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1. General information

The solvents used in the reaction were dried by CaH2 or purchased from J&K or

local companies unless additional notes, and all the reagents were obtained

commercially and used without further purification. All the reactions were performed

in the overdried glassware with magnetic stirring under nitrogen atmosphere.

Column chromatography was performed with silica gel (100-200 mesh) as the

stationary phase. Solvent compositions are given in (v/v). Reactions were monitored

by TLC. All NMR spectra were recorded on Bruker-500 MHz spectrometer in CDCl3,

and the chemical shifts (δ) and coupling constants (J) were expressed in ppm and Hz

respectively. High resolution mass spectra (HRMS) were measured on the

Bruker-Impact II instruments obtained by the Analytical Center for Structural

Constituent and Physical Property in Shandong University. All substitutes were

prepared according to the reported methods.1-5
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2. Optimization of the reaction conditions

Table S1. Investigation of the conditions for the construction of C-N axially chiral

biaryls.[a]
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[a] Reaction conditions: A mixture of 1 (0.1 mmol), 2 (0.15 mmol), metal (10 mol%), ligand (12
mol%), solvent (2 mL) under N2 for 12 hours. [b] Isolated yields. [c] Determined by HPLC
analysis using a chiral stationary phase. [d] Extend the reaction time to 48 hours. [e] Slowly add a
CH3OH (1 mL) solution of 1 (0.1 mmol) to a CH3OH (1 mL) solution of 2 (0.15 mmol) at a
constant rate in 3 hours; [f] Chang the amount of Rh(COD)2BF4 to 2.5mol%.

3. Procedure for the [2+2+2] Cycloaddition reaction.

General procedure for the asymmetric synthesis of 3

N-alkynyl indole 2 (0.15 mmol, 1.5 equiv.), diyne 1 (0.1 mmol, 1.0 equiv.),

Rh(COD)2BF4 (4.1 mg, 0.010 mmol, 10 mol%), and L6 (7.3 mg, 0.012 mmol, 12
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mol%) were dissolved in dried solvent of CH3OH (2.0 mL). The mixture were heated

to 40 oC and stirred for 12 h in a water bath. The reaction was monitored by TLC. The

mixture was allowed to cool down to the room temperature and concentrated in vacuo.

The residue was purified by silica gel (100-200 mesh) column chromatography to get

the corresponding product 3.

4. Thermal racemization experiments

We studied the configurational stability of 3e at 120 oC. 20 mg of 3e (99% ee) was

dissolved PhCH3 and heated in a sealed tube for the corresponding time. The

configuration remains very stable and no recemization occurred in 72 hrs.

Table S2. Thermal racemization experiments

Figure S1. Thermal racemization experiments
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5. Gram-scale experiment and synthetic applications

5.1 Gram-scale experiment

N-alkynyl indole 2e (434 mg, 1.5 mmol, 1.5 equiv.), diyne 1a (275.4 mg, 1 mmol,

1.0 equiv.), Rh(COD)2BF4 (20.3 mg, 0.05 mmol, 5 mol%), and L6 (36.63 mg, 0.06

mmol, 6 mol%) were dissolved in dried solvent of CH3OH (20.0 mL). The mixture

were heated to 40 oC and stirred for 12 h in a water bath. The reaction was monitored

by TLC. The mixture was allowed to cool down to the room temperature and

concentrated in vacuo. The residue was purified by silica gel (100-200 mesh) column

chromatography with petroleum ether/ethyl acetate (10:1) as eluent to get the

corresponding 3e (0.385 g, 70% yield, 99% ee).

5.2 Synthesis of 5 via an iodination and a Heck coupling reaction

To a solution of 3e (110.0 mg, 0.2 mmol, 1.0 equiv.) and AgNO3 (40.8 mg, 0.24

mmol, 1.2 equiv.) in ethanol (0.25 mL) were added iodine (60.9 mg, 0.24 mmol, 1.2

equiv.) in ethanol (0.35 mL) under air at the room temperature. The mixture was kept

in the dark and stirred at the ambient environment for 10 h. The reaction was

monitored by NMR. The mixture was poured into saturated Na2S2O3 solution and

extracted by ethyl acetate (3 x 10 mL), and the organic phase was dried by Na2SO4

and concentrated in vacuo to obtain the raw product.
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To a solution of raw product in CH3CN (1.0 mL) were added ethyl acrylate (22.0

μL, 0.20 mmol, 2.0 equiv.), Pd2(dba)3 (4.6 mg, 0.005 mmol, 5 mol%), P(o-Tol)3 (6.1

mg, 0.020 mmol, 20 mol%) and triethylamine (35.0 μL, 0.25 mmol, 2.5 equiv.) under

nitrogen atmosphere. The mixture was heated to 80 oC and stirred overnight. The

reaction was monitored by TLC. After the reacts were consumed completely, the

mixture was poured into water and extracted by dichloromethane (3 x 5 mL). The

organic phase was dried by Na2SO4 and concentrated in vacuo. The residue was

purified by silica gel (100-200 mesh) column chromatography with petroleum

ether/ethyl acetate (8:1) as the eluent to obtain 5 (51.7 mg, white solid, 40% yield,

97% ee).

5.3 Synthesis of 6 via a Kulinkovich cyclopropanation

To a solution of 3e (55.0 mg, 0.10 mmol, 1.0 equiv.) in dried THF (1 mL) was

added Ti(Oi-Pr)4 (14.8μL, 0.05 mmol, 0.5 equiv.) and EtMgBr (0.13 mL, 3M in

diethyl ether, 0.40 mmol, 4 equiv.) dropwise by syringe under nitrogen atmosphere at

0 oC. The mixture was cooled down to -20 oC and stirred for 6 h. The reaction was

monitored by TLC. After the reacts were consumed completely, the reaction was

allowed to warm to the room temperature and quenched by saturated NH4Cl solution.

The mixture was extracted by ethyl acetate (3 x 10 mL) and the organic phase was

washed with brine. The organic phase was dried by Na2SO4 and concentrated in vacuo.

