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1. General Information:

All solvents were purified and dried according to standard methods prior to use. Organic solutions
were concentrated under reduced pressure on a rotary evaporator. Flash column chromatography
was performed using Qingdao Haiyang flash silica gel (100-200 mesh). NMR spectra were
recorded with a Bruker Avance DPX300 spectrometer with tetramethylsilane as the internal
standard. Mass spectra were obtained on Bruker APEX II FT-ICRMS mass spectrometer. Optical
rotations were measured on a Perkine-Elmer 341 LC polarimeter. The enantiomeric excesses were
determined by HPLC analysis over a chiral column (Daicel Chiralcel OD-H or Chiralpak AD-H,
eluted with hexane-isopropyl alcohol; monitored by UV detector).!

2. Preparation of N-sulfonyl cyclic ketimines 7>
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Under nitrogen atmosphere, a solution of aryl sulfonamide (10 mmol) in THF (40 mL) was cooled
to —78 °C in an acetone-ice bath. The solution of #-Butyllithium in hexanes (25 mmol) was added
dropwise over a 20 minute period. After stirred at -20 °C for 1 h, the yellow mixture was cooled
further to -78 °C and diethyl oxalate (30 mmol) was added. The solution was allowed to stir for 1
h then warm slowly to room temperature, and stirred at ambient temperature for another 2 h. The
reaction was quenched with 5% HCI (20 mL), water (100 mL) was added, and extracted with ethyl
acetate (60 mLx3). The organic phase was washed with brine (100 ml), dried over sodium sulfate.
The solvent was removed and the obtained crude product was further purified by flash
chromatography (PE/EA = 10/1 — 5/1).

Under nitrogen atmosphere, the above product was dissolved in formic acid (10 mL), and
subsequently stirred at room temperature. After 24 h the solution was concentrated and the residue
was dissolved in CH,Cl, (50 mL) and washed with NaHCOj; saturated solution (50 mLx2) to
remove traces of formic acid. Then the organic phase was washed with brine, dried over sodium
sulfate, and concentrated under reduced pressure. Purification by flash column chromatography

(PE/EA =5/1, v/v) gave the title products 1a-k in high yield.

3. Preparation of enol silyl ethers
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General procedure I 32 (for 2a-2r, 2t, 2v, 2x):

To a stirred solution of aromatic ketone (5 mmol) in THF (20 mL), LIHMDS (6 mmol, 1M in
THF) was added dropwise over a period of 5 min at room temperature. After 20 min, the mixture
was quenched with chlorotrimethylsilane (5.5 mmol). and was stirred for another 2h. The solvent
was removed and the mixture was diluted with hexane. The resulting precipitate was filtered
through the Celite (washing with pentane), and the filtrate was concentrated in vacuo to afford the
crude enol silyl ether, which was stored at -20 °C, and the obtained product was distilled prior to
use.

Other enol silyl ethers such as 2s, 2w, 2u, 2y and 2z were prepared according to the
corresponding literatures3®- 3¢ 3
4. General procedure for the catalytic asymmetric Mukaiyama-Mannich reaction.
Under nitrogen atmosphere, ligand (L2) (0.0022mmol) and Ni(ClO4),-6H,0 (0.002mmol) were
dissolved in CHCI; (1.0 mL), and stirred for 1 h at room temperature. Subsequently N-sulfonyl
cyclic ketimines 1 (0.1 mmol) was added, and the resulting mixture was cooled to 0°C and stirred
for 10 min before the silyl enol ether 2 (0.20 mmol) was added. The reaction mixture was stirred
at 0 °C until the completion of the reaction (monitored by TLC). Then the mixture was directly
subjected to flash column chromatography (Petroleum / Ethyl acetate, 10/1~3/1, V/V) to afford
the corresponding product 3.

Table ST1. Screening of Lewis acids®

C\’-,,O OTMS Q.0
S, Metal / L2 y
N + —_— O NH o
/@{ @ temperature, CHCl3 O
COOEt EtOOC
1b 2a 3ba
Entry Metal T (°C) Time (h)  Yield (%) ee (%)"
1 Co(Cl0Oy), 6H,0 0 12 96 97
2 Zn(Cl0,),-6H,0 0 12 89 94
3 Cu(Cl0y),-6H,0 0 48 54 57
4 Mg(ClO4),-6H,0 0 36 90 93
5 Mg(OTf), 0 96 36 8
6 Cu(OTf), 0 48 40 20
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@Reaction conditions: 1b (0.1 mmol) and 2a (0.2 mmol), 10 mol % metal salts and 11 mol % L2 in 2.0 mL CHCl;

at 0 °C Isolated yields. ¢ Determined by chiral HPLC analysis. ¢ Not determined.

Table ST2 Optimization of reaction conditions for 1-tetralone derived enol silyl ether as

the substrate

Q.0 OTMS
S Metal / L2
Z ’ 0°C, CHCl,
COOEt
1a 2x
Entry Metal Time (h) Yield (%)? ee (%)°
1 Ni(ClO4),-6H,0 48 94 64, 66
2 Cu(Cl0,),-6H,0 96 race -
3 Co(Cl0Oy), 6H,0 96 33 96, 98
4 Mg(ClO,),-6H,0 96 trace -
5 Zn(ClO,),-6H,0 48 95 98
6 Ni(OTf), 96 trace -
7 Fe(OTY), 96 trace -
8 Cu(OTH), 96 35 -
9 Zn(OTH), 48 95 99

@Reaction conditions: 1a (0.1 mmol) and 2x (0.2 mmol), 10 mol % metal salts and 11 mol % L2 in 2.0 mL CHCl;

at 0 °C; ? Isolated yields; ¢ Determined by chiral HPLC analysis; ¢ Not determined.

5. Characterization data for the Mukaiyama-Mannich products 3

White solid, m.p. 59—-60 °C, 99% yield. [a]20 D =—-167.9 (¢, 1.20, CH,Cl,); 99%

ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-hexane/i-

PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 17.85 min, t (minor) = 24.75

min]; 'H NMR (300 MHz, CDCls) § 7.95-7.87 (m, 2H), 7.85-7.78 (m, 1H),

7.75 -7.53 (m, 4H), 7.50 ~7.41 (m, 2H), 6.09 (s, 1H), 4.31 (qq, J = 10.8, 7.2 Hz, 2H), 4.08 (d, J =

17.8 Hz, 1H), 3.72 (d, J = 17.8 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) §

195.65, 169.27, 136.60, 135.28, 133.67, 133.33, 130.49, 128.47, 127.86, 123.92, 121.54, 65.16,

63.17, 48.81, 13.61. ESI-HRMS: Calcd for C;gH;;NNaOsS* ([M+Na*]): 382.0720; Found:



382.0723.

White solid, m.p. 60 — 62 °C, 99% yield; [a]20 D = -117.4 (c, 1.02,
CH,Cl,); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 13.44

min, t (minor) = 21.91 min]; 'H NMR (300 MHz, CDCl;) 8 7.96 — 7.88 (m,
2H), 7.73 — 7.67 (m, 1H), 7.65 — 7.56 (m, 1H), 7.52 — 7.40 (m, 4H), 6.04 (s, 1H), 4.42 — 4.22 (m,
2H), 4.09 (d, J=17.8 Hz, 1H), 3.70 (d, J = 17.8 Hz, 1H), 2.50 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H).
3C NMR (75 MHz, CDCl;) 8 195.73, 169.39, 144.51, 136.90, 135.34, 133.61, 132.57, 131.40,
128.44, 127.85, 124.05, 121.26, 76.28, 65.00, 63.07, 48.95, 21.53, 13.61. ESI-HRMS: Calcd for

Ci9HoNOsS™ ([M+H*]): 374.1057; Found: 374.1060.

White solid, m.p. 152-153.5 °C, 99% yield; [a]20 D =-170.9 (c, 0.67,

CH,Cl,); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) =
14.83 min, t (minor) = 22.17 min]; 'H NMR (300 MHz, CDCl;)
7.95-7.86 (m, 2H), 7.74 —=7.66 (m, 1H), 7.63 —7.54 (m, 1H), 7.50-7.40 (m, 2H), 7.15 — 7.08 (m,
2H), 6.09 (s, 1H), 4.44-4.20 (m, 2H), 4.08 (d, /= 17.8 Hz, 1H), 3.91 (s, 3H), 3.72 (d, /= 17.8 Hz,
1H), 1.30 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) & 195.65, 169.27, 163.62, 139.18,
135.29, 133.63, 128.44, 127.84, 127.19, 122.88, 116.94, 108.30, 64.85, 63.11, 55.73, 48.94, 13.65.

ESI-HRMS: Calcd for C19H0NO6S* ([M+H*]): 390.1006; Found: 390.1007.

p White solid, m.p. 150-151 °C, 98% vyield. [a]20 D = —163.4 (c, 0.76,

NH o)
\f/@ I CH,Cly); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H
EtOOC

3da column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 7.20
min, t (minor) = 12.30 min]; 'H NMR (300 MHz, CDCl;) 8 7.96 — 7.89 (m, 2H), 7.77 — 7.71 (m,
1H), 7.70 — 7.63 (m, 2H), 7.63 — 7.55 (m, 1H), 7.51 — 7.41 (m, 2H), 6.08 (s, 1H), 4.47 — 4.18 (m,
2H), 4.08 (d, J=17.8 Hz, 1H), 3.75 (d, J = 17.8 Hz, 1H), 1.38 (s, 9H), 1.31 (t, J = 7.1 Hz, 3H).
3C NMR (75 MHz, CDCl;) 8 195.72, 169.40, 157.82, 136.77, 135.35, 133.62, 132.52, 128.43,

128.14, 127.89, 121.04, 120.31, 65.19, 62.96, 48.89, 35.29, 30.86, 13.70. ESI-HRMS: Calcd for
5



Cy,HosNNaOsS* ([M+Na*]): 438.1346; Found: 438.1350.

White solid, m.p. 63 —64 °C, 99% yield. [a]20 D = —124.1 (c, 0.80,
CH,Cl,); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) =

10.85 min, t (minor) = 17.42 min]; '"H NMR (300 MHz, CDCl3) § 7.96 —
7.87 (m, 2H), 7.85 — 7.77 (m, 1H), 7.64 — 7.56 (m, 1H), 7.52 — 7.28 (m, 4H), 6.20 (s, 1H), 4.43 —
4.25 (m, 2H), 4.05 (d, J = 17.7 Hz, 1H), 3.75 (d, J = 17.7 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 3C
NMR (75 MHz, CDCl;) ¢ 195.30, 168.80, 165.28 (d, J = 256.0 Hz), 139.82 (d, J = 9.1 Hz),
135.15, 133.77, 131.40 (d, /= 2.7 Hz), 128.50, 127.87, 123.81 (d, /= 9.9 Hz), 118.48 (d, /= 24.0
Hz), 111.33 (d, J = 25.0 Hz), 64.74 (d, J = 2.1 Hz), 63.44, 48.69, 13.60. ESI-HRMS: Calcd for

C1sH,iFNNaOsS* ([M+Na*]): 400.0625; Found: 400.0625.

