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1. General Information

Unless otherwise mentioned, all experiments were carried out under an atmosphere of
argon or using standard Schlenk techniques. Solvents and reagents were purchased from
commercial suppliers and used without further purification. Column Chromatography
was performed with silica gel Merck 60 (300-400 mesh). NMR spectra were recorded on
a Bruker DPX 400 spectrometer at 400 MHz for '"H NMR, 101 MHz for '*C NMR and a
Bruker DPX 600 spectrometer at 600 MHz for 'H NMR, 151 MHz for *C NMR. CDCl;
and d°-DMSO was the solvent used for the NMR analysis, with tetramethylsilane (TMS)
as the internal standard. Chemical shifts are reported in ppm and coupling constants are
given in Hz. Chemical shifts were reported relative to TMS (0.00 ppm) for 'H NMR and
relative to CDCl3 (77.0 ppm) for '3C NMR. HPLC analysis was carried out on Agilent
1260 Series instrument using a chiral stationary phase. PE refers to petroleum ether, and

EA refers to ethyl acetate.
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2. General Experimental Details

2.1 General Procedure for the Synthesis of Substrate
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Scheme S1. Synthetic route of compound 1.

Procedure A: Preparation of ketones 1."°

Step I: To a solution of 2-lodobenzaldehyde S1 (2.32 g, 10 mmol, 1.0 equiv.) in THF
(20 mL) was added 1 M PhMgBr S2 (15 mL, 15 mmol, 1.5 equiv.) at -40 C. The mixture
was stirred at -40 C for 3 h until the start materials was consumed completely. The mixture
was quenched by 1M HCI (10 mL) at 0 C, extracted by EtOAc (30 mL*2), the combined
organic layer was washed by brine, dried over anhydrous Na;SOs, filtered and
concentrated under vacuum. The crude product was purified by chromatography (PE:EA
from 30:1 to 5:1). (2-iodophenyl)(phenyl)methanol S3 was obtained. (90% ~ 99%).
Step 2: To a solution of (2-iodophenyl)(phenyl)methanol S3 (10 mmol, 1.0 equiv.) in
DCM (25 mL) was added Dess-Martin periodinane (5g, 12 mmol, 1.2 equiv.) at 0°C. The
mixture was stirred at rt for 2 h until the start materials was consumed completely. The
mixture was quenched by saturated NaHCOs3 (5ml), filtered and extracted by DCM (20
mL*2), the combined organic layer was dried over anhydrous Na;SOs, filtered and

concentrated under vacuum. The crude product was purified by chromatography (PE:EA
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from 30:1 to 5:1). (2-iodophenyl)(phenyl)methanone S4 was obtained with an equivalent
yield.

Step 3: To a solution of (2-iodophenyl)(phenyl)methanone S4 (5 mmol, 1.0 equiv.) , 2-
Fluorophenylboronic acid S5 (0.84 g, 6 mmol, 1.2 equiv.) and Pd(PPh3)s (0.29 g, 5%
mmol.) in toluene (80 mL) and MeOH (6.4 mL). The degassed K>CO3 aqueous (10ml,
1.38g/5ml water) was added. The mixture was stirred at 120C for 5 h until the start
materials was consumed completely. The mixture was extracted by EtOAc (40 mL*2),
the combined organic layer was dried over anhydrous Na;SOs, filtered and concentrated

under vacuum. Compound 1 was obtained with medium to high yield (75% ~ 96%).
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2.2 Characterization Data of Substrates

F O O

(2'-Fluoro-[1,1'-biphenyl]-2-yl)(phenyl)methanone (1a)*: Colourless oil, 1.35 g, 90%
yield. "H NMR (400 MHz, Chloroform-d) & 7.70 (d, 2H), 7.61 — 7.52 (m, 2H), 7.50 —
7.40 (m, 3H), 7.35-7.21 (m, 3H), 7.19 = 7.11 (m, 1H), 7.08 — 7.01 (m, 1H), 6.92 — 6.84
(m, 1H). 3C NMR (101 MHz, Chloroform-d) & 197.5, 159.0 (d, J = 247.4 Hz), 139.1,
137.2,135.2, 132.7, 131.4 (d, /= 3.0 Hz), 131.1, 131.0, 130.5, 129.9, 129.4 (d, J = 8.1
Hz), 129.1, 128.0, 127.8, 127.5, 124.0 (d, J= 3.0 Hz), 115.4, 115.2. ’F NMR (376 MHz,

Chloroform-d) 8 -115.8. HRMS (ESI-TOF) m/z: [M+H]" Calcd for CioHi4FO™ =
277.1023; Found 277.1023.

L

F O O

(4-Chlorophenyl)(2'-fluoro-[1,1'-biphenyl]-2-yl)methanone (1b)*: White solid, 0.57 g,
77% yield. *H NMR (400 MHz, Chloroform-d) § 7.68 — 7.56 (m, 3H), 7.56 — 7.44 (m,
3H), 7.34 — 7.24 (m, 3H), 7.23 — 7.15 (m, 1H), 7.11 — 7.02 (t, 1H), 6.95 — 6.86 (t, 1H).
13C NMR (101 MHz, Chloroform-d) § 196.3, 158.9 (d, J = 242.4 Hz), 139.1, 138.6, 135.6,
135.1, 131.4 (d, J = 10.1 Hz), 131.2, 131.1, 130.8, 129.6 (d, J = 10.0, 1.0 Hz), 129.0,
128.4,127.8, 127.6, 124.2 (d, J = 3.0 Hz), 115.4 (d, J = 20.2 Hz). 1°F NMR (376 MHz,

Chloroform-d) & -115.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci9H13CIFO™ =
311.0633; Found 311.0631.

S5



QL
(2'-Fluoro-[1,1'-biphenyl]-2-yl)(4-fluorophenyl)methanone (1c)!: White solid, 0.87 g,
95% vyield. *H NMR (400 MHz, Chloroform-d) & 7.77 — 7.66 (m, 2H), 7.63 — 7.44 (m,
4H), 7.29 — 7.14 (m, 2H), 7.10 — 6.85 (m, 4H). 13C NMR (101 MHz, Chloroform-d) &
196.1, 165.5 (d, J = 252.5 Hz), 159.0 (d, J = 242.4 Hz), 138.9, 135.1, 133.7 (d, J = 3.0
Hz), 132.5 (d, J = 9.1 Hz), 131.4 (d, J = 3.0 Hz), 131.1, 130.7, 129.6 (d, J = 8.1 Hz),
129.0,127.8 (d, J = 15.2 Hz), 127.7, 124.2 (d, J = 4.0 Hz), 115.6, 115.3, 115.1. 19F NMR

(376 MHz, Chloroform-d) & -105.5, -115.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
C1oH13F20" = 295.0929; Found 295.0927.

|
QL
F ‘ o]
(2'-Fluoro-[1,1'-biphenyl]-2-yl)(4-methoxyphenyl)methanone (1d)*: Black solid, 1.52
g, 99% yield. *H NMR (400 MHz, Chloroform-d)  7.70 (d, J = 8.7 Hz, 2H), 7.60 — 7.42
(m, 4H), 7.25 (t, 1H), 7.22 — 7.14 (m, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.92 (t, 1H), 6.81 (d,
J=8.8 Hz, 2H), 3.81 (s, 3H). *C NMR (101 MHz, Chloroform-d) § 196.2, 163.3, 159.0
(d, J = 246.4 Hz), 139.5, 134.9, 132.3, 131.4 (d, J = 3.0 Hz), 131.0, 130.1, 129.4 (d, J =
8.1 Hz), 128.8, 127.9 (d, J = 15.2 Hz), 127.4, 124.0 (d, J = 3.0 Hz), 115.5, 115.3, 113.3,

55.4. %F NMR (565 MHz, Chloroform-d) & -115.9. HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C2oH16FO2* = 307.1129; Found 307.1128.
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(2'-Fluoro-[1,1'-biphenyl]-2-yl)(p-tolyl)methanone (1e)!: White solid, 1.22 g, 84%
yield. tH NMR (400 MHz, Chloroform-d) & 7.66 — 7.50 (m, 4H), 7.44 (t, J = 7.6 Hz, 2H),
7.29 — 7.22 (m, 1H), 7.22 — 7.10 (m, 3H), 7.06 (t, J = 7.1 Hz, 1H), 6.91 (t, 1H), 2.35 (s,
3H).3C NMR (101 MHz, Chloroform-d) 6 197.2, 159.0 (d, J = 252.5 Hz), 143.6, 139.4,
135.1, 134.7, 131.4 (d, J = 3.0 Hz), 131.1, 130.3, 130.1, 129.4 (d, J = 8.1 Hz), 129.0,
128.8,127.9 (d, J = 15.3 Hz), 127.4, 124.0 (d, J = 3.0 Hz), 115.4 (d, J = 22.2 Hz), 21.6.