The residue was purified by silica gel (100-200 mesh) column chromatography with

petroleum ether/ethyl acetate (8:1) as the eluent to obtain 6 (32.8 mg, white solid,

60% yield, 99% ee).



S8

5.4 Synthesis of 7 via a Grignard reaction

To a solution of 3e (55.0 mg, 0.1 mmol, 1.0 equiv.) in dried THF (1 mL) was

added PhMgBr (1.0 mL, 1M in THF, 1.0 mmol, 10 equiv.) dropwise by syringe under

nitrogen atmosphere at 0 oC. The mixture was heated to 70 oC and stirred for 18 h.

The reaction was monitored by TLC. After the reacts were consumed completely, the

reaction was allowed to cool down to the room temperature and quenched by

saturated NH4Cl solution. The mixture was extracted by ethyl acetate (3 x 10 mL) and

the organic phase was washed with brine. The organic phase was dried by Na2SO4 and

concentrated in vacuo. The residue was purified by silica gel (100-200 mesh) column

chromatography with petroleum ether/ethyl acetate (8:1) as the eluent to obtain 7

(51.2 mg, white solid, 76% yield, 97% ee).

5.5 Synthesis of 8 via an amination

To a solution of 3e (55.0 mg, 0.10 mmol, 1.0 equiv.) in dried toluene (1 mL)

were added aniline (11.0 μL, 0.12 mmol, 1.2 equiv.) and LiHMDS (0.20 mL, 1 M in

THF, 0.20 mmol, 2.0 equiv.) dropwise by syringe under nitrogen atmosphere at the
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room temperature. The mixture was stirred for 15 h at the ambient temperature. The

reaction was monitored by TLC. After the reacts were consumed completely, the

reaction was allowed to warm to the room temperature and quenched by saturated

NH4Cl solution. The mixture was extracted by ethyl acetate (3 x 5 mL) and the

organic phase was washed with water and brine. The organic phase was dried by

Na2SO4 and concentrated in vacuo. The residue was purified by silica gel (100-200

mesh) column chromatography with petroleum ether/ethyl acetate (8:1) as the eluent

to obtain 8 (53.1 mg, white solid, 87% yield, 99% ee).

5.6 Synthesis of 9 via an oxidative cyclization

To a solution of 8 (61.1 mg, 0.10 mmol, 1.0 equiv.) and diphenylethyne (35.6 mg,

0.20 mmol, 2.0 equiv.) in a mixed solvent of 1,4-dioxane/DMSO (9:1, 2 mL) were

added Pd(OAc)2 (1.1 mg, 0.005 mmol, 5 mol%), Cu(OAc)2 (36.3 mg, 0.20 mmol, 2.0

equiv.) and TBAB (32.2 mg, 0.10 mmol, 1.0 equiv.). The mixture was heated to 80 oC

and stirred for 15 h. The reaction was monitored by TLC. After the reacts were

consumed completely, the mixture were filtered on a pad of celite and concentrated in

vacuo. The residue was purified by silica gel (100-200 mesh) column chromatography

with petroleum ether/ethyl acetate (8:1) as the eluent to obtain 9 (51.1 mg, white solid,

65% yield, 99% ee).
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6. X-ray crystallographic data for 3n

A suitable crystal was selected and analyzed on a Rigaku XtaLAB Synergy

diffractometer. The crystal structures have been deposited at The Cambridge

Crystallographic Data Centre (CCDC: 2312158). These data can be obtained free of

charge from The Cambridge Crystallographic Data Centre via

www.ccdc.com.ac.uk/data_request/cif.

Figure S2 X-ray crystal structure of 3n (CCDC: 2312158. Thermal

ellipsoids are drawn at 50% probability.)

7. Characterization of Products 3a-3c, 3e-3x, 5-9

http://www.ccdc.com.ac.uk/data_request/cif.
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White solid, 53.7 mg, 93% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 85/15, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 18.49 min, t (minor) = 33.47 min]. [α]D20 =

- 30.4°(c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H), 7.55

(d, J = 10.2 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 7.7 Hz, 1H), 7.09 (t, J = 7.6

Hz, 1H), 7.06 (s, 1H), 6.92 – 6.77 (m, 3H), 6.61 (d, J = 8.2 Hz, 1H), 6.41 (d, J = 9.6

Hz, 1H), 4.80 – 4.54 (m, 4H), 3.73 (s, 3H), 2.47 (s, 3H), 2.13 (s, 3H), 1.90 (s, 3H),

1.71 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 160.75, 142.74, 140.12, 138.77, 135.37,

134.83, 134.48, 133.64, 132.93, 132.81, 128.93, 128.40, 127.67, 127.47, 127.27,

127.11, 127.06, 126.63, 126.60, 124.76, 124.26, 121.32, 119.81, 110.44, 109.29,

52.96, 52.70, 50.48, 20.54, 20.05, 15.97, 13.09. HRMS (ESI, m/z) Calcd for

C34H32N2O4S (M+H)+: 565.2156; Found: 565.2142.
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White solid, 27.8 mg, 52% yield, 79% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 8.62 min, t (minor) = 11.59 min]. [α]D20 = -

46.8°(c = 0.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 9.59 (s, 1H), 7.84 (d, J = 8.3

Hz, 2H), 7.61 (d, J = 8.1 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.29 (s, 1H), 7.11 (d, J =

9.1 Hz, 1H), 7.08 (s, 1H), 6.89 (d, J = 8.5 Hz, 2H), 6.77 (d, J = 9.7 Hz, 1H), 6.62 (d, J

= 6.5 Hz, 1H), 6.45 (d, J = 7.8 Hz, 1H), 4.75 (d, J = 10.2 Hz, 2H), 4.64 (d, J = 11.4

Hz, 2H), 2.47 (s, 3H), 2.13 (s, 3H), 1.91 (s, 3H), 1.67 (s, 3H). 13C NMR (126 MHz,

