 565.1904,
Found 565.1906; Enantiomeric excess was determined to be 98% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 12.1

min, tminor = 471 mln)
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DADT A, Sig=254 4 Ref=360,100 (C-\HPCHEMTDATAWSON 1061302.0)
mAU
250
200 a
o
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©
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——7——————7 T "]
0 10 20 30 40 50 B0 miiny
Peak RetTime Type Width Area Height Area
# [mim] [mim] [maU*=] [m&iO] %
s===|======= | ====]======= | ========== | ========== |======== |
1 12.215 BB 1.1112 1.10930e4 156.45311 50.0533

2 42,603 MM 8.3663 1.10693e4 22.05153 49,9487

DADT A, 5ig=254.4 Ref=360,100 (C:AHPCHEMITDATAW SN F061303.0)

12127

e L B e e e L B m e e o L [ e e e e S L |
1] 10 20 30 40 50 60 rmiry

Prepared according to the general procedure within 2 h as white solid
(106.0 mg, 94% vyield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [a]; = 38.3 (c 0.68, CH2Cl,); Mp 156.1-157.9°C;*H NMR
(400 MHz, Chloroform-d) 6 8.47 (s, 1H), 7.84 (d, J = 8.1 Hz, 2H), 7.46 (t,
J =6.9 Hz, 3H), 741 (d, J = 7.3 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H),
7.33-7.23 (m, 7H), 7.14 (t, J = 7.4 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.81
(d, J=7.9 Hz, 1H), 5.06 (d, J = 15.8 Hz, 2H), 4.91 (d, J = 15.7 Hz, 1H),
4.33 (d, J = 16.4 Hz, 1H), 4.14 (d, J = 16.4 Hz, 1H), 3.84-3.70 (m, 1H),
3.67-3.53 (m, 1H), 0.47 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) & 201.2, 174.4,
169.2, 166.0, 159.9, 144.3, 137.5, 135.1, 134.5, 129.9, 129.9, 128.9, 128.7, 128.7, 127.7, 127.6,
127.2,1255, 123.4, 123.2, 118.8, 110.1, 73.6, 68.5, 61.7, 58.3, 44.8, 36.8, 13.1; HRMS (ESI) m/z
Calcd. for CseH3iN4OsS* ([M+H]*) 615.2061, Found 615.2058; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 14.2 Min, tminor = 27.2 min)
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DADT A, S1g=254 4 Re=360,100 (CHPCHERTIDATA NS0\ 7062002 D)
mAL 3
150
1253
E o
1003 e .{ﬁ?
TS-E- 3.'?- & ®
- P
&7
04
-25 _:
v v v v T T v T T T v T T v T v T v A
0 10 20 a0 £0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [mAlT] %
el |====]=====-= | =======-—= Rttt Rttt |
1 14.176 MM 2.3496 1.02345e4 72.596R9 50.8324

2 25,608 MM 6.3125 9899.36230 26.13711 49.1676

DAD1 A, Sig=254,4 Ref=360,100 (C:\HPCHEM\1\DATA\WSQ\17062105.D)
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I T T T min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e e |==== === | ===—mm——- R | -=—m=——- |
1 14.224 BB 2.1593 2.12533e4 115.04453 99.2913

2 27.150 MM 1.9634 151.70618 1.28780 0.7087

Prepared according to the general procedure within 8 h as white solid
(89.08 mg, 85% vyield) after silica gel chromatography (EtOAc/petroleum
ether = 1/6). [a]s = 105.1 (c 0.87, CH:Cl,); Mp 241.3-243.4 °C; H
NMR (400 MHz, Chloroform-d) & 8.93 (s, 1H), 8.02 (dd, J = 8.7, 1.2 Hz,
2H), 7.77 (dt, = 6.9, 1.6 Hz, 2H), 7.63-7.53 (m, 3H), 7.43 (t, J = 8.0 Hz,
2H), 7.29-7.22 (m, 1H), 7.17 (td, J = 7.8, 1.2 Hz, 1H), 6.78 (d, J = 7.8 Hz,