White solid, m.p. 65-66.5 °C,; [a]20 D =-161.4 (c, 0.66, CH,Cl,); 99%
ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 10.82 min, t

(minor) = 19.38 min]; 'H NMR (300 MHz, CDCl3) § 7.97 — 7.86 (m,
2H), 7.79 — 7.72 (m, 1H), 7.71 — 7.67 (m, 1H), 7.65 —7.55 (m, 2H), 7.51 — 7.42 (m, 2H), 6.19 (s,
1H), 4.34 (qq, J = 10.7, 7.1 Hz, 2H), 4.07 (d, J = 17.7 Hz, 1H), 3.73 (d, J= 17.7 Hz, 1H), 1.32 (t, J
= 7.1 Hz, 3H). *C NMR (75 MHz, CDCLy) & 195.32, 168.77, 139.76, 138.66, 135.14, 133.87,
133.77, 130.98, 128.50, 127.88, 124.28, 122.74, 64.78, 63.46, 48.69, 13.61. ESI-HRMS: Calcd for

CisH7CINOsS™ (IM+H*]): 394.0510; Found: 394.0514.

White solid, m.p. 58-59 °C, 97% vyield. [a]20 D = —-138.3 (c, 0.83,
CH,Clp); 97% ee, determined by HPLC analysis [Daicel Chiralcel

OD-H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major)

= 8.26 min, t (minor) = 18.11 min]; '"H NMR (300 MHz, CDCl;) & 8.02
~7.87 (m, SH), 7.65 — 7.56 (m, 1H), 7.51 — 7.43 (m, 2H), 6.29 (s, 1H), 4.48 — 4.24 (m, 2H), 4.13
(d, J = 17.7 Hz, 1H), 3.76 (d, J = 17.7 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz,

CDCl3) 6 195.23, 168.63, 138.69, 137.73, 135.36 (q, /= 33.3 Hz), 135.07, 133.84, 128.51, 127.90,
6



127.79 (dd, J=7.3, 3.8 Hz), 122.58 (d, J = 273.4 Hz), 122.48, 121.43 (q, J = 3.9 Hz), 65.07, 63.54,

48.59, 13.56. ESI- HRMS: Caled for CoH;¢FsNNaOsS* ([M+Na*]): 450.0593; Found: 450.0597.

White solid, m.p. 92— 94 °C, 99% yield. [a]20 D = —161.1 (c, 1.24,
CH,Cl,); 94% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) =

16.34 min, t (minor) = 21.53 min]; '"H NMR (300 MHz, CDCl;) & 8.00 —
7.89 (m, 2H), 7.73 — 7.57 (m, 3H), 7.54 — 7.34 (m, 3H), 6.33 (s, 1H), 4.50 (d, J = 17.8 Hz, 1H),
437 - 4.19 (m, 2H), 3.61 (d, J = 17.8 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H). *C NMR (75 MHz,
CDCls) 5 195.94, 168.32, 157.66 (d, J = 257.7 Hz), 137.79 (d, J = 2.6 Hz), 135.33, 133.73, 133.07
(d, J = 7.2 Hz), 128.49, 127.87, 122.68 (d, J = 16.8 Hz), 120.71 (d, J = 21.3 Hz), 117.72 (d, J =
43 Hz), 64.30, 64.25, 63.19, 45.36, 45.33, 13.43. ESI-HRMS: Calced for C;sH;sFNNaOsS*

(IM+H*]): 400.0625; Found: 400.0629.

White solid, m.p. 66—68 °C, 97% yield. [a]20 D =128 (c, 1.23, CH,CL);
97% ee, determined by HPLC analysis [Chiralpak AD-H column, n-

hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (minor) = 22.10 min, t

(major) = 26.94 min]; 'H NMR (300 MHz, CDCl;) & 7.95 — 7.86 (m, 2H),
7.68 — 7.52 (m, 4H), 7.49 — 7.42 (m, 2H), 6.20 (s, 1H), 4.33 (qq, J = 10.7, 7.1 Hz, 2H), 4.05 (d, J =
17.7 Hz, 1H), 3.73 (d, J = 17.7 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCL;) §
195.28, 168.83, 139.36, 135.17, 134.48, 133.75, 133.36, 131.25, 129.19, 128.50, 127.85, 122.25,
64.20, 63.43, 48.61, 13.61. ESI-HRMS: Calcd for C;sH;sCINNaOsS* ([M+H*]): 416.0330; Found:

416.0334.

White solid, m.p. 50-52 °C, 98% yield. [a]20 D = -133.6 (c, 1.33,

CH,Cly); 96% ee, determined by HPLC analysis [Daicel Chiralcel
O OD-H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t
(major) = 8.04 min, t (minor) = 18.02 min]; 'H NMR (300 MHz,
CDCl3) 8 7.96 — 7.82 (m, 3H), 7.65 — 7.41 (m, 5H), 6.25 (s, 1H), 4.47 — 4.22 (m, 2H), 4.05 (d, J =

17.7 Hz, 1H), 3.78 (d, J = 17.7 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) &
;



195.19, 168.64, 152.47 (q, J = 1.7 Hz), 139.42, 135.12, 133.79, 133.70, 128.50, 127.89, 123.47,
122.98, 119.83 (q, J = 260.2 Hz), 116.15, 64.81, 63.49, 48.56, 13.52. ESI-HRMS: Calcd for

CioH7FsNOeS™ ((IM+H]): 444.0723; Found: 444.0725.

White solid, m.p. 92-95 °C, 99% yield. [a]20 D = -163.3 (c, 0.73,
CH,Cl,); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 15.86

min, t (minor) = 24.68 min]; 'H NMR (300 MHz, CDCl;) 6 8.45 — 8.38 (mm,
1H), 8.17 — 8.10 (m, 1H), 8.02 — 7.95 (m, 1H), 7.94 — 7,86 (m, 2H), 7.77 — 7.62 (m, 3H), 7.61 —
7.53 (m, 1H), 7.48 — 7.39 (m, 2H), 6.28 (s, 1H), 4.43 — 4.25 (m, 2H), 4.21 (d, J = 17.7 Hz, 1H),
3.75(d, J=17.8 Hz, 1H), 1.30 (t, J= 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl3) 4 195.58, 169.26,
135.43, 135.29, 134.60, 133.67, 130.76, 129.12, 128.46, 128.36, 128.12, 127.85, 125.14, 122.86,
119.42, 65.21, 63.24, 48.57, 13.66. ESI-HRMS: Calcd for C;,H9NNaOsS*™ ([M+H*]): 432.0876;

Found: 432.0879.

White solid, m.p. 58-61 °C, 99% yield. [a]20 D = (¢, 1.26, CH,Cl,); 97%
ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 16.90 min, t

(minor) = 19.91 min]; 'H NMR (300 MHz, CDCl;) & 7.86 — 7.77 (m, 3H),
7.73 —7.59 (m, 3H), 7.29 — 7.23 (m, 2H), 6.09 (s, 1H), 4.39 — 4.22 (m, 2H), 4.07 (d, J= 17.7 Hz,
1H), 3.70 (d, J = 17.7 Hz, 1H), 2.41 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;)
§195.22, 169.33, 144.67, 136.65, 135.26, 133.29, 132.86, 130.43, 129.13, 127.98, 123.95, 121.50,
65.21, 63.10, 48.70, 21.37, 13.60. ESI-HRMS: Calcd for CjoH;0NNaOsS* ([M+Na*]): 396.0876;

Found: 396.0874.

White solid, m.p. 68-70 °C, 98% vyield. [a]20 D = —142.8 (c, 0.86,
CH,Clp); 95% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (minor) =

28.09 min, t (major) = 86.78 min]; 'H NMR (300 MHz, CDCl3) § 7.91 —

7.84 (m, 2H), 7.83 — 7.78 (m, 1H), 7.73 — 7.58 (m, 3H), 7.47 — 7.29 (m, 5H), 7.03 — 6.96 (m, 2H),
8



6.10 (s, 1H), 5.12 (s, 2H), 4.30 (qq, J = 10.7, 7.1 Hz, 2H), 4.04 (d, J = 17.6 Hz, 1H), 3.66 (d, J =
17.6 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H). 13C NMR (75 MHz, CDCl;) § 194.02, 169.39, 162.99,
136.68, 135.65, 135.26, 133.27, 130.42, 130.24, 128.58, 128.38, 127.96, 127.13, 123.95, 121.50,
114.50, 69.89, 65.27, 63.08, 48.50, 29.35, 13.62. ESI-HRMS: Calcd for C,sH,3sNNaOeS*

(IM+Na*]): 488.1138; Found: 488.1144.

White solid, m.p. 62-64 °C, 96% yield. [a]20 D = —153.1 (¢, 0.70,
CH,Cl,); 98% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 19.04

F
min, t (major) = 25.08 min]; 'H NMR (300 MHz, CDCl3) § 7.99 — 7.90 (m,

2H), 7.85 — 7.79 (m, 1H), 7.74 — 7.60 (m, 3H), 7.18 — 7.07 (m, 2H), 6.12 (s, 1H), 4.32 (qq, J =
10.7, 7.1 Hz, 2H), 4.07 (d, J = 17.7 Hz, 1H), 3.69 (d, J = 17.7 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, CDCly) & 194.09, 169.19, 165.87 (d, J = 256.4 Hz), 136.52, 135.23, 133.39,
131.79 (d, J = 3.1 Hz), 130.61 (d, J = 11.0 Hz), 130.55, 123.96, 121.48, 115.63 (d, J = 22.1 Hz),
65.13, 63.20, 48.61, 13.59. ESI-HRMS: Calcd for C;sH;;FNOsS* ([M+H*]): 378.0806; Found:

378.08009.

White solid, m.p. 65-68 °C, 94% yield. [a]20 D=-135.2 (c, 1.0, CH,CL,);
98% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 21.77 min, t

(major) = 31.21 min]; '"H NMR (300 MHz, CDCl;) 8 7.86 — 7.54 (m, 8H),
6.12 (s, 1H), 4.32 (qq, J = 10.8, 7.1 Hz, 2H), 4.06 (d, J = 17.8 Hz, 1H), 3.68 (d, J = 17.8 Hz, 1H),
1.30 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCly) & 194.74, 169.15, 136.44, 135.18, 133.98,
133.44, 131.80, 130.58, 129.36, 128.99, 123.95, 121.51, 65.06, 63.27, 48.64, 13.63. ESI-HRMS:

Calcd for C;gH1,BrNNaOsS* ([M+Na*]): 459.9825; Found: 459.9830.