CDCl3) δ 181.67, 143.83, 141.22, 140.70, 136.52, 136.13, 135.93, 134.94, 134.92,

133.91, 133.75, 130.00, 129.69, 128.86, 128.43, 128.31, 128.10, 127.66, 127.63,
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127.08, 125.99, 123.14, 121.26, 116.39, 111.58, 54.00, 53.73, 21.59, 21.06, 17.01,

14.04. HRMS (ESI, m/z) Calcd for C33H30N2O3S (M+H)+: 535.2049; Found:

535.2059.
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White solid, 14.5 mg, 27% yield, 90% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 8.74 min, t (minor) = 11.50 min]. [α]D20 = -

110.3°(c = 1.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H), 7.49

(d, J = 7.6 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.14 – 7.10 (m, 1H), 7.08 – 7.04 (m, 1H),

7.01 – 6.93 (m, 2H), 6.84 (d, J = 8.2 Hz, 1H), 6.62 (d, J = 6.0 Hz, 1H), 6.46 (d, J = 5.9

Hz, 1H), 6.33 (s, 1H), 4.72 – 4.63 (m, 4H), 4.26 (s, 2H), 2.45 (s, 3H), 2.14 (s, 3H),

1.96 (s, 3H), 1.65 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 143.84, 141.77, 139.13,

138.81, 136.86, 136.26, 135.21, 134.43, 133.65, 130.12, 130.01, 129.73, 128.77,

128.69, 128.26, 127.98, 127.69, 127.36, 122.21, 120.66, 119.84, 110.47, 101.68,

57.38, 54.01, 53.72, 21.61, 21.10, 17.27, 14.14. HRMS (ESI, m/z) Calcd for

C33H32N2O3S (M+H)+: 536.2134; Found: 536.2134.
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White solid, 53.3 mg, 97% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 16.30 min, t (minor) = 24.80 min]. [α]D20 =

- 25.2°(c = 1.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 2H), 7.53

(d, J = 8.1 Hz, 1H), 7.38 (d, J = 8.1 Hz, 2H), 7.24 – 7.19 (m, 1H), 7.09 (q, J = 8.0 Hz,

2H), 7.04 (s, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.86 (d, J = 7.3

Hz, 1H), 6.78 (t, J = 7.6 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 4.79 – 4.63 (m, 4H), 3.72
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(s, 3H), 2.46 (s, 3H), 1.91 (s, 3H), 1.75 (s, 3H). 13C NMR (126 MHz, CDCl3) δ

161.79, 143.79, 141.08, 139.82, 136.88, 135.83, 135.61, 134.90, 134.04, 129.97,

129.25, 128.91, 128.60, 128.35, 127.81, 127.67, 127.36, 127.22, 126.96, 125.81,

125.35, 122.39, 120.91, 111.45, 110.36, 53.99, 53.74, 51.51, 21.56, 16.96, 14.15.

HRMS (ESI, m/z) Calcd for C33H30N2O4S (M+H)+: 551.1999; Found: 551.2007.
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White solid, 48.1 mg, 83% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 24.80 min, t (minor) = 39.40 min]. [α]D20 =

- 54.6°(c = 0.7, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H), 7.55

(d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 7.1 Hz, 1H), 7.12 – 7.06 (m,

2H), 6.84 (t, J = 8.7 Hz, 2H), 6.64 (dd, J = 8.5, 2.7 Hz, 1H), 6.43 (dd, J = 8.4, 2.2 Hz,

1H), 6.33 (dd, J = 8.5, 2.7 Hz, 1H), 4.79 – 4.61 (m, 4H), 3.72 (s, 3H), 3.63 (s, 3H),

2.47 (s, 3H), 1.91 (s, 3H), 1.72 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 161.79,

143.81, 140.06, 139.74, 135.97, 135.70, 135.18, 134.01, 130.61, 130.55, 129.97,

129.49, 129.43, 129.38, 128.72, 128.19, 127.66, 125.83, 125.50, 122.52, 121.04,

114.57, 114.44, 114.40, 114.27, 111.27, 110.64, 53.94, 53.71, 51.54, 21.55, 16.93,

14.11. HRMS (ESI, m/z) Calcd for C34H32N2O5S (M+H)+: 581.2104; Found:

581.2106.
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White solid, 51.5 mg, 85% yield, 99% ee. [Chiral HPLC analysis of the produ

ct: Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 85/

15, flow rate =1.0 mL/min, λ = 254 nm, t (major) = 14.28 min, t (minor) =

26.96 min]. [α]D20 = - 48.0°(c = 1.5, CHCl3). 1H NMR (500 MHz, CDCl3) δ

7.85 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2

H), 7.21 (t, J = 7.1 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H), 7.02 (s, 1H), 6.89 (d,

J = 9.8 Hz, 1H), 6.85 (d, J = 8.3 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 6.57

(d, J = 9.7 Hz, 1H), 6.37 (d, J = 9.7 Hz, 1H), 4.80 – 4.61 (m, 4H), 3.72 (s,

3H), 2.46 (s, 3H), 2.39 (t, J = 7.6 Hz, 2H), 1.92 (s, 3H), 1.75 (s, 3H), 1.41

(dd, J = 8.1, 5.7 Hz, 2H), 1.16 (q, J = 7.5 Hz, 2H), 0.84 (t, J = 7.4 Hz, 3

H). 13C NMR (126 MHz, CDCl3) δ 161.80, 143.79, 141.35, 141.16, 139.83, 1

35.98, 135.48, 134.64, 133.94, 129.98, 129.36, 128.70, 128.49, 128.42, 127.67,

127.59, 127.38, 127.36, 125.84, 125.24, 122.30, 120.81, 111.52, 110.31, 54.01,

53.76, 51.49, 35.07, 33.19, 21.97, 21.59, 17.05, 14.21, 13.93. HRMS (ESI, m/

z) Calcd for C37H38N2O4S (M+H)+: 607.2625; Found: 607.2633.
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White solid, 52.1 mg, 86% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 95/5, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 42.90 min, t (minor) = 87.69 min]. [α]D20 =