3ab 1H), 6.48 (td, J = 7.6, 1.1 Hz, 1H), 5.17 (d, J = 7.6 Hz, 1H), 4.92 (s, 1H),
3.72-3.66 (m, 1H), 3.62-3.54 (m, 1H), 3.23 (s, 3H), 0.52 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) 8 202.1,174.3 , 165.0, 157.9, 144.7,131.2, 130.5, 129.9,129.4 ,129.2, 129.0,
1276, 1259, 123.6,122.6 ,119.1, 108.3,73.7,68.1 , 61.3,58.2 , 27.3, 13.1; HRMS (ESI)
m/z Calcd. for CogHsN404S* ([M+H]*) 525.1591, Found 525.1587; Enantiomeric excess was
determined to be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol =
70/30, A =254 nm, 30 °C, 0.8 mL/min, tmajor = 10.0 min, tminor = 16.4 min).

S14



GADT A, Sig=254 4 Rel=360,100 [C HPCHEMIDATAWSG 7040702.0)

R T T T T min]
Peak RetTime Type Width Area Height Area
# [mim] [mim] [mAO*=] [mil] %
m===]======= | ====]======= | ========== | ========= | === |
1 9.462 MM 1.1233 4067.505862 60.35198 49,4472
2 13.323 MM 1.2866 4158.45312 53.B69BB 50.5528
DAD1 A, Sig=254,4 Ref=380,100 (CAHPCHEN\T\DATAWSQ\ 7041202.D)
mAU §
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0 5 10 R T T - mirl
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mA] %
====|======= |====]======= |========== |========== | ======== |
1 10.064 BB 1.4284 3.43626e4 317.07639 99.8165
2 16.456 BB 0.3679 £3.18171 2.02548 0.1835

Prepared according to the general procedure within 6 h as white solid (104.4
mg, 85% vyield) after silica gel chromatography (EtOAc/petroleum ether = 1/6).
[o]s = 915 (c 1.03, CH.Cl); Mp 152.5-154.2 °C; *H NMR (400 MHz,
Chloroform-d) 8 9.03 (s, 1H), 8.00 (d, J = 7.8 Hz, 2H), 7.81-7.75 (m, 2H),
7.57-7.49 (m, 3H), 7.38 (dd, J = 8.6, 7.4 Hz, 2H), 7.35-7.30 (m, 2H), 7.25-7.14
(m, 4H), 6.80 (d, J = 7.9 Hz, 1H), 6.48 (d, J = 8.0 Hz, 1H), 5.07 (d, J = 1.6 Hz,
1H), 5.00 (s, 1H), 4.90 (d, J = 16.0 Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H), 3.72-3.64
(m, 1H), 3.50-3.42 (m, 1H), 1.75 (s, 3H), 0.31 (t, J = 7.1 Hz, 3H); **C NMR
(101 MHz, Chloroform-d) 5 202.3, 174.6, 169.0, 165.1, 141.4, 137.6, 135.3, 132.1, 130.7, 130.1,
129.5, 129.1, 128.6, 127.7, 127.6, 127.5, 125.9, 124.6, 119.2, 109.3, 73.8, 68.3, 61.3, 58.4, 44.7,
20.9, 12.9. HRMS (ESI) m/z Calcd. for CssH31N4O4S* ([M+H]*) 615.2061, Found 615.2053;
Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 11.9 min, tminor = 28.1 min)
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Peak RetTime Type Width Area Height Area
# [min] [min] [maU*=]) [mAU] %
e |====]======= |========== |========= | === I
1 12.336 MM 1.0733 5317.72754 B2.57BB2 50.09428
2 26.519 MM 3.1634 5120.90625 26.9B007 49.0572
DADT A, Sig=254 4 Ref=360,100 (C:\HPCHEM\T\DATAWS OV 7060810.0)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s ] [mA] %
e |====]======= | ========== | =========- | === |
1 11.877 BB 1.0563 1.11493e4 141.95198 99.3B80
2 28.145 MM 1.1516 E8.65385 9.9361%e-1 0.6120

Prepared according to the general procedure within 6 h as white
solid (107.1 mg, 87% yield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [a]3 = 77.8 (c 1.09, CH,Cl,); Mp
156.7-157.8°C;*H NMR (400 MHz, Chloroform-d) § 9.06 (s, 1H),
7.86 (dd, J = 6.5, 2.7 Hz, 2H), 7.59-7.49 (m, 3H), 7.41 (t, J=7.9
Hz, 2H), 7.36 (d, J = 6.7 Hz, 2H), 7.29-7.21 (m, 4H), 6.60 (dd, J =