White solid, m.p. 66—68 °C, 95% vyield. [a]20 D = -133.7 (c, 1.10,
CH,Cly); 99% ee, determined by HPLC analysis [Daicel Chiralcel

OD-H column, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t

(minor) = 16.73 min, t (major) = 38.84 min]; 'H NMR (300 MHz,



CDCls) § 8.20 — 8.05 (m, 2H), 8.03 — 7.92 (m, 2H), 7.86 — 7.81 (m, 1H), 7.77 — 7.59 (m, 3H), 6.10
(s, 1H), 4.33 (qq, J = 10.7, 7.1 Hz, 2H), 4.10 (d, J = 17.8 Hz, 1H), 3.95 (s, 3H), 3.75 (d, J= 17.9
Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) § 195.22, 169.08, 165.62, 138.38,
136.47, 135.31, 134.33, 133.38, 130.57, 129.63, 127.79, 123.88, 121.57, 65.03, 63.28, 52.19,

49.02, 13.61. ESI-HRMS: Calcd for Cy0H;gNNaO,S* ([M+Na*]): 440.0774; Found: 440.0779.

White solid, m.p. 60 —62 °C, 97% yield. [0]20 D = —126.7 (c, 1.34,
CH,Cly); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) =

17.22 min, t (major) = 26.03 min]; 'H NMR (300 MHz, CDCl;)  8.06 —
7.99 (m, 2H), 7.86 — 7.81 (m, 1H), 7.78 — 7.60 (m, 5H), 6.10 (s, 1H), 4.34 (qq, J = 10.7, 7.1 Hz,
2H), 4.09 (d, J = 17.8 Hz, 1H), 3.75 (d, J = 17.8 Hz, 1H), 1.31 (t, J= 7.1 Hz, 3H). 3C NMR (75
MHz, CDCl;) 6 194.81, 169.00, 137.93, 136.46, 135.34, 134.84 (q, J = 32.7 Hz), 133.42, 130.61,
128.25, 125.54 (q, J = 3.6 Hz), 123.88, 123.07 (q, J = 272.9 Hz), 121.57, 65.01, 63.34, 48.86,

13.60. ESI-HRMS: Calcd for C9H;sF3NNaOsS*™ ([M+Na*]): 450.0593; Found: 450.0588.

White solid, m.p. 73 =74 °C, 96% yield. [a]20 D = —-133.2 (c, 0.88,
CH,Cl,); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (minor) =

30.95 min, t (major) = 60.06 min]; 'H NMR (300 MHz, CDCls) 8 8.36 —
8.27 (m, 2H), 8.13 — 8.05 (m, 2H), 7.87 — 7.81 (m, 1H), 7.77 — 7.62 (m, 3H), 6.09 (s, 1H), 4.35 (qq,
J=10.7,7.1 Hz, 2H), 4.10 (d, /= 17.8 Hz, 1H), 3.78 (d, /= 17.8 Hz, 1H), 1.33 (t,/="7.1 Hz, 3H).
3C NMR (75 MHz, CDCl;) 8 194.33, 168.85, 150.45, 139.65, 136.37, 135.36, 133.48, 130.70,
128.99, 123.84, 123.67, 121.61, 64.95, 63.45, 48.98, 13.62. ESI-HRMS: Calcd for

CisH6N,NaO;S* ([M+Na*]): 427.0570; Found: 427.0572.

White solid, m.p. 50 — 52 °C, 98% yield. [a]20 D = -140.8 (c, 1.18 CH,CL);
99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 13.98 min, t (minor)

= 26.64 min]; '"H NMR (300 MHz, CDCl;) & 7.86 — 7.79 (m, 1H), 7.72 — 7.59
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(m, 4H), 7.45 — 7.36 (m, 1H), 7.29 — 7.21 (m, 2H), 6.11 (s, 1H), 4.42 — 4.25 (m, 2H), 4.05 (d, J =
17.7 Hz, 1H), 3.65 (d, J = 17.7 Hz, 1H), 2.53 (s, 3H), 1.32 (t, J= 7.1 Hz, 3H). 3C NMR (75 MHz,
CDCly) & 198.88, 169.36, 138.78, 136.68, 135.45, 135.32, 133.28, 131.97, 131.94, 130.42, 128.68,
125.52, 123.89, 121.52, 65.36, 63.13, 51.07, 21.18, 13.64. ESI-HRMS: Calcd for CoH;oNNaOsS*

(IM+Na*]): 396.0876; Found: 396.0879.

%0 White solid, m.p. 132-133 °C, 96% yield. [a]20 D = —-147.7 (c, 0.97,

oMe CHaCL); 96% ee, determined by HPLC analysis [Chiralpak AD-H column,
n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (major) = 31.50 min, t
(minor) = 40.03 min]; '"H NMR (300 MHz, CDCl3) 8 7.89 — 7.76 (m, 2H),
7.74 — 7.58 (m, 3H), 7.55 — 7.47 (m, 1H), 7.05 — 6.93 (m, 2H), 6.09 (s, 1H), 4.29 (qt, J=14.2,5.3
Hz, 2H), 4.12 (t, /= 11.4 Hz, 1H), 3.86 (d, J= 6.6 Hz, 3H), 3.74 (d, /= 18.6 Hz, 1H), 1.29 (t, J =
7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) § 196.50, 169.63, 159.15, 136.86, 135.16, 134.69,
133.30, 130.50, 130.30, 125.42, 124.09, 121.38, 120.48, 111.42, 65.60, 62.91, 55.25, 54.12, 13.63.

ESI-HRMS: Calcd for C9H9NNaOsS™ ([M+Na*]): 412.0825; Found: 412.0830.

White solid, m.p. 92-93 °C, 97% yield. [a]20 D =-147.5 (c, 1.11, CH,Cl,);
99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 12.69 min, t (minor)

= 15.30 min]; "H NMR (300 MHz, CDCl;) § 7.99 — 7.89 (m, 1H), 7.86 — 7.80
(m, 1H), 7.76 — 7.50 (m, 4H), 7.31 — 7.23 (m, 1H), 7.19 — 7.09 (m, 1H), 6.06 (s, 1H), 4.32 (qq, J =
10.7, 7.1 Hz, 2H), 4.14 (dd, J = 18.6, 3.7 Hz, 1H), 3.67 (dd, J = 18.6, 3.6 Hz, 1H), 1.31 (t, J=7.1
Hz, 3H). '*C NMR (75 MHz, CDCLy) § 193.54 (d, J = 3.9 Hz), 169.29, 162.06 (d, J = 255.7 Hz),
136.41, 135.45 (d, J = 9.3 Hz), 135.18, 133.34, 130.46, 130.37 (d, J = 2.1 Hz), 124.41 (d, J = 3.3
Hz), 123.97, 123.64 (d, J = 12.4 Hz), 121.52, 116.46 (d, J = 23.6 Hz), 65.16 (d, J = 3.2 Hz), 63.14,
53.41 (d, J = 9.0 Hz), 13.60. ESI-HRMS: Calcd for C;sH;sFNNaOsS* ([M+Na*]): 400.0625;

Found: 400.0629.

9.0 White solid, m.p. 50 — 53 °C,, 96% yield. []20 D =-125.1 (c, 1.09, CH,CL);
S

99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-




hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 15.80 min, t (minor) = 24.28 min]; 'H
NMR (300 MHz, CDCl3) 6 7.85 — 7.79 (m, 1H), 7.72 — 7.58 (m, 4H), 7.47 — 7.29 (m, 3H), 6.09 (s,
1H), 4.44 — 4.28 (m, 2H), 4.14 (d, /= 18.0 Hz, 1H), 3.69 (d, /= 18.0 Hz, 1H), 1.35 (t, /= 7.1 Hz,
3H). 3C NMR (75 MHz, CDCl;) 8 197.80, 169.03, 136.68, 136.50, 135.29, 133.36, 132.51,
131.28, 130.56, 130.51, 129.51, 126.81, 123.91, 121.51, 65.29, 63.33, 52.44, 13.65. ESI-HRMS:

Calcd for C;gH ,CINNaOsS* ([M+Na*]): 416.0330; Found: 416.0334.

White solid, m.p. 4546 °C, 96% yield. [a]20 D = -71.2 (c, 0.83, CH,Cl,);
99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, »n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 12.91 min, t (minor)

=20.69 min]; '"H NMR (300 MHz, CDCl;) & 7.83 — 7.76 (m, 1H), 7.70 — 7.57
(m, 4H), 7.53 — 7.47 (m, 1H), 7.41 — 7.27 (m, 2H), 6.08 (s, 1H), 4.45 — 4.26 (m, 2H), 4.08 (d, J =
18.0 Hz, 1H), 3.65 (d, J = 18.0 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) §
198.75, 168.95, 139.01, 136.50, 135.31, 133.76, 133.36, 132.22, 130.52, 128.97, 127.29, 123.88,
121.51, 118.77, 77.15, 76.73, 76.31, 65.21, 63.39, 51.93, 13.70. ESI-HRMS: Calcd for
CisH7BrNOsS * ([M+H"]): 438.0005; Found: 438.0009.
White solid, m.p. 57-58 °C, 98% yield. [a]20 D = -156.3 (c, 1.13,
CH,Cly);  98% ee, determined by HPLC analysis [Daicel Chiralcel

OD-H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major)

= 14.96 min, t (minor) = 26.69 min]; 'H NMR (300 MHz, CDCl;) § 7.84
—7.78 (m, 1H), 7.77 — 7.58 (m, 5H), 7.44 — 7.30 (m, 2H), 6.11 (s, 1H), 4.31 (qq, /= 10.7, 7.1 Hz,
2H), 4.09 (d, J = 17.8 Hz, 1H), 3.72 (d, J = 17.8 Hz, 1H), 2.38 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H).
3C NMR (75 MHz, CDCl;) 8 195.82, 169.30, 138.33, 136.65, 135.31, 135.27, 134.43, 133.35,
130.47, 128.37, 128.34, 125.09, 123.99, 121.48, 65.19, 63.13, 48.86, 20.94, 13.62. ESI-HRMS:

Caled for CgH0NOsS™ ([M+H*]): 374.1057; Found: 374.1058.