- 50.5°(c = 1.9, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.85 (s, 2H), 7.52 (d, J = 8.0

Hz, 1H), 7.38 (d, J = 7.9 Hz, 2H), 7.21 (t, J = 7.7 Hz, 1H), 7.12 – 6.97 (m, 3H), 6.89 –

6.74 (m, 3H), 6.39 (s, 1H), 4.70 (dd, J = 57.3, 11.9 Hz, 4H), 3.71 (s, 3H), 2.46 (s, 3H),

1.93 (s, 3H), 1.74 (s, 3H), 1.13 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 161.79,

149.62, 143.77, 141.13, 139.90, 136.07, 135.49, 133.72, 129.99, 128.61, 127.68,

125.91, 125.23, 124.11, 122.29, 120.81, 111.56, 110.34, 54.04, 53.78, 51.46, 34.28,

31.17, 21.58, 17.11, 14.21. HRMS (ESI, m/z) Calcd for C37H38N2O4S (M+H)+:

607.2625; Found: 607.2619.
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White solid, 47.1 mg, 83% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 85/15, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 26.95 min, t (minor) = 52.92 min]. [α]D20 =

- 17.4°(c = 1.9, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.2 Hz, 2H), 7.55

(d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 8.3 Hz, 1H), 7.14 – 7.04 (m,

2H), 6.94 – 6.75 (m, 3H), 6.49 (d, J = 6.9 Hz, 2H), 4.70 (dd, J = 56.0, 13.2 Hz, 4H),

3.73 (s, 3H), 2.47 (s, 3H), 1.90 (s, 3H), 1.73 (s, 3H). 13C NMR (126 MHz, CDCl3) δ

161.79, 143.81, 140.06, 139.74, 135.70, 135.18, 134.01, 130.61, 129.97, 129.49,

129.43, 129.38, 128.72, 128.19, 127.66, 125.83, 125.50, 122.52, 121.04, 114.57,

114.44, 114.40, 114.27, 111.27, 110.64, 53.94, 53.71, 51.54, 21.55, 16.93, 14.11.
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HRMS (ESI, m/z) Calcd for C33H29FN2O4S (M+H)+: 569.1904; Found: 569.1909.
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White solid, 38.0 mg, 65% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 70/30, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 14.19 min, t (minor) = 31.00 min]. [α]D20 =

- 49.5°(c = 1.3, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 6.3 Hz, 2H), 7.57

(d, J = 8.0 Hz, 1H), 7.39 (d, J = 7.9 Hz, 2H), 7.25 – 7.20 (m, 1H), 7.14 – 7.06 (m, 3H),

6.91 – 6.76 (m, 3H), 6.48 (d, J = 10.4 Hz, 1H), 4.81 – 4.58 (m, 4H), 3.73 (s, 3H), 2.43

(s, 3H), 1.89 (s, 3H), 1.71 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 161.79, 143.82,

139.89, 139.73, 135.76, 135.41, 135.32, 132.97, 130.35, 129.97, 129.22, 129.20,

128.79, 127.74, 127.66, 125.83, 125.55, 122.59, 121.08, 111.23, 110.78, 53.93, 53.70,

51.57, 21.56, 16.93, 14.06. HRMS (ESI, m/z) Calcd for C33H29ClN2O4S (M+H)+:

585.1609; Found: 585.1636.
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White solid, 35.8 mg, 57% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 70/30, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 15.03 min, t (minor) = 34.52 min]. [α]D20 =

- 64.2°(c = 0.9, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H), 7.57

(d, J = 8.0 Hz, 1H), 7.39 (d, J = 7.9 Hz, 2H), 7.23 (t, J = 8.0 Hz, 2H), 7.13 – 7.08 (m,

2H), 6.94 (dd, J = 8.3, 2.2 Hz, 1H), 6.83 (d, J = 8.2 Hz, 2H), 6.43 (dd, J = 8.2, 2.2 Hz,

1H), 4.75 (d, J = 12.5 Hz, 2H), 4.62 (d, J = 12.6 Hz, 2H), 3.73 (s, 3H), 2.47 (s, 3H),

1.89 (s, 3H), 1.70 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 161.78, 143.82, 139.89,

139.74, 135.91, 135.78, 135.69, 135.35, 130.69, 130.59, 129.97, 129.53, 129.16,

128.81, 128.10, 127.66, 125.84, 125.56, 122.61, 121.22, 121.09, 111.21, 110.82,
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53.92, 53.70, 51.57, 21.56, 16.93, 14.04. HRMS (ESI, m/z) Calcd for

C33H29BrN2O4S (M+H)+: 629.1104; Found: 629.1106.
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White solid, 43.2 mg, 72% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak AS-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 37.83 min, t (minor) = 65.27 min]. [α]D20 =

- 80.8°(c = 1.6, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 7.9 Hz, 2H), 7.68

– 7.56 (m, 2H), 7.51 – 7.15 (m, 8H), 7.10 – 6.87 (m, 4H), 4.84 – 4.62 (m, 4H), 3.71 (d,

J = 6.7 Hz, 3H), 2.45 (s, 3H), 1.91 (s, 3H), 1.77 (s, 3H). 13C NMR (126 MHz, CDCl3)

δ 161.90, 161.77, 143.83, 135.66, 133.91, 130.00, 128.14, 127.69, 127.66, 127.61,

127.38, 127.16, 126.99, 126.94, 126.76, 126.05, 125.87, 125.74, 125.71, 125.69,

125.45, 125.42, 122.46, 120.97, 120.92, 111.50, 111.34, 110.63, 110.47, 53.80, 51.44,

26.94, 21.60, 17.06, 14.19. HRMS (ESI, m/z) Calcd for C37H32N2O4S (M+H)+:

601.2156; Found: 601.2170.
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Brown solid, 30.9 mg, 47% yield, 80% ee. [Chiral HPLC analysis of the product:

Phenomenex 00G-4457-E0 250X4.6 mm 5u column; n-hexane/2-propanol = 70/30,

flow rate =1.0 mL/min, λ = 254 nm, t (major) = 40.23 min, t (minor) = 30.50 min].