F NMR (376 MHz, Chloroform-d) § -115.9. HRMS (ESI-TOF) m/z: [M+H]"* Calcd
for CooH16FO* = 291.1180; Found 291.1178.

(L

F ‘ o)

(2'-Fluoro-[1,1'-biphenyl]-2-yl)(3-fluorophenyl)methanone (1f)!: White solid, 0.52 g,
85% yield. *H NMR (400 MHz, Chloroform-d) § 7.64 — 7.53 (m, 2H), 7.52 — 7.36 (m,
4H), 7.32 — 7.04 (m, 5H), 6.95 — 6.85 (m, 1H). *C NMR (101 MHz, Chloroform-d) &
196.2, 162.3 (d, J = 252.5 Hz), 158.9 (d, J = 246.4 Hz), 139.4 (d, J = 7.1 Hz), 138.5,
135.2, 131.3 (d, J = 3.0 Hz), 131.1, 130.9, 129.7 (d, J = 4.0 Hz), 129.6 (d, J = 4.0 Hz),
129.1, 127.7 (d, J = 15.2 Hz), 127.6, 125.7 (d, J = 3.0 Hz), 124.2 (d, J = 4.0 Hz), 119.7
(d, J = 21.2 Hz), 116.3 (d, J = 23.2 Hz), 115.4 (d, J = 22.2 Hz). F NMR (376 MHz,

Chloroform-d) 6 -112.5, -115.8. HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H13F.0"
= 295.0929; Found 295.0929.
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(2'-Fluoro-[1,1'-biphenyl]-2-yl)(3-methoxyphenyl)methanone (1g)*: White solid, 2.13
g, 81% yield. 'TH NMR (600 MHz, Chloroform-d) & 7.60 — 7.53 (m, 2H), 7.46 (t, J = 7.1
Hz, 2H), 7.28 — 7.15 (m, 5H), 7.08 — 7.03 (m, 1H), 7.02 — 6.98 (m, 1H), 6.91 (t, 1H), 3.77
(s, 3H). 13C NMR (151 MHz, Chloroform-d) & 197.3, 159.0 (d, J = 246.1 Hz), 159.3,
139.1, 138.6, 135.2, 131.4 (d, J = 3.0 Hz), 131.1, 130.5, 129.4 (d, J = 9.1 Hz), 129.1,
129.0, 127.9 (d, J = 15.1 Hz), 127.4, 124.0 (d, J = 4.5 Hz), 123.0, 119.6, 115.4 (d, J =

22.6 Hz), 113.5, 55.3. 1%F NMR (565 MHz, Chloroform-d) & -115.8. HRMS (ESI-TOF)
m/z: [M+H]* Calcd for C2oH16FO>" = 307.1129; Found 307.1126.

(J L
F O @)
(2'-Fluoro-[1,1'-biphenyl]-2-yl)(m-tolyl)methanone (1h)*: Yellow oil, 1.1 g, 95% yield.
IH NMR (400 MHz, Chloroform-d) & 7.60 — 7.43 (m, 6H), 7.27 — 7.12 (m, 4H), 7.07 —
7.01 (m, 1H), 6.92 — 6.85 (m, 1H), 2.30 (s, 3H). *C NMR (101 MHz, Chloroform-d) &
197.7, 159.0 (d, J = 246.4 Hz), 139.2, 137.7, 137.2, 135.2, 133.5, 131.4 (d, J = 4.0 Hz),
131.0, 130.4, 129.4 (d, J = 8.1 Hz), 129.2, 128.1, 127.9, 127.5, 127.2, 124.0 (d, J = 4.0

Hz), 115.4,115.2, 21.1.°F NMR (376 MHz, Chloroform-d) & -115.6. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for CooH16FO* = 291.1180; Found 291.1178.

F!O/O
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(2'-Fluoro-[1,1'-biphenyl]-2-yl)(2-methoxyphenyl)methanone (1i)*: Yellow liquid,
1.54 g, 95% yield. 'H NMR (400 MHz, Chloroform-d) & 7.62 (dd, J = 7.6, 1.5 Hz, 1H),
7.54 — 7.48 (m, 1H), 7.44 — 7.33 (m, 3H), 7.28 — 7.23 (m, 1H), 7.20 — 7.07 (m, 2H), 7.02
—6.95 (M, 1H), 6.86 — 6.77 (m, 2H), 6.68 (d, J = 8.4, 1.0 Hz, 1H), 3.57 (s, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 196.9, 159.0 (d, J = 247.4 Hz), 158.0, 140.6, 135.0, 132.9,
131.4 (d, J = 4.0 Hz), 130.9, 130.7, 130.5, 129.2, 129.0 (d, J = 8.1 Hz), 128.3, 128.2 (d,
J=16.2 Hz), 127.5, 123.5 (d, J = 3.0 Hz), 119.9, 115.0 (d, J = 21.2 Hz), 111.0, 55.3. 1%F
NMR (376 MHz, Chloroform-d) & -115.9. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
CaoH16FO2" = 307.1129; Found 307.1127.

(J L]

F O )

(2'-Fluoro-[1,1'-biphenyl]-2-yl)(o-tolyl)methanone (1j)!: White solid, 0.63 g, 75%
yield. 1H NMR (600 MHz, Chloroform-d) & 7.56 (t, J = 7.2 Hz, 2H), 7.44 (t, J = 7.6 Hz,
1H), 7.39 (d, J = 7.6 Hz, 1H), 7.28 (d, J = 7.7 Hz, 1H), 7.24 — 7.19 (m, 2H), 7.18 — 7.13
(m, 1H),7.10-7.03 (m, 3H), 6.87 (t, 1H), 2.38 (s, 3H). *C NMR (101 MHz, Chloroform-
d) 6 199.3, 158.9 (d, J =246.4 Hz), 140.1, 138.7, 137.7, 135.6, 131.1, 131.0, 131.0, 131.0,
130.7, 129.9, 129.3 (d, J = 7.1 Hz), 128.4, 128.2, 127.7, 124.9, 123.9 (d, J = 4.0 Hz),

115.2 (d, J = 22.2 Hz), 20.4. °F NMR (376 MHz, Chloroform-d) 6 -115.6. HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C20H16FO™ = 291.1180; Found 291.1177.

F O
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(2'-Fluoro-4-methyl-[1,1'-biphenyl]-2-yl)(phenyl)methanone (1k)!: White solid, 0.63
g, 95% yield. 'TH NMR (400 MHz, Chloroform-d) § 7.69 (d, 2H), 7.45 — 7.36 (m, 2H),
7.30 (t, J = 8.4, 7.1 Hz, 2H), 7.20 (td, J = 7.6, 1.9 Hz, 1H), 7.15 — 7.05 (m, 3H), 7.00 (t, J
=75, 1.2 Hz, 1H), 6.86 (t, J = 9.7, 8.2, 1.2 Hz, 1H), 3.85 (s, 3H). 13C NMR (101 MHz,
Chloroform-d) 6 197.4, 159.1 (d, J = 242.4 Hz), 158.8, 140.1, 137.0, 132.7, 132.2, 131.5
(d, J=3.0 Hz), 129.9, 129.0 (d, J = 8.1 Hz), 128.0, 127.6, 127.5, 127.4, 123.9 (d, J = 4.0
Hz), 116.3, 115.4,115.2, 114.3,55.5. 1°F NMR (376 MHz, ) § -115.8. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for C2oH16FO™ = 291.1180; Found 291.1179.

(L]

F O o)

(2'-Fluoro-4'-methyl-[1,1'-biphenyl]-2-yl)(o-tolyl)methanone (11): Colorless oil, 0.63
g, 80% yield. 'H NMR (400 MHz, Chloroform-d) & 7.58 — 7.50 (m, 2H), 7.43 — 7.37 (m,
2H), 7.30 (d, J = 7.7, 1.3 Hz, 1H), 7.28 — 7.21 (m, 1H), 7.14 — 7.04 (m, 3H), 6.88 (d, J =
7.7,1.7,0.8 Hz, 1H), 6.71 (d, J = 10.6, 1.4 Hz, 1H), 2.39 (s, 3H), 2.27 (5, 3H). 3C NMR
(151 MHz, Chloroform-d) & 199.4, 158.8 (d, J = 246.1 Hz), 140.1, 139.8 (d, J = 7.6 Hz),
138.8, 137.7, 135.8, 131.3, 131.2, 131.0 (d, J = 6.0 Hz), 130.9, 130.7 (d, J = 4.5 Hz),
130.0,127.4,125.3,125.2,124.9, 124.7 (d, J = 3.0 Hz), 115.8 (d, J = 22.6 Hz), 21.0, 20.5.

