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Supplementary Methods

General information. 'H and *C NMR spectra were recorded on a Bruker AMX500 (500 MHz)
spectrometer. Chemical shifts were reported in parts per million (ppm), and the residual solvent peak
was used as an internal reference: 'H (chloroform & 7.26; DMSO & 2.50; acetone-ds & 2.05), *C
(chloroform & 77.0; DMSO & 39.5; acetone-ds & 205.87, 30.60). Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad),
coupling constants (Hz) and integration. Melting point (MP) was obtained on Buchi B-540. For thin
layer chromatography (TLC), Merck pre-coated TLC plates (Merck 60 F254) were used, and
compounds were visualized with a UV light at 254nm. High resolution mass spectra (HRMS) were
obtained on a Finnigan/MAT 95XL-T spectrometer. Optical rotations were recorded on an mrc
APS81 automatic polarimeter. Enantiomeric excesses (ee) were determined by HPLC analysis on
Agilent HPLC units, including the following instruments: pump, LC-20AD; detector, SPD-20A;
column, Chiralcel OD-H, Chiralpak AD-H, AS-H, ID or IE.

All commercially available reagents listed below were used as received for the reactions without
any purification. 3,5-dimethylaniline, 2-naphthol, 3-Bromo-2-naphthol, 6-Bromo-2-naphthol,
7-Bromo-2-naphthol,  7-Methoxy-2-naphthol, = 6-Hydroxy-2-naphthoic  acid, = 9-Phenanthrol,
3,5-Dibromophenol and 4-Bromo-3,5-dimethylphenol were purchased from Sigma aldrich. Liquid
reagents were handled with a micropipette. THF was dried on alumina columns using a solvent
dispensing system.

For the kinetic resolution, selectivity factors (S) were calculated according to Kagan’s equation: S
= In((1-c)(1-e€rsm))/In((1-c)(1+eewsm)), wherein ¢ is conversion of the reaction, eerm is the enantiomeric
excess of the recovered starting material. Conversions (Conv.) were calculated by '"H NMR.

The MBH cabonate 2a and 2b were synthesized in one step from commercially available materials
by literature methods.!"!



Substrates syntheses:
Synthesis of 1a-1k:
These substrates were synthesized following our previous method.!

Synthesis of 11:

jed Cr
Mg, I MeO NO, MeO NH,

Br MgBr
THF 0°Cin THF OO

Our previous one-pot method was followed to yield this intermediate in 52% yield as a brown solid.!
MP: 155 - 156 °C. '"H NMR (400 MHz, CDCls): § 7.93 — 7.84 (m, 2H), 7.56 (dd, J = 8.9, 2.3 Hz, 1H),
7.42 —7.32 (m, 4H), 6.45 (dd, J = 8.9, 2.4 Hz, 1H), 5.25 (s, 1H), 3.98 (s, 2H), 3.67 (s, 3H). 3C NMR
(100MHz, CDCIs): 6 158.37 , 151.46 , 144.25 , 133.40, 132.57 , 130.40 , 129.37 , 128.33 , 126.90 ,
124.11 , 123.60 , 117.78 , 112.92 , 106.77 , 102.25 , 101.38 , 55.98. HRMS (ESI) m/z Calcd for
[C17H14BrNNaOz, M + Na]*: 366.0100; Found: 366.0104.
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A solution of amino alcohol (1 mmol) in anhydrous THF (5 mL) was cooled to -78 °C.
n-Butyllithium (6 mmol, 2 M in cyclohexane) was added slowly to the reaction flask and stirred for 1 h

at -78 °C. The reaction mixture was then left to stir at room temperature overnight. Reaction quenched
with NH4ClI and extracted with ethyl acetate. Combined organic layers washed with brine and dried
with Na,SO4 and evaporated in vacuo. Crude residue was purified by column chromatography (81%
yield). Off-white solid. MP: 180 - 181 °C. '"H NMR (400 MHz, CDCls): § 7.77 — 7.67 (m, 2H), 7.28 —
7.14 (m, 5H), 6.42 — 6.38 (m, 2H), 5.27 (s, 1H), 3.54 (s, 3H), 3.39 (s, 2H). *C NMR (101 MHz, CDCl5)
0 159.16 , 151.49 , 146.96 , 132.95 , 130.65 , 129.94 , 129.34 , 128.25 , 126.61 , 124.42 , 123.39 ,
117.76 ,113.32,108.73 , 106.15 , 101.26 , 55.77 . HRMS (ESI) m/z Calcd for [Ci7HisNO», M + H]":
266.1176; Found 266.1167.

A solution of amino alcohol (0.6 mmol) in anhydrous CH>Cl, (15 mL) was cooled to 0 °C. Pyridine
(0.9 mmol) and MsClI (0.6 mmol) were added successively to the reaction flask. The reaction mixture
was then left to stir at room temperature overnight. The solvent was evaporated in vacuo. Crude
residue was purified by column chromatography (62% yield). White solid. MP: 214 - 215 °C. 'H
NMR (400 MHz, Acetone-ds): 6 8.52 (br, 1H), 7.91 — 7.86 (m, 2H), 7.49 (t, J = 8.2 Hz, 1H), 7.42 (dd,
J=28.3, 1.1 Hz, 1H), 7.40 — 7.30 (m, 3H), 7.21 (ddd, J = 7.4, 2.2, 0.9 Hz, 1H), 7.01 (dd, /= 8.2, 1.2
Hz, 1H), 6.61 (br, 1H), 3.65 (s, 3H), 2.79 (s, 3H). *C NMR (100MHz, Acetone-ds): & 158.77 ,
152.72 , 137.80 , 133.81 , 130.31 , 129.79 , 129.07 , 128.23 , 126.70 , 123.81 , 123.19 , 118.47 ,
115.69, 112.46, 112.29, 107.51 , 55.22 , 38.88 . HRMS (ESI) m/z Calcd for [CisHis NO4S, M - H]:
342.0806; Found: 342.0808.



Synthesis of 1m-1o:
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The NOBIN analogs were synthesized by the known procedures.[**!

A solution of NOBIN analog (0.6 mmol) in Pyridine (1mL), TsCI (0.6 mmol) were added to the
reaction flask. The reaction mixture was then left to stir at room temperature overnight. The solvent was
evaporated in vacuo. Crude residue was purified by column chromatography.

Synthesis of 1p:
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The first step followed our previous procedure to deliver the free amino phenol intermediate.[?)

To a solution of the amino phenol (1 mmol) in THF at -78 °C was added a solution of NaHMDS
(3.3 equiv) in THF (5 mL) via syringe. The reaction mixture was warmed to room temperature and
stirred for 30 minutes. The reaction was then recooled to -78 °C and a solution of (Boc)>O (1 equiv) in
THF (5 mL) was added dropwise to the reaction mixture. The reaction was allowed to stir at -78 °C
for 2 hours, then gradually warm to room temperature. The reaction was then heated to 65 °C and
allowed to stir overnight. The reaction was quenched by the addition of 20 mL of water and 2 M HCI
was added gradually till pH = 3. The reaction mixture was extracted with ethyl acetate (3 X 15 mL),
the combined organic phase was washed with brine, dried over Na,SOs, filtered and concentrated in
vacuo. The crude residue was purified by column to yield the desired compounds (82% yield) as a
white solid. MP: 197 — 198 °C. "TH NMR (500 MHz, CDCls): & 7.92 — 7.86 (m, 3H), 7.38 (qdd, J =
6.8, 4.1, 1.8 Hz, 2H), 7.33 (dd, J = 8.9, 1.5 Hz, 1H), 7.21 — 7.15 (m, 1H), 5.91 (s, 1H), 5.30 (br, 1H),
3.77 (s, 3H), 2.44 (s, 3H), 1.85 (s, 3H), 1.36 (s, 9H). 3C NMR (125 MHz, CDCl5): § 153.61 , 153.43 ,
151.23 , 133.55, 132.76 , 132.59 , 132.11 , 130.54 , 129.28 , 128.33 , 127.21 , 123.80 , 123.75,
121.57 ,121.13, 117.79 , 114.76 , 80.52 , 60.13 , 28.16 , 16.59 , 13.12 . HRMS (ESI) m/z Calcd for
[C24H26NO4, M - H]: 392.1868; Found: 392.1866.



Synthesis of 1q:
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To a solution of 1a (0.4 mmol) in acetone (4 mL) were added K»COs3 (0.2 mmol) and Mel (0.4 mmol).
The reaction mixture was allowed to stir at room temperature overnight. The solvent was evaporated in
vacuo. The crude residue was purified by column chromatography to produce the desired product 1q
(25% yield) as a syrup. "H NMR (400 MHz, CD,Cl,): 8 7.93 (dd, J = 9.1, 0.8 Hz, 1H), 7.84 —7.78 (m,
1H), 7.36 (d,J=9.1 Hz, 1H), 7.34 — 7.32 (m, 1H), 7.32 — 7.25 (m, 2H), 7.10 — 7.05 (m, 1H), 5.64 (br,
1H), 3.79 (s, 3H), 3.67 (s, 3H), 2.49 (s, 3H), 2.32 (s, 3H), 1.70 (s, 3H). 3C NMR (75 MHz, CD,Cl,): &
154.66,154.10,132.73,131.70, 131.40,131.05, 130.73 , 129.22,128.35, 127.42,126.93 , 124.00,

123.51,121.22,117.39,113.08 , 59.76 , 56.05 , 39.03 , 16.09 , 13.05 . HRMS (ESI) m/z Calcd for
[C21H23NNaO4S, M + NaJ*: 408.1240; Found: 408.1242.

Attempt of Kinetic resolution of 1a catalyzed by NHC:

2

Me BFy Me Me
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4A, 24°C, 24 h
rac-1a 0.7 equiv. Conv. = 49%. S=2.2 46%, 27% ee 48%, 26% ee

To a 4 mL vial was added the racemic 1a (0.075 mmol), triazolium salt (0.0075 mmol) and 4A MS
(25 mg). The mixture was taken into the glovebox, where aldehyde (9 pL, 0.052 mmol), anhydrous
DCM (0.75 mL) and DIPEA (18 uL, 0.075 mmol) were added. The reaction mixture was taken outside
the glovebox. The vial was then sealed and the reaction mixture was allowed to stir at ambient
temperature for 24 h. The crude reaction mixture was directly purified by silica gel column

chromatography with hexanes/ethyl acetate (10:1 v/v) as eluent to afford the ester product and the
recovered starting material in pure form.

Recovered 1a:
Me

MeO l

Me NHMs
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Syrup. "H NMR (500 MHz, CDCls) & 7.92 — 7.87 (m, 2H), 7.53 (s, 1H), 7.43 — 7.37 (m, 2H), 7.29 (d, J
= 8.9 Hz, 1H), 7.14 — 7.12 (m, 1H), 5.82 (s, 1H), 5.29 (s, 1H), 3.80 (s, 3H), 2.73 (s, 3H), 2.4 (s, 3H),
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1.91 (s, 3H). 3C NMR (125 MHz, CDCl5) & 155.01 , 150.98 , 133.24 , 132.98 , 132.43 , 132.00 ,
131.17,129.40, 128.77 ,127.67 ,124.19, 123.64 , 123.15,121.52,117.78 , 114.09 , 60.15 , 39.59
16.58 , 13.34 . HRMS (ESI) m/z Caled for [C20H20NO4S, M - H]: 370.1119; Found: 370.1119.

Optical Rotation: [a]*p + 4.0 (¢ = 0.2, CHCI3). 26% ee (HPLC condition: Chiralcel AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, ¢z = 10.02 min for

major isomer, fr = 12.42 min for minor isomer).

Supplementary Figure 1. HPLC Trace of 1a from NHC-Catalyzed Kinetic Resolution.
VWD1 A, Wavelength=254 nm (PSBI11132 2017-03-02 14-01-45\06044R SM AD.D) VWDT A, Wavelength=254 nm (PSB\11132 2017-03-02 14-01-45106044C SM AD D)
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1 9.959 BB 0.3135 1366.97278 66.57927 49.9329 1 10.020 BB 0.2478 1383.04443 83.69082 63.0757
2 12.360 BB 0.3672 1370.64453 56.85960 50.0671 2 12.421 BB 0.3144 809.62903 38.49000 36.9243
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Syrup. 'H NMR (500 MHz, CDCls) § 8.03 — 8.02 (m, 1H), 7.99 — 7.95 (m, 1H), 7.57 — 7.42 (m, 3H),
7.36 — 7.30 (m, 2H), 6.06 (s, 1H), 3.76 (s, 3H), 2.66 (s, 3H), 2.42 (s, 3H), 2.24 — 2.21 (m, 2H), 2.00 —
1.88 (m, 1H), 1.87 (s, 3H), 0.81 (d, J = 3.5 Hz, 3H), 0.79 (d, J = 3.5 Hz, 3H). 3C NMR (125 MHz,
CDCl3) 6 171.53, 154.26, 146.53 ,132.24 ,132.12,132.04,131.95,131.33, 130.53, 128.50, 127.41,
126.24 ,124.94,124.88 ,124.80, 121.75, 120.61 , 59.87 ,42.95, 39.56 ,25.63 ,21.95,21.91,16.33,
13.25. HRMS (ESI) m/z Calcd for [C2sH2oNNaOsS, M + Na]*: 478.1658; Found: 478.1654.

Optical Rotation: [a]*p - 8.0 (¢ = 1.0, CH,Cl,). 27% ee (HPLC condition: Chiralcel ID column,
n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 31.59 min for major

isomer, fr = 37.63 min for minor isomer).



Supplementary Figure 2. HPLC Trace of Acylation Product from NHC-Catalyzed Kinetic Resolution.

VWD A, Wavelength=254 nm (PSB\11132 2017-03.02 11-02-41D 06044R PDT.D)
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VWD1 A, Wavelength=254 nm (PSB\11132 2017-03-02 14-47-04106044C PDT.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
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1 30.922 BB 1.2275 5551.97949 65.06358 49.7668
2 36.629 BB 1.8058 5604.01611 43.94561 50.2332

Peak Retlime ‘lype width Area Height Area
# [min] [min]  [mAU*s] [mAU] %
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1 31.596 BB 1.2359 1213.57764 13.82730 63.4266
2 37.637 BB 1.3437 699.78015 6.21472 36.5734

Representative procedure for the kinetic resolution of 1 catalyzed by (DHQD):2AQN:
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To a 4 mL vial containing 1 (0.04 mmol) and (DHQD),AQN (7.0 mg, 20 mol%) were added
CH,Cl, (0.5 mL), CH3CN (0.5 mL) and MBH carbonate (6 uL). The reaction mixture was allowed to
stir for 24 h at 24 °C. The volatiles were removed in vacuo at 24 °C and the residue was purified by
silica gel column chromatography with hexanes/ethyl acetate (10:1 v/v) as the eluent to afford the

product 4 and unreacted starting material 1.

For the preparation of authentic racemic products, DABCO was used instead of (DHQD),AQN

following the same procedure.

Note: NMR for the products were taken at 80 °C in DMSO-de.




Characterization of compounds

Recovered 1a
Me

MeO l
Me NHMs
oy

Syrup. "H NMR (500 MHz, CDCls) & 7.92 — 7.87 (m, 2H), 7.53 (s, 1H), 7.43 — 7.37 (m, 2H), 7.29 (d, J
= 8.9 Hz, 1H), 7.14 — 7.12 (m, 1H), 5.82 (s, 1H), 5.29 (s, 1H), 3.80 (s, 3H), 2.73 (s, 3H), 2.4 (s, 3H),
1.91 (s, 3H). ®C NMR (125 MHz, CDCls) § 155.01 , 150.98 , 133.24 , 132.98 , 132.43 , 132.00 ,
131.17, 129.40 , 128.77 , 127.67 , 124.19, 123.64 , 123.15, 121.52, 117.78 , 114.09 , 60.15 , 39.59 ,
16.58 , 13.34 . HRMS (ESI) m/z Calcd for [C2oHxNOsS, M - H]: 370.1119; Found: 370.1119.

Optical Rotation: [a]*p + 12.0 (¢ = 0.2, CHCl;). The absolute configuration of 1a was assigned
by analogy to 1b. 98% ee (HPLC condition: Chiralcel AD-H column, n-Hexane/i-PrOH = 90:10, flow
rate = 1.0 mL/min, wavelength = 254 nm, #x = 8.60 min for major isomer, fr = 10.66 min for minor

isomer).