3ad 8.6, 2.4 Hz, 1H), 6.54 (d, J = 8.5 Hz, 1H), 5.31 (d, J = 2.4 Hz, 1H),
5.07 (s, 1H), 4.95 (d, J = 16.0 Hz, 1H), 4.87 (d, J = 16.0 Hz, 1H) 3.69-3.63 (m,1H), 3.58-3.50 (m,
1H), 3.31 (s, 3H), 0.41 (t, J = 7.1 Hz, 3H); ¥C NMR (101 MHz, Chloroform-d) & 201.9, 174.4,
169.2, 165.1, 157.9, 155.9, 137.3, 135.2, 131.6, 130.8, 129.4, 129.2, 129.0, 128.6, 127.6, 127.5,
125.8,119.1, 114.3, 111.7, 109.9, 73.7, 68.7, 61.4, 58.6, 56.0, 44.8, 13.0; HRMS (ESI) m/z Calcd.
for CssH31N4OsS* ([M+H]*) 631.2010, Found 631.2003; Enantiomeric excess was determined to
be 99% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm,
30 °C, 0.8 mL/min, tmajor = 12.6 min, tminor = 51.5 min)
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BADT A, Sig=254 4 Ref=360,100 (CHBCHERMTDATAIN S 7060801 D)
mAL ]
200
1504
; 5
‘IDD—" =
] &
50 2 @fb‘*'
1 - 3@
] i
0
T T T T T T L
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Peak RetTime Type Width Area Height Area
# [min] [min] ImAT*= ] [mALD] %
e |====]======= |========== |====mmmmmm | = |
1 12.877 PB 1.1415 9530.04785 99.13948 50.5255
2 44.758 MM 9.0985 9331.81738 17.09408 459.4745
GADT A, Sig=254 4 Ref=360,100 (CHPCHEM DA TAWSAV 70609030
maL ]
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1] 10 20 30 40 50 6070 min)
eak RetTime Type Width Area Height Area
# [mim] [mim] [maU*=] [m&ilT] %
e |====]======= | ========== | ========== | === |
1 12.615 BB 1.3756 1.82280e4 157.34109 99.4435

2 51.502 MM 2.1500 102.0099%4 7.90771le-1 0.5565

/N\N,ph Prepared according to the general procedure within 30 min as white
o K solid (101.1 mg, 82% vyield) after silica gel chromatography
., O (EtOAc/petroleum ether = 1/6). [a]y = 88.8 (¢ 1.09, CH:Cl,); Mp
=0 151.9-152.2°C; *H NMR (400 MHz, Chloroform-d) & 8.98 (s, 1H),
8.03-7.97 (m, 2H), 7.79-7.71 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.53 (t,
J = 7.4 Hz, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.35-7.29 (m, 2H),

3ae 7.26-7.20 (m, 4H), 6.72 (td, J = 8.6, 2.6 Hz, 1H), 6.52 (dd, J = 8.6,
4.2 Hz, 1H), 5.03 (s, 1H), 4.92 (d, J = 16.0, 1H), 4.87 (d, J = 16.0, 1H), 4.79 (dd, J = 8.7, 2.6 Hz,
1H), 3.80-3.71 (m, 1H), 3.59-3.51 (dg, J = 10.7, 7.1 Hz, 1H), 0.43 (t, J = 7.1 Hz, 3H). *®F NMR
(470 MHz, Chloroform-d) 6 -119.19 (m); 3C NMR (101 MHz, Chloroform-d) 6 115.47 (d, ] =
23.5 Hz), 112.10 (d, J = 26.9 Hz), 109.99 (d, J = 7.9 Hz). *C NMR (101 MHz, Chloroform-d) &
201.2, 174.4, 168.7, 164.8, 159.9, 157.80,157.5, 139.8, 137.5, 134.8, 131.1, 130.8, 129.9, 129.4,
129.1,128.7, 127.8, 127.5, 125.9, 119.1, § 115.5 (d, J = 23.5 Hz), 112.1 (d, J = 27.3 Hz), 110.0(d,
J = 8.1 Hz), 73.9, 68.2, 61.56, 58.0, 44.8, 13.1; HRMS (ESI) m/z Calcd. for CzsH2sFN4O4S*
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(IM+H]*) 619.1810, Found 619.1807; Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C,
08 mL/mln, tmajor = 109 min, tminor = 310 mln)