19F NMR (376 MHz, Chloroform-d) § -116.7. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
C21H18OF" = 305.1336; Found 305.1336.

sUSH
FO
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(2'-Fluoro-4'-methyl-[1,1'-biphenyl]-2-yl)(4-methoxyphenyl)methanone (Im)*:
Yellow solid, 0.61 g, 76% yield. *H NMR (400 MHz, Chloroform-d) § 7.72 (d, J = 8.9
Hz, 2H), 7.57 — 7.41 (m, 4H), 7.13 (t, = 7.9 Hz, 1H), 6.88 — 6.79 (m, 3H), 6.74 (d, 1H),
3.82 (s, 3H), 2.27 (s, 3H). 2*C NMR (101 MHz, Chloroform-d) § 196.3, 163.3, 158.9 (d,
J=247.4Hz),139.9, 139.8, 139.5, 135.0, 132.4, 131.1, 131.0, 130.1, 130.0, 128.7, 127.1,
124.9, 124.8 (d, J = 3.0 Hz), 116.0, 115.8, 113.3, 55.4, 21.0. 1°F NMR (376 MHz,
Chloroform-d) & -117.0. HRMS (ESI-TOF) m/z: [M+H]" Calcd for Cx1H1sFO;" =
321.1285; Found 321.1284.

oves
(2'-Fluoro-5'-methyl-[1,1'-biphenyl]-2-yl)(4-fluorophenyl)methanone (1n)!: White
solid, 0.37 g, 50% yield. 'H NMR (400 MHz, Chloroform-d) § 7.80 — 7.67 (m, 2H), 7.62
—7.43 (m, 4H), 7.10 — 6.92 (m, 4H), 6.78 (t, = 9.9, 8.4 Hz, 1H), 2.26 (s, 3H). *C NMR
(101 MHz, Chloroform-d) § 196.2, 165.4 (d, J = 256.5 Hz), 157.2 (d, J = 244.4 Hz), 138.9,
135.4, 133.8, 133.6 (d, J = 4.0 Hz), 132.5 (d, J = 9.1 Hz), 131.8 (d, J = 3.0 Hz), 131.1,
130.7, 130.0 (d, J = 8.1 Hz), 129.0, 127.5, 127.3 (d, J = 16.2 Hz), 115.2 (d, J = 8.1 Hz),

115.0 (d, J = 8.1 Hz), 20.6.1°F NMR (376 MHz, Chloroform-d) § -105.7, -121.4. HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C2oH1sF20* = 309.1085; Found 309.1085.

L
FO

S11



(2'-Fluoro-4'-methyl-[1,1'-biphenyl]-2-yl)(4-fluorophenyl)methanone (10)!: White
solid, 0.37 g, 93% yield. 'H NMR (400 MHz, Chloroform-d) & 7.77 — 7.69 (m, 2H), 7.61
—7.54 (m, 1H), 7.54 — 7.41 (m, 3H), 7.12 (t, J = 7.9 Hz, 1H), 7.04 — 6.95 (m, 2H), 6.87
(d, 1H), 6.73 (d, J = 11.2, 1.6 Hz, 1H), 2.27 (s, 3H). 3C NMR (101 MHz, Chloroform-d)
§196.2, 165.5 (d, J = 255.5 Hz), 158.8 (d, J = 246.4 Hz), 140.2 (d, J = 8.1 Hz), 138.9,
135.3, 133.7 (d, J = 3.0 Hz), 132.6 (d, J = 9.1 Hz), 131.2, 131.1 (d, J = 4.0 Hz), 130.6,
128.9, 127.4,124.9 (d, J = 3.0 Hz), 124.7 (d, J = 15.2 Hz), 116.0 (d, J = 22.2 Hz), 115.2
(d,J=22.2 Hz), 21.1.°F NMR (376 MHz, Chloroform-d) § -105.6, -117.0. HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C2oH1sF20" = 309.1085; Found 309.1083.
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3. General Procedure of Asymmetric Hydrogenation

General procedure: To a 4.0 mL vial was added the catalyst precursor [Ir(COD)CI]» (6.7
mg, 0.01 mmol), f-phamidol (L1) (11.6 mg, 0.02 mmol) and anhydrous THF (1.0 mL)
under argon atmosphere. The mixture was stirred for 2.0 h at 25°C giving orange red
solution in the argon-filled glovebox. The resulting solution (100 pL) transferred by
syringe into a 5.0 mL vial charged with fresh distilled substrate a-aminoketones (0.2
mmol) and NaOMe (0.4 mmol, 21.6 mg, 2 equiv) in 2.0 mL anhydrous THF. The vials
were transferred to an autoclave, which was then charged with 50 atm of H», stirred at
room temperature for 12 h and further stirred at 80°C for 4 h. The hydrogen gas was
released slowly in a well-ventilated hood and the solution was concentrated and passed
through a short column ofsilica gel to get the product. The product was analyzed by chiral

HPLC for ee values.

[Ir(COD)Cl],/f-phamidol (1 mol%)

F

=

y Ar H, (60 atm), Cs,CO3, toluene R@--'Ar

S then tBuOK , toluene, 110 °C, 12 h X0
3 4

To a 10.0 mL vial equipped with a magnetic stir bar was added [Ir(COD).Cl]. (6.7 mg,
0.01 mmol) and f-phamidol (L1) (11.6 mg, 0.02 mmol) in dry toluene (10.0 mL) in an
argon-filled glovebox. An Ir/f-phamidol-precatalyst solution (0.001 M) was formed after
stirring for 30 min. To a 4.0 mL vial equipped with a magnetic stir bar was added ketones
3 (0.2 mmol, 1.0 eq.) and Cs,CO3 (195.5 mg, 0.6 mmol, 3.0 eq.) in an argon-filled
glovebox. Then, a solution of Ir/f-phamidol-precatalyst (0.001 M, 1.0 mL) was added into
the 4.0 mL vial, followed dried toluene (1.0 mL). The vial was transferred into the
autoclave. The autoclave was quickly purged with hydrogen gas for three times, and then
pressurized to 60 atm H». The reaction solution was stirred at room temperature for 48 h,
and then the pressure was released carefully. Next, tBuOK (44.9 mg, 0.4 mmol) was
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added into the system. The reaction was then heated to 110 °C for 12 h under Ar
atmosphere. After that, the reaction system was cooled to room temperature and diluted
with EtOAc (2.0 mL). Then, the solvent was removed under reduced pressure. The crude
product was purified by flash chromatography on silica gel (silica: 200-300 mesh, eluent:

petroleum ether) to afford the corresponding pure product 4.

3.1 Characterization Data of Products

\@

(S)-6-phenyl-6H-benzo[c]chromene (2a): Colorless liquid, 51 mg, 99% yield, 96% ee;
[0]%p = +30.6 (c = 0.5, CHCI3); HPLC (Chiralpak OD-3 column, hexane/isopropanol =
95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 8.7 min (minor), t2 = 9.6 min
(major). 'H NMR (600 MHz, Chloroform-d) & 7.76 (t, J = 8.2 Hz, 2H), 7.42 — 7.31 (m,
6H), 7.26 — 7.19 (m, 2H), 7.07 — 6.97 (m, 2H), 6.85 (d, J = 7.6 Hz, 1H), 6.16 (s, 1H).13C
NMR (151 MHz, Chloroform-d) 8 153.6, 139.6, 134.0, 130.1, 129.6, 128.5, 128.5, 128.4,
128.2,127.6, 126.3, 123.1, 122.8, 122.1, 117.9, 79.7.

sHes

<8

(S)-6-(4-chlorophenyl)-6H-benzo[c]chromene (2b): Yellow solid, 58 mg, 99% vyield,
85% ee; [a]®> = +12.6 (c = 1.0, CHCI3); HPLC (Chiralpak 0OJ-3 column,

hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 13.4

min (major), t2 = 15.8 min (minor). 'H NMR (600 MHz, Chloroform-d) & 7.77 — 7.70 (m,
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2H), 7.39 (t, J = 7.6, 1.3 Hz, 1H), 7.28 (t, J = 2.1 Hz, 4H), 7.25 — 7.18 (m, 2H), 7.02 (t, J
=75, 1.2 Hz, 1H), 6.97 (d, J = 8.1, 1.3 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.12 (s, 1H).
13C NMR (151 MHz, Chloroform-d) & 153.2, 138.1, 134.2, 133.3, 129.9, 129.7, 129.4,
128.6, 128.6, 127.7, 126.1, 123.1, 122.6, 122.2 (d, J = 4.5 Hz), 117.9, 78.7.

a

(S)-6-(4-fluorophenyl)-6H-benzo[c]chromene (2c): Yellow solid, 55 mg, 99% yield, 95%
ee; [0]%p = +21.6 (c = 1.45, CHCI3); HPLC (Chiralpak OJ-3 column, hexane/isopropanol

= 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 14.4 min (minor), to = 15.3
min (major). *H NMR (400 MHz, Chloroform-d) & 7.74 (t, J = 8.1, 1.4 Hz, 2H), 7.42 —
7.27 (m, 3H), 7.27 — 7.16 (m, 2H), 7.05 — 6.95 (m, 4H), 6.83 (d, 1H), 6.13 (s, 1H). 3C
NMR (101 MHz, Chloroform-d) & 162.6 (d, J = 247.4 Hz), 153.3, 135.4 (d, J = 3.0 Hz),
133.6, 130.0, 129.9 (d, J = 8.1 Hz), 129.6, 128.6, 127.6, 126.1, 123.1, 122.7, 122.2 (d, J
= 2.0 Hz), 117.9, 115.4, 115.2, 78.8. 1°F NMR (376 MHz, Chloroform-d) & -113.5.
HRMS (ESI-TOF) m/z: [M+H]* Calcd for C1gH14FO* = 277.1023; Found 277.1020.