[α]D20 = 54.3°(c = 0.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.4 Hz,

2H), 7.67 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 9.4 Hz, 1H), 7.23

– 7.19 (m, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.76 (d, J = 9.3 Hz, 1H), 4.77 (d, J = 12.3 Hz,

1H), 4.66 (d, J = 11.9 Hz, 2H), 4.56 (d, J = 15.1 Hz, 1H), 4.00 (s, 6H), 3.84 (d, J = 8.7

Hz, 2H), 3.62 (s, 3H), 3.29 (s, 1H), 2.82 (s, 3H), 2.46 (s, 3H), 1.57 (s, 3H). 13C NMR

(126 MHz, CDCl3) δ 161.78, 143.82, 139.89, 139.74, 135.91, 135.78, 135.69, 135.35,

130.69, 130.59, 129.97, 129.53, 129.16, 128.81, 128.10, 127.66, 125.84, 125.56,
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122.61, 121.22, 121.09, 111.21, 110.82, 53.92, 53.70, 51.57, 21.56, 16.93, 14.04.

HRMS (ESI, m/z) Calcd for C37H34FeN2O4S (M+H)+: 659.1661; Found:

659.1661.
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White solid, 47.2 mg, 85% yield, 96% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 11.70 min, t (minor) = 27.55 min]. [α]D20 =

- 19.4°(c = 0.35, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H),

7.58 (d, J = 7.9 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.23 (t, J = 7.1 Hz, 1H), 7.14 (s,

1H), 7.11 (dd, J = 8.5, 6.5 Hz, 1H), 6.99 (d, J = 5.1 Hz, 1H), 6.83 (d, J = 7.4 Hz, 1H),

6.65 (dd, J = 5.1, 3.5 Hz, 1H), 6.37 (dd, J = 3.5, 1.2 Hz, 1H), 4.78 – 4.61 (m, 4H),

3.74 (s, 3H), 2.46 (s, 3H), 2.01 (s, 3H), 1.74 (s, 3H). 13C NMR (126 MHz, CDCl3) δ

161.74, 143.84, 139.98, 137.19, 136.62, 136.01, 135.65, 133.92, 133.78, 131.28,

129.99, 128.92, 128.62, 127.64, 126.92, 126.08, 125.92, 125.63, 125.41, 122.46,

121.04, 111.38, 110.45, 53.95, 53.75, 51.58, 21.56, 17.08, 14.19. HRMS (ESI, m/z)

Calcd for C31H28N2O4S2 (M+H)+: 557.1563; Found: 557.1565.
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White solid, 44.2 mg, 86% yield, 80% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 9.27 min, t (minor) = 17.65 min]. [α]D20 =

34.0°(c = 1.9, CHCl3).1H NMR (500 MHz, CDCl3) 1H NMR (500 MHz,

Chloroform-d) δ 7.82 (d, J = 8.2 Hz, 2H), 7.73 (d, J = 7.9 Hz, 1H), 7.43 (s, 1H), 7.36

(d, J = 8.1 Hz, 2H), 7.22 (t, J = 8.2 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 8.0

Hz, 1H), 4.75 – 4.51 (m, 4H), 3.76 (s, 3H), 2.44 (s, 3H), 2.30 (s, 3H), 1.62 (s, 3H).
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13C NMR (126 MHz, CDCl3) δ 161.78, 143.70, 139.59, 138.20, 137.69, 135.43,

134.03, 133.85, 131.85, 129.91, 128.51, 128.47, 127.62, 126.02, 125.58, 122.60,

121.04, 111.37, 110.63, 53.97, 53.70, 51.63, 21.53, 16.56, 13.92, 10.98, 5.92, 5.47.

HRMS (ESI, m/z) Calcd for C30H30N2O4S (M+H)+: 515.1999; Found: 515.2001.
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White solid, 18.8 mg, 34% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 7.48 min, t (minor) = 19.69 min]. [α]D20 =

25.4°(c = 0.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.83 (dd, J = 8.3, 2.2 Hz, 2H),

7.68 (t, J = 8.1 Hz, 1H), 7.37 (d, J = 8.3 Hz, 2H), 7.26 (s, 1H), 7.23 – 7.18 (m, 1H),

7.16 – 7.11 (m, 1H), 6.76 (d, J = 7.2 Hz, 1H), 5.06 (d, J = 132.0 Hz, 1H), 4.75 – 4.55

(m, 4H), 3.74 (d, J = 7.3 Hz, 3H), 2.46 (s, 3H), 2.06 (d, J = 7.9 Hz, 3H), 1.77 (s, 3H),

1.71 (s, 2H), 1.54 (s, 2H), 1.26 (s, 2H), 1.00 – 0.80 (m, 2H). 13C NMR (126 MHz,

CDCl3 δ 161.96, 143.74, 142.97, 140.64, 139.75, 135.41, 134.42, 133.82, 129.98,

129.95, 128.54, 127.66, 127.14, 126.58, 125.93, 125.22, 122.41, 120.94, 112.11,

111.43, 110.64, 109.81, 53.99, 53.69, 51.57, 28.96, 25.15, 22.29, 21.57, 16.24, 14.24.