DADT A, Sig=£54.4 Ref=360,100 (CAHPCHEM\T\DATAWSO\T060906.0)

mAL J

2m—‘. ™
] a’
] g $§
] ? e

150 S

N T T min|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAO*=s] [mAD] %
———= == |=-===]-==———- |======——=- R By |
1 10.800 MM 1.3771 1.19551e4 144.69301 49.8014
2 27.77%9 MM 5.8843 1.20504e4 34.13159 50.198%6
GADT A, Sig=254 4 Rel=360,100 (CAHPCHEMITDATATWSGN 7060911 D)
mAL 3
1754
150
125
- °
100 g &
75 s
50 o
253 _—
3 2 .
04 =
_25—: T T T T T T T T Y T T T T T T T T T 1
0 10 20 30 40 i)
Peak RetTime Type Width Area Helght Area
# [min] [min] [mAU*=] [mA] %
s===|======= |====]======= |========== |========== | ======== |
1 10.999 MM 1.1457 5669.59766 B2.47B13 95.2779
2 31.031 MM 1.2426 41.23751 5.530%91e-1 0.7221

Prepared according to the general procedure within 15 min as white
solid (101.4 mg, 80% vyield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [o]; = 92.0 (c 1.09, CH.Cl,); Mp
156.7-157.8°C;*H NMR (400 MHz, Chloroform-d) & 9.00 (s, 1H),
7.99 (d, J=8.2Hz, 2H), 7.73 (d, J = 7.4 Hz, 2H), 7.61 (t, J = 7.4 Hz,
1H), 7.53 (t, J = 7.6 Hz, 2H), 7.37 (t, J = 7.9 Hz, 2H), 7.32-7.28 (m,
2H), 7.26-7.16 (m, 5H), 6.99 (dd, J = 8.4, 2.0 Hz, 1H), 6.52 (d, J =
8.4 Hz, 1H), 5.10 (d, J = 2.0 Hz, 1H), 5.01 (s, 1H), 4.91 (d, J = 16.0
Hz, 1H), 4.85 (d, J = 16.0 Hz, 1H), 3.80-3.72 (m, 1H), 3.56-3.48 (m, 1H), 0.40 (t, J = 7.1 Hz, 3H);
13C NMR (101 MHz, Chloroform-d) & 201.0, 174.3, 168.7, 164.8, 157.8, 142.4, 134.7, 131.6,
130.6, 129.8, 129.3, 129.3, 129.3, 129.1, 128.7, 128.0, 127.8, 127.5, 125.9, 124.3, 119.1, 110.5,

3af
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73.8, 67.9, 61.6, 58.0, 44.8, 13.1; HRMS (ESI) m/z Calcd. for CssH2sCINsO4sS* ([M+H]*)
635.1514, Found 635.1514; Enantiomeric excess was determined to be 94% (determined by
HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min,
tmajor = 11.8 min, tminor = 27.3 min)

1254
i ®
100 i
g &
= 3
504 5 .gf
25 &
] \ IN
_25_:.
L I U L I Sy N L Sy L L B S U L A |
a 5 10 15 20 25 30 ] i)
Peak RetTime Type Width Area Height Area
# [mim] [mim] [mAO*=] [mil] %
m===]======= | ====]======= | ========== |====mmmmmn | = |
1 11.582 MM 1.2463 4736.61133 63.34438 49.9808

2 22.267 MM 2.9861 4740.25195 26.45710 50.0192

GADT A, Sig=254.4 Ref=360,100 (CIHPGHEMDATAWS@ 7072701.0)
mAL 3
3504
3mé §
250 =
2m§
150
1003
3 ]
50 b
] ]
L e e e e L s e L R L |
0 5 10 15 20 25 30 1] miny
Peak RetTime Type Width Area Height Area
# [min] [min] ImAT*= ] [mALD] %
e |====]======= |========== |====mmmmmm | = |
1 11.868 VB 1.1958 2.32366e4 232.94771 96.8530
2 27.322 BV 1.2200 755.01422 T.2438B4 3.1470