0.

98

(S)-6-(4-methoxyphenyl)-6H-benzo[c]chromene (2d)?: Yellow oil, 56 mg, 98% vyield,
89% ee; [a]®> = +14.0(c = 1.0, CHCIl3); HPLC (Chiralpak 0OJ-3 column,

hexane/isopropanol = 70/30; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 16.2

min (major), t2 = 20.0 min (minor). *H NMR (400 MHz, Chloroform-d) 6 7.76 (t, J = 7.5,
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5.8, 1.4 Hz, 2H), 7.39 (t, J = 7.7, 1.3 Hz, 1H), 7.29 (d, 2H), 7.24 — 7.18 (m, 2H), 7.03 (t,
J=75,1.2Hz, 1H), 6.97 (d, J = 8.0, 1.2 Hz, 1H), 6.90 — 6.84 (m, 3H), 6.13 (s, 1H), 3.79
(s, 3H). 3C NMR (101 MHz, Chloroform-d) & 159.6, 153.6, 134.2, 131.7, 130.1, 129.5,
129.5, 128.4, 127.6, 126.2, 123.0, 122.8, 122.0, 122.0, 117.9, 113.8, 79.3, 55.2.

.

O 0]

(S)-6-(p-tolyl)-6H-benzo[c]chromene (2e)?: White solid, 54 mg, 99% yield, 96% ee;
[0]®p = +23.6(c = 1.0, CHCIs); HPLC (Chiralpak OD-3 column, hexane/isopropanol =
90/10; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 5.6 min (major), t> = 6.2 min
(minor). *H NMR (400 MHz, Chloroform-d) 6 7.77 — 7.71 (m, 2H), 7.37 (t, J = 7.6, 1.3
Hz, 1H), 7.28 — 7.12 (m, 7H), 7.05 — 6.95 (m, 2H), 6.85 (d, J = 7.7, 0.9 Hz, 1H), 6.12 (s,
1H), 2.33 (s, 3H).*C NMR (101 MHz, Chloroform-d) § 153.6, 138.1, 136.6, 134.1, 130.0,
129.5,129.1, 128.3, 128.1, 127.5, 126.2, 123.0, 122.7, 122.0, 122.0, 117.9, 79.5, 21.2.

\@F

(S)-6-(3-fluorophenyl)-6H-benzo[c]chromene (2f): Yellow oil, 54 mg, 99% yield, 65%
ee; [a]®p = - 0.93(c = 1.0, CHCIs); HPLC (Chiralpak 0J-3 column, hexane/isopropanol
= 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 13.5 min (major), t> = 16.0
min (minor). 'H NMR (400 MHz, Chloroform-d) § 7.79 — 7.70 (m, 2H), 7.40 (t, J = 7.6,
1.3 Hz, 1H), 7.32 — 7.18 (m, 3H), 7.13 (d, J = 7.7, 1.2 Hz, 1H), 7.10 — 6.95 (m, 4H), 6.88
(d, J = 7.6 Hz, 1H), 6.14 (s, 1H). 2*C NMR (101 MHz, Chloroform-d) § 162.8 (d, J =
247.4 Hz), 153.2, 142.2 (d, J = 7.1 Hz), 133.1, 129.9 (d, J = 8.1 Hz), 129.7, 128.7, 127.7,
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126.1, 123.6 (d, J = 2.0 Hz), 123.1, 122.6, 122.3, 122.2, 117.9, 115.3, 115.1 (d, J = 3.0
Hz), 114.9, 78.7 (d, J = 2.0 Hz). 1°F NMR (376 MHz, Chloroform-d) & -112.6. HRMS
(ESI-TOF) m/z: [M+H]" Calcd for C19H14FO™ = 277.1023; Found 277.1021.

5

(S)-6-(3-methoxyphenyl)-6H-benzo[c]chromene (2g)% Yellow oil, 57 mg, 99% vyield,
90% ee; [a]® = + 21.27 (c = 1.45, CHCI3); HPLC (Chiralpak OJ-3 column,
hexane/isopropanol = 70/30; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 18.4
min (major), t2 = 23.2 min (minor). *H NMR (600 MHz, Chloroform-d) 6 7.74 (t, J = 7.5,
5.4,1.3 Hz, 2H), 7.38 (t, J = 7.6, 1.3 Hz, 1H), 7.28 — 7.19 (m, 3H), 7.06 — 6.98 (m, 2H),
6.95 (d, J = 5.0, 2.8 Hz, 2H), 6.86 (t, 2H), 6.12 (s, 1H), 3.74 (s, 3H). 3C NMR (151 MHz,
Chloroform-d) & 159.7, 153.6, 141.0, 133.8, 129.9, 129.6, 129.4, 128.4, 127.6, 126.2,
123.1,122.7,122.1, 122.0, 120.5, 117.8, 113.9, 113.5, 79.5, 55.2.

LU

O o)

(S)-6-(m-tolyl)-6H-benzo[c]chromene (2h): Yellow solid, 54 mg, 99% vyield, 96% ee;
[0]?% = + 13.2 (¢ = 1.45, CHCIl3); HPLC (Chiralpak 0J-3 column, hexane/isopropanol
= 97/3; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 19.9 min (major), t> = 22.5
min (minor). *H NMR (400 MHz, Chloroform-d) § 7.73 (d, J = 7.7, 1.8 Hz, 2H), 7.36 {t,
J=7.6, 1.3 Hz, 1H), 7.25 — 7.10 (m, 7H), 7.05 — 6.97 (m, 2H), 6.81 (d, J = 7.6 Hz, 1H),
6.09 (s, 1H), 2.32 (s, 3H). 3C NMR (101 MHz, Chloroform-d) & 153.7, 139.4, 138.1,

134.1, 130.0, 129.5, 129.2, 128.8, 128.4, 128.3, 127.5, 126.2, 125.3, 123.1, 122.7, 122.0,
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122.0,117.8,79.8, 21.4. HRMS (ESI-TOF) m/z: [M+H]" Calcd for CooH170™ = 273.1274;
Found 273.1269.

(R)-6-(2-methoxyphenyl)-6H-benzo[c]chromene (2i): White solid, 57 mg, 99% yield,
68% ee; [a]®> = -13.7 (c = 1.0, CHCI3); HPLC (Chiralpak 0J-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 12.1
min (major), t2 = 14.7 min (minor). *H NMR (400 MHz, Chloroform-d) & 7.77 (t, 2H),
7.39 — 7.29 (m, 3H), 7.24 — 7.16 (m, 2H), 7.06 (t, J = 7.6, 1.3 Hz, 1H), 7.01 — 6.91 (m,
3H), 6.76 (d, 1H), 6.63 (s, 1H), 3.87 (s, 3H). :3C NMR (101 MHz, Chloroform-d) & 157.1,
154.3,134.2,130.4, 129.5, 129.4, 129.0, 128.1, 127.8, 127.7, 125.8, 123.1, 122.9, 121.9,
121.8, 120.9, 117.7, 110.6, 73.5, 55.6. HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C20H1702" = 289.1223; Found 289.1218.

20

(S)-6-(0-tolyl)-6H-benzo[c]chromene (2j): Brown oil, 54 mg, 99% vyield, 94% ee; [a]*%b
=-1.6 (c = 1.0, CHCIz); HPLC (Chiralpak OJ-3 column, hexane/isopropanol = 95/5;
flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 8.9 min (major), t = 11.0 min
(minor). *H NMR (400 MHz, Chloroform-d) 6 7.79 — 7.74 (m, 2H), 7.37 (t, J = 7.6, 1.3
Hz, 1H), 7.28 — 7.22 (m, 3H), 7.22 — 7.14 (m, 3H), 7.05 (t, J = 7.5, 1.3 Hz, 1H), 6.97 (d,
J=8.0, 1.3 Hz, 1H), 6.67 (d, J = 7.6, 1.1 Hz, 1H), 6.31 (s, 1H), 2.40 (s, 3H). 13C NMR
(101 MHz, Chloroform-d) 6 154.1, 137.1, 137.0, 133.8, 130.7, 130.5, 129.5, 128.7, 128 .4,
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128.4, 127.7, 126.1, 125.6, 123.1, 122.9, 122.1, 122.0, 117.6, 77.7, 19.6. HRMS (ESI-
TOF) m/z: [M+H]* Calcd for C2oH1s0* = 273.1274; Found 273.1268.