Supplementary Figure 3. HPLC Trace of Recovered 1a.
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Syrup. 'H NMR (500 MHz, DMSO-ds, 80 °C) & 9.08 (br, 1H), 7.87 - 7.81 (m, 2H), 7.32 — 7.23 (m, 3H),
7.14 (s, 1H), 7.10 — 7.04 (m, 1H), 6.02 (s, 1H), 5.56 (s, 1H), 4.14 (d, J = 16.6 Hz, 1H), 4.05 (q, J = 7.2
Hz, 2H), 3.93 (d, J = 16.2 Hz, 1H), 3.75 (s, 3H), 2.47 (s, 3H), 2.35 (s, 3H), 1.74 (s, 3H), 1.17 (t, J= 7.1
Hz, 3H). *C NMR (125 MHz, DMSO-ds, 80 °C) § 166.07 , 156.88 , 152.29, 136.60 , 135.84 , 135.52,
133.94,132.32, 13203, 130.12, 129.75 , 128.60, 128.24 , 128.03 , 126.50 , 124.76, 123.15, 118.97,



117.97 , 60.72 , 60.03 , 50.37 , 40.18 , 16.22 , 14.26 , 13.35 . HRMS (ESI) m/z Calcd for
[C26H20NNaOgS, M + Na]*: 506.1608; Found: 506.1604.

Optical Rotation: [a]*p - 28.0 (¢ = 1.0, CH,Cl,). 60% ee (HPLC condition: Chiralcel AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 9.15 min for

minor isomer, fr = 10.11 min for major isomer).

Supplementary Figure 4. HPLC Trace of Product 3a.
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Syrup. 'H NMR (500 MHz, DMSO-ds, 80 °C) & 9.05 (br, 1H), 7.84 —7.80 (m, 2H), 7.33 — 7.22 (m, 3H),
7.13 (s, 1H), 7.08 — 7.03 (m, 1H), 5.94 (s, 1H), 5.50 (s, 1H), 4.09 (d, J = 16.5 Hz, 1H), 3.86 (d, /= 16.5
Hz, 1H), 3.73 (s, 3H), 2.45 (s, 3H), 2.34 (s, 3H), 1.72 (s, 3H), 1.38 (s, 9H). 3C NMR (125 MHz,
DMSO-ds, 80 °C) 8 164.43 , 155.92 , 151.33 , 136.97 , 134.96 , 134.50 , 133.00 , 131.37 , 131.17 ,
129.10, 128.79, 127.66 , 127.28 , 126.34 , 125.55 , 123.82, 122.21 , 118.03, 117.03 , 79.99 , 59.06 ,
49.32,27.18,15.29, 12.38 . HRMS (ESI) m/z Calcd for [CosH3sNNaOgS, M + Na]*: 534.1921; Found:
534.1926.

Optical Rotation: [a]*p - 25.0 (¢ = 0.5, CH,Cl). 65% ee (HPLC condition: Chiralcel 1D
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 11.26 min for

major isomer, fr = 12.61 min for minor isomer).



5. HPLC Trace of Product 4a.
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Syrup. '"H NMR (500 MHz, CDCL): § 8.21 (s, 1H), 7.83 — 7.79 (m, 1H), 7.53 (s, 1H), 7.42 (tt, J= 8.3,
3.4 Hz, 2H), 7.18 — 7.14 (m, 1H), 5.74 (s, 1H), 5.72 (s, 1H), 3.79 (s, 3H), 2.72 (s, 3H), 2.45 (s, 3H), 1.88
(s, 3H). 3C NMR (125 MHz, CDCls): § 154.95 , 147.02, 132.82 , 132.72, 132.19, 132.12, 131.21 ,
129.84 , 128.10 , 127.78 , 125.25 , 124.94 , 123.66 , 121.76 , 116.29 , 112.43 , 60.12 , 39.52 , 16.55 ,
13.40 . HRMS (ESI) m/z Calcd for [CooH19NOsSBr, M - H]': 448.0224; Found: 448.0230.

Optical Rotation: [a]*p + 12.0 (¢ = 0.4, CHCl;). The absolute configuration of 1b was assigned
by conversion to 6a followed by single crystal X-ray analysis. 98% ee (HPLC condition: Chiralpak
AD-H column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 11.88
min for major isomer, fr = 12.78 min for minor isomer).

Supplementary Figure 6. HPLC Trace of Recovered 1b.
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White solid. MP: 112 - 113 °C. '"H NMR (500 MHz, DMSO-ds, 80 °C): § 8.41 (br, 1H), 8.29 (s, 1H),
7.85(dd,J=17.8, 1.5 Hz, 1H), 7.35 (ddd, /= 8.1, 6.7, 1.4 Hz, 1H), 7.31 (ddd, J= 8.2, 6.8, 1.5 Hz, 1H),
7.19 (s, 1H), 7.02 (d, J = 8.2 Hz, 1H), 5.92 (s, 1H), 5.43 (s, 1H), 4.00 (d, /= 16.4 Hz, 1H), 3.87 (d, J =
16.4 Hz, 1H), 3.76 (s, 3H), 2.61 (s, 3H), 2.37 (s, 3H), 1.73 (s, 3H), 1.40 (s, 9H). 3C NMR (125MHz,
DMSO-ds, 80 °C): 6 164.40, 156.25 , 147.42 , 136.41 , 135.10, 133.37,131.93 , 131.73 , 131.34,
130.91,130.27,128.59, 126.80 , 126.54 , 126.08 , 124.09 , 123.65 ,119.96 , 113.18 , 80.16 , 59.09 ,

49.71 , 39.23 , 27.18 , 1534 , 12.54 . HRMS (ESI) m/z Calcd for [C,sH3,BrNNaO¢S, M + Na]™:
612.1026; Found: 612.1022.

Optical Rotation: [a]*p — 35.0 (¢ = 1.0, CH,Cl,). 73% ee (HPLC condition: Chiralpak AD-H

column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 6.91 min for
major isomer, fr = 7.65 min minor for isomer).

Supplementary Figure 7. HPLC Trace of Product 4b.
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Recovered 1c
Me

MeO l

Me NHMs

O
OMe

Syrup. 'H NMR (400 MHz, CDCl3): 8 7.69 — 7.67 (m, 1H), 7.42 (s, 1H), 7.28 (ddd, /= 8.1, 6.9, 1.3 Hz,
1H), 7.21 — 7.14 (m, 2H), 7.07 — 7.00 (m, 1H), 6.05 (s, 1H), 5.78 (s, 1H), 4.01 (s, 3H), 3.69 (s, 3H), 2.54
(s, 3H), 2.33 (s, 3H), 1.79 (s, 3H). *C NMR (100 MHz, CDCls): 5 154.86 , 146.87 , 143.00 , 132.04 ,
132,02, 131.02, 129.27,127.91, 127.37, 125.86, 125.39, 124.75 , 123.45,121.75 , 114.93 , 106.69 ,
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60.05 , 56.05 , 39.15, 16.49 , 13.47 . HRMS (ESI) m/z Calcd for [C2;H22NOsS, M - H]: 400.1224;
Found: 400.1231.

Optical Rotation: [a.]*p - 13.0 (¢ = 0.2, CHCI;). The absolute configuration of 1¢ was assigned
by analogy to 1b. 97% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, #g = 17.36 min for major isomer, fz = 23.88 min for

minor isomer).

Supplementary Figure 8. HPLC Trace of Recovered 1c.
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Product 4¢
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Me l{l\)J\”/O’B“
OH ¢

OO OMe
Syrup: '"H NMR (500 MHz, DMSO-dq): & 8.44 (br, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.40 (s, 1H), 7.27
(ddd, J=8.1,6.8, 1.2 Hz, 1H), 7.17 - 7.10 (m, 2H), 7.00 (d, J = 8.4 Hz, 1H), 5.95 (s, 1H), 5.50 (s, 1H),
4.07 (d,J=16.7 Hz, 1H), 4.02 (s, 3H), 3.88 (d, J=16.4 Hz, 1H), 3.74 (s, 3H), 2.46 (s, 3H), 2.35 (s, 3H),
1.73 (s, 3H), 1.40 (s, 9H). 3C NMR (125 MHz, DMSO-ds): § 165.36 , 156.84 , 149.05 , 144.21 ,
137.92,135.82,135.16,132.14, 130.10, 129.08 ,128.90, 127.31, 127.07 , 124.62 , 124.21 ,123.83 ,
118.85,107.25,104.99,80.93 , 60.03 ,56.38 ,50.34,40.23 ,28.12,16.25, 13.33 . HRMS (ESID) m/z
Calcd for [C29H3sNNaO-S, M + Na]™: 564.2026; Found: 564.2021.

Optical Rotation: [a]*p + 8.0 (¢ = 1.0, CH>Cl,). 51% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 13.47 min for

minor isomer, g = 16.03 min for major isomer).
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Supplementary Figure 9. HPLC Trace of Product 4c.
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Recovered 1d
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Syrup. '"H NMR (500 MHz, CDCls): § 8.04 (d, J= 1.9 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.50 (s, 1H),
7.45 (dd, J= 9.0, 1.9 Hz, 1H), 7.31 (d, J = 9.0 Hz, 1H), 7.01 (d, J = 8.9 Hz, 1H), 5.79 (s, 1H), 5.44 (s,
1H), 3.79 (s, 3H), 2.75 (s, 3H), 2.43 (s, 3H), 1.87 (s, 3H). 3C NMR (125 MHz, CDCL): & 155.05 ,
151.37,133.51, 132.94,131.91, 131.08, 130.84, 130.70, 130.47, 130.18 , 125.04, 123.15, 121.55,
119.07,117.94, 114.52,60.16,39.80 , 16.59 , 13.33 . HRMS (ESI) m/z Calcd for [C20H;sNO4SBr, M
- H]": 448.0224; Found: 448.0222.

Optical Rotation: [a]*’p + 18.0 (¢ = 1.0, CHCl;). The absolute configuration of 1d was assigned
by analogy to 1b. 98% ee (HPLC condition: Chiralpak ID column, n-Hexane/i-PrOH = 90:10, flow
rate = 1.0 mL/min, wavelength = 254 nm, #x = 10.07 min for minor isomer, fr = 11.51 min for major
isomer).

Supplementary Figure 10. HPLC Trace of Recovered 1d.
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Product 4d
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MeO
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Me N O'Bu
e
Br

Syrup: '"H NMR (500 MHz, DMSO-ds, 80 °C): § 9.31 (br, 1H), 8.07 (d, J=2.0 Hz, 1H), 7.85 (d, J=8.9
Hz, 1H), 7.37 - 7.32 (m, 2H), 7.15 (s, 1H), 7.00 (d, /= 9.0 Hz, 1H), 5.95 (s, 1H), 5.50 (s, 1H), 4.10 (d,
J=16.5Hz, 1H), 3.90 (d,J=16.5 Hz, 1H), 3.74 (s, 3H), 2.59 (s, 3H), 2.35 (s, 3H), 1.72 (s, 3H), 1.40 (s,
9H). 3C NMR (125 MHz, DMSO-ds, 80 °C): § 165.35, 156.90 , 152.87 , 137.74 , 135.98 , 134.96 ,
132.62,132.31,131.86,130.41,129.96, 129.81,129.27,129.06, 127.44 ,127.29,120.18 , 118.30,
116.19 , 81.01 , 60.04 , 50.42 , 40.49 , 28.13 , 16.24 , 13.35 . HRMS (ESI) m/z Calcd for
[C2sH3:BrNNaOsS, M + Na]*: 612.1026; Found: 612.1029.

Optical Rotation: [a]*p — 20.0 (¢ = 1.0, CH,CL). 66% ee (HPLC condition: Chiralpak ID
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, g = 10.02 min for
major isomer, g = 11.57 min for minor isomer).

Supplementary Figure 11. HPLC Trace of Product 4d.
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Syrup. "H NMR (500 MHz, CDCls): § 8.62 (d, J = 1.6 Hz, 1H), 8.00 (d, J = 9.0 Hz, 1H), 7.95 (dd, J =
8.7, 1.8 Hz, 1H), 7.49 (s, 1H), 7.36 (d, J = 8.9 Hz, 1H), 7.17 (d, J = 8.8 Hz, 1H), 5.92 (br, 1H), 5.83 (s,
1H), 3.98 (s, 3H), 3.78 (s, 3H), 2.73 (s, 3H), 2.42 (s, 3H), 1.87 (s, 3H). 3C NMR (125MHz, CDCL):
167.14, 155.06, 15331, 135.09, 133.44, 132.92 , 132.57, 131.89, 131.80, 128.35 , 127.04 , 125.66,
123.45, 12337, 121.64, 118.88 , 114.58 , 60.15 , 52.31 , 39.76 , 16.58 , 13.35 . HRMS (ESI) m/z

Calcd for [C22H2oNOgS, M - H]: 428.1173; Found: 428.1174.

Optical Rotation: [a]*p + 23.0 (¢ = 1.0, CHCI;). The absolute configuration of 1e was assigned
by analogy to 1b. 95% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, f = 15.45 min for minor isomer, z = 19.40 min for

major isomer).

Supplementary Figure 12. HPLC Trace of Recovered 1e.
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Syrup. '"H NMR (500 MHz, DMSO-ds, 80 °C): § 9.60 (br, 1H), 8.54 (d, J= 1.7 Hz, 1H), 8.05 (d,J= 8.9
Hz, 1H), 7.73 (dt, J= 8.9, 1.3 Hz, 1H), 7.44 — 7.37 (m, 1H), 7.16 (s, 1H), 7.13 (d, J = 8.9 Hz, 1H), 5.93
(s, 1H), 5.48 (s, 1H), 4.08 (d, J = 16.6 Hz, 1H), 3.91 — 3.88 (m, 4H), 3.75 (s, 3H), 2.56 (s, 3H), 2.36 (s,
3H), 1.73 (s, 3H), 1.38 (s, 9H). 3C NMR (125 MHz, DMSO-d, 80 °C): & 165.97 , 164.37 , 155.96
153.83,136.75, 135.43,135.06, 134.01 , 131.34,130.93 , 130.51 , 130.13, 129.48 , 126.56 , 126.40,
124.50, 12433 ,123.61 , 118.97, 117.30, 80.02 , 59.08 , 51.21 , 49.49 , 27.13 , 15.30 , 12.39 . HRMS
(ESI) m/z Calcd for [C30H3sNNaOsS, M + Na]': 592.2083; Found: 592.2087.

Optical Rotation: [a]*p - 20.0 (¢ = 1.0, CH,Cl,). 66% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 13.49 min for

major isomer, fr = 15.85 min for minor isomer).
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Supplementary Figure 13. HPLC Trace of Product 4e.
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Recovered 1f
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MeO O

Me NHMs
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Syrup. '"H NMR (500 MHz, CDCls): § 7.87 (d, J = 8.9 Hz, 1H), 7.75 (d, J = 8.7 Hz, 1H), 7.53 (s, 1H),
7.48 (dd, J= 8.7, 1.9 Hz, 1H), 7.30 (d, J = 9.0 Hz, 1H), 7.25 (d, J = 1.9 Hz, 1H), 5.76 (s, 1H), 5.41 (s,
1H), 3.81 (s, 3H), 2.80 (s, 3H), 2.45 (s, 3H), 1.90 (s, 3H). *C NMR (125 MHz, CDCls): & 155.01 ,
152.05,133.78, 133.73, 132,99, 132.02, 131.12, 130.43 , 127.79, 127.59 , 125.24 , 122.54 ,122.27,
121.21,118.36, 113.44, 60.20 ,39.70 , 16.64 , 13.34 . HRMS (ESI) m/z Calcd for [C20H1sNO4SBr, M
_ H]": 448.0224; Found: 448.0232.

Optical Rotation: [a]*p + 68.0 (¢ = 0.5, CHCI;). The absolute configuration of 1f was assigned
by analogy to 1b. 99% ee (HPLC condition: Chiralpak ID column, n-Hexane/i-PrOH = 90:10, flow
rate = 1.0 mL/min, wavelength = 254 nm, fzx = 8.61 min for major isomer, fr = 9.88 min for minor
isomer).