White solid, m.p. 53-54 °C, 96% yield. [0]20 D = —146.7 (c, 1.09,
CH,Cl,); 98% ee, determined by HPLC analysis [Daicel Chiralcel OD-

OMe  H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) =

22.95 min, t (minor) = 69.05 min]; '"H NMR (300 MHz, CDCI;)  7.86
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—7.80 (m, 1H), 7.75 — 7.58 (m, 3H), 7.51 — 7.42 (m, 2H), 7.40 — 7.32 (m, 1H), 7.17 — 7.11 (m,
1H), 6.08 (s, 1H), 4.32 (qq, J = 10.7, 7.1 Hz, 2H), 4.07 (d, J = 17.8 Hz, 1H), 3.84 (s, 3H), 3.71 (d,
J=17.8 Hz, 1H), 1.31 (t, J= 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) § 195.50, 169.24, 159.63,
136.62, 135.31, 133.31, 130.48, 129.44, 123.92, 121.53, 120.52, 120.29, 111.94, 65.18, 63.17,

55.16, 48.89, 13.62. ESI-HRMS: Calcd for C;9H;0NO¢S*™ ([IM+H*]): 390.1006; Found: 390.1005.

White solid, m.p. 58 — 60 °C, 98% yield. [a]20 D = -137.2 (c, 1.13,
CH,Cly); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) =

17.99 min, t (minor) = 30.46 min]; 'H NMR (300 MHz, CDCI;) & 8.06 —
8.01 (m, 1H), 7.89 — 7.79 (m, 2H), 7.76 — 7.60 (m, 4H), 7.39 — 7.31 (m, 1H), 6.07 (s, 1H), 4.33 (qq,
J=10.7,7.1 Hz, 2H), 4.05 (d, /= 17.8 Hz, 1H), 3.69 (d, /= 17.8 Hz, 1H), 1.31 (t,/="7.1 Hz, 3H).
3C NMR (75 MHz, CDCl;) 8 194.36, 169.06, 136.97, 136.48, 135.32, 133.38, 130.90, 130.57,
130.07, 126.39, 123.89, 122.80, 121.57, 65.00, 63.29, 48.77, 13.62. ESI-HRMS: Calcd for

CisH¢BrNNaOsS* ([M+Na*]): 459.9825; Found: 459.9828.

White solid, m.p. 73 =74 °C, 98% yield. [a]20 D = —-134.4 (c, 1.17,
CH,Cly); 99% ee, determined by HPLC analysis [Daicel Chiralcel OD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) =

23.68 min, t (major) = 26.01 min]; 'H NMR (300 MHz, CDCI;) 6 8.41 (s,
1H), 8.03 — 7.49 (m, 10H), 6.15 (s, 1H), 4.44 — 4.25 (m, 2H), 4.22 (d, J=17.7 Hz, 1H), 3.88 (d, J
= 17.7 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCls) 8 195.55, 169.32, 136.71,
135.60, 135.37, 133.33, 132.64, 132.04, 130.49, 130.00, 129.28, 128.64, 128.41, 127.51, 126.72,
124.00, 123.08, 121.56, 65.27, 63.19, 48.87, 13.64. ESI-HRMS: Calcd for C,;,H;gNNaO;S*

(IM+Na*]): 432.0876; Found: 432.0880.

White solid, m.p. 5658 °C, 98% yield. [a]20 D = -133.6 (c, 1.09, CH,CL);

98% ee, determined by HPLC analysis [Daicel Chiralpak AD-H column, n-

hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (major) = 24.23 min, t (minor)

= 36.80 min]; "H NMR (300 MHz, CDCl;) 8 7.86 —7.79 (m, 1H), 7.74-7.58 (m, 4H), 7.27 — 7.23
13



(m, 1H), 6.59 — 6.55 (m, 1H), 6.07 (s, 1H), 4.44-4.21 (m, 2H), 3.95 (d, J = 17.7 Hz, 1H), 3.60 (d,
J=17.7 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) & 184.31, 169.05, 151.37,
146.77, 136.53, 135.21, 133.32, 130.47, 123.94, 121.48, 117.93, 112.35, 64.87, 63.26, 48.15,

13.59. ESI-HRMS: Caled for C¢H;sNNaO4S* ([M+Na*]): 372.0512; Found: 372.0516.

White solid, m.p. 64-66 °C, 97% yield. [a]20 D =-154 (c, 1.14, CH,CL); 97%
ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 20.85 min, t (major)

=23.03 min]; 'H NMR (300 MHz, CDCl3) § 7.83 — 7.78 (m, 1H), 7.76 — 7.57
(m, 5H), 7.15 - 7.10 (m, 1H), 6.09 (s, 1H), 4.42 — 4.22 (m, 2H), 4.04 (d, J = 17.4 Hz, 1H), 3.65 (d,
J=17.4Hz, 1H), 1.31 (t, J= 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) § 188.27, 169.04, 142.17,
136.47, 135.21, 134.57, 133.41, 132.76, 130.54, 128.10, 124.01, 121.45, 65.16, 63.27, 48.86,

13.61. ESI-HRMS: Calcd for C;cHsNOsS," ([M+H*]): 366.0464; Found: 366.0466.

(\)\S,/O White solid, m.p. 64-65 °C, 93% yield. [a]20 D = -157 (c, 0.73, CH,Cl,);

. MO 98% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-
E0,C =

’ 3at Ph hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 25.49 min, t

(major) = 34.44 min]; 'H NMR (300 MHz, CDCl3) & 7.85-7.78 (m, 1H), 7.72-7.49 (m, 6H), 7.45
—7.35 (m, 3H), 6.71 (d, J = 16.3 Hz, 1H), 6.08 (s, 1H), 4.31 (qq, J = 10.7, 7.1 Hz, 2H), 3.83 (d, J
=17.6 Hz, 1H), 3.42 (d, J = 17.5 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). *C NMR (75 MHz, CDCL;) §
195.37, 169.20, 144.34, 136.64, 135.23, 133.61, 133.29, 130.72, 130.42, 128.72, 128.16, 124.72,
123.92, 121.48, 65.13, 63.15, 50.09, 13.62. ESI-HRMS: Calcd for CaoHyNOsS* ([M+H'Y):

386.1057; Found: 386.1058.

White solid, m.p. 49 — 51 °C, 96% yield. [a]20 D =-111.2 (c, 0.91, CH,Cl,);
99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, #-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 14.45 min, t (major)

= 30.54 min]; '"H NMR (300 MHz, CDCl;) 8 7.84 — 7.77 (m, 1H), 7.72 —
7.58 (m, 3H), 7.58 — 7.51 (m, 2H), 7.51 — 7.42 (m, 1H), 7.42 — 7.33 (m, 2H), 5.99 (s, 1H), 4.43 —

4.20 (m, 2H), 3.84 (d, J = 18.2 Hz, 1H), 3.40 (d, J = 18.2 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). '3C
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NMR (75 MHz, CDCl;) 6 182.20, 168.68, 136.10, 135.21, 133.37, 132.84, 130.91, 130.57, 128.40,
123.83, 121.54, 118.92, 93.14, 86.60, 64.66, 63.42, 54.39, 13.61. ESI-HRMS: Calcd for

Cy0H1sNOsS™ ([M+H*]): 384.0900; Found: 384.0900.

White solid, m.p. 4749 °C, 98% yield. [a]20 D = -50.1 (¢, 1.22, CH,Cl,);
99% ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 10.29 min, t (minor)

= 13.34 min]; '"H NMR (300 MHz, CDCLy) & 7.97-7.88 (m, 2H), 7.84-7.75
(m, 2H), 7.68-7.52 (m, 3H), 7.49 —7.40 (m, 2H), 6.15 (s, 1H), 4.43 (q, J = 7.1 Hz, 2H), 4.27 (q, J
= 7.5 Hz, 1H), 1.48 (d, J = 7.5 Hz, 3H), 1.41 (t, J = 7.1 Hz, 3H). *C NMR (75 MHz, CDCL;) §
200.78, 168.81, 136.93, 135.43, 133.33, 132.35, 130.24, 128.49, 128.27, 126.08, 121.31, 68.62,
63.18, 49.94, 14.38, 13.72. ESI-HRMS: Caled for C1oH;sNNaOsS* ([M+Na*]): 396.0876; Found:

396.0877.

White solid, m.p. 52-53 °C, 97% vyield. [a]20 D=142.1 (c, 1.15,
CH,Cly); >20:1 dr, 99% ee, determined by HPLC analysis [Daicel

Chiralcel OD-H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm;

t (major) = 13.18 min, t (minor) = 21.00 min]; 'H NMR (300 MHz,
CDCl3) 6 8.02 — 7.94 (m, 2H), 7.93 — 7.86 (m, 1H), 7.86 — 7.80 (m, 1H), 7.75 — 7.64 (m, 2H), 7.00
—6.90 (m, 2H), 5.99 (s, 1H), 5.65 (d, J=46.1 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 3.88 (s, 3H), 1.33
(t, J=7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) 6190.00 (d, J = 20.0 Hz), 167.45, 164.37, 135.71,
133.26, 133.01, 131.86, 131.81, 130.91, 126.91, 126.84, 121.25, 113.75, 92.08 (d, J = 201.3 Hz),
66.19 (d, J = 22.6 Hz), 63.48, 55.27, 13.62. ESI-HRMS: Calcd for C;oH;sFNNaO4sS*™ ([M+Na*]):

430.0731; Found: 430.0735.

column, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t (minor) = 32.82
min, t (major) = 35.45 min]; 'H NMR (300 MHz, CDCl;) 6 8.04 — 7.95 (m, 1H), 7.84-7.77 (m,

1H), 7.76-7.59 (m, 3H), 7.52 —7.44 (m, 1H), 7.35 — 7.27 (m, 1H), 7.24 — 7.17 (m, 1H), 5.85 (s,
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1H), 4.44 —4.22 (m, 2H), 3.81 (dd, J= 13.9, 4.2 Hz, 1H), 3.07 — 2.84 (m, 2H), 2.29 — 2.08 (m, 1H),
1.56 — 1.42 (m, 1H), 1.32 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) § 196.25, 169.90,
143.61, 135.45, 135.22, 133.84, 133.54, 131.54, 130.52, 128.45, 127.23, 126.55, 123.87, 121.65,
69.16, 63.16, 55.95, 28.48, 23.08, 13.59. ESI-HRMS: Calcd for CH;oNNaOsS* ([M+Na*]):

408.0876; Found: 408.0881.