@
e

(S)-8-methyl-6-phenyl-6H-benzo[c]chromene (2k): Yellow solid, 54 mg, 99% yield,
94% ee; [0]®p = +54.67 (¢ = 1.0, CHCIl3); HPLC (Chiralpak OD-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t1 = 8.4 min
(major), t2 = 9.0 min (minor). *H NMR (400 MHz, Chloroform-d) & 7.67 (t, 2H), 7.47 —
7.23 (m, 5H), 7.15 (t, J = 7.8, 1.6 Hz, 1H), 7.08 — 6.83 (m, 3H), 6.39 (d, J = 2.6, 0.8 Hz,
1H), 6.10 (s, 1H), 3.72 (s, 3H). 3C NMR (101 MHz, Chloroform-d) § 159.3, 152.8, 139.4,
135.5,128.5, 128.5, 128.4, 128.1, 123.5, 122.9, 122.8, 122.4, 122.1, 117.7, 113.7, 111.9,
79.6, 55.2. HRMS (ESI-TOF) m/z: [M+H]* Calcd for CaoH17O* = 273.1274; Found
273.1274.

o

(S)-3-methyl-6-(o-tolyl)-6H-benzo[c]chromene (21): Colorless oil, 56 mg, 98% yield,
95% ee; [a]®> = - 225 (¢ = 1.0, CHCIl3); HPLC (Chiralpak 0J-3 column,
hexane/isopropanol = 90/10; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 8.2
min (major), t2 = 10.0 min (minor). *H NMR (400 MHz, Chloroform-d) § 7.71 (d, J = 7.8,
1.1 Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.34 (t, J = 7.6, 1.2 Hz, 1H), 7.26 — 7.10 (m, 5H),

6.85 (d, J = 7.9, 1.6 Hz, 1H), 6.79 (s, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.28 (s, 1H), 2.40 (s,
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3H), 2.29 (s, 3H). 3C NMR (101 MHz, Chloroform-d) § 154.0, 139.9, 137.2, 137.0, 133.4,
130.7, 128.7, 128.3, 128.3, 127.3, 126.1, 125.6, 123.0, 122.9, 121.7, 120.1, 118.0, 77.7,
21.3, 19.6. HRMS (ESI-TOF) m/z: [M+H]" Calcd for CaiH160* = 287.1430; Found
287.1426.

oL

<)

(S)-6-(4-methoxyphenyl)-3-methyl-6H-benzo[c]chromene (2m)?2: Black solid, 59 mg,
98% yield, 92% ee; [a]*b = - 0.4 (c = 1.0, CHCI3); HPLC (Chiralpak As-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 5.2 min
(minor), t2 = 6.0 min (major). *H NMR (400 MHz, Chloroform-d) § 7.70 (d, J =7.9, 1.2
Hz, 1H), 7.60 (d, J =7.9 Hz, 1H), 7.34 (t, J = 7.6, 1.3 Hz, 1H), 7.26 (d, 2H), 7.18 (t, 1H),
6.87 — 6.76 (m, 5H), 6.08 (s, 1H), 3.74 (s, 3H), 2.28 (s, 3H). *C NMR (101 MHz,

Chloroform-d) & 159.5, 153.4, 139.9, 133.7, 131.9, 130.2, 129.4, 128.3, 127.1, 126.1,
122.9,122.8,121.7, 119.9, 118.2, 113.8, 79.2, 55.2, 21.3.

sVed

9
(S)-6-(4-fluorophenyl)-2-methyl-6H-benzo[c]chromene (2n): White solid, 31 mg, 54%
yield, 94% ee; [a]*® = + 41.5 (¢ = 1.0, CHCIs); HPLC (Chiralpak AD-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 6.2 min

(minor), t2 = 6.8 min (major). *H NMR (400 MHz, Chloroform-d) § 7.81 (d, J=7.8, 1.2
Hz, 1H), 7.59 (s, 1H), 7.48 — 7.33 (m, 3H), 7.29 (t, 1H), 7.13 — 6.99 (m, 3H), 6.97 — 6.82
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(m, 2H), 6.15 (s, 1H), 2.39 (s, 3H). $3C NMR (101 MHz, Chloroform-d) § 162.6 (d, J =
248.5 Hz), 151.1, 135.5 (d, J = 3.0 Hz), 133.7, 131.4, 130.3, 130.1, 129.9 (d, J = 9.1 Hz),
128.5, 127.5, 126.1, 123.5, 122.3, 122.1, 117.6, 115.3 (d, J = 21.2 Hz), 78.8, 20.9. *°F
NMR (376 MHz, Chloroform-d) § -113.7. HRMS (ESI-TOF) m/z: [M+H]" Calcd for
CooH16FO™ = 291.1180; Found 291.1176.

sNe)

O o]

(S)-6-(4-fluorophenyl)-3-methyl-6H-benzo[c]chromene (20): Yellow solid, 58 mg, 99%
yield, 95% ee; [a]®> = + 41.5 (¢ = 1.0, CHCIs); HPLC (Chiralpak OJ-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 220 nm; t; = 12.5
min (major), t2 = 21.2 min (minor). *H NMR (400 MHz, Chloroform-d) § 7.78 (d, J = 7.7
Hz, 1H), 7.67 (d, J = 7.9 Hz, 1H), 7.46 — 7.34 (m, 3H), 7.29 — 7.23 (m, 1H), 7.07 (t, J =
8.7 Hz, 2H), 6.96 — 6.77 (m, 3H), 6.17 (s, 1H), 2.36 (s, 3H). 3C NMR (101 MHz,
Chloroform-d) 6 162.6 (d, J =247.4 Hz), 153.2, 140.1, 135.6 (d, J = 3.0 Hz), 133.2, 130.1,
129.9 (d, J =8.1 Hz), 128.5, 127.2, 126.1, 123.1, 122.9, 121.8, 119.9, 118.3, 115.3 (d, J

=22.2 Hz), 78.8, 21.3. 1%F NMR (376 MHz, Chloroform-d) 6 -113.7. HRMS (ESI-TOF)
m/z: [M+H]" Calcd for CooH16FO* = 291.1180; Found 291.1175.

Me O \\\\©
Me O (0]

(S)-1,10-dimethyl-6-phenyl-6H-benzo[c]chromene (2p): colorless oil, 52.7 mg, 92%
yield, 3:1d.r., 68% ee; [0]*°p = + 20.1 (¢ = 1.0, CHClI3); HPLC (Chiralpak 0J-3 column,
hexane/isopropanol = 95/5; flow rate = 1.0 mL/min; UV detection at 254 nm; t; = 7.094
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min (minor), t2 = 12.900 min (major). *H NMR (400 MHz, CDCls) § 7.38-7.33 (m, 14H,
major+minor), 7.26-6.99 (m, 18H, major+minor), 6.96-6.87 (m, 7H, major, 6H ; minor
1H), 6.74-6.65 (m, 2H, minor), 6.32 (d, J = 7.5 Hz, 3H, major), 6.10 (s, 1H, minor), 5.49
(s, 3H), 2.30 (s, 9H, major), 2.25 (s, 9H, major), 2.24 (s, 3H, minor), 2.15 (s, 3H, minor).
13C NMR (100 MHz,CDCls3) & 157.3 (major), 154.5 (minor), 141.0 (major), 138.7
(minor), 138.5 (major), 137.8 (minor), 136.0 (major), 135.5 (minor), 135.4 (minor), 134.3
(major), 131.2 (minor), 131.0 (major), 130.5 (major), 130.1 (minor), 128.5 (major), 128.4
(minor), 128.3 (major), 128.1 (minor), 127.9 (major), 127.8 (major+minor), 127.6
(minor), 126.6 (minor), 126.4 (major), 124.9 (minor), 124.7 (major), 124.5 (major), 124.3
(minor), 123.7 (minor), 122.3 (major), 115.4 (minor), 113.8 (major). HRMS (ESI-TOF)
m/z: [M+H]" Calcd for Co1H190" = 287.1430; Found 287.1440.