Supplementary Figure 14. HPLC Trace of Recovered 1f.
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Product 4f
Me

MeO
@ Ao
Me N O'Bu
Br. O‘ OH (e}

Syrup. "TH NMR (500 MHz, DMSO-ds, 80 °C): 8 9.40 (br, 1H), 7.87 (d, J= 8.9 Hz, 1H), 7.79 (d, /= 8.7
Hz, 1H), 7.37 (dd, J=8.7, 2.0 Hz, 1H), 7.33 (d, J= 8.9 Hz, 1H), 7.23 (s, 1H), 7.15 (s, 1H), 5.96 (s, 1H),
5.49 (s, 1H),4.08 (d,/=16.4 Hz, 1H), 3.91 (d,J=16.4 Hz, 1H), 3.75 (s, 3H), 2.60 (s, 3H), 2.36 (s, 3H),
1.74 (s, 3H), 1.40 (s, 9H). 3C NMR (125 MHz, DMSO-ds): § 165.33 , 156.90 , 153.41 , 137.70 ,
136.07 ,135.27,134.83,132.31,131.82,130.51,130.34,129.92,127.60, 127.05, 126.94 , 126.15 ,
120.48,119.49,117.35,81.03, 60.05, 50.49 ,40.54 ,28.14 ,16.27, 13.37 . HRMS (ESI) m/z Calcd
for [C2sH3,BrNNaOgS, M + Na]*: 612.1026; Found: 612.1024.

Optical Rotation: [a]*p - 22.0 (¢ = 1.0, CHxCl,). 53% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 7.36 min for

major isomer, fr = 8.74 min for minor isomer).

Supplementary Figure 15. HPLC Trace of Product 4f.
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Recovered 1g
Me

MeO O
Me NHMs
MeO OO OH

Syrup. '"H NMR (400 MHz, CDCls): § 7.82 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.53 (s, 1H),
7.13 (d, J=8.8 Hz, 1H), 7.07 (dd, J= 8.9, 2.5 Hz, 1H), 6.41 (d, J= 2.5 Hz, 1H), 5.84 (s, 1H), 5.09 (br,
1H), 3.80 (s, 3H), 3.71 (s, 3H), 2.76 (s, 3H), 2.44 (s, 3H), 1.94 (s, 3H). *C NMR (100 MHz, CDCL;):
159.29,155.09, 151.53, 133.87, 133.25, 132.88 , 132.01 , 130.89, 130.39, 124.75 , 123.67,, 121.67,
115.79, 115.07 , 113.22, 102.55 , 60.13 , 55.28 , 39.62 , 16.59 , 13.25 . HRMS (ESI) m/z Calcd for
[C2HNOsS, M - HJ': 400.1224; Found: 400.1231.
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Optical Rotation: [a]*p + 28.0 (¢ = 0.2, CHCI;). The absolute configuration of 1g was assigned
by analogy to 1b. 98% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, fx = 9.44 min for major isomer, fr = 14.68 min for

minor isomer).

Supplementary Figure 16. HPLC Trace of Recovered 1g.
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Syrup. "H NMR (500 MHz, DMSO-de, 80 °C): 5 9.08 (br, 1H), 7.75 (d, J= 8.8 Hz, 1H), 7.73 (d,J=8.9
Hz, 1H), 7.16 - 7.11 (m, 2H), 6.93 (dd, J= 8.9, 2.5 Hz, 1H), 6.43 (d, J=2.5 Hz, 1H), 5.97 (s, 1H), 5.55
(s, 1H),4.11 (d,J=16.7 Hz, 1H), 3.90 (d, J= 16.6 Hz, 1H), 3.73 (s, 3H), 3.60 (s, 3H), 2.51 (s, 3H), 2.35
(s, 3H), 1.75 (s, 3H), 1.39 (s, 9H). 3C NMR (125 MHz, DMSO-ds, 80 °C): 5 165.37 , 158.25 , 156.92 ,
152.87,137.88, 135.89, 135.57, 135.40, 132.24,132.17,129.91 , 129.79 , 129.48 , 127.20 , 124.02,
117.25,116.33, 115.31, 104.36 , 80.95 , 60.01 , 55.12, 50.22 , 40.30 , 28.10 , 16.27 , 13.25 . HRMS
(ESI) m/z Calcd for [CasH3sNNaO-S, M + Na]': 564.2026; Found: 564.2029.

Optical Rotation: [a.]*p — 25.0 (¢ = 1.0, CH2Cly). 68% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, r = 17.62 min for

minor isomer, g = 21.06 min for major isomer).
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VWD1 A, Wavelength-254 nm (20170919112108000182.0)

Supplementary Figure 17. HPLC Trace of Product 4g.
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Syrup. '"H NMR (500 MHz, CDCls): § 7.87 (d, J = 8.9 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H),
7.40 (dd, J= 8.6, 2.2 Hz, 2H), 7.36 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.23 (d, /= 8.8 Hz, 1H), 7.21 - 7.17
(m, 1H), 7.11 (d, J=8.1 Hz, 2H), 6.81 — 6.75 (m, 1H), 6.11 (s, 1H), 4.86 (br, 1H), 3.75 (s, 3H), 2.40 (s,
6H), 1.78 (s, 3H). ®C NMR (125 MHz, CDCL): 5 154.52 , 151.03 , 143.82, 135.96 , 132.89 , 132.72,

132.39,131.91,131.01,129.54,129.21, 128.45,127.42,127.18,123.78 ,123.23 ,122.68 , 120.80,

117.64 , 113.68 , 60.10 , 21.59 , 16.60 , 13.21 . HRMS (ESI) m/z Calcd for [C2sH24NO4S, M - H]:

446.1432; Found: 446.1430.

Optical Rotation: [a]*’p + 50.0 (¢ = 0.2, CHCl;). The absolute configuration of 1h was assigned
by analogy to 1b. 95% ee (HPLC condition: Chiralpak ID column, n-Hexane/i-PrOH = 80:20, flow
rate = 1.0 mL/min, wavelength = 254 nm, fx = 9.36 min for major isomer, fr = 11.38 min for minor

isomer).

Supplementary Figure 18. HPLC Trace of Recovered 1h.
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Peak RetTime Type Width hrea Height Area
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Syrup. 'H NMR (500 MHz DMSO-ds, 80 °C): § 8.90 (br, 1H), 7.84 —7.78 (m, 2H), 7.28 (ddd, J = 8.0,
6.7, 1.3 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.17 — 7.06 (m, 5H), 6.95 (s, 1H), 5.78 (s, 1H), 5.16 (s, 1H), 4.09
(d,J=16.6 Hz, 1H), 3.82 (d, /= 16.4 Hz, 1H), 3.75 (s, 3H), 2.33 (s, 3H), 2.31 (5, 3H), 1.74 (s, 3H), 1.38
(s, 9H). 3C NMR (125 MHz, DMSO-de, 80 °C): § 165.31, 156.92 , 152.25 , 143.43 , 137.14 , 137.06 ,
136.03, 135.80, 134.02, 132.51, 131.34, 129.90, 129.50 , 129.41 , 128.69 , 128.17, 128.03 , 127.66,
126.33,125.09, 123.02, 118.88 , 118.07 , 80.79, 60.07 , 50.67 , 28.12, 21.28 , 16.23, 13.41 . HRMS

(ESI) m/z Calcd for [C34H37NNaOgS, M + Na]™: 610.2234; Found: 610.2236.

Optical Rotation: [a]*p + 14.0 (¢ = 1.0, CH,Cl,). 72% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fx = 11.97 min for

minor isomer, &r = 14.93 min for major isomer).

Supplementary Figure 19. HPLC Trace of Product 4h.
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Syrup. "TH NMR (400 MHz, CDCl;): § 8.78 — 8.75 (m, 1H), 8.75 — 8.71 (m, 1H), 8.41 (ddd, J = 8.2,
1.5, 0.6 Hz, 1H), 7.81 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H), 7.73 (ddd, /= 8.2, 7.0, 1.2 Hz, 1H), 7.61 — 7.55
(m, 2H), 7.47 (ddd, J= 8.2, 7.0, 1.2 Hz, 1H), 7.15 (ddd, J = 8.1, 1.4, 0.6 Hz, 1H), 5.89 (s, 1H), 5.38 (s,
1H), 3.82 (s, 3H), 2.76 (s, 3H), 2.48 (s, 3H), 1.97 (s, 3H). 3C NMR (100MHz, CDCl5): § 155.09 ,
147.39 , 133.67 , 133.40 , 132.52 , 131.69 , 130.70 , 128.15 , 127.72 , 127.14 , 127.01 , 125.00 ,
124.72 , 123.76 , 123.35, 123.28 , 122.96 , 122.74 , 121.27 , 110.06 , 60.20 , 39.72 , 16.64 , 13.34 .
HRMS (ESI) m/z Calcd for [C24H22NO4S, M - H]: 420.1276; Found: 420.1274.

Optical Rotation: [a.]*p + 16.0 (¢ = 0.4, CHCI;3). The absolute configuration of 1i was assigned
by analogy to 1b. 99% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, fz = 10.45 min for major isomer, fx = 21.85 min for
minor isomer).

Supplementary Figure 20. HPLC Trace of Recovered 1i.
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Syrup. 'TH NMR (500 MHz, DMSO-ds, 80 °C):  8.84 (d, /= 8.2 Hz, 1H), 8.76 (d, J= 8.2 Hz, 1H), 8.41
(dd,J=8.2,1.5Hz, 1H), 7.77 (ddd, J= 8.4, 7.0, 1.5 Hz, 1H), 7.71 (ddd, J= 8.2, 7.0, 1.3 Hz, 1H), 7.50
(ddd,J=8.3,6.9, 1.4 Hz, 1H), 7.40 (ddd, /=8.1, 6.9, 1.3 Hz, 1H), 7.21 (s, 1H), 7.08 (dd, /= 8.3, 1.3 Hz,
1H), 5.88 (s, 1H), 5.48 (s, 1H), 4.04 (d, /= 16.4 Hz, 1H), 3.87 (d,J=16.4 Hz, 1H), 3.78 (d, /= 1.4 Hz,
3H), 2.59 (s, 3H), 2.39 (s, 3H), 1.80 (s, 3H), 1.37 (s, 9H). *C NMR (125 MHz, DMSO-d;, 80 °C): &
165.42,157.32,147.55,137.43,136.22,134.85,133.13,132.67,132.07,131.42,131.02, 127.89,
127.70,127.28 ,126.95,126.71 , 126.48 , 125.33 , 124.54 ,123.47 ,123.24,123.23,115.26, 81.12,
60.04,50.46 ,28.10,16.33, 13.50 . HRMS (ESI) m/z Calcd for [C3,H35NNaO¢S, M + Na]": 584.2077,
Found: 584.2074.

Optical Rotation: [a]*p + 16.0 (¢ = 1.0, CHxClL). 68% ee (HPLC condition: Chiralpak IE
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, r = 24.80 min for
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minor isomer, fr = 26.78 min for major isomer).

Supplementary Figure 21. HPLC Trace of Product 4i.
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Syrup. 'H NMR (500 MHz, Acetone-d): 6 9.07 (br, 1H), 7.45 (d, J = 1.9 Hz, 1H), 7.41 (s, 1H), 7.24
(d, J = 1.9 Hz, 1H), 7.05 (br, 1H), 3.73 (s, 3H), 2.92 (s, 3H), 2.34 (s, 3H), 1.95 (s, 3H). *C NMR
(125MHz, Acetone-ds): & 156.80 , 154.35,131.53, 131.50, 130.81 , 127.81, 126.45 , 126.25 , 124.33,
122.43,121.93,118.63,59.32,39.41, 15.65, 12.60 . HRMS (ESI) m/z Calcd for [CisHi6 BraNO4S,

M - H]: 475.9173; Found: 475.9175.

Optical Rotation: [a]*p + 22.0 (¢ = 1.0, CHCI;). The absolute configuration of 1j was assigned
by analogy to 1b. 73% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 6.58 min for major isomer, fr = 7.85 min for

minor isomer).

Supplementary Figure 22. HPLC Trace of Recovered 1j.
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Syrup. "TH NMR (500 MHz, DMSO-ds, 80 °C): 8 'H NMR (500 MHz, DMSO-ds) 6 9.94 (br, 1H), 7.36
(s, 1H), 7.18 (s, 1H), 7.15 (s, 1H), 6.05 (s, 1H), 5.59 (s, 1H), 4.15 (s, 2H), 3.71 (s, 3H), 2.94 (s, 3H), 2.30
(s, 3H), 1.86 (s, 3H), 1.44 (s, 9H). BC NMR (125MHz, DMSO-d;, 80 °C): § 165.28 , 157.36 , 156.70 ,
137.84 ,135.54,135.07,131.48,130.82, 126.72,126.68 , 126.52, 125.65,125.17,121.97 ,118.65,
81.03,60.03,50.70,40.55,28.20, 16.23 , 13.38 . HRMS (ESI) m/z Calcd for [C24H29Br,NNaOsS, M
+ Na]*: 639.9974; Found: 639.9978.

Optical Rotation: [a]*p + 21.0 (¢ = 1.0, CH>CL,). 83% ee (HPLC condition: Chiralpak As-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #fx = 5.65 min for

major isomer, fr = 6.68 min for minor isomer).

Supplementary Figure 23. HPLC Trace of Product 4j.
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White solid. Mp: 229 — 231 °C. 'H NMR (400 MHz, CDCls): § 7.42 (s, 1H), 6.84 (s, 1H), 5.85 (s, 1H),
4.83 (s, 1H), 3.75 (s, 3H), 2.91 (s, 3H), 2.46 (s, 3H), 2.38 (s, 3H), 2.06 (s, 3H), 1.93 (s, 3H). 3C NMR
(100MHz, CDCL): § 154.65, 151.58 , 140.61 , 137.62 , 133.09 , 132.09, 131.34 , 124.58 , 120.34
120.26 , 119.74 , 116.00 , 60.11 , 39.78 , 24.20 , 20.82 , 16.52 , 13.28 . HRMS (ESI) m/z Calcd for
[C15Ha1 BINO,S, M - H]: 426.0381; Found: 426.0384.

Optical Rotation: [a.]*p - 17.0 (¢ = 1.0, CHCl3). The absolute configuration of 1k was assigned
by analogy to 1b. 84% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10,
flow rate = 1.0 mL/min, wavelength = 254 nm, tx = 6.26 min for major isomer, fx = 11.56 min for
minor isomer).

Supplementary Figure 24. HPLC Trace of Recovered 1k.
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Syrup. "TH NMR (500 MHz, DMSO-ds, 80 °C): & 8.95 (s, 1H), 7.05 (s, 1H), 6.82 (s, 1H), 6.06 (s, 1H),
5.64 (s, 1H),4.18 (d,J=16.5 Hz, 1H), 4.05 (d,J=16.5 Hz, 1H), 3.71 (s, 3H), 2.87 (s, 3H), 2.39 (s, 3H),
2.30 (s, 3H), 1.97 (s, 3H), 1.81 (s, 3H), 1.43 (s, 9H). 3C NMR (125 MHz, DMSO-ds, 80 °C): § 165.55 ,
156.76 ,153.71,138.03, 137.92,137.77,136.90, 135.17,131.57,131.40, 130.01 , 127.87, 124.95,
117.48,116.15,81.12,59.98 ,50.31,40.71,28.17,23.95,21.67, 16.14, 13.40 . HRMS (ESI) m/z
Calcd for [C26H34BrNNaOgS, M + Na]*: 590.1182; Found: 590.1183.

Optical Rotation: [a]*p + 12.0 (¢ = 1.0, CHxCL,). 66% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 6.28 min for
minor isomer, g = 13.76 min for major isomer).
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Supplementary Figure 25. HPLC Trace of Product 4k.
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Syrup. '"H NMR (400 MHz, Acetone-dq): 8 8.52 (br, 1H), 7.91 — 7.86 (m, 2H), 7.49 (t, J= 8.2 Hz, 1H),
7.42 (dd,J=8.3, 1.1 Hz, 1H), 7.40—7.30 (m, 3H), 7.21 (ddd, /=7.4,2.2,0.9 Hz, 1H), 7.01 (dd, J=8.2,
1.2 Hz, 1H), 6.61 (br, 1H), 3.65 (s, 3H), 2.79 (s, 3H). ¥C NMR (100MHz, Acetone-de): & 158.77 ,
152.72,137.80,133.81,130.31, 129.79,129.07, 128.23 , 126.70, 123.81, 123.19,118.47 , 115.69 ,
112.46,112.29,107.51,55.22, 38.88 . HRMS (ESI) m/z Calcd for [CisHis NO4S, M - H]: 342.0806;
Found: 342.0808.

Optical Rotation: [a]*p + 8.0 (¢ = 0.2, CHCI;). The absolute configuration of 11 was assigned by
analogy to 1b. 95% ee (HPLC condition: Chiralpak AD-H column, n-Hexane/i-PrOH = 90:10, flow
rate = 1.0 mL/min, wavelength = 254 nm, fr = 14.18 min for major isomer, ftr = 18.24 min for minor

isomer).