(?é,/o White solid, m.p. 4041 °C, 96% yield. [a]20 D =65 (c, 1.08, CH,Cl,); 96%

a 0 ee, determined by HPLC analysis [Daicel Chiralcel OD-H column, n-
Et0,C’ N

3az Ph hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t (major) = 20.35 min, t

(minor) = 23.37 min]; 'H NMR (300 MHz, CDCls) § 7.91-7.84 (m, 2H), 7.83-7.74 (m, 2H), 7.74
—7.53 (m, 3H), 7.51-7.42 (m, 2H), 6.99 (d, J = 15.5 Hz, 1H), 6.92-6.79 (m, 1H), 5.86 (s, 1H),
436 (q,J=17.1 Hz, 2H), 3.23 (dd, J = 14.1, 7.2 Hz, 1H), 2.98 (dd, J = 14.1, 6.9 Hz, 1H), 1.35 (t, J
= 7.1 Hz, 3H). *C NMR (75 MHz, CDCl;) & 189.98, 168.64, 139.74, 137.15, 136.89, 135.31,
133.38, 132.72, 130.83, 130.51, 128.36, 128.31, 124.42, 121.35, 67.85, 63.72, 42.89, 13.82. ESI-

HRMS: Calcd for C,0H;9NNaOsS*™ ([M+Na*]): 408.0876; Found: 408.0881.

c\)é/,o Viscous oil, 21% yield. [a]20 D =—46 (c, 0.43, CHCl3); 30% ee, determined by

NH
P HPLC analysis [Daicel Chiralcel AD-H column, n-hexane/i-PrOH = 60:40, 1.0

Etozc\\\‘F F Ph . . . . .
sy mL/min, 230 nm; t (major) = 14.95 min, t (minor) = 25.56 min]; 'H NMR (300
MHz, CDCI;) 6 8.14 — 8.07 (m, 2H), 8.00 — 7.94 (m, 1H), 7.91 — 7.85 (m, 1H),

7.81 — 7.65 (m, 3H), 7.56 — 7.48 (m, 2H), 6.01 (s, 1H), 4.47 — 4.36 (m, 2H), 1.36 (t, /= 7.1 Hz,
3H). 13C NMR (75 MHz, CDCls) 8 187.48 (dd, J = 32.0, 28.9 Hz), 165.26 (dd, J = 7.2, 2.0 Hz),
136.32, 134.89, 133.26, 131.48, 130.88, 130.11 (d, J = 2.2 Hz), 130.06 (d, J = 2.5 Hz), 128.52,
126.72 (d, J = 5.6 Hz), 121.62, 6 115.10 (t, J = 269.8 Hz), 68.23 (dd, J = 26.0, 23.9 Hz), 64.08,

13.52. ESI-HRMS: Calcd for CgH4F,NOsS- ([M-H]): 394.0566; Found: 394.0569.

6. Transformations of product 3 to 4, 5 and 6

6.1 The preparation of 4
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\
o

\\

NH e Pd/ca HZ _
McOH/EtOAG, 10:1(v/v)

3ba

A solution of 3ba (0.2 mmol) in MeOH (8.5 mL) and EtOAc(0.8 mL) was added to a mixture of
Pd/C(10% on carbon, 35 mg) in MeOH (0.5 mL).The mixture was stirred under H, (1atm) for 24
hours. The reaction mixture was then filtered through Celite and the filtrate was concentrated
under reduced pressure. The remained oil was purified through flash column chromatography
(PE/EA = 5/1) to give product 4ba as a viscous liquid. 78% yield. [a]20 D= -32.1 (c, 1.33,
CH,Cl,); 97% ee, determined by HPLC analysis [Daicel Chiralpak AD-H column, n-hexane/i-
PrOH = 80:20, 1.0 mL/min, 220 nm; t (minor) = 15.73 min, t (major) = 24.16 min]; 'H NMR (300
MHz, CDCl;) § 7.66 — 7.60 (m, 1H), 7.49 — 7.44 (m, 1H), 7.40 — 7.33 (m, 1H), 7.30 — 7.11 (m,
S5H), 5.84 (s, 1H), 4.34 — 4.18 (m, 2H), 2.81 — 2.59 (m, 2H), 2.57 — 2.47 (m, 1H), 2.45 (s, 3H),
2.37-2.22 (m, 1H), 1.34 (t,J= 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl3) 5 169.68, 144.33, 139.93,
138.13, 132.35, 131.11, 128.14, 128.11, 125.90, 124.70, 120.88, 68.48, 63.24, 41.67, 30.61, 21.53,
13.79. ESI-HRMS: Calcd for CgH;gNNaO4S* ([M+Na*]): 368.0927; Found: 368.0926.

6.2 The preparation of 5 8

0
\é//O
TBHP,KI ©1A
3 = (0]
THF Et0,C [
Ph

5 95%yield,98%ee

To a suspension of product 3aa (0.3mmol), KI (0.6 mmol) and THF (3 mL) was added TBHP
(0.60 mmol, 5.5 mol/L in n-decane) in portions during 2 h. After completion of the reaction
(monitored by TLC), the solvent was evaporated in vacuo. Purification of the residue by column
chromatography (PE/EA = 10/1 — 5/1, V/V) afforded the desired aziridine product 5.
95% yield. [@]20 D = +78.8 (c, 0.92, EtOAc); 98% ee, determined by HPLC analysis [Daicel
Chiralcel OD-H column, n-hexane/i-PrOH = 70:30, 0.8 mL/min, 215 nm; t (major) = 11.39 min, t
(minor) = 12.86 min]; "H NMR (300 MHz, CDCls) 4 8.27 — 8.21 (m, 1H), 8.16 — 8.08 (m, 2H),
7.85 —7.74 (m, 2H), 7.73 — 7.63 (m, 2H), 7.59 — 7.49 (m, 2H), 4.46 — 4.20 (m, 2H), 3.94 (s, 1H),

1.27 (t, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl;) & 187.36, 163.08, 134.34, 134.31, 133.73,
17



133.23, 132.87, 130.90, 128.82, 128.68, 126.90, 123.02, 77.12, 76.70, 76.28, 62.75, 59.60, 53.32,

13.43. ESI-HRMS: Calcd for CgH;sNOsS * ([M+H*]): 358.0743; Found: 358.0744.

The preparation of 6

Q0

7

NH o

K,CO3, Cul, DMEDA _

Toluene, 50°C

3am 6 95%yield, 98 % ce

Under nitrogen atmosphere, to a solution of 3am (88mg, 0.2mmol) in anhydrous toluene (3 mL)
was added Cul (0.5 equiv), DMEDA (1.0 equiv), K,CO; (2.5 equiv). After heating for 1 h at 50
°C, the heterogeneous mixture was cooled to room temperature and AcOEt (6 mL) was added, the
mixture was then passed through a pad of Celite. The filtrate was concentrated under reduced
pressure and the residue was purified by silica gel column chromatography (PE/EA = 3/1m V’V)
to afford the product 6 in 95% yield.

White solid, m.p. 55 =56 °C, 95% yield. [a]20 D = —143.5 (c, 0.35, CH,Cl,); 98% ee, determined
by HPLC analysis [Daicel Chiralcel OD-H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220
nm; t (mnior) = 24.53 min, t (major) = 26.23 min]; 'H NMR (300 MHz, CDC]l5) 6 8.06 — 7.97 (m,
1H), 7.97 — 7.89 (m, 1H), 7.89 — 7.82 (m, 1H), 7.80 — 7.59 (m, 4H), 7.25 — 7.18 (m, 1H), 4.21 —
3.97 (m, 2H), 3.76 (d, J = 16.4 Hz, 1H), 2.97 (d, J = 13.3 Hz, 1H), 1.02 (t, J = 7.1 Hz, 3H). 3C
NMR (75 MHz, CDCl;) ¢ 188.33, 167.91, 138.31, 135.76, 133.95, 133.64, 133.54, 130.82, 127.99,
123.99, 123.19, 121.74, 121.67, 118.01, 77.19, 76.76, 76.34, 68.62, 63.12, 45.86, 13.37. ESI-

HRMS: Calcd for C;gH sNNaOsS* ([M+Na*]): 380.0563; Found: 380.0566.
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 17.85

min, tg (minor) = 24.75 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000012.D)

mAU

300

250

200

150+

100+

50

# Time
1 17.854
2 24754

Area  Height Width Area%
20333.3 307.1  0.9559 99.624
76.8 9.5E-1 13508 0.376

Symmetry
0.331
0.847

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000011.D)
mAU ]

200+

175+

150+

125+

100+

754

50

25

Area  Height Width Area% Symmetry
141909 211.6  0.9528 49.744 0.351
14337.2 167.1 1.2454 50.256 0.481
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 13.44 min, tp

(minor) = 21.91 min; 99% ee.

VWD1 A, Wavelength=220 nm (H:\2016-10-24001285%-E-PH-CHCL3-5ME5+SI.D)
mAU =]
250
1 O,
B \\Séo
7 \
1 NH
200 0
1 o
] Et0,C
] Ph
1 3ba
150
100+
50
1 H
K
2 &
o B
1 = &
o ok
1 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
5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
13.44 19219.6 257.7 1.0363  99.647 0.315
2 21091 68.1 6.8E-1 1.6601 0.353 0.506

VWD1 A, Wavelength=220 nm (H:\2016-10-2400127R-5ME5+SI.D)
mAU 1 3
120

100—: rac-3ba
80{
60{
40—:

20+

# Time Area  Height Width Area% Symmetry
13.898 8208.2 120.3 0.98 50.768 0.31
2 21.53 7959.8 101.2 1.1943 49.232 0.6
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 14.83 min, ty
(minor) = 22.17 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160515000009.D)

mAU
900+

800 0

700 NH
600 Ei0,C

500 —|
400-]
300
200

100+

0 Bt

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 5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
1 14.826 73485.6 905.1 1.1176  99.782  0.218
2 22,165 1604 1.9 1.4436  0.218 0.5

VWD1 A, Wavelength=220 nm (XL2016\20160515000008.D)

mAU
400

rac-3ca
350
300 -
250
200
150

100+

50

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 5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
1 15.548 32253  371.8 1.2379  51.771 0.36
2 21.702 30046.8 400.9 1.1424 48.229 0.575

22



Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 7.20 min, tg
(minor) = 12.30 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160519000002.D)

mAU

1750+

1500 —

1250

1000 —

750
500
250 &
- N
g Vv
8
0 ! "
T T T T T T T [ [
0 2 4 6 8 10 12 14 16 min

# Time Area  Height Width Area% Symmetry
1 7.201 52780  1933.7 0.4549 99.603 0.295
2 12301 2105 6.3  0.5557 0397 0.829

VWD1 A, Wavelength=220 nm (XL2016\20160516000003.D)

mAU 2 Q"
P
&
700 ©
600_] rac-3da

500

400

3004

200+

100+

# Time Area  Height Width Area% Symmetry
1 7.659 20475 74304593 51.289 0.367
2 13.183 19445.8 478.8  0.6769 48.711 0.726
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 10.85 min, ty
(minor) = 17.42 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160518000001.D)
mAU S &
Xel
5 W
1000 —
800
600
400
200+
AV
® N
A
- &
0 . =
-——Y 77—
0 25 5 7.5 10 12.5 15 17.5 20 225 min|