1Ph
0

(R)-4-fluoro-2-phenyl-2,3-dihydrobenzofuran (4a)
Colorless oil, 40.3 mg, 94% yield, 99% ee. [a]p?° = +3.80 (¢ = 0.50, CHCls). HPLC: The

ee was determined by chiral HPLC (Chiralpak OD-3, n-hexane/isopropanol 98:2 v/v,
flow rate 1.0 mL/min, A = 254 nm, 25 °C). Retention times: tr = 6.094 min (major), tr =
9.415 min (minor). *H NMR (400 MHz, CDCl3) & (ppm) 7.41-7.36 (m, 4H), 7.36-7.29
(m, 1H), 7.16-7.07 (m, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.59 (t, J = 8.4 Hz, 1H), 5.80 (dd, J
=9.3, 8.2 Hz, 1H), 3.66 (dd, J = 15.8, 9.5 Hz, 1H), 3.22 (dd, J = 15.8, 8.0 Hz, 1H). C
NMR (100 MHz, CDCls) & (ppm) 161.9 (d, J = 8.7 Hz), 159.3 (d, J = 247.1 Hz), 141.3,
129.6 (d, J =8.8 Hz), 128.7, 128.2, 125.7, 112.9 (d, J = 21.5 Hz), 107.7 (d, J = 20.3 Hz),
105.3 (d, J = 4.5 Hz), 84.9, 35.0. °F NMR (376 MHz, CDCls) & (ppm) -116.80. HRMS
(ESI) m/z: calcd for C14H10FO™ [M-H]:213.0721, found: 213.0714.
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(R)-4-fluoro-2-(4-methoxyphenyl)-2,3-dihydrobenzofuran (4b)
Colorless oil, 45.4 mg, 93% yield, 98% ee. [a]p?° = -49.00 (c = 0.50, CHCI3). HPLC: The

ee was determined by chiral HPLC (Chiralpak OD-3, n-hexane/isopropanol 98:2 v/v,
flow rate 1.0 mL/min, A = 254 nm, 25 °C). Retention times: tr = 7.592 min (major), tr =
9.840 min (minor). *H NMR (400 MHz, CDCls) & (ppm) 7.35-7.30 (m, 2H), 7.15-7.07
(m, 1H), 6.94-6.88 (m, 2H), 6.63 (d, J = 8.0 Hz, 1H), 6.59 (t, J = 8.4 Hz, 1H), 5.82-5.72
(m, 1H), 3.81 (s, 3H), 3.63 (dd, J = 15.8, 9.4 Hz, 1H), 3.23 (dd, J = 15.8, 8.2 Hz, 1H). 1°C
NMR (100 MHz, CDCls) & (ppm) 161.8 (d, J = 8.2 Hz), 159.6, 159.3 (d, J = 246.5 Hz),
133.1,129.6 (d, J = 8.8 Hz), 127.3, 114.1, 113.1 (d, J = 20.8 Hz), 107.6 (d, J = 21.1 Hz),
105.3 (d, J = 3.6 Hz), 84.9, 55.3, 34.8. 1°F NMR (376 MHz, CDCls) & (ppm) -116.89.
HRMS (ESI) m/z: calcd for C1sH14FO2" [M+H]":245.0972, found: 245.0974.

cl O

(R)-6-chloro-2-phenyl-2,3-dihydrobenzofuran (4c)
Colorless oil, 42.9 mg, 93% yield, 96% ee. [0]p?° = -46.80 (c = 0.50, CHCI3). HPLC: The

ee was determined by chiral HPLC (Chiralpak OD-3, n-hexane/isopropanol 99:1 v/v,
flow rate 1.0 mL/min, A = 220 nm, 25 °C). Retention times: tr = 8.344 min (major), tr =
8.955 min (minor). *H NMR (400 MHz, CDCls3) & (ppm) 7.38-7.34 (m, 4H), 7.34-7.27
(m, 1H), 7.09-7.03 (m, 1H), 6.84 (d, J = 7.1 Hz, 2H), 5.77 (dd, J = 9.4, 8.1 Hz, 1H), 3.57
(dd, J = 15.7, 9.5 Hz, 1H), 3.14 (dd, J = 15.7, 8.0 Hz, 1H). 3C NMR (100 MHz, CDCls)
o (ppm) 160.4, 141.4, 133.4, 128.7, 128.2, 125.7, 125.3, 125.2, 120.7, 110.1, 85.0, 37.7.
HRMS (ESI) m/z: calcd for C14H10CIO™ [M-H]:229.0426, found: 229.0419.
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(R)-6-chloro-2-(thiophen-2-yl)-2,3-dihydrobenzofuran (4d)

Colorless oil, 43.5 mg, 92% yield, 98% ee. [a]o?® = +61.60 (¢ = 0.50, CHCIs). HPLC:
The ee was determined by chiral HPLC (Chiralpak OD-3, n-hexane/isopropanol 98:2 v/v,
flow rate 1.0 mL/min, A = 254 nm, 25 °C). Retention times: tr = 7.940 min (major), tr =
9.216 min (minor). *H NMR (400 MHz, CDCls3) & (ppm) 7.30 (dd, J = 5.1, 1.2 Hz, 1H),
7.12-7.08 (m, 2H), 6.99 (dd, J = 5.1, 3.5 Hz, 1H), 6.86 (dd, J = 7.9, 1.8 Hz, 1H), 6.82 (d,
J = 1.8 Hz, 1H), 6.03-5.97 (m, 1H), 3.59 (dd, J = 15.8, 9.2 Hz, 1H), 3.32 (ddd, J = 15.7,
7.8,0.9 Hz, 1H). 3C NMR (100 MHz, CDCl3) & (ppm) 159.7, 143.9, 133.6, 126.8, 125.8,
125.4, 125.2, 124.9, 120.9, 110.4, 80.9, 37.8. HRMS (ESI) m/z: calcd for C12H10CIOS*
[M+H]*: 237.0135, found: 237.0138.

cl O

(8)-6-chloro-2-methyl-2,3-dihydrobenzofuran (4e)

Colorless oil, 31.4 mg, 93% yield, 34% ee. [a]p? = -12.0 (¢ = 0.50, CHCI3). HPLC: The
ee was determined by chiral HPLC (Chiralpak OD-3, n-hexane/isopropanol 98:2 v/v,
flow rate 1.0 mL/min, A =254 nm, 25 °C). Retention times: tr = 11.892 min (major), tr =
13.038 min (minor). *H NMR (400 MHz, CDCls) & (ppm) 6.91 (d, J = 7.9 Hz, 1H), 6.68
(dd, J=7.9, 1.9 Hz, 1H), 6.63 (d, J = 1.8 Hz, 1H), 4.89-4.77 (m, 1H), 3.14 (dd, J = 15.5,
8.8 Hz, 1H), 2.64 (dd, J = 15.9, 8.0 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H). 13C NMR (100
MHz, CDCIs) 6 (ppm) 160.4, 133.1, 125.7, 125.3, 120.1, 110.0, 80.6, 77.3, 77.0, 76.7,
36.5, 21.6. HRMS (ESI) m/z: calcd for CoH1oCIO™ [M+H]": 169.0415, found: 169.0418.
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F

ph B
o Ph
o

5a 5b

Br

A mixture of Sa and 5b

Colorless oil, 54.5 mg, 93% yield. *H NMR (400 MHz, CDClIs) & (ppm) 7.42-7.26 (m,
7H, major+minor), 6.56 (d, J = 8.5 Hz, 1H, major+minor), 5.92 (dd, J = 9.5, 7.9 Hz,
0.14H, minor), 5.82 (dd, J =9.4, 8.1 Hz, 1H,major), 3.78 (ddt, J = 16.2, 9.5, 1.0 Hz, 0.16H,
minor), 3.69 (dd, J = 16.0, 9.5 Hz, 1H, major), 3.34 (ddt, J = 16.1, 7.9, 1.1 Hz, 0.15H,
minor), 3.25 (dd, J = 16.0, 8.0 Hz, 1H, major). 13C NMR (100 MHz, CDCls) & (ppm)
161.1 (d, J = 7.1 Hz, major), 158.2 (d, J = 7.7 Hz, minor), 156.4 (major), 155.8 (minor),
154.0 (major), 153.4 (minor), 140.7 (major), 140.0 (minor), 134.7 (minor), 132.7 (major),
128.8 (minor), 128.8 (major), 128.6 (minor), 128.4 (major), 125.6 (major+minor), 115.3
(d, J=23.2 Hz, minor), 114.6 (d, J = 22.6 Hz, major), 106.6 (d, J = 2.6 Hz, major+minor),
100.0 (d, J = 21.3 Hz, minor), 99.1 (d, J = 21.4 Hz, major), 85.9 (minor), 85.5 (major),
77.3,77.0,76.7, 36.4 (d, J = 2.1 Hz, minor), 35.4 (d, J = 1.9 Hz, major). **F NMR (376
MHz, CDCls) & (ppm) -110.13 (major), -111.56 (minor). HRMS (ESI) m/z: calcd for
C14H11BrFO* [M+H]": 292.9972, found: 292.9968.
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4. General Procedure of Transformation

F F
NBS (1.1 equiv.)
'Ph CH3CN (0.2 M) 'Ph
0 0°Ctort, 2h o

4a Br
5a, 93%, (o/p = 6:1)

To a 15 ml round flask was added racemic 4a (42.8mg, 0.2 mmol) in 2 mL CH3CN, the
flask was then cooled to 0 T in a ice bath. Then, N-bromosuccinimide (39.1 mg, 0.22
mmol) was added into the system, warmed to room temperature. The solution was stirred
at rt for 2 h. Then, the solvent was removed under reduced pressure. The crude product
was purified by flash chromatography on silica gel (silica: 200-300 mesh, eluent:
petroleum ether : EtOAc = 50:1-20: 1 v/v) to afford the corresponding product 5a as a
colorless oil with 93% yield.
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5. NMR Spectroscopic Data