Supplementary Figure 26. HPLC Trace of Recovered 11.
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Product 41
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Syrup. '"H NMR (500 MHz, DMSO-ds, 80 °C) 5 9.01 (s, 1H), 7.81 (td, J= 7.4, 1.1 Hz, 2H), 7.45 (t, J =
8.2 Hz, 1H), 7.27 (d, J=8.8 Hz, 1H), 7.26 — 7.21 (m, 2H), 7.16 (dd, /= 8.4, 1.1 Hz, 1H), 7.10 (ddd, /=
9.1,7.4,13Hz, 2H), 595 (d,J=1.4 Hz, 1H), 5.52 (d,J=1.4 Hz, 1H),4.12 (d, /= 16.5 Hz, 1H), 3.88
(d, J=16.5 Hz, 1H), 3.58 (s, 3H), 2.53 (s, 3H), 1.39 (s, 9H). 3C NMR (125 MHz, DMSO-d, 80 °C) §
165.26,159.44 ,152.68 ,141.36,137.81,134.48 ,129.52, 128.89,128.52, 128.07,127.17,126.13 ,
125.79 , 125.08 , 124.53 , 122.94 , 118.94 , 115.44 , 112.00, 80.97 , 56.58 , 50.03 , 40.70 , 28.14 .
HRMS (ESI) m/z Calcd for [C26H20NNaOgS, M + Na]*: 506.1608; Found: 506.1606.

Optical Rotation: [a]*p + 12.0 (¢ = 0.5, CHxCl,). 68% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 0.7 mL/min, wavelength = 254 nm, fr = 22.15 min for

minor isomer, fr = 26.30 min for major isomer).

Supplementary Figure 27. HPLC Trace of Product 41.
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Recovered 1m

White solid. MP: 181 — 182 °C. "H NMR (500 MHz, CDCl3) & 8.15 (d, J = 9.0 Hz, 1H), 8.02 (d, /= 9.1
Hz, 1H), 7.99 (d, J= 9.0 Hz, 1H), 7.91 (d, = 8.2 Hz, 2H), 7.48 (d, J= 8.2 Hz, 2H), 7.45 — 7.41 (m, 1H),
7.38 (ddd, J=8.1,7.0, 1.1 Hz, 1H), 7.32 (d, J= 8.9 Hz, 1H), 7.29 — 7.25 (m, 1H), 7.16 — 7.10 (m, 3H),
7.05 (d,J = 8.5 Hz, 1H), 6.66 (d, J = 8.5 Hz, 1H), 6.50 (br, 1H), 4.62 (br, 1H), 2.37 (s, 3H). ’C NMR
(125 MHz, CDCl3) 5 151.87 , 144.09 , 135.85 , 134.67, 132.96 , 131.56 , 131.14 , 130.66 , 129.67
129.31,128.45, 128.27,127.61, 127.51, 127.23,125.65 , 125.26 , 123.96, 123.72, 119.12, 118.26,
117.80, 111.89 , 21.56 . HRMS (ESI) m/z Calcd for [C27HyNOsS, M - H': 438.1170; Found:
438.1174.

Optical Rotation: [a]*p + 30.0 (¢ = 0.5, CH,Cly). The absolute configuration of 1m was

assigned by analogy to 1b. 98% ee (HPLC condition: Chiralcel AD-H column, n-Hexane/i-PrOH =
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80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 7.11 min for minor isomer, fr = 7.83 min
for major isomer).

Supplementary Figure 28. HPLC Trace of Recovered 1m.
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Product 4m
(e

N O'Bu
SO

Syrup. '"H NMR (500 MHz, DMSO-ds, 80 °C) § 9.13 (br, 1H), 8.02 (dd, J=9.0, 2.1 Hz, 2H), 7.92 (d, J
= 8.9 Hz, 1H), 7.89 (d, J= 8.1 Hz, 1H), 7.56 — 7.46 (m, 2H), 7.34 — 7.26 (m, 3H), 7.23 — 7.18 (m, 2H),
7.15—7.05 (m, 4H), 6.90 (d, J = 8.5 Hz, 1H), 5.79 (s, 1H), 5.21 (s, 1H), 4.25 (d, J= 16.5 Hz, 1H), 3.96
(d, J=16.4 Hz, 1H), 2.34 (s, 3H), 1.37 (s, 9H). *C NMR (125 MHz, DMSO-de, 80 °C) § 165.20 ,
153.16, 143.62, 13833, 137.15, 134.70, 134.39, 134.14 , 133.04, 130.04, 129.74 , 129.55 ,129.22,
128.62, 12832, 128.26, 128.17, 128.07,, 127.58 , 126.81 , 126.78 , 126.70, 126.36 , 125.63 , 123.08 ,
118.82,116.35, 80.87,50.52, 28.14, 21.31 . HRMS (ESI) m/z Calcd for [C3sH33NNaOsS, M + Na]':
602.1971; Found: 602.1975.

Optical Rotation: [a]*p - 36.0 (¢ = 1.0, CH:ClL). 71% ee (HPLC condition: Chiralcel AD-H
column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #r = 17.40 min for
major isomer, fr = 21.82 min for minor isomer).

Supplementary Figure 29. HPLC Trace of Product 4m.
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Recovered 1n

MeO Eil. 'i
NHTs
O

White solid. MP: 201- 202 °C. '"H NMR (500 MHz, CDCl3) § 8.10 (d, J= 9.0 Hz, 1H), 7.96 (d, /= 8.9
Hz, 1H), 7.90 (t, J = 8.7 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.36 (ddd, /= 8.1, 6.7, 1.1 Hz, 1H), 7.29 (d,
J=9.1Hz, 1H), 7.20 (d, J=2.2 Hz, 1H), 7.11 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H),
6.96—6.91 (m, 2H), 6.64 (d, J= 8.4 Hz, 1H), 6.43 (br, 1H), 4.75 (br, 1H), 3.91 (s, 3H), 2.36 (s, 3H). 3C
NMR (125 MHz, CDCl3) § 157.55 , 151.76, 143.94 , 135.87 , 132.99 , 132.57 , 132.50 , 131.42,
129.61,129.24 ,129.21, 128.40, 128.19, 127.46, 127.15, 127.00, 123.87 , 123.75, 120.43 , 120.17,
119.34, 117.78 , 112.22, 106.35 , 55.40 , 29.73 . HRMS (ESI) m/z Calcd for [CosHa3NOsS, M - H:
468.1276; Found: 468.1272.

Optical Rotation: [a]*p + 30.0 (¢ = 0.5, CHxCl,). The absolute configuration of 1n was
assigned by analogy to 1b. 99% ee (HPLC condition: Chiralcel AD-H column, n-Hexane/i-PrOH =
80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #rx = 8.37 min for minor isomer, fr = 10.35 min
for major isomer).

Supplementary Figure 30. HPLC Trace of Recovered 1n.
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Product 4n
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MeO
L
N OBu
SO

Syrup. 'H NMR (500 MHz, DMSO-ds, 80 °C)  9.07 (br, 1H), 7.93 — 7.84 (m, 3H), 7.44 — 7.39 (m, 2H),
7.31(d,J=8.9 Hz, 1H), 7.27 (ddd, J=8.1, 6.8, 1.2 Hz, 1H), 7.20 (d, /= 7.9 Hz, 2H), 7.13 (ddd, J= 8 4,
6.8, 1.4 Hz, 1H), 7.09 (d, J= 8.0 Hz, 2H), 6.99 — 6.93 (m, 2H), 6.93 — 6.88 (m, 1H), 5.79 (d, /= 1.4 Hz,
1H), 5.20 (d, /= 1.4 Hz, 1H), 4.23 (d, /= 16.4 Hz, 1H), 3.96 (dd, /= 16.4, 1.2 Hz, 1H), 3.91 (s, 3H),
2.34 (s, 3H), 1.38 (s, 9H). 1*3C NMR (125 MHz, DMSO-ds, 80 °C) § 165.23 , 158.36 , 153.07 , 143.54 ,
137.18,136.17,134.73 ,134.49 , 134.39, 129.96, 129.71 , 129.52 ,129.38 , 128.58 , 128.38 , 128.14,
128.03, 127.56, 127.20, 126.74 , 126.32 , 125.68 , 123.06 , 119.09, 118.80, 116.53 , 107.21 , 80.85,
55.88,50.54,28.14,21.31 . HRMS (ESI) m/z Calcd for [C3sH3sNNaOgS, M + Na]*: 632.2077; Found:
632.2072.

Optical Rotation: [a]*p - 55.0 (¢ = 1.0, CH:Cl,). 68% ee (HPLC condition: Chiralcel AD-H
column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 16.42 min for

major isomer, fr = 30.40 min for minor isomer).

Supplementary Figure 31. HPLC Trace of Product 4n.
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Recovered 1o

l I NHTs
OH
MeO O‘

O
White solid. MP: 224 — 225 °C. "H NMR (500 MHz, CDCl3) § 8.63 (d, J = 1.6 Hz, 1H), 8.16 (d, J= 9.0
Hz, 1H), 8.08 (d,J=8.9 Hz, 1H), 8.04 (d,J=9.0 Hz, 1H), 7.96 — 7.88 (m, 1H), 7.60 (dd, J= 8.8, 1.7 Hz,
1H), 7.48 — 7.37 (m, 4H), 7.29 — 7.24 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 7.02 — 6.94 (m, 1H), 6.57 (d, J
= 8.8 Hz, 1H), 6.47 (br, 1H), 5.12 (br, 1H), 3.99 (s, 3H), 2.36 (s, 3H). 3C NMR (125 MHz, CDCl3) 8
167.07, 153.97 , 14430, 135.87,, 135.59, 134.68 , 132.95, 132.85, 131.36, 131.20, 130.92, 129.68 ,
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128.37,128.25,127.73,127.07, 126.86, 125.78 ,125.42,125.07,123.90,119.41,118.78 ,117.89,
112.38,52.25,21.48 . HRMS (ESI) m/z Calcd for [C2H23:NOsS, M - H]: 496.1225; Found: 496.1228.

Optical Rotation: [0]*p + 15.0 (¢ = 0.5, CH.CL). The absolute configuration of 1o was
assigned by analogy to 1b. 97% ee (HPLC condition: Chiralcel AD-H column, n-Hexane/i-PrOH =
80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, fz = 8.74 min for major isomer, fr = 11.59 min
for minor isomer).

Supplementary Figure 32. HPLC Trace of Recovered 1o.
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Product 40
OO
N O'Bu
OH 0
MeO O‘

(0]
Syrup. 'H NMR (500 MHz, DMSO-de, 80 °C) § 9.67 (br, 1H), 8.58 (d,J= 1.7 Hz, 1H), 8.12 (d, /= 8.9
Hz, 1H), 8.03 (d, J=8.6 Hz, 2H), 7.58 (dd, J=9.0, 1.8 Hz, 1H), 7.56 — 7.52 (m, 1H), 7.46 (d, J= 8.8 Hz,
1H), 7.42 (d, J= 8.9 Hz, 1H), 7.34 — 7.29 (m, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H),
7.03 (d,J = 8.5 Hz, 1H), 6.91 (d, J = 8.9 Hz, 1H), 5.79 (s, 1H), 5.23 (s, 1H), 4.27 (d, J = 16.5 Hz, 1H),
4.03 (d,J = 16.6 Hz, 1H), 3.90 (s, 3H), 2.34 (s, 3H), 1.36 (s, 9H). 3C NMR (125 MHz, DMSO-ds, 80 °C)
5 166,97, 165.11 , 155.67 , 143.68 , 138.45, 137.25,137.13, 133.94 , 133.92 , 133.06, 131.78 ,
130.95, 129.60, 129.13 , 128.68 , 128.36, 128.02, 127.47 , 126.99, 126.93 , 126.51 , 12597, 125.30,
124.45,119.79, 116.56 , 80.91 , 52.20, 50.92 , 28.10, 21.29 . HRMS (ESI) m/z Calcd for
[C37H3sNNaO5S, M + Na]*: 660.2026; Found: 660.2022.

Optical Rotation: [a]*°p - 42.0 (¢ = 1.0, CH,Cl,). 73% ee (HPLC condition: Chiralcel TA column,
n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #z = 17.16 min for minor isomer,
tr = 19.11 min for major isomer).

30



Supplementary Figure 33. HPLC Trace of Product 4o.
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Recovered 1p
Me

MeO l
Me NHBoc
0

White solid. MP: 197 — 198 °C. 'H NMR (500 MHz, CDCls): § 7.92 — 7.86 (m, 3H), 7.38 (qdd, J= 6.8,
4.1, 1.8 Hz, 2H), 7.33 (dd, J= 8.9, 1.5 Hz, 1H), 7.21 — 7.15 (m, 1H), 5.91 (s, 1H), 5.30 (br, 1H), 3.77 (s,
3H), 2.44 (s, 3H), 1.85 (s, 3H), 1.36 (s, 9H). *C NMR (125 MHz, CDCls): § 153.61 , 153.43 , 151.23 ,
133.55, 132.76, 13259, 132.11, 130.54, 129.28 , 128.33, 127.21, 123.80, 123.75, 121.57 , 121.13 ,
117.79, 114.76 ,80.52 , 60.13 , 28.16 , 16.59 , 13.12 . HRMS (ESI) m/z Calcd for [C2sHasNO4, M - H]:
392.1868; Found: 392.1866.

Optical Rotation: [a]*p + 20.0 (¢ = 0.4, CHCl3). 19% ee (HPLC condition: Chiralpak ID column,
n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, & = 5.62 min for major
isomer, fr = 6.21 min for minor isomer).

Supplementary Figure 34. HPLC Trace of Recovered 1p.
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Product 4p



Syrup. '"H NMR (500 MHz, DMSO-ds, 80 °C): 6 8.04 (d, J=9.0 Hz, 1H), 7.97 — 7.91 (m, 1H), 7.56 —
7.52 (m, 2H), 7.38 (dddd, J=13.7, 6.8, 5.2, 1.5 Hz, 2H), 7.17 - 7.11 (m, 1H), 6.28 (s, 1H), 6.04 (s, 1H),
5.55 (s, 1H), 4.86 —4.71 (m, 2H), 3.70 (s, 3H), 2.35 (s, 3H), 1.74 (s, 3H), 1.45 (s, 9H), 1.23 (s, 9H). BC
NMR (125 MHz, DMSO-ds, 80 °C): & 164.49 , 153.70 , 153.66 , 153.11 , 138.44 , 133.05 , 132.72,
130.49, 129.85,129.66, 128.54,127.35,126.98 , 125.22 ,124.35,124.34,122.40,119.85, 116.06,
81.24,79.44,67.81,60.01,28.35,28.18,16.46, 13.53 . HRMS (ESI) m/z Calcd for [C3,Hz3o NNaOs,
M + Na]*: 556.2669; Found: 556.2667.

Optical Rotation: [a]*p + 4.0 (¢ = 1.0, CH,Cl,). 6% ee (HPLC condition: Chiralpak ID column,
n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, & = 5.46 min for major
isomer, fr = 6.18 min for minor isomer).

Supplementary Figure 35. HPLC Trace of Product 4p.
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Recovered 1q

Me

MeO O
Me NHMs
9

Syrup. "H NMR (400 MHz, CD,Cl»): & 7.93 (dd, J=9.1, 0.8 Hz, 1H), 7.84 — 7.78 (m, 1H), 7.36 (d, J =
9.1 Hz, 1H), 7.34 - 7.32 (m, 1H), 7.32 — 7.25 (m, 2H), 7.10 — 7.05 (m, 1H), 5.64 (br, 1H), 3.79 (s, 3H),
3.67 (s, 3H), 2.49 (s, 3H), 2.32 (s, 3H), 1.70 (s, 3H). *C NMR (75 MHz, CD,Cl,): § 154.66 , 154.10,
132.73,131.70,131.40, 131.05, 130.73 , 129.22 , 128.35,127.42 ,126.93 ,124.00, 123.51, 121.22,
117.39,113.08 ,59.76 , 56.05 , 39.03 , 16.09 , 13.05 . HRMS (ESI) m/z Calcd for [C21H23NNaO4S, M
+ Na]*: 408.1240; Found: 408.1242.

Optical Rotation: [a]*p + 2.4 (¢ = 0.5, CHCl3). 13% ee (HPLC condition: Chiralpak ID column,
32



n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, tx = 11.19 min for major

isomer, tr = 12.56 min for minor isomer).