HRMS (ESI, m/z) Calcd for C33H34N2O4S (M+H)+: 555.2312; Found: 555.2326.
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White solid, 14.3 mg, 27% yield, 88% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 5.38 min, t (minor) = 9.69 min]. [α]D20 =

20.8°(c = 1.8, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.2 Hz, 2H), 7.73

(d, J = 8.1 Hz, 1H), 7.43 (s, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.24 – 7.14 (m, 2H), 6.73

(d, J = 7.2 Hz, 1H), 4.74 – 4.64 (m, 2H), 4.58 (dd, J = 22.6, 14.0 Hz, 2H), 3.75 (s, 3H),

2.42 (s, 3H), 2.17 (s, 3H), 2.09 – 2.03 (m, 1H), 1.97 – 1.90 (m, 1H), 1.59 (s, 3H), 1.12
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– 1.03 (m, 2H), 0.97 (dt, J = 14.6, 6.9 Hz, 2H), 0.54 (d, J = 7.2 Hz, 3H). 13C NMR

(126 MHz, CDCl3) δ 161.61, 143.71, 139.84, 139.81, 135.96, 135.78, 133.98, 133.11,

129.93, 129.02, 128.98, 128.30, 127.64, 126.05, 125.58, 122.54, 121.24, 111.44,

110.81, 54.06, 53.63, 51.64, 31.72, 26.93, 22.80, 21.56, 15.82, 13.99, 13.40. HRMS

(ESI, m/z) Calcd for C31H34N2O4S (M+H)+: 531.2312; Found: 531.2319.



S36

White solid, 48.4 mg, 80% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 23.36 min, t (minor) = 45.42 min]. [α]D20 =

- 124.1°(c = 0.9, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H),

7.53 (d, J = 7.9 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.25 – 7.17 (m, 2H), 7.15 – 7.10 (m,

1H), 7.07 – 7.01 (m, 2H), 6.90 (d, J = 9.2 Hz, 1H), 6.82 (t, J = 8.3 Hz, 1H), 6.48 (d, J

= 7.8 Hz, 1H), 6.43 (s, 1H), 4.77 (td, J = 12.7, 2.8 Hz, 2H), 4.61 (dd, J = 21.7, 14.6

Hz, 2H), 3.79 – 3.24 (m, 8H), 2.47 (s, 3H), 1.89 (s, 3H), 1.80 (s, 3H). 13C NMR (126

MHz, CDCl3) δ 162.07, 143.81, 140.19, 138.88, 137.28, 135.70, 135.34, 135.00,

133.90, 130.34, 129.98, 129.92, 129.15, 129.03, 127.93, 127.84, 127.65, 127.49,

126.94, 125.52, 124.45, 121.65, 120.78, 111.11, 105.83, 66.81, 54.01, 53.76, 21.58,

17.11, 14.66. HRMS (ESI, m/z) Calcd for C36H35N3O4S (M+H)+: 606.2421; Found:

606.2428.
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White solid, 34.3 mg, 58% yield, 98% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 95/5, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 10.94 min, t (minor) = 15.20 min]. [α]D20 =

- 42.7°(c = 0.4, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.2 Hz, 2H), 7.38

(d, J = 8.0 Hz, 2H), 7.31 (s, 1H), 7.26 (s, 1H), 7.04 (d, J = 8.5 Hz, 1H), 6.90 (d, J =

9.7 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 6.75 (d, J = 8.5 Hz, 1H), 6.63 (d, J = 7.8 Hz,

1H), 6.42 (d, J = 9.8 Hz, 1H), 4.77 – 4.59 (m, 4H), 4.24 – 4.08 (m, 2H), 2.47 (s, 3H),

2.40 (s, 3H), 2.15 (s, 3H), 1.89 (s, 3H), 1.70 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H). 13C

NMR (126 MHz, CDCl3) δ 161.39, 143.76, 141.12, 138.30, 136.33, 136.13, 135.33,

134.58, 133.92, 130.05, 129.95, 129.33, 128.79, 128.60, 128.50, 128.14, 127.66,

127.59, 127.18, 126.02, 121.63, 111.09, 109.65, 60.24, 54.00, 53.74, 21.58, 21.39,

21.11, 17.00, 14.26, 14.11. HRMS (ESI, m/z) Calcd for C36H36N2O4S

(M+H)+:593.2468; Found: 593.2482.
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White solid, 45.9 mg, 70% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 95/5, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 12.24 min, t (minor) = 15.22 min]. [α]D20 =

- 67.0°(c = 1.2, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 2H), 7.67

(d, J = 1.8 Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.28 (dd, J = 8.8, 1.9 Hz, 1H), 6.99 (s,

1H), 6.90 (d, J = 9.8 Hz, 1H), 6.76 (dd, J = 17.7, 8.3 Hz, 2H), 6.65 (d, J = 9.6 Hz, 1H),

6.39 (d, J = 9.7 Hz, 1H), 4.68 (dd, J = 49.2, 12.1 Hz, 4H), 4.18 (ddd, J = 39.5, 10.8,
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7.1 Hz, 2H), 2.46 (s, 3H), 2.15 (s, 3H), 1.89 (s, 3H), 1.70 (s, 3H), 1.24 (t, J = 7.1 Hz,

3H). 13C NMR (126 MHz, CDCl3) δ 160.99, 143.81, 141.01, 138.21, 136.60, 135.78,

135.50, 134.77, 133.89, 133.63, 129.97, 129.75, 129.59, 128.60, 128.35, 128.29,

128.13, 127.66, 127.51, 127.25, 124.67, 114.00, 112.96, 109.27, 53.97, 53.69, 26.93,

16.99, 14.23, 14.14, 14.09. HRMS (ESI, m/z) Calcd for C35H33BrN2O4S (M+H)+:

657.1417; Found: 657.1411.
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White solid, 45.3 mg, 74% yield, 97% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 5.71 min, t (minor) = 7.59 min]. [α]D20 = -

85.0°(c = 2.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.2 Hz, 2H), 7.44

(d, J = 8.5 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 6.9 Hz, 2H), 6.90 (d, J = 9.8

Hz, 1H), 6.84 (s, 1H), 6.78 (dd, J = 7.8, 1.9 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.43 (d,

J = 9.7 Hz, 1H), 4.78 – 4.63 (m, 4H), 4.18 (ddq, J = 40.8, 10.8, 7.1 Hz, 2H), 2.46 (s,

3H), 2.15 (s, 3H), 1.90 (s, 3H), 1.73 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H). 13C NMR (126