'H NMR of 1a (400 MHz, Chloroform-d)
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1F NMR of 1a (400 MHz, Chloroform-d)
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13C NMR of 1b (101 MHz, Chloroform-d)
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1F NMR of 1¢ (400 MHz, Chloroform-d)
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13C NMR of 1d (101 MHz, Chloroform-d)
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'"H NMR of 1e (400 MHz, Chloroform-d)
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1F NMR of 1e (400 MHz, Chloroform-d)
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13C NMR of 1f (101 MHz, Chloroform-d)
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1F NMR of 1g (400 MHz, Chloroform-d)
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13C NMR of 1h (101 MHz, Chloroform-d)
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'"H NMR of 1i (400 MHz, Chloroform-d)
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1F NMR of 1i (400 MHz, Chloroform-d)
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13C NMR of 1j (101 MHz, Chloroform-d)
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'"H NMR of 1k (400 MHz, Chloroform-d)
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1F NMR of 1k (400 MHz, Chloroform-d)
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13C NMR of 11 (101 MHz, Chloroform-d)
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'"H NMR of 1m (400 MHz, Chloroform-d)
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1F NMR of 1m (400 MHz, Chloroform-d)
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13C NMR of 1n (101 MHz, Chloroform-d)

902 —

€10d0 L'92 \
€10a0 0°2L W
€10a0 ¥'LL

0'ShL
L'sLL
TShL
£GIL
zlzL
vizl
szl
0621 7
6621
0°0€L ]
roel
Liel ]
8'Lel
g'LElL
vzel ]

gzel ﬁ
seel
oeel | ﬁ
gest |

vaeL |
6'8el

0951 1
v'851 1
Zv9l
2991

~

i

2961 —

mmemmmwmw wwmmmwmwmmmwmwmwm

-10

(ppm)

£1

1'F NMR of 1n (400 MHz, Chloroform-d)

vz
vz
vz
vz
vz
€zl
9'504-
9501~
9'501-
9501~
§'S0L-

CLar

IS

A

(ppm)
S47

f1



'"H NMR of 10 (400 MHz, Chloroform-d)
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1F NMR of 10 (400 MHz, Chloroform-d)
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'"H NMR of 2b (400 MHz, Chloroform-d)
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TH NMR of 2¢ (400 MHz, Chloroform-d)
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1F NMR of 2¢ (400 MHz, Chloroform-d)
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13C NMR of 2d (101 MHz, Chloroform-d)
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13C NMR of 2e (101 MHz, Chloroform-d)

e —

€10d0 L'9L /

€10a0 0°2L >

€10d0 €42 *
G'6L

-10

(ppm)

1

IH NMR of 2f (400 MHz, Chloroform-d)

L9
889
68'9
96'9
96'9
169
16'9
86'9
66'9
66'9
00°L
oL
oL
2oL
€0°L
0L
G0'L
S0°L
90°L
90°L
80°L
80°L
60°L
cLL
42
€L
viL
vl
Sl
61°L
0z'L
oL
el
€T°L
€T,
€TL
veL
GCL
STAVA
9T’ L
1729
1229
1211
82,
62°L 7
0€L
e LA
8¢L
8€°L
oL
oy’ L
[A A
L
cLL

MNRV
vlL

GLL

GLL

YAV

LLL

(ppm)
S55

r1



13C NMR of 2f (101 MHz, Chloroform-d)
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'"H NMR of 2g (400 MHz, Chloroform-d)
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'"H NMR of 2h (400 MHz, Chloroform-d)
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'"H NMR of 2i (400 MHz, Chloroform-d)
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'"H NMR of 2j (400 MHz, Chloroform-d)
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'"H NMR of 2k (400 MHz, Chloroform-d)
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'H NMR of 21 (400 MHz, Chloroform-d)
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'"H NMR of 2i (400 MHz, Chloroform-d)
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'"H NMR of 2j (400 MHz, Chloroform-d)
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1F NMR of 2j (400 MHz, Chloroform-d)
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13C NMR of 2i (101 MHz, Chloroform-d)
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'H NMR (400 MHz, CDCL) of 2p
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"H NMR (400 MHz, CDCls) of 4a
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F NMR (376 MHz, CDCls) spectra of 4a
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"H NMR (400 MHz, CDCls) of 4¢
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'H NMR (400 MHz, CDCls) of 4d
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'H NMR (400 MHz, CDCls) of 4e
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19 NMR (400 MHz, CDCls) of 5a
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6. HPLC Spectra of the Products

HPLC spectra of 2a
DADT C, Sig=220,4 Ref=360,100 [DACHEMSTA. WA T-1=83-P20W T-1263-P2 2020-08=04 15-00-3\relacalionD0003.0)

mal N aqg

1200 o ‘ﬁ.,{b ]

EEROYS

oo

6004 rac-2a

400 ={

200 -
T L] T T T T T
2 4 & B 10 i2 4 i

Signal 1: DADL C, Sig=220,4 Raf=360,100

Feak RetTims Type Width Area Height
¥ [min] [min) [mAT*=] [ sAL)

el BT l=mmmlmmmmmee e e e 1
1  B.96% FM  0.1669 1.24625ed 1244.70911 49.9398
2 9.924 BB 0.1660 1.24926ed 1156 89917 50.0602

DAD1 C, Sig=220,4 Ref=360,100 (WF YN T-1-63-p2t-1-63-p2 2020-09-04 15-00-22velacabon00004.0)
U 2
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Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Paak RetTime Type Width Araa Height
# [min] [min] [mau=*s] [man]

Area
%

1 B.651 BV 0.14%5 114.63354 11.78438
2 9.630 BB 0.1735 5477.12744 486.02441
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HPLC spectra of 2b

DAD1 C, Sig=220,4 Ref=380,100 (DACHEMSTA._ORWT-1-107-P3-0J-85-5 2020-11-12 21-21-58\relacationD0006_0)

mALl %
00 E
500
cl z
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Signal 1: DADL C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAD] %
e ] B | | -==mmmm e | = |
1 13.6394 EB 0.2B37 1.14168e4 611.70081 50.0571
2 1l&.114 EB 0.4347 1.13307=4 401.86435 49,9429

DAD1 C, S5ig=220,4 Ref=360,100 (WFY\Wt-1-107w-1-107-0J-95-5-P2 2020-11-03 10-54-41\relacation00009 D)
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Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |====]===== [ === | === | === |
1 13.372 BB 0.4235 4.27678e4 1612.35168 91.9195
2 15.830 BB 0.4220 3759.62305 136.21463 8.0805
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HPLC spectra of 2¢c

DAD1 C, Sig=220 4 Ref=360,100 (DACHEMSTA...0M\WT-1-107-0J-95-5-P2 2020-11-03 10-54-4 1\relacation00002 D)
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Signal 1: DAD1 C, S5ig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
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e EEEEEEE e R R | === |
1 14.629% BV 0.3447 2.32466ed4 1016.93384 49,8552

2 15.898 VB 0.4057 2.33816e4 B69.68231 50.1448
DAD1 G, Sig=220.4 Ref=360,100 (DAGHEMSTA_ 07WVT-1-107-P3-D1-05-5 2020-11-12 21-21-58relacalicnd0003.D)
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Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAT] %
e R e B | == | == | ===~ |
1 14.430 BV 0.3263 1543.907384 72.53063 2.5681
2 15.317 vB 0.4345 5.85745=4 2030.53772 57.4318

S78



HPLC spectra of 2d

DAD1 C, Sig=220.4 Ref=360,100 (DACHEMSTA..WT-1-118-P2-0J-80-20 2020-11-12 15-28-0N0nlineEdited-004.0)

mALl ®
o f
500 — r~
s¥es E
400
o]
O rac-2d
200
200
100
a S —
2‘5 é 7‘.5 1‘0 12"5 1.5 17.5 2;] 225 mir|
Signal 1: DAD]1 C, S5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [mad] %
e R e B | === | === | —==——=-- |
1 16.219 BB 0.4301 1.83458e4 632.30231 50.0650
2 19%.777 BB 0.6302 1.82982e4 444 .58417 45.3350

DAD1 C, Sig=220.4 Ref=360,100 (DACHEMSTA...1-119-P2-0J-80-20 2020-11-12 15-28-03\ralacation00003--005.D)

mAU 5

1000 — W
ol |

sVes
o .