Supplementary Figure 36. HPLC Trace of Recovered 1q.
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Product 4q

Me
MeO

Syrup. "H NMR (500 MHz, DMSO-ds, 80 °C): 6 8.03 (d, /= 9.1 Hz, 1H), 7.95 — 7.88 (m, 1H), 7.54 (d,
J=9.0Hz, 1H), 7.37 - 7.27 (m, 2H), 7.16 (s, 1H), 7.13 (d, J = 8.5 Hz, 1H), 5.94 (s, 1H), 5.45 (s, 1H),
4.00 (d,/J=16.8 Hz, 1H), 3.87 — 3.78 (m, 4H), 3.74 (s, 3H), 2.42 (s, 3H), 2.36 (s, 3H), 1.70 (s, 3H), 1.40
(s, 9H). *C NMR (125MHz, DMSO-ds, 80 °C): 6 165.32, 156.76 , 154.19 , 137.67 , 135.95 , 135.34 ,
133.40,131.96,131.93,130.26, 130.14, 129.07 , 128.28 , 126.89, 126.76 ,125.15,123.93 , 120.58,,
114.04 , 80.98 , 60.06 , 56.26 , 50.43 , 40.71 , 28.13 , 16.24 , 13.42 . HRMS (ESI) m/z Calcd for
[C20H35NNaOgS, M + Na]*: 548.2077; Found: 548.2075.

Optical Rotation: [0]*p — 3.4 (¢ = 0.5, CH2CL). 18% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #fx = 6.08 min for

minor isomer, fr = 7.43 min for major isomer).

8

Supplementary Figure 37. HPLC Trace of Product 4q.
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Derivatization to access more NOBINs analogs and application to ATH:

MeO.
O Ms o NI
Me ,{l OBu 5 mol% NiCly(dppp

Deallylation followed by kinetic resolution to access (5)-1b
OH 0 DIBAL-H, toluene,
OO 24°C,3h

Me Me
MeQO MeO
Me : NHMs — (DHQLPHAL e E NHMs
Ty e
Br Br Br

)
(S)-4b: 60% ee (S)-1b: 95%, 60% ee (S)-1b: 40%, 97% ee

The deallylaltion step followed a literature procedure.l’! To a solution of (S)-4b (0.10 mmol) and
NiCla(dppp) (5 mol %, 0.005 mmol) in toluene (1.0 mL) was added a 1M solution of
diisobutylaluminum hydride in toluene (1.0 mL, 1.0 mmol) at 0 °C, and the reaction mixture was
stirred for 3 h at 24 °C. The mixture was quenched with 1 M aqueous NaOH (1.0 mL), and the
mixture was diluted with water (20 mL). The solution was extracted with ethyl acetate (3 x 15 mL).
The combined extracts were dried over Na,SOs, and the resulting crude material was purified by thin
layer chromatography on silica gel (hexane/ethyl acetate = 3/1 as eluent) to give (S)-1b (95% yield).

The following kinetic resolution followed our standard procedure using (DHQ).PHAL as the
catalyst. The unreacted (S)-1b was recovered in 40% yield with 97% ee.

Optical Rotation: [a]*p — 12.0 (¢ = 0.5, CHCl3). 97% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 11.46 min for

minor isomer, fr = 12.64 min for major isomer).

Supplementary Figure 38. HPLC Trace of (S)-1b.
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General procedure for Pd-catalyzed Suzuki cross coupling:

MeO Pd(PPh3),4 MeO
PhB(OH
NHMs NHMs
KZCO3 H,O
toluene,
EtOH, 95°C
(R)-1b

The mixture of (R)-1b (45 mg, 0.1 mmol), phenyl boronic acid (15 mg, 0.2 mmol), Pd(PPhs)4 (0.02

mmol.), K3;PO4 (5.5 mg, 0.4 mmol) in toluene (0.6 mL), EtOH (0.2 mL) and H>O (0.3 mL) was heated
at 95 °C for 12 h under N atmosphere. After cooling to room temperature, the reaction was quenched
by adding H>O. The crude mixture was extracted with EtOAc (3 x 20 mL) and the combined organic
extracts were washed with brine, dried over Na,SOu, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexanes/EtOAc = 100:1 v/v) to give the desired
product 5a as a white solid (36 mg, 82% yield).
MP: 206 — 207 °C. '"H NMR (500 MHz, CDCls): 8 7.94 (s, 1H), 7.93 — 7.90 (m, 1H), 7.68 — 7.64 (m,
2H), 7.57 —=7.53 (m, 3H), 7.50 — 7.46 (m, 1H), 7.45 — 7.39 (m, 2H), 7.18 — 7.14 (m, 1H), 5.90 (s, 1H),
5.34 (s, 1H), 3.80 (s, 3H), 2.77 (s, 3H), 2.46 (s, 3H), 1.96 (s, 3H). *C NMR (125 MHz, CDCls): §
154.98 ,148.32,136.75,132.94,132.67,132.07, 131.81, 131.07, 130.54, 129.41 , 129.38 , 128.98 ,
128.80, 128.23 , 127.65 , 124.60 , 124.36 , 123.18 , 121.37 , 114.95, 60.14 , 39.52 , 16.58 , 13.42 .
HRMS (ESI) m/z Calcd for [C26H2sNNaO4S, M + Na]*: 470.1396; Found: 470.1392.

Optical Rotation: [a]*p + 8.0 (¢ = 0.3, CHCl3). 98% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 92:8, flow rate = 1.0 mL/min, wavelength = 254 nm, f = 15.13 min for

major isomer, fr = 17.36 min for minor isomer).

Supplementary Figure 39. HPLC Trace of 5a.
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Me

MeO Pd(PPhg)4
O PhB(OH),
Me NHMs — >
Br OH KoCO3, Hy0
toluene,
O‘ EtOH, 95°C

(R)-1f: 97% ee

Me

MeO O

Me NHMs

Ph l!OH

5b: 82%, 97% ee

The same procedure was followed to yield 5b as an oil. '"H NMR (500 MHz, CDCls): 6 7.97 (d, J =
8.5 Hz, 1H), 7.94 (d, /=9.0 Hz, 1H), 7.66 (dd, J=8.5, 1.8 Hz, 1H), 7.55 - 7.50 (m, 3H), 7.44 (dd, J =
8.4,6.8 Hz, 2H), 7.37 (t, J=7.3 Hz, 1H), 7.31 (d, J=8.8 Hz, 1H), 7.28 (d, /= 6.6 Hz, 1H), 5.85 (s, 1H),
5.15 (s, 1H), 3.81 (s, 3H), 2.75 (s, 3H), 2.46 (s, 3H), 1.96 (s, 3H). *C NMR (125 MHz, CDCls): §
155.12,151.35,140.89, 140.66 , 133.46,132.98 , 132.69, 132.10, 130.94, 129.32, 128.83 , 128.58 ,
127.60 , 127.45 , 124.13 , 123.31, 121.73 , 12095, 117.72 , 11436 , 60.17 , 39.70 , 16.62 , 13.40 .
HRMS (ESI) m/z Calcd for [C26H2sNNaO4S, M + Na]*: 470.1396; Found: 470.1398.

Optical Rotation: [a]*p + 60.0 (¢ = 0.4, CHCl3). 97% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, ¢z = 10.05 min for

major isomer, fr = 19.54 min for minor isomer).

Supplementary Figure 40. HPLC Trace of 5b.
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1 10.096 BB 0.3561 8777.12109 375.00723 50.1677 1 10.053 BB 0.3597 9187.23242 384.64966 98.6055
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Access to free amino phenols and derivatization:
Me Me Me
MeO MeO
O O Pd(PPh), MeO O
i) (Boc),0, DMPA, CH,Cl
Me . (i) (Boc)z 2Cla o NH, PhB(OH), Ve NH,
OH (ii) LDA, O,, THF OH KoCO3, H,0 OH
O (iii) TFA, CH,Cl, toluene, O‘
Br Br EtOH, 95°C Ph

(R)-1b: 99% ee

6a: 82%, 99% ee

6b: 65%, 99% ee

The synthesis of 6a followed our previous procedure!?! and the cross coupling step used the procedure

shown in 5.2.
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Me

MeO O

Me NH,
99
Br

6a: Brown solid. MP: 176 - 177 °C. '"H NMR (400 MHz, DMSO-ds): & 8.33 (s, 1H), 7.92 — 7.86 (m,
1H), 7.44 —7.33 (m, 2H), 7.03 — 6.95 (m, 1H), 6.87 (s, 1H), 3.67 (s, 3H), 2.31 (s, 3H), 1.70 (s, 3H). 1*C
NMR (125 MHz, DMSO-ds): 6 152.84, 149.32, 134.50, 132.62, 132.55, 131.80, 131.42, 129.68, 127.80,
127.54, 124.51, 124.08, 123.60, 119.46, 118.28, 114.55, 60.08, 16.46, 13.55. HRMS (ESI) m/z Calcd
for [Ci1oHisBrNNaO,, M + Na]": 394.0413; Found: 394.0416.

Optical Rotation: [a]*p + 9.0 (¢ = 0.4, CHCl3). 99% ee (HPLC condition: Chiralpak OD-H

column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 8.57 min for
minor isomer, fr = 16.93 min for major isomer).

Supplementary Figure 41. HPLC Trace of 6a.
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1 8.572 BB 0.3359 3785.85620 171.76485 50.8961 1 8.577 MM 0.4056 2.25417 9.26243e-2  0.4479
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MeO O

Me NH,

O,

Ph

6b: Syrup. "TH NMR (500 MHz, CDCl;): § 7.92 (s, 1H), 7.89 (dd, J= 6.2, 3.3 Hz, 1H), 7.77 — 7.73 (m,
2H), 7.50 (t, J = 7.7 Hz, 2H), 7.45 — 7.37 (m, 3H), 7.33 (dt, J = 6.1, 3.5 Hz, 1H), 6.63 (s, 1H), 3.75 (s,
3H), 2.37 (s, 3H), 1.93 (s, 3H). 3C NMR (125 MHz, CDCls): 6 150.13 , 148.64 , 141.64 , 137.97 ,
132.55,132.20,132.11,130.49, 130.09, 129.58 ,129.38 , 128.34, 128.27,127.48 , 126.87 ,123.94 |

123.90,116.76 ,116.42,115.66,60.26 , 16.34 , 13.15 . HRMS (ESI) m/z Calcd for [C25sH23NNaO,, M
+ Na]*: 392.1621; Found: 392.1624.

Optical Rotation: [a]*p + 40.0 (¢ = 0.2, CHCl3). 99% ee (HPLC condition: Chiralpak OD-H

column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 8.43 min for
major isomer, fr = 14.04 min for minor isomer).
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Supplementary Figure 42. HPLC Trace of 6b.
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2 14.089 BB 0.5100 1.66625e4 505.36765 50.0659 2 14.043 MM 0.4948 3.12042 1.05117e-1 0.5036

Access to pyridine-containing amino alcohol 7 and application to ATH:

CH, CHs CH,
MeO MeO MeO

CHO N~ O
NaBH N A
HaC NH, . SN toluene H,C N| P 4 HsC H Nl D

OH — 4A OH EtOH OH
99 1 ¢
98% ee 7, 50%, 98% ee

The synthesis of (R)-1-(6-amino-3-methoxy-2,4-dimethylphenyl)naphthalen-2-ol followed our
previous procedure?!

(R)-1-(6-amino-3-methoxy-2,4-dimethylphenyl)naphthalen-2-ol ( 60 mg, 0.2 mmol) was mixed
with Pyridine-2-carboxaldehyde ( 24 mg, 0.22 mmol) in dry toluene (1mL). 140 mg 4A molecular
sieves were added , and the solution was warmed up to 70 °C and kept for one day at this temperature.
The solution was filtered and the solvent was removed under reduced pressure. The resulting light
yellow solid was dissolved in EtOH (2. mL) and cooled to 0 °C. NaBH4 (0.8 mmol) was added to the
reaction flask. The reaction mixture was then left to stir at 24°C for 4 h. The solvent was removed and
the residue was treated with H,O (5 mL) and extracted with ethyl acetate (10 mL x 3) and washed with
brine (10 mL). The combined organic layers were dried with anhydrous Na,SO4 and the solvent was
removed under reduced pressure, The residue was further purified by flash column chromatography
(hexane/ethyl acetate = 2:1) to give 7 (38 mg, 50% yield). '"H NMR (500 MHz, CD.Cl,) & 8.49 (d, J =
4.6 Hz, 1H), 7.96 — 7.87 (m, 2H), 7.80 — 7.71 (m, 1H), 7.43 — 7.36 (m, 3H), 7.36 — 7.28 (m, 2H), 7.29 —
7.23 (m, 1H), 6.42 (s, 1H), 4.54 (d,J=17.2 Hz, 1H), 4.38 (d,J=17.2 Hz, 1H), 4.24 — 4.19 (m, 1H), 3.70
(s, 3H), 2.28 (s, 3H), 1.81 (s, 3H). *C NMR (125 MHz, CD,Cl,)  158.59 , 151.70 , 149.44 , 142.19,
133.36,131.93,131.78 ,130.86, 129.82,129.52, 128.16, 126.70, 124.08 , 123.45,122.31,121.94,
118.66,116.46,111.30,59.95,48.18,16.27,12.91 . HRMS (ESI) m/z Calcd for [C2sH24N>NaO,, M
+ Na]*: 407.1730; Found: 407.1734.

Optical Rotation: [o]*’p - 36.0 (¢ = 1.0, CH,Cl,). 98% ee (HPLC condition: Chiralcel OD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fx = 7.71 min for
major isomer, g = 11.85 min for minor isomer).
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Supplementary Figure 43. HPLC Trace of 7.
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' CHj
1.1 mol% 7 . MeO
0 1 mol% Ru(PPhs)sCly OH | N N
O o
Ph™ "Me 3.2 mol% KO'Bu Ph” “Me ! on WA
2-propanol 8 : OO
0, ) '
3000,15h 906, 93% ee ! 7

The ligand 7 (4.7 umol) was dissolved in 2-propanol (5.2 mL) under N, and a solution of KO'Bu
in 2-propanol (0.95 mL of 0.01 mol/L) was added. Ru(PPh;);Cl; (4.1 mg 4.3 umol) dissolved in
2-propanol (2.5 mL), was added. The solution was stirred at room temperature for 1.5 h to
accomplish the formation of the catalyst. Then, the reaction vessel was thermostated to 30 °C.
Addition of acetophenone (50 uL) afforded a substrate concentration of 0.05 mol/L. The reaction was
started by adding another 0.43 mL of the 0.01 mol/L KO'Bu solution. After 15 h the reaction was
stopped by addition of 0.1 mol/L solution of acetic acid in 2-propanol (0.15 mL ). After removal the
solvent, the crude residue was purified by column chromatography with hexanes/ethyl acetate (10:1
v/v) as eluent to afford the product 8. '"H NMR (500 MHz, CDCls): § 7.43 — 7.35 (m, 4H), 7.33 — 7.29
(m, 1H), 4.92 (qd, J = 6.4, 3.1 Hz, 1H), 2.04 — 1.96 (m, 1H), 1.53 (d, J = 6.5 Hz, 3H). 1*C NMR (125
MHz, CDCl3): 6 145.82, 128.50, 127.48 , 125.39,70.42 , 25.16 .

Optical Rotation: [a]*p 36.0 (¢ = 1.0, CHCI;). The absolute configuration of 8 was assigned
by comparing its specific rotation with that of the same compound reported in the literature.[”? 93% ee
(HPLC condition: Chiralcel OD-H column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min,
wavelength = 254 nm, fr = 14.95 min for major isomer, ftr = 19.16 min for minor isomer).
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Supplementary Figure 44. HPLC Trace of 8.
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Supplementary Table 1. Optimization of the Reaction Conditions?*

j/COQEt
Ts<
\HTs 10 mol% catalyst N
I BocO I Me
solvent T

Me
9b 2a 10ba

entry cat solvent T,(°C) 10ba, yield(%)°, ee (%)°
1 B-ICD CH,Cl, 24 99, -41
2 (DHQD),AQN CHCl, 24 90, -30
3 (DHQD),Pyr CH.Cl, 24 86, -50
4 (DHQD),PHAL CH.Cl, 24 92, -67
5 (DHQ)AQN CH.Cl, 24 91, 41
6 (DHQ)Pyr CHCl, 24 86, 72
7 (DHQ),PHAL CH.Cl, 24 96, 78
8 (DHQ),PHAL THF 24 95,72
9 (DHQ),PHAL CHsCN 24 95, 80
10 (DHQ),PHAL EtOAc 24 92,73
11 (DHQ),PHAL CHCls 24 91,74
12 (DHQ),PHAL toluene 24 81, 51
139 (DHQ),PHAL CHiCN -20 90, 87
149 (DHQ),PHAL 1:1 CH.CI,/CH;CN -20 85, 92
159 (DHQD),PHAL 1:1 CH,CI/CH;CN -20 86, -87

@ Unless noted otherwise, the reactions were performed with 9b (0.04 mmol, 1.0 equiv.), 2a (1.5 equiv.), catalyst (10 mol%) in

solvent (0.5 mL) at 24 °C for 18 h. ® isolated yield. ° Determined by chiral HPLC. 496 h instead of 18 h.