MHz, CDCl3) δ 161.03, 143.81, 140.98, 139.98, 136.56, 135.82, 135.45, 134.82,

133.90, 133.67, 131.26, 129.99, 129.61, 129.59, 128.64, 128.36, 128.27, 128.23,

127.65, 127.57, 124.27, 123.32, 121.87, 111.10, 110.14, 60.51, 53.99, 53.73, 21.59,

21.09, 16.98, 14.23. HRMS (ESI, m/z) Calcd for C35H33ClN2O4S (M+H)+: 613.1922;

Found: 613.1917.
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White solid, 24.2 mg, 59% yield, 96% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 4.55 min, t (minor) = 6.84 min]. [α]D20 = -

70.5°(c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.56 (d, J = 8.0 Hz, 1H), 7.24

(d, J = 9.5 Hz, 1H), 7.13 – 7.07 (m, 2H), 6.96 – 6.91 (m, 2H), 6.88 (s, 1H), 6.62 (d, J

= 7.8 Hz, 1H), 6.48 (d, J = 9.7 Hz, 1H), 5.23 (d, J = 2.5 Hz, 4H), 3.76 (s, 3H), 2.15 (s,

3H), 1.93 (s, 3H), 1.75 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 161.78, 140.65,

139.94, 138.32, 137.54, 136.22, 135.50, 134.20, 128.90, 128.53, 128.12, 128.05,

127.95, 127.80, 127.10, 125.81, 125.16, 122.29, 120.74, 111.65, 110.21, 74.30, 74.02,

51.49, 21.09, 17.11, 14.26. HRMS (ESI, m/z) Calcd for C27H25NO3 (M+H)+:

412.1907; Found:412.1919.
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White solid, 33.6 mg, 64% yield, 96% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 4.56 min, t (minor) = 6.90 min]. [α]D20 = -

38.5°(c = 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 9.0 Hz, 1H), 7.24 –

7.19 (m, 1H), 7.09 (d, J = 7.0 Hz, 1H), 7.07 (s, 1H), 6.93 – 6.89 (m, 2H), 6.85 (d, J =

9.7 Hz, 1H), 6.60 (d, J = 10.1 Hz, 1H), 6.43 (d, J = 7.7 Hz, 1H), 3.82 (s, 6H), 3.74 (s,

4H), 3.70 (s, 3H), 2.14 (s, 3H), 1.96 (s, 3H), 1.76 (s, 3H). 13C NMR (126 MHz,

CDCl3) δ 172.66, 172.18, 161.75, 140.07, 139.94, 138.99, 138.19, 135.98, 134.73,

130.16, 129.32, 128.96, 128.55, 128.00, 127.95, 127.78, 125.70, 125.03, 122.16,
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120.62, 111.87, 110.05, 59.22, 53.15, 53.11, 51.46, 40.59, 26.93, 21.10, 17.27, 14.32.

HRMS (ESI, m/z) Calcd for C32H31NO6 (M+H)+: 526.2224; Found: 526.2237.
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White solid, 23.4 mg, 34% yield, 75% ee. [Chiral HPLC analysis of the product:

Phenomenex 00G-4457-E0 250X4.6 mm 5u column; n-hexane/2-propanol = 98/2,

flow rate =1.0 mL/min, λ = 254 nm, t (major) = 84.07 min, t (minor) = 105.35 min].

[α]D20 = - 19.3°(c = 0.2, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz,

2H), 7.35 (dd, J = 11.3, 7.9 Hz, 3H), 7.20 – 7.13 (m, 4H), 7.10 – 6.88 (m, 9H), 6.81 (s,

1H), 6.74 – 6.31 (m, 4H), 4.63 – 4.44 (m, 4H), 3.71 (s, 3H), 2.46 (s, 3H), 1.98 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 162.06, 143.74, 140.68, 140.06, 138.13, 137.08,

135.90, 135.78, 135.77, 135.55, 135.41, 135.19, 133.70, 133.15, 129.91, 129.29,

129.07, 128.02, 127.91, 127.81, 127.64, 127.62, 127.52, 127.01, 125.46, 124.91,

122.08, 120.63, 111.86, 110.37, 54.26, 53.92, 51.45, 21.57, 20.99. HRMS (ESI, m/z)

Calcd for C44H36N2O4S (M+H)+: 689.2469; Found: 689.2451.
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White solid, 51.7 mg, 40% yield, 97% ee. [Chiral HPLC analysis of the product:

Phenomenex 00G-4457-E0 250X4.6 mm 5u column; n-hexane/2-propanol = 50/50,

flow rate =1.0 mL/min, λ = 254 nm, t (major) = 22.51 min, t (minor) = 15.78 min].

[α]D20 = 29.8°(c = 2.1, CHCl3). 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 16.3 Hz,

1H), 7.87 (dd, J = 15.5, 8.3 Hz, 3H), 7.39 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 7.7 Hz, 1H),

7.21 (t, J = 7.1 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 6.8 Hz, 1H), 6.88 (d, J =

7.7 Hz, 2H), 6.77 (t, J = 8.3 Hz, 1H), 6.51 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 7.8 Hz,

1H), 4.80 – 4.60 (m, 4H), 4.26 (qd, J = 7.2, 2.0 Hz, 2H), 3.81 (s, 3H), 2.47 (s, 3H),

1.92 (s, 3H), 1.78 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ
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167.61, 161.69, 143.86, 140.47, 139.41, 137.70, 136.35, 135.92, 135.66, 135.05,

133.92, 130.00, 129.50, 128.76, 128.73, 128.32, 127.68, 127.60, 127.58, 127.51,

127.48, 127.31, 126.05, 124.26, 122.46, 122.00, 119.09, 117.62, 112.00, 60.35, 53.94,

53.69, 52.13, 21.59, 17.00, 14.39, 14.33. HRMS (ESI, m/z) Calcd for C38H36N2O6S

(M+NH4)+: 666.2632; Found: 666.2634.
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White solid, 32.8 mg, 60% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 90/10, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 20.43 min, t (minor) = 24.42 min]. [α]D20 =