Prepared according to the general procedure within 15 min as white
solid (108.5 mg, 79% vyield) after silica gel chromatography
(EtOAc/petroleum ether = 1/6). [o]; = 86.9 (¢ 1.27, CH.Cl,); Mp
154.1-155.9°C; *H NMR (400 MHz, Chloroform-d) & 9.06 (s, 1H),
8.04 (d, J=8.0 Hz, 2H), 7.79 (d, J = 7.6 Hz, 2H), 7.67 (t, J = 7.4 Hz,
1H), 7.58 (t, J = 7.6 Hz, 2H), 7.42 (t, J = 7.8 Hz, 2H), 7.35 (d, J =
6.5 Hz, 2H), 7.30-7.22 (m, 4H), 7.19 (dd, J = 8.3, 1.8 Hz, 1H), 6.53
(d, J =8.3 Hz, 1H), 5.38 (d, J = 1.9 Hz, 1H), 5.05 (s, 1H), 4.95 (d, J = 16.0 Hz, 1H), 4.80 (d, J =
16.0 Hz, 1H), 3.85-3.77 (m, 1H), 3.64-3.51 (m, 1H), 0.45 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz,
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Chloroform-d) 6 174.2, 168.7, 164.7, 142.9, 137.5, 134.7, 132.3, 131.8, 130.6, 129.7, 129.6, 129.3,
129.1, 128.7, 127.8, 127.5, 126.9, 125.9, 119.1, 115.3, 111.1, 73.8, 67.9, 61.6, 58.1, 44.8, 13.1;
HRMS (ESI) m/z Calcd. for CasH2sBrN4O4S* ([M+H]*) 679.1009, Found 679.1014; Enantiomeric
excess was determined to be 99% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 12.5 min, tminor = 26.5 Min)

N AT T Y YT T Y miny
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [mAl] %
e | ====]======= | ========== |====mmmmmm | = |
1 11.883 MM 1.7487 1.45B63e4 139.02135 50.3758
2 22.832 PP 3.3976 1.43687e4 49.48407 49.8242
505.0)
200
150
o
lﬂ@"—"b.
100 5 g
i
- o
g
0 . .9&%@
r+rr L r+v*fr 1L rrrr 1 r¢rrr 1 LT

[i] 5 10 15 20 25 30 ] iy

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [mAl] %

] e e B R | === | ======m= |
1 12.525 MM 1.5882 7936.63721  83.28960 099.2658
2 26.484 MM 1.2739 58.70482 7.68044e-1  0.7342

Synthesis of compound d

Ph /N\N,Ph
o
Br ~~""'COOEt
=0 mCPBA (3.0 eq)
N _ >
Bn DCM, rt
3ag 4
99% ee, >20:1 dr 62% vyield, 96% ee, >20:1 dr
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To a Schlenk tube equipped with a magnetic stir bar was charged with compound 3ag
(0.2mmol, 64.3 mg) and DCM (2mL) at 0 °C, mCPBA (0.3 mmol, 54 mg) was added in one
portion, then the reaction was stirred at room temperature for 1 h as white solid (93.2 mg, 77%
yield) after silica gel chromatography (EtOAc/petroleum ether = 1/3). [a]y = 60.9 (c 0.32,
CHCly); Mp 140.1-142.7 °C;. *H NMR (400 MHz, Chloroform-d) & 8.00 (d, J = 7.5 Hz, 2H),
7.79-7.62 (m, 4H), 7.54 (t, J = 7.9 Hz, 2H), 7.42 (t, J = 7.9 Hz, 2H), 7.26-7.14 (m, 6H), 6.47 (d, J
= 8.2 Hz, 1H), 5.32 (s, 1H), 5.02 (d, J = 15.8 Hz, 1H), 4.88 (s, 1H), 4.77 (d, J = 15.9 Hz, 1H),
3.86-3.80 (m, 1H), 3.60-3.56 (m, 1H), 0.44 (t, J = 6.9 Hz, 3H); ¥C NMR (101 MHz,
Chloroform-d) & 173.4 , 171.3, 164.8, 158.4, 142.8, 137.6, 134.5, 133.5, 132.3, 131.8, 129.4,
129.3, 129.0, 128.7, 127.8, 127.2, 126.9, 125.8, 119.0, 111.0, 67.3, 61.6, 59.0, 55.4, 44.6, 13.1;
HRMS (ESI) m/z Calcd. for CasH2sBrN4OsS* ([M+H]*) 663.1251, Found 663.1238; Enantiomeric
excess was determined to be 96% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 30 °C, 0.8 mL/min, tmajor = 37.2 mMin, tminor = 68.7min)