# Time Area  Height Width Area% Symmetry
1 10.847 48852 11242 0.7242 99.568 0.307
2 17423 211.7 48 07385 0432 0.73

VWD1 A, Wavelength=220 nm (XL2016\20160516000006.D)
mAU
400

350
rac-3ea
300
250 —|
200
1504

100

50

L w

N s s s B s e e e e A e s s B s s e e LB
0 25 5 7.5 10 125 15 17.5 20 min|

#  Time Area  Height Width Area% Symmetry
1 11.481 183444 4080.6454 50.863 0.308
2 17.535 17722 3212 0.8433 49.137 0.584
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 10.82 min, tp
(minor) = 19.38 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160515000002.D)
mAU
800
6001
400
200
)
3 »‘b&@
8 &
0| L
o T T s T T s T T T s T s s s T s i
# Time Area  Height Width Area% Symmetry
10.818 462985 919.2 0.8394 99.379 0.261
2 19382 2895 5.1 0.9453 0.621 0.871
VWD1 A, Wavelength=220 nm (XL2016120160515000001.0)
mAU 2 %1
oo} ‘.06\?\
1000 & . éﬁ@%b
[N
rac-3fa g
800
6001
400
200
0,
o s T T s w35 mn

# Time Area  Height Width Area% Symmetry
10.833 60112.7 1099.6 09111 51.523 0.29
2 19.127 56558.6 881.5 1.0693 48.477 0.649
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 8.26 min, tg

(minor) = 18.11 min; 97% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160515000007.D)

800-{ F
600 —

400

200;
&
0
T 15 2 25 min
# Time Area  Height Width Area% Symmetry
8.285 31791.5 983.4 0.5388 98.501 0.369
2 18.113 4838 8.8 09178 1499 1.016
VWD1 A, Wavelength=220 nm (XL2016\20160515000006.D)
mAU ] o
700-] '
600 rac-3ga
500]
400 5
300
200]
100
0 —
0 ‘5 1‘0 1‘5 2‘0 ‘m\n
#  Time Area  Height Width Area% Symmetry
1 8312 23086.3 722.1 0.4676 50.138 0.374
2 17.712 229589 403.5 0.8735 49.862 0.655
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tz (major) = 16.34 min, tg
(minor) = 21.53 min; 94% ee.

VWD1 A, Wavelength=254 nm (XL2016\20160524000017.D)
mAU 7

350

300

250

200
150+
100+

50+

g

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 5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
1 16.336 337252 3843 1.4626  97.082 0.261
2 21.529 10137 164 1.0331 2918 0.612

VWD1 A, Wavelength=220 nm (XL2016\20160516000013.D)
mAU 7]

2251

175+

150 rac-3ha

125+

100+

75

50+

25

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 T
0 5 10 15 20 25 30 min

# Time Area  Height Width Area% Symmetry
1 18.027 146654 159.7 1.2707 50.891 0.285
2 22251 141519 1959 1.089  49.109 0.54
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Daicel Chiralpak AD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; tg (minor) = 18.95 min,
tg (major) = 23.01 min; 97% ee.

VWD1 A, Wavelength=220 nm (G:\XL\2%(1\2016-10-21001242%-E-PH-CHCL3-7CL5+SI.D)

3

>

c
2944

T — T — T ————— ————
0 5 10 15 20 25 30 35 min|

# Time Area  Height Width Area% Symmetry
1 22.097 10589 154 1.0323  1.432 0.587
2 26944 72874.1 8519 1.285  98.568 0.712

VWD1 A, Wavelength=220 nm (G:\XL\2%/\2016-10-2100123R-7CL5+SI.D)

350

26.593

] rac-3ia
300

250
200
150-]

100

SO\AM
0

T s o B s e e S A e s e e e e s s s S LN
0 5 10 15 20 25 30 35 min|

#  Time Area  Height Width Area% Symmetry
21.98  25093.1 369.8 1.0077 49.860 0.557
2 26.593 25233.6 314.6 1.2167 50.140 0.599
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 7.62 min, tg

(minor) = 15.36 min; 96% ee.

VWD1 A, Wavelength=220 nm (G:\XL\2%

\2016-10-19001152%-E-PH-CHCL3-5CF305+SI.D)

0 @Q’?ﬁj
=l
0 T ‘2‘.5‘ T ‘5 7 ‘7‘5 1b 125 1‘5‘ 17.5 2b 225 ‘rmn
# Time Area  Height Width Area% Symmetry
1 8.043 19134.5 657.6  0.485 98.172  0.376
2 18.015 356.3 6.6 0.8978 1.828  0.842
VWD1 A, Wavelength=220 nm (G:\XL\2%! [ 1\12016-10-1900116R-CHCL3-5CF305+SI.D)
mAU N &
3 ..%@\
250;
rac-3ja
200;
i bf'éb
e
150{ N
100{
50;
o—: ‘
0 0 ‘2‘.5‘ T ‘5 7 ‘7‘5 1b 12‘5 1‘5‘ 17‘5 2b 22‘.5 ‘rmn
#  Time Area  Height Width Area% Symmetry
1 8.172 8616.8 283.8 0.506 50.802 0.472
2 17932 83449 1509 09215 49.198 0.754
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 15.86 min, tp
(minor) = 24.68 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160515000005.D)

mAU

3000

2500+

2000+

1500+

1000+

500

— ————— —— —— — ————— ———— ————— T
0 5 10 15 20 25 30 min|

# Time Area  Height Width Area% Symmetry
1 15.895 192901.23248.4 0.9897 99.551 0.444
2 24.682 870.6 10.9 1.3344  0.449 0.759

VWD1 A, Wavelength=220 nm (XL2016\20160515000004.D)
mAU ]

700

600

500

400

300

200

100+

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 5 10 15 20 25 30 min|

# Time Area  Height Width Area% Symmetry
1 16307 46158.6 774.8  0.9929 51.276 0.502
2 24444 43860.6 4914 1.4875 48.724  0.632
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 19.62 min,
tg (major) = 20.80 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\XL\2%(1\2016-10-19001062%-E-PH-CHCL3-5+4MESI.D)

L e L e s e e e e A S o s s e e s s e s e B S B S s s ey e s s
0 25 5 75 10 12.5 15 17.5 20 225 min|

# Time Area  Height Width Area% Symmetry
1 16.898 16573.5 278.5 0.992  99.605 0.396
2 19909 658 1.5 07291 0395 O

VWD1 A, Wavelength=220 nm (G:\XL\2%[1\2016-10-1900107R-CHCL3-5+4MESI.D)
mAU |

250—:
200—:
150—:
100—:

50—

#  Time Area  Height Width Area% Symmetry
1 16.803 148104 263.4 09372 49.747 0
2 19.062 14961.2 238.7 1.0447 50.253 0.555
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t;z (minor) = 28.09 min,
tz (major) = 86.78 min; 95% ee.

VWD1 A, Wavelength=220 nm (G:\2016-07-25000520-CHCL3-E-PH-5+4BNOSI.D)

mAU

400

3501

3004

2504

200

150 +

100+

50

T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 min|

# Time Area  Height Width Area% Symmetry
1 28.092 3548.7 348 1.5428 2.517  0.606
2 86.778 137443.2446.5  5.1309 97.483 0.439

VWD1 A, Wavelength=220 nm (G:\2016-07-2500051R-5+4BNOSI.D)
mAU

700
600 rac-3ac
500

400

300+

200

100+

T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 min|

# Time Area  Height Width Area% Symmetry
1 27.233 79359.6 720.6 1.8355 49.440 0.442
2 89.073 81156.2 268.7  5.0336 50.560 0.498
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 19.04 min,
tg (major) = 25.08 min; 98% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000008.D)

mAU
300

250

200

150+

100+

50

— T T T T T T[T
0 5 10 15 20 25 30 35 min|

# Time Area  Height Width Area% Symmetry
1 19.043 3148 3.5 1.0687 0.818 0.82
2 25.085 381459 3121.6188 99.182 0.25

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000007.D)

mAU & 2
200 - : »
&
@,b.
175
rac-3ad

150+

125+

100+

754

50

25

— T T T T T T[T
0 5 10 15 20 25 30 35 min|

#  Time Area  Height Width Area% Symmetry
1 17.638 15631.8 199.6 1.3054 52.123 0.377
2 25.812 143585 1189  2.012  47.877 0.26
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 21.77 min,
tg (major) = 31.21 min; 98%.

VWD1 A, Wavelength=220 nm (G:\5+S1\20160325-0328\20160326000004.D)
mAU
100
80
60+
404
20 vl
Q \%&%
=&
JM
ol
0““‘5““1‘0“"1‘5“"2‘0‘“‘2‘5‘“‘3‘0““3‘5““4‘0““4‘5““m|n
# Time Area  Height Width Area% Symmetry
1 21772 1303 1.7 1.2896  0.746  0.777

2 31212 17337.1 1092.6502 99.254 0.262

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000003.D)

mAU
100+

80

60

40

20

# Time Area  Height Width Area% Symmetry
20.817 10169.8 99 1.7126  50.962 0.413
2 32203 97857 625 2.6102 49.038 0.299
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t;z (minor) = 16.73 min,
tg (major) = 38.84 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\XL\2016-09-28000910-E-PH-CHCL3-5+4COOMESI.D)

mAU

70

60 |

50

40

30

20

# Time Area  Height Width Area% Symmetry
1 16.725 543 8.8E-1 1.031 0.482  0.736
2 38.842 112033 732 2.5503 99.518 0.423

VWD1 A, Wavelength=220 nm (G:\XL\2016-09-2800090R-5+4COOMESI.D)
mAU ~ 13
o
o &5
200
150 |
42
o5
g N
N g
100 | X
50 |
04
-—YF—————F——————F
5 10 15 20 25 30 35 40 45 50 min

# Time Area  Height Width Area% Symmetry
16.217 13539.4 2414 09349 48484 0.57
2 38.256 14386.2 929 2.5812 51.516 0.411
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 17.22 min,
tg (major) = 26.03 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\5+S1\20160330\20160330000002.D)

mAU

400

350

3004

2504

200

150+

100+

50

0 5 10 15 20 25 30 35 40 minff

Time Area  Height Width Area% Symmetry
1 17224 2253 3 1.2328 0.313  0.867
2 26.034 71848.7 447.6  2.1057 99.687 0.19

VWD1 A, Wavelength=220 nm (G:\5+SI\20160330\20160330000001.D)
mAU

175+

150+

125+

100+

75

50

25

s S T A e T e T A e I S T e B e T A o L S B A A S
0 5 10 15 20 25 30 35 40 min

# Time Area  Height Width Area% Symmetry
1 16.058 12925.1 181.4 1.1875 48.466 0.428
2 27.829 137435 96.8 23662 51.534 0.256
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; t;z (minor) = 30.95 min,
tz (major) = 60.06 min; 99% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160518000005.D)

mAU o

200

150+

100+

50

0,

" S Y S "