Representative procedure for synthesis of 10:

CO,R®
R! O R! O
/s _S!

10 mol% (DHQ)2PHAL 0N

R2 . BocO\)J\”/ R? R

CH3CN CH,Cl,
-20°C

R3
9 2 10

To a 4 mL vial containing 9 (0.04 mmol) and (DHQ),PHAL (3.0 mg, 10 mol%) were added
CH,Cl, (0.25 mL) and CH3CN (0.25 mL). The reaction mixture was allowed to stir for 10 minutes at
-20 °C. Then MBH carbonate (12 uL) was added. Once the starting material 9 consumed completely.
The volatiles were removed in vacuo at 24 °C and the residue was purified by silica gel column
chromatography with hexanes/ethyl acetate (10:1 v/v) as the eluent to afford the product 10.



Characterization of compounds:

?/COQEt
Tse

N

9aa. Syrup. 'TH NMR (400 MHz, CDCl;) § 7.55 (d, J= 8.3 Hz, 2H), 7.48 (dd, J= 8.2, 1.6 Hz, 1H), 7.27
—7.21 (m, 2H), 7.16 (td, /= 8.0, 1.5 Hz, 1H), 6.88 (td, /= 8.0, 7.1, 1H), 6.39 (dd, J= 8.0, 1.5 Hz, 1H),
6.14(d,/J=1.2Hz, 1H), 5.45(d,J=1.1 Hz, 1H), 4.63 (dd, J=13.6, 0.8 Hz, 1H), 4.03 (dd, /= 13.6, 0.7
Hz, 1H), 3.96 — 3.84 (m, 2H), 2.38 (s, 3H), 1.41 (s, 9H), 1.04 (t, J= 7.1 Hz, 3H). 3C NMR (100 MHz,
CDCI3) 6 166.08 ,150.73 ,143.61,136.64, 135.55,135.17,131.58,130.80, 129.74 , 129.33 ,128.94 ,
128.32 , 125.66 , 61.01 , 52.29 , 36.91 , 33.01 , 21.58 , 13.94 . HRMS (ESI) m/z Calcd for
[C23H2oNNaO4S, M + Na]*: 438.1709; Found: 438.1706.

Optical Rotation: [a]*p - 20.0 (¢ = 1.0, CHCl3). 71% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 7.35 min for
minor isomer, fr = 9.10 min for major isomer).

Supplementary Figure 45. HPLC Trace of 9aa.
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TCOQEt
Ts<

N
| Me

Me
9ba. White solid. MP: 122-124 °C. '"H NMR (500 MHz, CD-Cl,) 6 7.82 — 7.76 (m, 2H), 7.59 (d, J =
1.9 Hz, 1H), 7.40 — 7.34 (m, 2H), 7.06 (d, J= 1.2 Hz, 1H), 6.31 (s, 1H), 5.82 (s, 1H), 4.61 (d, J=14.3 Hz,
1H), 4.57 (d, J= 14.1 Hz, 1H), 4.13 — 3.95 (m, 2H), 2.49 (s, 3H), 2.30 (s, 3H), 2.18 (s, 3H), 1.17 (t, J =
7.1 Hz, 3H). ¥C NMR (125 MHz, CD.Cl,) & 166.01 , 143.76 , 141.94 , 140.00 , 139.06 , 138.33 ,
137.35,135.98 , 132.22, 131.49, 129.52 , 128.23 , 100.97 , 60.97 , 49.97 , 21.43 , 20.18 , 13.78 .
HRMS (ESI) m/z Calcd for [C21H24INNaO4S, M + Na]*: 536.0363; Found: 536.0367.

Optical Rotation: [a]*p - 30.0 (¢ = 1.0, CHCI3). 92% ee (HPLC condition: Chiralpak AD-H
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column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #r = 10.96 min for
minor isomer, fr = 11.74 min for major isomer).

Supplementary Figure 46. HPLC Trace of 9ba.
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Me
9bb. Syrup. 'H NMR (400 MHz, CDCls) & 7.66 (d, J = 8.3 Hz, 2H), 7.42 (dt, /= 2.1, 0.7 Hz, 1H), 7.24
—7.18 (m, 2H), 6.94 - 6.90 (m, 1H), 6.18 (d,J= 1.4 Hz, 1H), 5.73 (d,J=1.4 Hz, 1H),4.50 (dd, /= 14.2,
0.6 Hz, 1H), 4.40 (d, J = 14.3 Hz, 1H), 2.35 (s, 3H), 2.16 (s, 3H), 2.15 (s, 3H), 1.24 (s, 9H). 3C NMR
(100 MHz, CDCl3) 6 165.18 , 143.41 , 142.44 , 139.83 , 139.07 , 138.57 , 137.30, 132.29, 131.27,
129.46 , 128.32, 100.37 , 81.01 , 49.72 , 27.74 , 21.59 , 20.60 , 20.33 . HRMS (ESI) m/z Calcd for
[C23H2sINNaO4S, M + Na]": 564.0676; Found: 564.0679.

Optical Rotation: [a]*p - 30.0 (¢ = 1.0, CHCIL3). 92% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 8.12 min for

major isomer, tr = 9.50 min for minor isomer).

Supplementary Figure 47. HPLC Trace of 9bb.
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1 8.262 BB 0.2232 309.25885 21.20106 50.4792 1 8.122 VB 02235 30150 2 206.32355 95,9936
2 9.648 BB 0.2500 303.38675 18.62873 49.5208 2 9.503 BB 0.2434 125.8 8.04706 4.0064

Me
9bc. Syrup. 'H NMR (500 MHz, CDCl3) 6 7.78 (d, J= 8.3 Hz, 2H), 7.53 (d, J= 2.0 Hz, 1H), 7.37 - 7.29
(m, 2H), 7.01 (d,/=2.0 Hz, 1H), 6.30 (d, /= 1.3 Hz, 1H), 5.79 (d, /= 1.2 Hz, 1H), 4.64 — 4.57 (m, 1H),
4.55 (d, J= 14.2 Hz, 1H), 3.59 (s, 3H), 2.45 (s, 3H), 2.25 (s, 3H), 2.20 (s, 3H). *C NMR (125 MHz,
CDCl3) 6 166.56 ,143.53 ,141.96,139.85,139.10, 138.30, 137.23 ,135.53,132.28 ,131.92,129.45 ,
128.38,100.81,51.94,50.13,21.60,20.36,20.31 . HRMS (ESI) m/z Calcd for [C20H2.INNaO4S, M
+ Na]*: 522.0206; Found: 522.0202.

Optical Rotation: [a]*p - 30.0 (¢ = 1.0, CHCI3). 93% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, = = 29.35 min for

minor isomer, fr = 34.78 min for major isomer).

Supplementary Figure 48. HPLC Trace of 9bc.
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1 28.129 EB 0.6400 399.35803 9.37273 49.8267 1 29.359 MM 0.7693 76.44481 1.65611 3.5462
2 33.261 BB 0.7419 402.13672 8.02772 50.1733 2 34.783 BB 0.7947 2079.21729 39.88848 96.4538
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9bd. Syrup. '"H NMR (500 MHz, CDCl5) 8 7.77 (d, J = 8.4 Hz, 2H), 7.52 (d, J= 2.0 Hz, 1H), 7.31 (d, J
= 8.1 Hz, 2H), 7.01 (d, /= 2.0 Hz, 1H), 6.33 (d,J= 1.3 Hz, 1H), 5.87 (d, J= 1.3 Hz, 1H), 4.61 (d, J =
14.2 Hz, 1H), 4.54 (d, J = 14.3 Hz, 1H), 4.02 (dt, /= 10.7, 6.8 Hz, 1H), 3.94 (dt, J= 10.8, 6.6 Hz, 1H),
2.45(s, 3H), 2.25 (s, 3H), 2.21 (s, 3H), 1.54 — 1.45 (m, 2H), 1.38 — 1.26 (m, 2H), 0.91 (t, /= 7.4 Hz, 3H).
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13C NMR (125 MHz, CDCl5) 6 166.20 , 143.49 , 142.08 , 139.81, 139.10, 138.39 , 137.35 , 135.97,
132.26,131.70,129.47, 128.34, 100.67 , 64.88 , 50.04 , 30.38 ,21.60, 20.42 , 20.36, 19.11, 13.71 .
HRMS (ESI) m/z Calcd for [C23H2sINNaO4S, M + Na]*: 564.0676; Found: 564.0673.

Optical Rotation: [a]*p - 25.0 (¢ = 1.0, CHCI3). 93% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 15.72 min for

major isomer, fr = 17.82 min for minor isomer).

Supplementary Figure 49. HPLC Trace of 9bd.

VWD1 A, Wavelength=254 nm (LUSHCXIAOQ) 55
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
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s (e ol bemssmes | =s=r=rmml mmmmmmmers s | | ss==ls=sa=r= [====lmerrr=mlrrmmar=m | mmsmemmmes |seosmmmy
1 16.360 BB 0.6953 543.54370 12.02638 49.6958 1 15.728 BB 0.6716 350.45651 7.88423 56.5255
2 18.477 BB 0.7425 550.19910 11.47318 50.3042 2 17.825 MM 0.7035 12.61509 2.98855e-1 3.4745
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9be. Syrup. 'H NMR (500 MHz, CDCl;) § 7.79 — 7.74 (m, 2H), 7.48 (d, J=2.0 Hz, 1H), 7.40 — 7.34 (m,
3H), 7.31 — 7.26 (m, 4H), 6.96 (d, J= 1.9 Hz, 1H), 6.38 (d, /= 1.2 Hz, 1H), 5.88 (d, /= 1.1 Hz, 1H),
5.10(d,J=12.3 Hz, 1H), 5.00 (d,/J=12.4 Hz, 1H), 4.62 (d,J=14.3 Hz, 1H), 4.57 (d,J=14.3 Hz, 1H),
2.45 (s, 3H), 2.23 (s, 3H), 2.15 (s, 3H). *C NMR (125 MHz, CDCl;) § 165.92 , 143.49 , 141.93 ,
139.80,139.10, 138.31,137.32,135.73,135.58 ,132.27,132.20, 129.46 , 128.42 , 128.38 , 128.24,
128.19,100.80, 66.72,50.13,21.61,20.40,20.36 . HRMS (ESI) m/z Calcd for [C26Ho6INNaO4S, M
+ Na]*: 598.0519; Found: 598.0514.

Optical Rotation: [a]*p - 35.0 (¢ = 1.0, CHCI3). 92% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 28.42 min for

minor isomer, fr = 31.29 min for major isomer).

45



Supplementary Figure 50. HPLC Trace of 9be.

8- [
/ i \
\\ y \\ A / .
D RN N (TR — N = TSN N,
; ) % £
Peak RetTime Type Width Brea Height Ares Peak RetTime Type Width Area Height Area
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——————————— it et el R el b b s et e ke e e e e e e
1 28.290 BB 0.7197 659.80054 13.76255 50.3478 1 28.423 MM 0.8115 34.57281 7.10093e-1 4.1008
2 31.192 BB 0.7442 650.68579 12.96951 49.6522 2 31.292 BB 0.7734 808.50885 15.83960 95.8992

Cl

9ca. White solid. MP: 132-134 °C. '"H NMR (500 MHz, CDCls) § 7.77 (d, J = 8.3 Hz, 2H), 7.69 (d, J =
2.5 Hz, 1H), 7.35—7.31 (m, 2H), 7.24 — 7.18 (m, 1H), 6.35 (d,J= 1.2 Hz, 1H), 5.88 (d, J= 1.2 Hz, 1H),
4.60 (d,J = 14.2 Hz, 1H), 4.53 (d, J= 14.3 Hz, 1H), 4.09 (dq, J= 10.8, 7.1 Hz, 1H), 4.02 (dq, J = 10.8,
7.1 Hz, 1H), 2.46 (s, 3H), 2.24 (s, 3H), 1.17 (t, J= 7.1 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 166.00 ,
143.88, 143.85, 138.99, 138.10, 137.77, 135.72, 134.36, 132.00, 131.23, 129.61 , 128.31, 100.98,
61.10 , 50.02 , 21.62 , 20.55 , 13.94 . HRMS (ESI) m/z Calcd for [CaoHa1 CIINNaO,S, M + Na]'™:

555.9816; Found: 555.9818.

Optical Rotation: [a]*p - 40.0 (¢ = 1.0, CHCIL3). 91% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 7.48 min for

major isomer, fr = 8.62 min for minor isomer).

Supplementary Figure 51. HPLC Trace of 9ca.
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Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
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*********** ===l usre syl | s=mbamrassla=rils | el | ] =

3 7.419 VB 0.2853 790.64771 42.54605 51.4537 1 7.480 VB 0.2644 1926.21643 112.20238 95.3309

2 8.613 BB 0.3177 745.97339 36.40962 48.5463 2 8.622 BB 0.2833 94,34232 5.05534 4.6691
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9da. White solid. MP: 128-129 °C. 'H NMR (500 MHz, CDCl;) & 7.84 (d, J=2.3 Hz, 1H), 7.76 (d, J =
8.2 Hz, 2H), 7.37 (d,J=2.3 Hz, 1H), 7.33 (d, /= 8.1 Hz, 2H), 6.35 (d, /= 1.1 Hz, 1H), 5.88 (d,J=1.1
Hz, 1H), 4.59 (d, /= 14.3 Hz, 1H), 4.52 (d, J= 14.3 Hz, 1H), 4.14 — 3.97 (m, 2H), 2.46 (s, 3H), 2.24 (s,
3H), 1.22 — 1.10 (m, 3H). *C NMR (125 MHz, CDCl5) § 165.99 , 144.33 , 143.86 , 140.47 , 139.49,
138.08 , 135.70 , 134.20, 132.01 , 129.61 , 128.31, 122.58 , 101.41 , 61.11 ,49.97 , 21.62 , 20.46 ,
13.94 . HRMS (ESI) m/z Calcd for [C20H21BrINNaO4S, M + Na]*: 555.9816; Found: 555.9818.

Optical Rotation: [a]*p - 25.0 (¢ = 0.5, CHCl3). 91% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fz = 10.13 min for
major isomer, tg = 12.07 min for minor isomer).

Supplementary Figure 52. HPLC Trace of 9da.
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1 9.631 BB 0.3652 620.31860 26.33051 49.8451 1 10.130 VB 0.3757 1823.64551 74.94799 95.3263
2 11.398 BB 0.4132 524.17468 23.40610 50.154¢9 2 12.071 BB 0.4120 89.40971 3.30302 4.6737

9ea. Syrup. 'H NMR (500 MHz, CDCls) § 8.03 (d, J=2.0 Hz, 1H), 7.79 — 7.72 (m, 2H), 7.55 (d, J=2.0
Hz, 1H), 7.33 (d, J= 8.1 Hz, 2H), 6.35 (d, /= 1.2 Hz, 1H), 5.87 (d, J= 1.1 Hz, 1H), 4.59 (d, J= 14.2 Hz,
1H), 4.52 (d, J = 14.3 Hz, 1H), 4.14 — 3.97 (m, 2H), 2.46 (s, 3H), 2.21 (s, 3H), 1.16 (t, J= 7.1 Hz, 3H).
13C NMR (125 MHz, CDCls) § 165.99 , 146.09 , 144.66 , 143.85 , 140.25 , 138.08 , 135.70 , 132.00,
129.61 , 12831, 101.88, 94.83 , 61.11 , 49.95 , 21.63 , 20.22 , 13.94 . HRMS (ESI) m/z Calcd for
[C20H21 1LNNaO,S, M + Na]*: 647.9173; Found: 647.9177.