GADT A, Slg=254 4 Rel=360,100 (WSO 7072502 D)
MNorm. J £
i ]
1754
1503
125
E 8
100 5 -
i &
75
50
25 3
ﬂ-E_J‘L._A-l_.— . e
R N T Y T T N miiny
Peak RetTime Type Width Area Height Area
# [mim] [mim] [maU*=] [m&ilT] %
Skl Rttt | ====]======= | ========== | ====mmmme | ======== |
1 36.835 EE 1.3262 1.58980e4 183.59B811 50.1103
2 67.138 BB 2.2213 1.58280e4 92.45415 49.8BB97
DADT &, Slg=254.4 Rel=360,100 (WSO 7072003 0)
Marm. gﬁ
250 T
200
150
100
50 " 1’5
B
o 4
0 ol
T T T T T T T T T T T T T T T T ! T T T T T T T T T T T T T T
0 10 20 30 40 50 80 70 80 min
Peak RetTime Type Width Area Helght Area
# [mim] [mim] [mAU*=] [milT] %
====|======= | ====]======= | ========== | ========== | ======== |
1 37.236 BB 1.3729 2.40418e4 270.50290 9B.0676

2 68.695 MM 2.4755 473.72968 3.18944 1.9324
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Synthesis of compound 5

Mel, K2003
acetone, rt Br

3ag 5
99% ee, >20:1 dr 70% vyield, 99% ee, >20:1 dr

To a Schlenk tube equipped with a magnetic stir bar was charged with compound 3ag (0.2
mmol, 136.6 mg) and K>COs3 (0.44 mmol, 60.7 mg), followed with acetone (5 mL) at 0 °C. Mel
(0.44 mmol, 62.5 mg) was dropwise added into reaction mixture. Then the reaction was stirred at
room temperature overnight as white solid (96.9 mg, 70% yield) after silica gel chromatography
(EtOAc/petroleum ether = 1/3). [o]; = 36.1 (c 0.13, CH,Cly); Mp 266.0-270.4.°C; 'H NMR (400
MHz, Chloroform-d) 6 8.17 (d, J = 8.0 Hz 2H), 7.89-7.82 (m, 2H), 7.66-7.57 (m, 3H), 7.48-7.44
(m, 4H), 7.40-7.29 (m, 4H), 7.24 (d, J = 7.4 Hz, 1H), 7.15 (d, J = 1.9 Hz, 1H), 6.60 (d, J = 8.4 Hz,
1H), 5.20 (d, J = 15.7 Hz, 1H), 4.78 (d, J = 15.7 Hz, 1H), 4.12 (s, 1H), 4.06-3.87 (m, 2H), 2.57 (s,
3H), 0.93 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, Chloroform-d) § 170.2, 168.5, 166.2, 138.3,
135.2, 132.7, 131.1, 130.0, 129.2, 128.8, 128.8, 127.8, 127.6, 127.4, 126.5, 125.0, 118.6, 115.2,
111.1, 845, 68.2, 62.2, 60.9, 44.6, 14.3, 13.6; HRMS (ESI) m/z Calcd. for CzsH30BrN4O4S*
(IM+H]") 693.1166, Found 693.1160; Enantiomeric excess was determined to be 99%
(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 25°C,
0.8 mL/min, tmajor = 7.8Min, tminor = 12.0min)