# Time Area  Height Width Area% Symmetry

30.952  212.1 1.9 1.8912  0.333  1.027

2 60.062 63465.6 242.8 4357  99.667 0.405

VWD1 A, Wavelength=220 nm (XL2016\20160518000004.D)
mAU

160+

140+

120+

100+

80

60 |

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
20 30 40 50 60 70 min|

# Time Area  Height Width Area% Symmetry
29.374 20829.6 173.7 1.9984 49.360 0.466
2 62.098 21369.9 85.1 4.1875 50.640 0.444
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 13.98 min, ty

(minor) = 26.44 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160325000004.D)

mAU g
500 :
400
300
200
100
&
3 &
&
0 — T
0““‘5““1‘0““1‘5‘ ‘2‘0““2‘5““3‘0““min
# Time Area  Height Width Area% Symmetry
13.979 27900.8 511.9  0.7757 99.679 0.292
2 26441 89.8 1.1 1.3116  0.321  1.129
VWD1 A, Wavelength=220 nm (G:\5+S1\20160325-0328\20160325000003.D)
mAU
400
300
200
100+
0,
0 ‘5 o ‘ ‘ 1b ‘ - ‘ 1‘5 2‘0 ‘ - 2‘5 ‘ - 3‘0 - ‘min
# Time Area  Height Width Area% Symmetry
13.962 246222 4547  0.7789 49.980 0.298
2 25.108 246424 2829 1.2943  50.020 0.611
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Daicel Chiralpak AD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; tg (major) = 31.50 min,
tg (minor) = 40.03 min; 96% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160524000011.D)

mAU 3 )
0 ¥
500 -|
ch;c
NH o

OMe
400

3aj

300

200+

100

©
2 ,@q'
S &
3?32
0 ‘
—,———
10 15 20 25 30 35 40 45 min

# Time Area  Height Width Area% Symmetry
31.495 35691 529 1.1246  98.096 0.776
2 40.033 692.8 8.6 1.3488 1.904 0.726

VWD1 A, Wavelength=220 nm (XL2016\20160524000001.D)
mAU

700

600

500

400

300+

200

100+

10 15 20 25 30 35 40 45 min|

# Time Area  Height Width Area% Symmetry
31.15  57687.1 793.4 1.2118 51472 0.779
2 40.158 54387.2 557.8 1.6249 48.528 1.058
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 12.69 min, tp
(minor) = 15.30 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\6+SI\20160324120160324000012.D)
mAU O, 2 >
\\éo 3 Lb,LQQ"
600 S 8
500
400
300
200
100
07
S
0 25 5 7.5 10 125 15 175 20 min

# Time Area  Height Width Area% Symmetry
12.693  28209.8 624.8  0.7525 99.401 0.376
2 15304 170 3.1 0.9207 0599 0

VWD1 A, Wavelength=220 nm (G:\5+SI\20160324\20160324000011.D)
mAU
400
300+
200+
100+
0,
——— T T T T T T T T T T T T T T T T T T T T T T
0 25 5 7.5 10 12.5 15 17.5 20 min|

#  Time Area  Height Width Area% Symmetry
12.744 19681.5 450.2  0.7287 51.896 0.397
2 14948 18243.7 321.1 0.9471 48.104 0.42
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 15.80 min, ty
(minor) = 24.28 min; 99% ee.

VWD1 A, W@)elength=220 nm (G:\5+SN\20160325-0328\20160325000002.D)
mAU 3
800 '
700
600 -
500
400
300
200
100
0
S S S "
# Time Area  Height Width Area% Symmetry
1 15798 50280.4 819.4  0.8906 99.680 0.308
2 2428 161.3 2.3 0.8352 0320 1.104
VWD1 A, Wavelength=220 nm (G:\5+S1\20160325-0328\20160325000001.D)
mAU 7] 2 o2
600 rac-3al &
500
400
300
200
100
0,
0 5‘ 1b 1‘5 Zb 2‘5 3‘0 min
#  Time Area  Height Width Area% Symmetry
1 15983 389589 652.1 0.9958 51.216 0.346
2 23342 371084 448 1.3806 48.784 0.482
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tz (major) = 12.91 min, t
(major) = 20.69 min; 99% ee.

VWD1 A, Wavelength=220 nm (1:\170121\2017-01-07-2%-5+2BRSI.D)

800 +
600
400 —

200

o &
:’3 T ‘7l5‘ T ‘1‘0‘ o ‘12‘.5‘ o ‘1‘5‘ o ‘17‘.5‘ o ‘2‘0‘ o ‘22‘.5‘ min
# Time Area  Height Width Area% Symmetry
12.905 44398.8 1075.7 0.6165 99.662 0.431
2 20.69 150.4 2.3 0.8493 0338  0.742
VWD1 A, Wavelength=220 nm (1:\170121\2017-01-07-R-(RAC-E-BN)-5+2BRSI.D)
mAU | 5
300 i
250 rac-3am
200; c;:
150{
100{
o]
o
5 T ‘7l5‘ T ‘1‘0‘ o ‘12‘.5‘ o ‘1‘5‘ o ‘17‘.5‘ o ‘2‘0‘ o ‘22‘.5‘ min

# Time Area  Height Width Area% Symmetry
13.347 12482 303.7 0.5874 49.755 0.503
2 20.741 126049 193.8  0.9919 50.245 0.594
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 14.96 min, tx

(minor) = 26.69 min; 98% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000006.D)

mAU
800+
700+
600
500
400
300
200
100+ ©
o €
0““‘5““1‘0““1‘5‘ 2‘0““2‘5““3‘0““min
# Time Area  Height Width Area% Symmetry
1 1496 529059 8372  0.9062 98.964 0.291
2 26.688 553.8 4.8 1.3484 1.036 0.628
VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000005.D)
mAU ]
250 j
rac-3an
200
150+
100+
50
o]
0 ‘5 o 1b o 1‘5 2‘0 - 2‘5 - 3‘0 - ‘min
#  Time Area  Height Width Area% Symmetry
15.365 15185.5 257.7  0.8477 51.433 0.363
2 25.079 14339.3 138.6 1.4345 48.567 0.431
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 22.95 min, tx
(minor) = 69.05 min; 98% ee.

VWD1 A, Wavelength=220 nm (G:\5+S1\20160324\20160324000010.D)
mAU § \&@Q’
1000 + &'Z}‘
800 —|
600 —|
400
200 -
D‘Q’
o
X
od &
0““1‘0‘ “‘2‘0““3‘0““4‘0““5‘0‘ “‘6‘0‘ “‘7‘0““8‘0““min
# Time Area  Height Width Area% Symmetry
1 22953 102077.6 1039.7 1.6363 98.944 0.348
2 69.053 1089.5 32 5.7164 1.056 0.827
VWD1 A, Wavelength=220 nm (G:\5+S1\20160324\20160324000009.D)
mAU © AX
: &
800 —|
rac-3ao
600 |
400+
&1
S &
200 -
o
0““1‘0‘ “‘2‘0““3‘0““4‘0““5‘0‘ “‘6‘0‘ “‘7‘0““8‘0““min

# Time Area  Height Width Area% Symmetry
22915 88474 935.4 1.5764 56.536  0.359
2 61.003 68018.7 2474.5891 43.464 0314
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 17.99 min, tx
(minor) = 30.46 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\XL\2016-09-28000890-E-PH-CHCL3-5+3BRSI.D)

mAU 23
o

1000+

800

600

400

200

30.456

oM

— T T T T ——— T
0 5 10 15 20 25 30 35  min

# Time Area  Height Width Area% Symmetry
17.988 57941 10563 0.8169 99.596 0.439
2 30456 2353 2.7 1.1501  0.404 0.794

VWD1 A, Wavelength=220 nm (G:\XL\2016-09-2800088R-5+3BRSI.D)
mAU —

250

200

150+

100+

50

—507 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 T T T T T T
0 5 10 15 20 2 30 35 min

#  Time Area  Height Width Area% Symmetry
1 18.245 16890.3 3232  0.871 51.025 0.553
2 29.887 16211.5 172.4 1.5673 48.975 0.615
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tgz (minor) = 23.68min, tz
(major) = 26.01 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000014.D)
mAU
O\\ _0
200
150+
100+
50
0,
- T "N
# Time Area  Height Width Area% Symmetry
23.683 100.8 1.8 09157 0.382 8.889

2 26.007 262884 2453 1.5432  99.618 0.408

VWD1 A, Wavelength=220 nm (G:\5+SI\20160325-0328\20160326000013.D)

mAU

100+

80

60+

40

20

10 15 20 25 30 35 min|

# Time Area  Height Width Area% Symmetry
22496 113553 101 1.5955 49.928 0.47
2 26.625 11387.9 106.2 1.4722  50.072 0.497
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Daicel Chiralpak AD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; tg (major) = 24.23 min,
tg (minor) = 36.80 min; 98% ee.

VWD1 A, Wavelength=220 nm (XL2016\20160524000013.D)
mAU
(0)
\_0
800 Sé
700
600 3ar
500
400+
300 -
200 —|
A
100 < &«9
&
ol oA NNC o ‘ ‘
R A A T A T Y ™
# Time Area  Height Width Area% Symmetry
1 24227 53847.9 878.2 1.0219 98.721 1.008
2 36801 6974 8.9 1.3074 1.279 0.9
VWD1 A, Wavelength=220 nm (XL2016\20160524000012.D)
mAU |
400 rac-3ar
™
3 _w"@q
300 G
200 —|
100+
O,A/—/JM
R A A T A T Y ™

# Time Area  Height Width Area% Symmetry
24.133  26597.8 488.4  0.9076 52.464 0.837
2 36964 24099.4 290.1 1.3846 47.536 0.677
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tz (minor) = 20.85min, tz
(major) = 23.03 min; 97% ee.

VWD1 A, Wavelength=220 nm (G:\5+SI\20160405-0409\20160407000005.D)
mAU

2025

400

350

300

250

200

150+

100+

50

20.848

0 I S

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
5 10 15 20 25 30 min|

# Time Area  Height Width Area% Symmetry
1 20.848 529.2 7.8  0.8119 1.508 0.794
2 23.025 34570.1 413.1 1.1788 98.492 0.348

VWDT A, Wavelength=220 nm (G:\5+S\20160405-0409\20160407000004 D)
mAU I

200
rac-3as

23.033

175+

150+

125+

100+

75

50

25

5 10 15 20 25 30 min|

# Time Area  Height Width Area% Symmetry
1 19.441 144544 199.5 1.0476 47.216 0.414
2 23.033 16159 1893 1.2144 52.784 0.44
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 25.49 min,
tg (major) = 34.44 min; 98% ee.