Optical Rotation: [a]*p - 15.0 (¢ = 1.0, CHCI3). 89% ee (HPLC condition: Chiralpak AD-H
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column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, = = 33.30 min for

major isomer, fr = 37.02 min for minor isomer).

Supplementary Figure 53. HPLC Trace of 9ea.
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1 33.829 BV 0.8603 868.50037 53722 1 33.307 BB 0.9115 2124.24683 35.92186 94.5376
2 36.442 VB 0.9905 876.07623 2 37.021 BB 0.7639 122.73926 1.95656 5.4624
CO,Et
Ts<
N

|
9fa. Syrup. '"H NMR (500 MHz, CDCls) 6 8.03 (d, J=2.1 Hz, 1H), 7.76 (d, /= 8.3 Hz, 2H), 7.61 (d, J
=2.1 Hz, 1H), 7.33 (d, J=8.1 Hz, 2H), 6.35 (d, J= 1.1 Hz, 1H), 5.85 (d, /= 1.1 Hz, 1H), 4.57 (d, J =
14.3 Hz, 1H), 4.52 (d, /= 14.3 Hz, 1H), 4.14—3.96 (m, 2H), 2.65 (dq, J=15.1, 7.5 Hz, 1H), 2.53 — 2.47
(m, 1H), 2.46 (s, 3H), 1.16 (t,J=7.5 Hz, 6H). *C NMR (125 MHz, CDCl3) § 165.90 , 150.25, 14591 ,
143.81,139.47 , 138.34, 138.05 , 135.53, 132.13, 129.56 , 128.37, 101.81 , 95.28 , 61.09 , 49.98 ,
25.19 ,21.62 , 14.27 , 13.94 . HRMS (ESI) m/z Calcd for [C21H23I,NNaO4S, M + Na]": 661.9329;
Found: 661.9324.

Optical Rotation: [a]*p + 20.0 (¢ = 1.0, CHCI3). 95% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 23.34 min for

major isomer, tr = 27.21for minor isomer).

Supplementary Figure 54. HPLC Trace of 9fa.
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Peak RetTime Type Width Zrea Height Area Peak RetTime Type Width Area Height Area
% [min] [min] [mAU*s] [mAU] % ¥ [min] [min] [mAU*s] [mAU]
——————————— R e e [ Tl I L el Il B P
1 23.839 BB 0.6063 400.01193 10.05135 50.071¢ 1 23.348 BB 0.6071 583.21448 14.72318 97.2546
2 27.634 BB 0.7050 398.86850 8.55420 49.9284 2 27.219 MM 0.7520 16.46364 3.64873e-1 2.7454

9ga. Syrup. 'H NMR (500 MHz, CDCl;) § 8.04 (d, J=2.0 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.60 (d, J
=2.0 Hz, 1H), 7.33 (d, /= 8.0 Hz, 2H), 6.35 (d, /= 1.2 Hz, 1H), 5.84 (d, J= 1.3 Hz, 1H), 4.55 (s, 2H),
4.12 -3.99 (m, 2H), 2.50 (ddd, J=15.0, 11.7, 5.2 Hz, 1H), 2.46 (s, 3H), 2.36 (ddd, /= 15.0, 11.7, 5.1
Hz, 1H), 1.68 — 1.61 (m, 1H), 1.52—1.41(m, 1H), 1.17 (t,J=7.1 Hz, 3H), 0.91 (t,J = 7.3 Hz, 4H). *C
NMR (125 MHz, CDCl3) & 165.91 , 148.86 , 145.94 , 143.81 , 139.51 , 138.67 , 138.06 , 135.49 ,
132.12,129.55,128.37,102.32,95.20, 61.09, 50.03 , 34.24 ,23.43 ,21.60, 14.16 , 13.96 . HRMS
(EST) m/z Calcd for [C22H2sIbNNaO4S, M + Na]*: 675.9486; Found: 675.9488.

Optical Rotation: [a]*p - 15.0 (¢ = 1.0, CHCIL3). 95% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 14.46 min for

major isomer, fr = 15.78 for minor isomer).

Supplementary Figure 55. HPLC Trace of 9ga.
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1 14.552 BV 0.4573 1383.76831 47.38620 49.9141 1 14.468 BB 0.4790 946.49963 30.96936 97.3081
2 15.826 VB 0.4507 1388.53137 47.46018 50.0859 2 15.787 MM 0.4612 26.18324 9.46233e-1 2.6919

9ha. Syrup. "H NMR (500 MHz, CDCls)  8.02 (d, J = 2.0 Hz, 1H), 7.82 (d, J= 8.1 Hz, 2H), 7.60 (d, J
=2.0 Hz, 1H), 7.33 (d, J= 8.0 Hz, 2H), 6.38 (d, /= 1.2 Hz, 1H), 5.81 (s, 1H), 4.63 (d, J = 14.3 Hz, 1H),
4.48 (d,J=14.4 Hz, 1H), 4.07 (p,J = 7.2 Hz, 2H), 3.18 (p, J= 6.8 Hz, 1H), 2.45 (s, 3H), 1.26 (d, J= 6.6
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Hz, 3H), 1.16 (t, J= 7.1 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H). 3C NMR (125 MHz, CDCl3) & 165.83 ,
155.28 , 145.94 , 143.84 , 138.49 , 137.96, 137.09, 13533, 132.50 , 129.48 , 128.68 , 101.94 , 95.62 ,

61.09,49.78 ,29.98 ,24.92 ,24.38,21.63, 13.98 . HRMS (ESI) m/z Calcd for [C22H25[2NNaO4S, M
+ Na]": 675.9486; Found: 675.9482.

Optical Rotation: [a]*p + 15.0 (¢ = 1.0, CHCI3). 92% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, f = 16.18 min for
major isomer, fr = 21.63 for minor isomer).

Supplementary Figure 56. HPLC Trace of 9ha.
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9ia. Syrup. '"H NMR (500 MHz, CDCls) § 7.84 (d, J=2.3 Hz, 1H), 7.79 — 7.75 (m, 2H), 7.43 (d, J=2.3
Hz, 1H), 7.33 (d,J=8.0 Hz, 2H), 6.36 (d,J= 1.2 Hz, 1H), 5.85 (d,J = 1.0 Hz, 1H), 4.56 (s, 1H), 4.53 (d,
J=14.3 Hz, 1H), 4.14 — 3.96 (m, 2H), 2.68 (dq, J = 15.1, 7.5 Hz, 1H), 2.52 (dq, J = 15.2, 7.6 Hz, 1H),
2.46 (s, 3H), 1.17 (td, J = 7.4, 3.5 Hz, 7H). *C NMR (125 MHz, CDCL;)  165.89 , 149.94 , 143.82 ,
140.30, 138.74 , 138.06 , 135.55 , 132.23, 132.13, 129.57 , 128.37, 123.04, 101.34 , 61.08 , 50.00 ,

25.40,21.62, 14.22 , 13.94 . HRMS (ESI) m/z Calcd for [C2;H2BrINNaO4S, M + Na]*: 613.9468;
Found: 613.9464.

Optical Rotation: [a]*p - 15.0 (¢ = 1.0, CHCl3). 95% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, = 21.47 min for
major isomer, fr = 23.61 for minor isomer).
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Supplementary Figure 57. HPLC Trace of 9ia.
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9ja. Syrup. "H NMR (500 MHz, CDCls) 8 7.75 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.20 (d, J
=2.0Hz, 1H), 7.03 - 6.96 (m, 1H), 6.29 (t,/=0.9 Hz, 1H), 5.80 (d, /= 1.1 Hz, 1H), 4.64 (d, /= 14.1 Hz,
1H), 4.47 (d, J= 14.1 Hz, 1H), 4.18 —3.95 (m, 2H), 2.45 (s, 3H), 2.28 (s, 4H), 2.27 (s, 3H), 1.17 (t, J =
7.1 Hz, 3H). 3C NMR (125 MHz, CDCl3) § 166.05, 143.41, 142.82,139.67,137.96 , 135.93 , 133.84 ,
132.10,131.30, 131.29,129.38, 128.14 , 124.59 , 60.96 , 49.73 , 21.58 ,20.65,20.00, 13.91 . HRMS
(EST) m/z Calcd for [C21H24BrNNaO4S, M + Na]*: 488.0501; Found: 488.0505.

Optical Rotation: [a]*p +20.0 (¢ = 1.0, CHCl3). 93% ee (HPLC condition: Chiralpak OD-H

column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 9.72 min for
major isomer, fr = 10.86 for minor isomer).

Supplementary Figure 58. HPLC Trace of 9ja.
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9ka. Syrup. '"H NMR (400 MHz, CDCls) § 7.72 (d, J= 8.3 Hz, 2H), 7.29 (d, J= 8.2 Hz, 2H), 6.98 (d, J
=2.0 Hz, 1H), 6.96 (d, J=2.0 Hz, 1H), 6.27 (d,J= 1.2 Hz, 1H), 5.77 (d, J = 1.1 Hz, 1H), 4.66 (dd, J =
14.1, 0.8 Hz, 1H), 4.39 (d,J= 14.1 Hz, 1H), 4.16 — 3.98 (m, 2H), 2.45 (s, 3H), 2.28 (s, 3H), 2.28 (s, 3H),
1.18 (t, J= 7.1 Hz, 3H). *C NMR (100 MHz, CDCl;) & 165.99 , 143.38 , 142.65 , 139.40 , 137.72,
135.92,134.29, 132.31, 131.01 , 130.63 , 129.37 , 128.64 , 127.99 , 60.95 , 49.72 , 21.57 , 20.78 ,
19.65, 13.92 . HRMS (ESI) m/z Calcd for [C2iH24CINNaO4S, M + Na]*: 444.1007; Found: 444.1004.

Optical Rotation: [a]*p +35.0 (¢ = 1.0, CHCl3). 87% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 14.42 min for

major isomer, fr = 15.92 for minor isomer).

Supplementary Figure 59. HPLC Trace of 9ka.
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9la. Syrup. '"H NMR (400 MHz, CDCl;) § 7.48 (d, J= 2.0 Hz, 1H), 6.96 (d, J = 2.0 Hz, 1H), 6.16 (d, J
=1.1Hz, 1H), 5.38 (d,/=1.1 Hz, 1H), 4.64 (d,J=14.1 Hz, 1H), 4.19-4.05 (m, 3H), 3.33 (s, 3H), 2.31
(s,3H),2.17 (s, 3H), 1.19 (t,J= 7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) § 166.28 , 140.94 , 140.13 ,
138.62,137.23,135.17,132.60,131.79,103.07,61.27,50.46 ,42.85,20.38 ,20.14 , 14.14 . HRMS
(EST) m/z Calcd for [CisH20INNaO4S, M + Na]*: 460.0050; Found: 460.0054.

Optical Rotation: [a]*p - 40.0 (¢ = 1.0, CHCIL3). 91% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 11.16 min for

major isomer, fr = 13.97 min for minor isomer).
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Supplementary Figure 60. HPLC Trace of 9la.
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Me
9ma. Syrup. "H NMR (500 MHz, CDCls) § 7.89 (dd, J = 8.3, 1.4 Hz, 2H), 7.63 — 7.58 (m, 1H), 7.55 —

7.50 (m, 3H), 7.02 (d, J = 2.0 Hz, 1H), 6.33 (d, J= 1.2 Hz, 1H), 5.84 (d, J= 1.1 Hz, 1H), 4.65 (d, J =
14.2 Hz, 1H), 4.57 (d, J= 14.1 Hz, 1H), 4.09 (dq,J = 10.7, 7.2 Hz, 1H), 4.01 (dq, /= 10.7, 7.0 Hz, 1H),
2.26 (s, 3H), 2.21 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H).*C NMR (125 MHz, CDCl3) § 166.09 , 142.15 ,
141.26,139.93 , 139.14 , 137.10, 135.84 , 132.77, 13229, 131.84 , 128.91 , 128.28 , 100.44 , 61.00 ,
50.08 , 20.37 , 20.35 , 13.93 . HRMS (ESI) m/z Calcd for [C2oHINNaO,S, M + Na]*: 522.0206;

Found: 522.0202.

Optical Rotation: [a]*p - 40.0 (¢ = 1.0, CHCI3). 90% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 16.48 min for

major isomer, fr = 18.65 for minor isomer).

Supplementary Figure 61. HPLC Trace of 9ma.
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9na. Syrup. "TH NMR (500 MHz, CDCls) 6 7.86 — 7.80 (m, 2H), 7.53 (d, J=2.0 Hz, 1H), 7.05 — 7.01 (m,
1H), 6.98 (d,J=8.9 Hz, 2H), 6.31 (d,J=1.2 Hz, 1H), 5.82 (d,J=1.1 Hz, 1H), 4.60 (d, /= 14.3 Hz, 1H),
4.54 (d,J=14.2 Hz, 1H), 4.13 — 4.06 (m, 1H), 4.06 — 3.98 (m, 1H), 3.89 (s, 3H), 2.25 (s, 3H), 2.23 (s,
3H), 1.16 (t,J=7.1 Hz, 3H). *C NMR (125 MHz, CDCl3) § 166.15, 163.07 , 142.13,139.82, 139.08 ,
137.40 , 13598 , 133.22, 132.28 , 131.60, 130.42 , 113.96 , 100.54 , 60.97 , 55.61 , 49.99 , 20.42 ,
20.35, 13.92 . HRMS (ESI) m/z Calcd for [C21H24INNaOsS, M + Na]": 552.0312; Found: 552.0316.

Optical Rotation: [a]*p - 28.0 (¢ = 1.0, CHCI3). 93% ee (HPLC condition: Chiralpak IC column,

n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 16.48 min for major
isomer, fr = 18.65 for minor isomer).

Supplementary Figure 62. HPLC Trace of 9na.
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90a. Syrup. "H NMR (500 MHz, CDCl3) & 7.86 — 7.81 (m, 2H), 7.53 (t, /= 1.4 Hz, 1H), 7.51 — 7.48 (m,
2H), 7.04 —7.02 (m, 1H), 6.32 (d, J= 1.1 Hz, 1H), 5.80 (s, 1H), 4.63 (d, J= 14.2 Hz, 1H), 4.55 (d,J =
14.2 Hz, 1H), 4.14 — 4.07 (m, 1H), 4.06 — 3.97 (m, 1H), 2.26 (s, 3H), 2.24 (s, 3H), 1.17 (t, J= 7.1, 3H).
13C NMR (125 MHz, CDCls) § 166.01 , 142.25 , 140.13 , 139.78 , 139.24 , 139.17 , 136.82 , 135.68
132.36, 131.92, 129.79, 129.13 , 100.22 , 61.07 , 50.20 , 20.43 , 20.36 , 13.93 . HRMS (ESI) m/z
Caled for [CaoHa1CIINNaO,4S, M + Na]*: 555.9816; Found: 555.9818.

Optical Rotation: [a]*p - 22.0 (¢ = 1.0, CHCIL3). 91% ee (HPLC condition: Chiralpak AD-H
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column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, f = 25.17 min for

minor isomer, fr = 27.32 min for major isomer).

Supplementary Figure 63. HPLC Trace of 90a.

dii) A [\
\ 154
\ .
&
= / s = . +/ e — e e ok B //
%

Peak RetTime Type Width Area Height Area Peak Retlime lype Width Area Height Area

¥ [min] [min] [mAU*s] [mAaU] % # [min] [min] [mAU*s] [mAU] %
e et s o | | G o | | =elemmmea I b s e e s e s e

1 25.189 BB 0.6648 603.53564 13.60374 49.9765 1 25.176 MM 0.7594 70.72029 1.55207 4.4017

2 27.445 BB 0.7178 604.10358 12.77651 50.0235 2 23265 EB 0.7237 1535.94495 32.48110 95.5983

Me

9pa. White solid. MP: 135-137 °C. 'H NMR (500 MHz, CDCl;) § 8.37 (d, J = 8.8 Hz, 2H), 8.08 (d, J =
8.8 Hz, 2H), 7.52 (d, J=1.9 Hz, 1H), 7.06 (d, /= 1.9 Hz, 1H), 6.33 (d, /= 1.2 Hz, 1H), 5.78 (d,J=1.1
Hz, 1H), 4.68 (d, J= 14.0 Hz, 1H), 4.60 (d, /= 14.0 Hz, 1H), 4.11 (dq, J=10.9, 7.2 Hz, 1H), 4.04 (dq,
J=10.9, 7.1 Hz, 1H), 2.27 (s, 3H), 2.26 (s, 3H), 1.18 (t,J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCl;)
0 165.87 , 150.15 , 146.73 , 142.35 , 140.53 , 139.25 , 136.20, 135.34 , 132.53 , 132.28 , 129.64 ,
124.12,99.91,61.17,50.54 ,20.44 ,20.39, 13.96 . HRMS (ESI) m/z Calcd for [C20H21IN2NaOsS, M
+ Na]": 567.0057; Found: 567.0054.