- 79.4°(c = 0.4, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.2 Hz, 2H), 7.47

(d, J = 7.7 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.23 (t, J = 8.5 Hz, 2H), 7.15 – 7.02 (m,

3H), 6.86 (t, J = 7.7 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 6.20

(s, 1H), 4.69 (dd, J = 28.2, 2.5 Hz, 4H), 2.46 (s, 3H), 2.02 (s, 3H), 1.60 (s, 3H), 0.92 –

0.83 (m, 2H), 0.83 – 0.74 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 143.83, 141.53,

141.33, 139.71, 136.86, 136.36, 135.76, 135.29, 133.97, 130.18, 129.99, 129.62,

128.60, 128.02, 127.67, 127.34, 127.22, 126.80, 122.15, 120.56, 119.96, 110.37,

100.54, 54.04, 53.68, 51.58, 21.60, 17.57, 16.41, 14.83, 14.31. HRMS (ESI, m/z)

Calcd for C34H32N2O3S (M+H)+: 549.2206; Found: 549.2218.
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White solid, 51.2 mg, 76% yield, 97% ee. [Chiral HPLC analysis of the product:

Phenomenex 00G-4457-E0 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20,

flow rate =1.0 mL/min, λ = 254 nm, t (major) = 18.60 min, t (minor) = 11.46 min].

[α]D20 = - 80.6°(c = 1.5, CHCl3).1H NMR (500 MHz, CDCl3) δ 7.83 (d, J = 8.3 Hz,

2H), 7.40 (t, J = 8.6 Hz, 3H), 7.30 – 7.12 (m, 12H), 7.11 – 7.03 (m, 2H), 6.83 – 6.79

(m, 1H), 6.79 – 6.75 (m, 2H), 6.67 (d, J = 8.0 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 5.79

(s, 1H), 4.77 – 4.60 (m, 2H), 4.48 (s, 2H), 2.46 (s, 3H), 1.94 (s, 3H), 0.96 (s, 3H). 13C

NMR (126 MHz, CDCl3) δ 146.51, 143.92, 143.82, 143.57, 141.96, 140.44, 137.26,

136.26, 135.88, 135.02, 134.01, 130.38, 130.06, 129.97, 129.35, 128.09, 127.83,

127.74, 127.69, 127.67, 127.62, 127.46, 127.33, 127.25, 127.12, 126.21, 122.24,

120.59, 119.97, 110.72, 106.35, 80.02, 54.04, 53.64, 21.60, 17.46, 13.54. HRMS

(ESI, m/z) Calcd for C44H38N2O3S (M+H)+: 675.2676; Found: 675.6766.
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White solid, 53.1 mg, 87% yield, 99% ee. [Chiral HPLC analysis of the product:

Daicel Chiralpak OD-H 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20, flow

rate =1.0 mL/min, λ = 254 nm, t (major) = 10.09 min, t (minor) = 14.58 min]. [α]D20 =

- 18.8°(c = 1.2, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.84 (d, J = 8.2 Hz, 2H), 7.55

(d, J = 7.9 Hz, 1H), 7.44 – 7.35 (m, 4H), 7.31 (d, J = 7.8 Hz, 2H), 7.25 (d, J = 5.8 Hz,

2H), 7.16 – 7.02 (m, 4H), 6.99 (d, J = 7.1 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 6.81 –

6.76 (m, 1H), 6.75 (s, 1H), 6.38 (d, J = 7.3 Hz, 1H), 4.82 – 4.56 (m, 4H), 2.47 (s, 3H),
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1.89 (s, 3H), 1.86 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 159.50, 143.85, 140.43,

139.52, 137.56, 136.99, 135.70, 135.57, 135.01, 133.80, 133.04, 130.02, 129.74,

129.20, 129.06, 128.74, 127.66, 127.59, 127.46, 127.26, 126.92, 125.92, 124.93,

124.36, 121.88, 121.08, 119.88, 111.39, 104.69, 54.02, 53.83, 21.59, 16.97, 14.55.

HRMS (ESI, m/z) Calcd for C38H33N3O3S (M+H)+: 612.2315; Found: 612.2303.
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White solid, 51.1 mg, 65% yield, 99% ee. [Chiral HPLC analysis of the product:

Phenomenex 00G-4457-E0 250X4.6 mm 5u column; n-hexane/2-propanol = 80/20,

flow rate =1.0 mL/min, λ = 254 nm, t (major) = 42.79 min, t (minor) = 34.06 min].

[α]D20 = 112.6°(c = 1.6, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 8.3 Hz,

2H), 7.35 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 8.3 Hz, 1H), 7.23 – 6.96 (m, 14H), 6.87 (dd,

J = 7.3, 2.8 Hz, 5H), 6.77 (t, J = 7.5 Hz, 2H), 6.58 (d, J = 8.1 Hz, 1H), 6.42 (d, J = 7.8

Hz, 1H), 4.87 – 4.44 (m, 4H), 2.42 (s, 3H), 1.99 (s, 3H), 1.88 (s, 3H). 13C NMR (126

MHz, CDCl3) δ 155.57, 143.83, 142.05, 141.25, 139.45, 137.63, 137.13, 136.96,

135.80, 135.32, 134.63, 134.56, 133.54, 131.56, 131.44, 131.00, 130.92, 130.04,

129.95, 129.78, 129.39, 128.80, 128.51, 128.49, 128.47, 127.98, 127.96, 127.88,

127.59, 127.38, 127.24, 127.08, 127.07, 127.03, 126.97, 126.84, 126.65, 126.59,

124.76, 122.77, 122.02, 120.21, 116.66, 111.41, 54.13, 53.94, 21.55, 16.90, 14.77.

HRMS (ESI, m/z) Calcd for C52H41N3O3S (M+H)+: 788.2941; Found: 788.2939.
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8. NMR spectra
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