VWD1 A, Wavelength=220 nm (G:\5+S1\20160405-0409\20160407000002.D)
mAU

700

600

500

400

300

200

100

o
g
25.485

T T T T —— T T T
0 5 10 15 20 25 30 35 40 min|

# Time Area  Height Width Area% Symmetry
1 25485 10895 10.1 1.275 0946  0.697
2 34435 114050.5765.5 1.9771 99.054 0.282

VWD1 A, Wavelength=220 nm (G:\5+S\20160405-0409\20160407000001.D)
mAU ] b 9

700
rac-3at
600 —
500
400 —
300

200

100+

——— T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 min|

# Time Area  Height Width Area% Symmetry
1 23814 757942 781.6 1.6161 49.617 0.394
2 35105 76965.8 521.5 24599 50.383 0.335
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 14.45 min,
tz (major) = 30.54min; 99% ee.

VWD A, Wavelength=220 nm (G:\2016-08-29000710-NI-E-PH-5+QUETONGSI.D)
mAU | 0
\\//O
‘NH
O
800 EtO,C o
=——7Ph
3au
6001
400 -
200
N
b"-’b
§ 5
=&
0 Lo
—————————
0 5 10 15 20 25 30 35 min

# Time Area  Height Width Area% Symmetry
14.446 636.4 16.4 0.6482  0.663 0.779
2 30.541 95398.9 988.2 1.6089 99.337 0.344

VWD1 A, Wavelength=220 nm (G:\2016-08-2900070R-5+QUETONGSI.D)

mAU 5
1 o

800 -
rac-3au
700

600

500

30.726

400

300

200+

100+

0 S w —

—— T T T T [T T
0 5 10 15 20 25 30 35 min|

# Time Area  Height Width Area% Symmetry
1 13.847 34450.8 887.9  0.5837 49.522 0.492
2 30.726 35115.5 379.4 1.3527 50.478 0.404
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 10.29 min, tp
(minor) = 13.43 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\5+S1\20160421\20160421000004.D)
mAU ] §
1400 -
1200 +
1000
800 -
600 —
400
200 o
o )
D R A N T e
# Time Area Height Width Area% Symmetry
1 10.294 53298.6 15782 0.5192 99.228 0.434
2 13432 414.6 7.9 0.6681 0.772 0.64
VWD1 A, Wavelength=220 nm (G:\5+S1\20160421\20160421000003.D)
mAU B °
3 ,\\{&A
rac-3aw < @
400 — >

300

200

100+

—1 T T T T T T T
0 2 4 6 8 10 12 14 16 18 min

#  Time Area  Height Width Area% Symmetry
10.453 142735 459.5 05177 50.679 0.512
2 13.145 13890.8 337.5 0.686  49.321 0.486
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 70:30, 0.9 mL/min, 220 nm; tg (major) = 13.18 min, tp
(minor) = 21.00 min; 99% ee.

VWD1 A, Wavelength=220 nm (G:\0-NI-E-PH-CHCL3-5+F-4MEOSI.D)

mAU
2000+

1750

1500 —

1250

1000 —

750

500
250 -| \5\"{5
g 5%
0l &
R R N T T
# Time Area  Height Width Area% Symmetry
13.177 99432.6 2011.1 0.824  99.359 0.332
2 21.003 641.1 7.8 1.368 0.641  0.638
VWD1 A, Wavelength=210 nm (G:\2016-07-1700029R-5+F-4MEQSI.D)
mAU S
1000 rac-3ax
800 N
600
400
200
o ‘ ‘
R N T T

# Time Area  Height Width Area% Symmetry
13.446 53427.5 10783 0.7261 50.287 0.359
2 20.002 52817 703.2 1.1052 49.713  0.382
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Daicel Chiralpak AD-H, n-hexane/i-PrOH = 70:30, 1.0 mL/min, 220 nm; tg (minor) = 32.82 min,

tg (major) = 35.45 min; 99% ee.
Zn(ClOy4),—L2 as catalyst: 92:8, 97%ee

VWD1 A, Wavelength=220 nm (XL2016\20160524000006.D)

mAU 4
350

300 —f
250
200 —f
150 —f
100 é

50

#  Time Area  Height Width Area% Symmetry
31936 399 54 12394 1.245 0958
2 34466 31658.9 360.2 1.4647 98.755 0.454

Zn(OTHf),-L2 as catalyst: dr 98:2; 99% ee

VWD1 A, Wavelength=220 nm (XL2016\20160524000010.D)

T T T T T T
o 5 10 15 20 25 30

T T
35 40 min|

# Time Area  Height Width Area% Symmetry

1 32817 1124 1.5 1.2558  0.400 1.121

2 35445 27992.7 3157 1.4778  99.600 0.466
™ 1 rac-3ay 8 -
250 3

200 —
150 —
100

50 —

# Time Area  Height Width Area% Symmetry
32.226  19376.5 270.3 1.0707 49.189 0.723
2 34814 20015.6 240.6 1.2369 50.811 0.519
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tg (major) = 20.35 min, tp
(minor) = 23.37 min; 96% ee.

VWD1 A, Wavelength=220 nm (G:\2016-07-19000370-E-PH-CHCL3-5+==PHOTBS.D)

mAU

600 —
Q0

7

500
400-|
300
200

100+

g

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 5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
20.349 37716.6 621.6 1.0113 98.244 0
2 23367 6742 94 1.1992 1.756  0.324

VWD1 A, Wavelength=220 nm (G:\2016-07-1900036R-5+==PHOTBS.D)
mAU ]

=598

s0-  rac-3az

250

200

150+

100+

50

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 5 10 15 20 25 min|

# Time Area  Height Width Area% Symmetry
1 20.598 18863.8 27 0.8791 48.783 0.542
2 22642 19805.1 259.7 1.1248 51.217 0.445
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 60:40, 1.0 mL/min, 230 nm; tz (major) = 14.95 min, tg
(minor) = 25.56 min; 30% ee.

mAU ] 2
1 =

VWD1 A, Wavelength=230 nm (H:\2017-06-14+746+A-5+TWOSI.D)

&
SR
12| °

L A s ey s N s e e e S S A e s ey s e e S A s ey e s
10 12.5 15 17.5 20 225 25 275 30 min|

# Time Area  Height Width Area% Symmetry
1 14949 4985 12.4 0.67 64.810  0.599
2 25562 270.7 3.9 1.1591 35.190 0.617
VWD1 A, Wavelength=230 nm (H:\2017-06-14+745+R-5+TWOSI.D)

mAU =

160{

140

120

100 ©

80|

60{

40

20{

Oi T
‘1‘0""12“5““1‘5““17“5““2‘0“"22‘.5““2‘5“"27‘.5““3‘0“‘min

# Time Area  Height Width Area% Symmetry
1 14911 6861.5 172.8 0.5923 50.308 0.529
2 25458 67774  96.1 1.0471 49.692 0.488
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; t;z (minor) = 15.73 min,
tg (major) = 24.16 min; 97% ee.

VWD1 A, Wavelength=220 nm (G:\2016-07-0800016A-4ME5+SI-PD_C.D)
mAU
1200+
1000 +
800
600
400
w
200 |
g
N 8
"973
0 SN
—
0 5 10 15 20 25 min

# Time Area  Height Width Area% Symmetry
15.73 12244 37.1 0.5506  1.338 0.741
2 24164 90263.1 1388.3 1.0836 98.662 0.44

VWD1 A, Wavelength=220 nm (G:\2016-07-0800015R-4ME5+SI-PD_C.D)

AU - S
m ,°2 2o
rac-4
2500 —|
2000
1500 +

1000+

500

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 5 10 15 20 25 min|

#  Time Area  Height Width Area% Symmetry
1 15782 129316.52980.1 0.7232 50.274 0.48
2 24254 127907.71929.2 1.105  49.726 0.405
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 70:30, 0.8 mL/min, 215 nm; tz (major) = 11.39 min, t

(minor) = 12.86 min; 98% ee.

VWD1 A, Wavelength=215 nm (H:\170413\2017-04-13+633+A-5+SI+TBHP+KI+0.D)

mAU +
2500-]
] Q0
1 S
2000 \
OV,
1 i ~, Ph
1500 EtO,C ”/
1 ¢}
5
1000 |
500
5
D N T 14 min

# Time Area  Height Width Area% Symmetry
11.386 793189 2790.7 0.4737 98.941 0.527
2 12.861 849 269 0.5251 1.059 0.7

VWD1 A, Wavelength=215 nm (H:\170413\2017-04-13+631+R-5+S|+TBHP+KI+CUBR2.D)
300{
250{
200{
150{
100{

50

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 2 4 6 8 10 12

#  Time Area  Height Width Area% Symmetry
1 11.508 7893.1 3229 04074 50.340 0.625
2 1273 77865 2774 04678 49.660 0.646
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Daicel Chiralcel OD-H, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 220 nm; tz (minor) = 24.53 min,
tg (major) = 26.23 min; 98% ee.

VWD1 A, Wavelength=220 nm (I1\170121\2017-01-07+324+99%-50%CUI-5+2BRSI+CUI.D)
mAU
1200 —
1 w, O
1000 — S/
] N Q
800 — R
1 EtO,C
600 — O
400 —
200 —
o
- T T T T T T
5 10 15 20 25 30 mi

#  Time Area  Height Width Area% Symmetry
1 24528 663.4 12.8 0.8664 0.864  0.892
2 26.233 76108.6 1211.4 1.0471 99.136 0.486

VWD1 A, Wavelength=220 nm (I\170121\2017-01-07+323+R-5+2BRSI+CUI.D)
mAU ]

500 ;

1 rac-6
400 ;
300 ;

200 —

100 o

# Time Area  Height Width Area% Symmetry
1 23.624 331572 489.4  0.9944 49.619 0.357
2 26.624 33666.7 5347  0.9535 50.381 0.537
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9. The structure of 3ka and 3aw’ by X-ray diffraction analysis
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Table S3. Crystal data and structure refinement for (S)-3ka (CCDC 1522074)

Empirical formula

Formula weight
Temperature /K

Crystal system

Space group

a/A b/A c/A

a/°, B/°, y/°

Volume / A3

Z

Pealc/ Mg mm-3

p/mm-!

F(000)

Crystal size / mm3

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>26 (I) i.e. Fo>4c (F,)]
Final R indexes [all data]
Largest diff. peak/hole /e A3
Flack Parameters
Completeness

C22H19NO5S
409.44

105.8

orthorhombic

P212121

8.8173(4), 14.3926(7), 15.3659(7)
90.00, 90.00, 90.00

1950.00(15)

4

1.395

1.775

856

0.25x0.24 x0.23

8.42 to 141.9°
-10sh<9,-17<k<17,-17<1<18
6453

3678[R(int) = 0.0210 (inf-0.9A)]
3678/0/264

1.061

R; = 0.0271, wR, = 0.0686

R; = 0.0275, wR, = 0.0689
0.330/-0.306

0.003(12)

0.989




Crystal structure for 3aw’ ( CCDC 1536298)

)

3aw’ from different perspective
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