Optical Rotation: [a]*p - 17.0 (¢ = 1.0, CHCI3). 91% ee (HPLC condition: Chiralpak IC column,
n-Hexane/i-PrOH = 70:30, flow rate = 1.0 mL/min, wavelength = 254 nm, tzx = 26.38 min for major

isomer, tr = 44.70 for minor isomer).

Supplementary Figure 64. HPLC Trace of 9pa.
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9qa. White solid. MP: 142-144 °C. 'H NMR (500 MHz, CDCl;) § 8.74 (t,J=2.0 Hz, 1H), 8.46 (ddd, J
=8.2,2.2,1.0 Hz, 1H), 8.21 (dt,/=17.8, 1.4 Hz, 1H), 7.75 (t, /= 8.0 Hz, 1H), 7.51 (d, /= 2.0 Hz, 1H),
7.07 (d,J= 2.1 Hz, 1H), 6.34 (d, /= 1.1 Hz, 1H), 5.79 (d, /= 1.0 Hz, 1H), 4.67 (d, J= 14.1 Hz, 1H),
4.59 (d,J=14.1 Hz, 1H), 4.11 (dt,J=10.8, 7.1 Hz, 1H), 4.02 (dq, /= 10.8, 7.1 Hz, 1H), 2.29 (s, 3H),
2.27 (s,3H), 1.17 (t,J=7.1 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 165.86 , 148.20 , 143.15,142.33,
140.56 , 139.26 , 136.33 , 135.35, 133.95, 132.57, 132.25, 130.15, 127.21, 123.70 ,99.72 , 61.15 ,
50.56 , 20.46 , 20.40 , 13.94 . HRMS (ESI) m/z Calcd for [C20H2:IN2NaOsS, M + Na]*: 567.0057;
Found: 567.0060.

Optical Rotation: [a]*p - 65.0 (¢ = 1.0, CHCI3). 93% ee (HPLC condition: Chiralpak IC column,
n-Hexane/i-PrOH = 90:10, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 54.67 min for major
isomer, fr = 58.46 for minor isomer).

Supplementary Figure 65. HPLC Trace of 9qa.
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The procedure for the synthesis of 11, 12 and 13:

CO,E
Ts< T Pd(OAc),

N

PPhy
: Me  HCOOH, Et;N
DMF, 60 °C, 10 h
Me
10ba: 92% ee 11: 72%, 83% ee

90% Chirality transfer

To a dry Schlenk tube equipped with a magnetic stir bar, was added 10ba (0.1 mmol), Pd(OAc),

(0.005 mmol), PPh;3 (0.01 mmol). The tube was closed with a septum, evacuated, and refilled with argon.
Dry DMF (0.5 mL) was added and the reaction mixture was then stirred at 25 °C for 10 minutes. After
that, HCOOH (0.2 mmol) and Et;N (0.25 mmol) were added and the mixture was stirred at 60 °C for 10
hours. Upon the reaction completed, the mixture was purified via column chromatography on silica gel
to afford the desired product 11.
Syrup, '"H NMR (500 MHz, CD»Cl,) § 7.58 (d, J = 8.3 Hz, 2H), 7.28 (d, J= 8.0 Hz, 2H), 7.00 (d, J= 1.7
Hz, 1H), 6.98 (d, J=1.7 Hz, 1H), 4.66 (d, J= 12.8 Hz, 1H), 4.01 (qq, /= 7.2, 3.7 Hz, 2H), 3.87 (d, J =
12.8 Hz, 1H), 2.44 (s, 6H), 2.36 (s, 3H), 1.30 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H). 3C NMR (125 MHz,
CDyCly) 6 173.45 , 143.90 , 138.64 , 138.38 , 136.11 , 135.95 , 132.13 , 129.78 , 129.44 , 127.48 ,
122.80, 61.32, 61.06 , 51.43 , 2538 , 21.30, 20.81 , 20.23 , 13.79 . HRMS (ESI) m/z Calcd for
[C21H2sNNaO4S, M + Na]*: 410.1396; Found: 410.1392.

Optical Rotation: [a]*p - 12.0 (¢ = 1.0, CHCI;3). 83% ee (HPLC condition: Chiralpak OD-H
column, n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 13.42 min for
minor isomer, fr = 15.83 min for major isomer).

Supplementary Figure 66. HPLC Trace of 11.
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To an oven-dried Schlenk tube equipped with a magnetic stir bar was added the 11 (0.05 mmol)

and Mg-powder (18.0 mg, 15 equiv.) under Ar atmosphere. Absolute MeOH (1.4 mL) was added and
the reaction was capped with a septum, then sonicated at room temperature until full consumption of
starting material as monitored by TLC (around 30 min). After cooling to 0 °C, the reaction mixture was
slowly quenched with saturated NH4Cl. The aqueous phases were extracted with DCM (3 x 10 mL).
The combined organic phase was washed with saturated brine (20 mL), dried over Na,SO4 and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexanes/ethyl acetate = 12:1) to afford 12 (81% yield).
Syrup, "H NMR (500 MHz, CD>Cl,) 4 6.93 (s, 1H), 6.78 (s, 1H), 4.18 (g, J= 7.0, 2H), 4.13 (d, /= 10.0
Hz, 1H), 3.36 (d,J=10.0 Hz, 1H), 2.26 (s, 3H), 2.13 (s, 3H), 1.54 (s, 3H), 1.29 (t, J = 7.0 Hz, 3H). BC
NMR (125 MHz, CD:Cl,) 6 174.67 ,146.79 , 131.78 , 129.87 ,128.35, 121.89,119.42,60.97 ,57.28,
52.60,24.34,20.48 ,16.38 , 13.92 . HRMS (ESI) m/z Calcd for [CisHi9NNaO,, M + Na]": 256.1308;
Found: 256.1304.

Optical Rotation: [a]*p - 18.0 (¢ = 1.0, CH,CL). 83% ee (HPLC condition: Chiralpak AD-H
column, n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, wavelength = 254 nm, fr = 7.89 min for
major isomer, fr = 13.39 min for minor isomer).

Supplementary Figure 67. HPLC Trace of 12.
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THF/H,0
80°C
Me
11,83% ee 13: recrystallization

78%, 96% ee

To a solution of 11 (78 mg, 0.2 mmol) in THF (0.5 mL) were added water (0.5 mL) and LiOH
(15 mg, 0.6 mmol). The mixture was allowed to stir at 80 °C overnight. After completion of the
reaction (monitored by TLC), the volatiles were evaporated under reduced pressure. The residual
aqueous solution was acidified with 3.0 N aqueous HCI solutions (PH < 1.0), and extracted with ethyl
acetate. The combined organic layers were dried over Na,SOs, filtered and concentrated under
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reduced pressure. After recrystallization using diethyl ehter, pure acid 13 was obtained as a white
solid.

MP: 188-189 °C. 'TH NMR (400 MHz, CDCls) 6 7.44 (d, J= 8.3 Hz, 2H), 7.09 (d, /= 8.1 Hz, 2H), 6.89
(s, 1H), 6.87 (s, 1H), 4.57 (d,J=12.9 Hz, 1H), 3.77 (d,J=13.0 Hz, 1H), 2.37 (s, 3H), 2.24 (s, 3H), 2.23
(s,3H), 1.23 (s, 3H).3C NMR (100 MHz, CDCl3) § 179.50, 143.91,138.41,137.66,136.11 , 135.58 ,
132.66 , 130.25,129.43 , 127.74 , 122.78 ,60.78 , 51.29 , 25.61 ,21.47 ,21.05 , 20.42 . HRMS (ESI)
m/z Calcd for [C19H2:NNaO4S, M + Na]": 382.1083; Found: 382.1081.

Optical Rotation: [a]*p 6.0 (¢ = 0.31, CHCls). 96% ee (HPLC condition: Chiralpak AS-H
column, n-Hexane/i-PrOH = 80:20, flow rate = 1.0 mL/min, wavelength = 254 nm, #x = 9.14 min for
minor isomer, fr = 16.41 min for major isomer).

Supplementary Figure 68. HPLC Trace of 13.
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NMR spectra

Supplementary Figure 69. 'H and '*C NMR Spectra of 1a.
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Supplementary Figure 70. 'H and '*C NMR Spectra of 1b.
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Supplementary Figure 71. 'H and '3*C NMR Spectra of 1¢.
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Supplementary Figure 72. 'H and '3*C NMR Spectra of 1d.
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Supplementary Figure 73. 'H and '3*C NMR Spectra of 1e.
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Supplementary Figure 74. 'H and '*C NMR Spectra of 1f.
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Supplementary Figure 75. 'H and '*C NMR Spectra of 1g.
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Supplementary Figure 76. 'H and '*C NMR Spectra of 1h.
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Supplementary Figure 77. 'H and '*C NMR Spectra of 1i.
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Supplementary Figure 78. '"H and '*C NMR Spectra of 1j.
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Supplementary Figure 79. 'H and '*C NMR Spectra of 1Kk.
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Supplementary Figure 80. 'H and '*C NMR Spectra of 11.
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Supplementary Figure 81. 'H and '*C NMR Spectra of 1m.
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Supplementary Figure 82. 'H and '*C NMR Spectra of 1n.
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Supplementary Figure 83. 'H and '*C NMR Spectra of 1o.
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Supplementary Figure 84. 'H and '*C NMR Spectra of 1p.
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Supplementary Figure 85. 'H and '*C NMR Spectra of 1q.
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Supplementary Figure 86. 'H and '*C NMR Spectra of 3a.
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Supplementary Figure 87. 'H and '*C NMR Spectra of 4a.
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Supplementary Figure 88. 'H and '*C NMR Spectra of 4b.

PELT—

ZLE'T
mom.m?
B0S'ZL
218’
a18'c
omm.m\
21z
0s0e—

85L°E
OS8°E
mww.mV
986'E-7
m.Sé\

TEb'Sy
026G
STOL
ZE0'L
T6T'L
6T
00E'L
TTE
PIEL]
Yaisre
LS
TEE'L
9gE"¢
6EE'L
BHEL
25€'¢
PSELA
S9E'L
89g'L
EbR'L
SbE'L
858,
TOR'L
587'8—
STp'e—

OBu

DMSO-dj at 80 °C

A0

Feez

o5
~iEn
]

Teon

Eee0

oot
BB

50'1
E s

660

EBe0

Fomo

6.0 55 50 15 4.0 35 3.0 25 20 15 1.0 0.5
1 (ppm)

&5

9.0 B85 B0 25

9.5

LES'ZT—
ZhE'ST—

ST LE—

586'8E
ST BE
HIZ'BE
0ZE'BE
LBP'GE
S559'6E
ZEB'BEA[
B86'6E \
ZTLGk
880'65—

£5T'08—

BLT'ETT
Z96'6TT
SP'ECT
BEO'FET
020°92T -
Zb5'52T
TOB'9ZT
£85'82T
B9Z'0ET
TT6'0ET
TPE'TET
EELTET
LEB'TET
PLE'EET
Z0T'SET
LOP'9ET-
STPEPT—

LPE'E5T—

POP FOT —

OBu

DMSO-dg at 80 °C

10

&0 0 20

20

180 17 160 150 140 130 120 110 100
1 {ppm)

130

79



Supplementary Figure 89. 'H and '*C NMR Spectra of 4c.
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Supplementary Figure 90. 'H and '*C NMR Spectra of 4d.
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Supplementary Figure 91. 'H and '*C NMR Spectra of 4e.
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Supplementary Figure 92. '"H and '*C NMR Spectra of 4f.
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Supplementary Figure 93. 'H and '*C NMR Spectra of 4g.
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Supplementary Figure 94. 'H and '*C NMR Spectra of 4h.
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Supplementary Figure 95. 'H and '*C NMR Spectra of 4i.
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Supplementary Figure 96. '"H and '*C NMR Spectra of 4j.
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Supplementary Figure 97. 'H and '*C NMR Spectra of 4Kk.
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Supplementary Figure 98. 'H and '*C NMR Spectra of 41.
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Supplementary Figure 99. 'H and '*C NMR Spectra of 4m.
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Supplementary Figure 100. 'H and '*C NMR Spectra of 4n.
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Supplementary Figure 101. 'H and *C NMR Spectra of 4o.
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Supplementary Figure 102. 'H and '*C NMR Spectra of 4p.
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Supplementary Figure 103. 'H and '*C NMR Spectra of 4q.
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Supplementary Figure 104. 'H and *C NMR Spectra of 5a.
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Supplementary Figure 105. 'H and '*C NMR Spectra of 5b.
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Supplementary Figure 106. 'H and *C NMR Spectra of 6a.
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Supplementary Figure 107. 'H and *C NMR Spectra of 6b.
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Supplementary Figure 108. 'H and '*C NMR Spectra of 7.
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Supplementary Figure 109. 'H and '*C NMR Spectra of 8.
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Supplementary Figure 110. 'H and *C NMR Spectra of 9aa.
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Supplementary Figure 111. 'H and *C NMR Spectra of 9ba.
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Supplementary Figure 112. 'H and *C NMR Spectra of 9bb.
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Supplementary Figure 113. 'H and *C NMR Spectra of 9be.
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Supplementary Figure 114. 'H and *C NMR Spectra of 9bd.
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Supplementary Figure 115. 'H and *C NMR Spectra of 9be.
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Supplementary Figure 116. 'H and *C NMR Spectra of 9ca.
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Supplementary Figure 117. 'H and *C NMR Spectra of 9da.
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Supplementary Figure 118. 'H and *C NMR Spectra of 9ea.
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Supplementary Figure 119. 'H and '*C NMR Spectra of 9fa.
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Supplementary Figure 120. 'H and '3*C NMR Spectra of 9ga.
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Supplementary Figure 121. 'H and '3C NMR Spectra of 9ha.

0oT'T
£1T' T
£PT'T

T9T'T

9LT'T-
Z5E'L i
S92'1-

£5p'E—

EST'E
awﬁ.mﬂ.
0st'e
mmﬁ.m\
£02'E”
TEO'E
820
SE0' b
£50'F
650'F
£90'F
SL0'F
T20'F
630"
960
E0T'F
99"
S6b'E
619
29
£08'5—

9LE'
BLE'S

BTE¢n
SEEY
T09'4A
mcm._T/
LT8¢~
gege""
208
9208

?/C%Et
Ts\N

dh

e

i

= 1TE

PEr R
b E

F9rE

Fart

Fere

o
=8t

T

FoEO'T

it

J. Y
=90e

hwaa.ﬁ

35 3.0 2.5 2.0 1.5 1.0 0.5

4.0

9.5 2.0 8.5 8.0 75 7.0 65 6.0 5.5 5.0 45
fi (ppm)

1.0

9L6'ET—

£29'1E—
TeE'PE—
m_nm,vm\.
BLE'BE—

LLL'6r—

TE0'Te—

2189
owo.m_—.w.
oﬂm.«._\.

£C9'56—

PPET0T—

BL9'BET
BLP'BET
BEP ZET~.
EEE'SET~
980 LET—
hmm.nmﬁ.wn
£6F BET-
va,mzk\w
£P6'SPT

08Z'55T

88'69T—

Ts\N

i

190 180 170 160 150 140 130 120 110 100 a0 8o 70 60 50 40 30 20 10
f1 (ppm)

00

1



Supplementary Figure 122. 'H and '3*C NMR Spectra of 9ia.
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Supplementary Figure 123. 'H and '*C NMR Spectra of 9ja.
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Supplementary Figure 124. 'H and '3*C NMR Spectra of 9ka.
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Supplementary Figure 125. 'H and '*C NMR Spectra of 9la.
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Supplementary Figure 126. 'H and '3*C NMR Spectra of 9ma.
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Supplementary Figure 127. 'H and '3C NMR Spectra of 9na.
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Supplementary Figure 128. 'H and '3C NMR Spectra of 9oa.
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Supplementary Figure 129. 'H and '3*C NMR Spectra of 9pa.
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Supplementary Figure 130. 'H and '3C NMR Spectra of 9qa.
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Supplementary Figure 131. 'H and '*C NMR Spectra of 11.
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Supplementary Figure 132. 'H and *C NMR Spectra of 12.
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Supplementary Figure 133. 'H and *C NMR Spectra of 13.
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