DADT A, Sig=254.4 Ref=360,100 (WSQ\ 7073101.)
Norm. ] -
] 2
250 i
zmé
150
100§
] b
] =<
50 s
0 k
-50 T T — T T T — LI T T T —T T T T T T 1
0 5 10 15 20 25 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [mAlT] %
el |====]======= | =======--= | —=======-- | =mmmmmme |
1 7.5%7 BB 0.3658 £850.83301 2BB.0471B 50.7320
2 10.455 BB 1.1656 B6RE1.86523 T6.0B209 49.2880
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VWD1 A, Wavelength=254 nm (WSQ\18060801.D)
mAU ] ®
. ©
1200
1000 ]
800
600 -
400
3 L
200 S
] o
0 : T
0 é 1|0 1|5 min|
| Peak| RT | Type | Width | Area | Area %
| # | [min] | | [min] | |
e R | —===-- | === | === | ===
| 1] 7.818|VB | 0.349] 33998.891| 99.840
|

| 21 12.017|VV 0.349] 54.639| 0.160

mCPBA (1.5 eq)

CHCl,, 0°C

99% ee, >20:1 dr 95% vyield, 98% ee, >20:1 dr

To a Schlenk tube equipped with a magnetic stir bar was charged with compound 5 (0.05
mmol, 34.6 mg) and chloroform (1 mL) at 0 °C, mCPBA (0.05 mmol, 8.6 mg) was added in one
portion. Then the reaction was stirred at room temperature for 1 h as white solid (33.7 mg, 95%
yield) after silica gel chromatography (EtOAc/petroleum ether = 1/3). [a]s = 199.1 (c 0.22,
CH:Cl2); H NMR (400 MHz, Chloroform-d) 6 8.11 (d, J = 7.7 Hz, 2H), 7.77-7.81 (m, 2H), 7.66
(9, J = 3.6 Hz, 3H), 7.51-7.42 (m, 4H), 7.41-7.31 (m, 3H), 7.31-7.24 (m, 2H), 7.19 (d, J = 1.9 Hz,
1H), 6.63 (d, J = 8.3 Hz, 1H), 5.04 (d, J = 16.0 Hz, 1H), 4.96 (d, J = 16.0 Hz, 1H), 4.13 (s, 1H),
4.08-3.90 (m, 2H), 2.93 (s, 3H), 1.29 (s, 1H), 0.94 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) 6 169.0, 165.4, 155.2, 142.8, 137.8, 134.9, 133.2, 131.5, 130.1, 129.7, 129.4, 129.1,
128.9, 128.8, 127.9, 127.7, 127.5, 126.4, 1255, 118.7, 115.3, 111.4, 85.0, 67.1, 62.6, 61.1, 45.1,
40.5, 13.6; HRMS (ESI) m/z Calcd. for CssH3z0BrN4OsS* ([M+H]*) 709.1115, Found 709.1132;
Enantiomeric excess was determined to be 98% (determined by HPLC using chiral AD-H column,
hexane/2-propanol = 70/30, A = 254 nm, 25 °C, 0.7 mL/min, tmajor = 28.8MiN, tminor = 33.5min.

S23



DAD1 A, Sig=254 4 Ref=360,100 (C:HPCHEM\1\DATAWSQ\17080204.D)
mAU o
150
] &
1 o
125 =
1004
751
50
25
0]
‘25éﬂH_______‘,f“”*“\_,/\ﬁ_Hh___,,fhﬁh_hhn_________F__
1 T y T T T T T y T T y T T y T T y T T
0 10 20 30 40 min
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*s] [mAT] %

1 28.652 BB 0.8057 1.11326e4 193.93939 50.3354
2 31.029 BB 0.9891 1.09842e4 150.21072 49.6646

VWD1 A, Wavelength=254 nm (WSQ\18061202.D)

mAU ; 0
150—3
125
100
mé
50
E &
25 =
. S g
01 L T
0 1IU 2|0 3|0 min|
| Peak | RT | Type | Width | Area | Area % |
| # | [min] | | [min] | | |
|- - —- | ——————- [-——————- [-—————————- | ———————- |
| 1] 28.845|BB | 1.175] 14314.832] 99.071|
[

| 2| 33.495|BP 0.932] 134.175] 0.929]

mCPBA (3.0 eq)

CHCl,, 0°C

99% ee, >20:1dr 95% vyield, 98% ee, >20:1 dr

To a Schlenk tube equipped with a magnetic stir bar was charged with compound 6 (0.05
mmol, 34.6 mg) and chloroform (1 mL) at 0 °C, mCPBA (0.1 mmol, 17.2 mg) was added in one
portion. Then the reaction was stirred at room temperature for 1 h as white solid (33.7 mg, 95%
yield) after silica gel chromatography (EtOAc/petroleum ether = 1/3). [a]3 = 108.5 (¢ 0.54,
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CHCly); *H NMR (400 MHz, Chloroform-d) & 8.11 —8.06 (m, 2H), 7.76 (dd, J = 6.7, 2.9 Hz, 2H),
7.66 — 7.63 (m, 2H), 7.51 — 7.40 (m, 5H), 7.26 (s, 5H), 7.18 (d, J = 1.9 Hz, 1H), 6.54 (d, J = 8.4
Hz, 1H), 5.03 (d, J = 16.0 Hz, 1H), 4.94 (d, J = 16.0 Hz, 1H), 4.09 (s, 1H), 4.06-3.98(m, 1H),
3.95-3.87 (m, 1H), 3.28 (s, 3H), 1.26 (s, 1H), 0.91 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz,
Chloroform-d) & 169.0, 165.4, 155.2, 142.8, 137.78, 134.9, 133.2, 131.5, 130.1, 129.78, 129.4,
129.1, 128.9, 128.9, 127.9, 127.7, 127.5, 126.4, 125.5, 118.7, 115.3, 111.4, 85.1, 67.10 , 62.7, 61.1,
45.2, 40.5, 13.6. Enantiomeric excess was determined to be 98% (determined by HPLC using
chiral AD-H column, hexane/2-propanol = 70/30, A = 254 nm, 25 °C, 0.6 mL/min, tmsjor = 16.0min,
tminor = 22.5min.

DAD1 A, Sig=254,4 Ref=360,100 (C:\HPCHEM\1\DAT.¢\-\WSQ\1TUBUZOS.D)
mAU ] ~
200—3 ©
] %
150 N
100%
50-
0
L . T T 1 U U -
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
= [min] [min] [MAU*s] [mAU] %
=== | ———= === |- [ === | === |
1 16.167 BB 0.6569 1.31524e4 292,31348 51.1929
2 21.546 BB 0.9010 1.25395e4 183.09987 48.8071
VWD1 A, Wavelength=254 nm (WSQ\18061401.D)
mAU 3 g
350 3
3003
250
200
150 4
100 3 ~
7 ~
50 N
D_E,_—/—'\-—«J.L\ 1 o
o 5 10 15 20 | 25 min
| Peak | RT | Type | Width | Ares | Area % |
| # | [min] | | [min] | | |
e | —=====- | =====-- e e !
| 1] 16.048|VB | 0.623] 15305.246| 98.893]
| 2| 22.477|BB | 0.853] 171.303] 1.107]

Gram scale synthesis of compound 3ag
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Ph. Br. /
0
E\- NCS 4 o C3 (1 mol %)
N DCM, rt

3ag
83% yield (1.13 g), 96% ee, >20:1 dr

To a Schlenk tube equipped with a magnetic stir bar was charged with compound 1a (2 mmol,
594 mg) and C3 (1% mmol, 6.3 mg), followed with DCM (10 ml). Compound 2g (2.4 mmol, 926
mg) was added in one portion. The reaction was checked by TLC. When the compound 1a was
consumed up, the reaction was stopped and purified by column chromatography on silica gel
directly to give the product 3ag

L e LI S S s S B S S I S S S S S B S S I S S

o 5 10 15 20 25 30 D min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] e R e R R B |
1 11.883 MM 1.7487 1.45863e4 139.02135 ©&50.3758
2 22 _B3Z PP 3.3976 1.43687ed 49, 48407 49.8242
DAD1 A, Sig=254 4 Ref=360,100 (CAHPCHEM\DATAWSQ\17072702.D)
mAU
350 2
1 ]
300 S
250
200 -
150 -
1003
50 5
:
0 10 20 3 a0 miny
Peak RetTime Type Width Area Height Lrea
= [min] [min] [mAU*s] [mAT] %

1 12.660 VB 1.4573 3.53199%e4 284.32172 98.0705
2 29.501 EB 1.2104 694.89667 6.71990 1.9295
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