(0]

O 2d
400
2

—
20019

Signal 1l: DAD]l C, 5ig=2i0,4 Ref=3&0,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAaU*s] [mAt] %
e | === | === |-————m—- |-———-—m—-- | ——---—-- |
1 16.231 BB 0.4266 3.05123ed4 1096.7161% 54.6973
2 20.019 BB 0.63B1 1708.56%0%9 41.00250 5.3027
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HPLC spectra of 2e

DAD1 C, Sig=220.4 Ref=360,100 (D\CHEMSTA. . 158\W T-1-154-00-3-95-5 2020-12-09 20-56-18\relacation00002.0)

Ay £ 8
1400 P &
1200
- OO
800 -
0]
600 <
rac-2e
400 -
200 -
0
2 4 5 8 10 12 14 16 i
Signal 1: DAD1 C, 5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
s [min] [min] [mAU*s] [mAl] %
S e | -—=—mmm- | ——==m—m-— | === |
1 B.576 BV 0.1652 1.545951ed 1443.B5791 45.7183
2 9.128 VB 0.1735 1.56707ed4 1365%.66626 50.2817
DAD1 C, Sig=220 4 Ref=360,100 (WFYwt-1-154wi-1-154-00-3-85-5 2020-12-09 20-56-18\relacation00003.0)
mAL 3
1200+
1000
-\\\
8004
)
Em ] O 2e
400 |
200+
g
0 VA
2 i 8 8 1 12 14 16 mid
Signal 1: DAD1 C, S5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mAal] %
e e | === | === | === |
1 E.354 BV R 0.1528 1.39576ed 1394.38110 B57.1610
2 9.033 VB E 0.1l68l 407.84030 37.14323 2.8330

S80



HPLC spectra of 2f

DAD1 C, Sig=220,4 Rel=360, 100 (DACHEMSTA.__O7\W T-1-107-P3-0.-85-5 2020-11-12 21-21-58\relacabion00004 D)
mAL 5 @
' 3
50 S
- O
F
400 =
O
300 =
rac-2f
200 -
100
0_4________/-—-__0\._____ _J —
5 10 15 20 %
Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAO*=] [mAld] %
e e R R | === | === [
1 13.5%2 BB 0.3364 1.41B06ed 045.35284 45.85a6%
2 16.07B BE 0.3638 1.42620e4 598.89777 50.1431
DADT C, Sig=220,4 Ref=360,100 (DACHEMSTA__OTWW T-1-107-P3-0J-05-5 2020-11-12 21-21-58velacalonD0005.0)
Al
]
a50 +
m_
250 O R
' F
200 0]
LS A .
100 g
0]
, . )
T T T T T
5 10 15 20 25
Peak RetTime Type Width hrea Height Area
# [min] [min] [mAD*s] [mAd] %
e B e | === | == |
1 13.548 BE 0.3155 7932.94043 386.37384 BZ.3376
2 16.04Z BE 0.3581 1671.38098 T1.66966 17.4024
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HPLC spectra of 2g

DAD1 C, Sig=220,4 Ref=360,100 (WFYWT-1-1...WT-1-118-F2-0J-80-20 2020-11-12 15-28-0 00 nlineEdited--006.0)
mAL i §
@
2
g
300 -
600 O O
@)
o I
400 =
rac-2g
200
o B I N
T T T T T T N
5 10 15 20 25 miiry
Signal 1: DAD]1 C, 5ig=220,4 Ref=360,100
Feak RetTime Type Width Area Height Araa
# [min] [min] [mAT*s) [mmld] %

el R R |-——-—-—-- e | -~ |
1 18.794 BB 0.5546 3.63708ed 994.73920 49.8B204
2 23.048 BB 0.6547 3.66331ed g60.51050 50.17%9¢&

DAD1 C, Sig=220.4 Ref=360,100 (WFYW T-1-1._WT-1-118-P2-0J-80-20 2020-11-12 15-28-03\0OnlineEdited—007.0r)
mALl 2

20001 O \\©\
B (@)
1500 - O
T 2

1000+

Signal 1: DADI C, Sig=220,4 Ref=3&0,100

Peak RetTime Type Width Area Height Area
L [min] [min] [mAU*s] [mAl] %
e R R | ===mmmmme |~ | === [
1 1EB.415% BB 0.55335 1.12854e5 2667.B2666 95.3653
2 23.218 BB 0.6347 54B4.62158 125%.B63a60 4.6347
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HPLC spectra of 2h

DADA C, Sig=220,4 Ref=360,100 (WFYhwt-1-1280wi-3-Me-0 J-3-97-3 2020-11-19 20-03-1 Zrelacationd0002.0)
mAL = ©
£
140~
120 -
100
80 o
80 ‘ rac-2h
0]
2]
0 %,-J\(
T T T T T
5 10 15 20 25 iiry

Signal 1: DAD1 C, S5ig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mAU] %
e e | === | ===—=m—mm- | == |
1 15.271 BV 0.6535 6411.579%5% 153.44704 4%3.5396
2 20.716 VB 0.6722 6530.75244 152.93167 50.4604
DAD1 C, Sig=220 4 Ref=350,100 (WFYiwi-1-128wmt-3-Me-0J-3-87-3 2020-11-19 20-03-12\relacation00003.0)
mal 7 o]
160
140
] “lii [:::1\\
\\\\
1004

40+

204

r.n—
=
&
ha
=
a
3

2

5

Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Faak RetTime Type Width Araa Height Area
# [min] [min] [mAl*s5] [man] %
- | e | === === | === I
1 19.%35 BB 0.8555 9887.25155 175.9695%2 97.8407
2 22.464 BB 0.7056 218.21060 3.72423 2.1593
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HPLC spectra of 2i

DAD1 C, Sig=220.4 Ref=350,100 (D-WCHEMSTA. 18\WT-1-118-2-MEQ-0J-3 2020-11-09 21-20-46\relacationd0002.0Y)

0 5 10 15 2 25 mir|
Signal 1: DaDl C, Sig=220,4 Ref=360,100
Feak RetTims Type Width Area Height Area
# [min] [min] [mAaT*s] [mAaU] %
] e ] B B el EEES Ry
1 12.717 BB 0.5730 9582.91016 247.88930 49,9819
2 15.253 BB 0.6193 9585%.83203 234.3%232 50.0181
DAD1 C, Sig=220,4 Ref=380, 100 (DACHEMSTA. 180WT-1-118-2-MEDQ-0J-3 2020-11-08 21-20-drelacationD000G.0)
mAL g
200 <
O N
150 < * ;
O _O
7 2i
g
50 i
o A~ -L___.ﬁ_qj____
5 10 15 I 35 min]

Signal 1: DADLl C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Rrea Height Rrea
¥ [min] [min] [mARU*=] [m&Lr] %
=== | mmmmman s | s mm— e | e e mm e | sm s s — e | sm————
1 12.133 BB 0.544% BEHE.545%0 240.76474 B4.12E6
2 14.88% EB 0.605% 1639%.01331 41.21609 15.8734
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HPLC spectra of 2j

11179

g 10 15 20 25

Signal 1: DADL C, Sig=220,4 Ref=3&0,100

Peak RetTime Type Width Area Height Area
# [min] [mim] [mAU*s] [mA&d] %
———|m—— e B e | e |- |
1 9.053 BV 0.4568 2.58570%=4 B79.913907 49.8354
2 11.179 VE 0.5379 2.59614e4 753.54535 50.1048

DAD1 C, Sig=220.,4 Rei=360,100 (WF Yiwt-1-159\banz1-2-Me-0J-3 2020-12-14 20-01-50\elacationD0003.0)
mALl 2

-
] .
)
400 =
T

Signal 1: DaDpl C, S5ig=220,4 Ref=360,100

FPeak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [maid] %

1 8.934 EB 0.4409 2.35340e4 BZ9.82886 97.0631
2 11.059 BB 0.4935 T12.07263 21.598534 Z2.9369
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HPLC spectra of 2I

DAD1 C, Sig=220,4 Ref=360, 100 (D\CHEMSTA._154\WT-1-154-0D-3-85-5 2020-12-09 20-56-18\relacation00002.D}
mAL ©

1400 & E
1200
- LA
800 0]
600 O rac-2k
400 -
200
1]
2 4 B 8 10 12 14 16 mi
Signal 1: DAD1 C, S5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAD*s] [mAl] %
e | === === | ====mm= | === | -——————- |
1 B.576 BV 0.1652 1.54551ed4 1443.B5791 45.7183
2 9.128 VB 0.1735 1.56707e4 13695.686626 50.2817
DAD1 C, Sig=220 4 Ref=360,100 (WFYwi-1-1541-1-154-00-3-85-5 2020-12-09 20-56-18relacalion00003.0)
mAL 3
1200
1000
L.
7 0
0 O 2 k
400 |
200
g
o A
2 i 5 8 10 12 1 1 mif
Signal 1: DAD1 C, S5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAl*s] [mAl] %
e e | -==—mmm- | —————————- | === |
1 B.3%4 BV R 0.1528 1.39576ed4 13594.38110 97.1610
2 9.033 VB E 0.1661 407.84030 37.14323 2.8330
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HPLC spectra of 2I

DADT C, Sig=220 4 Ref=360, 100 [DACHEMST A YW T-1-T7 TN T-1-171-P2 2021-01-08 0-56-3relacabon(002 D]
mAL =
250
g
= O
(0]
o
rac-2l
100 -
50
0
5 10 15 P 25 i}
Signal 1: DADL C, Sig=2Z0,4 Ref=360,100
Feak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mal] %
=== |- | === | === |-—————
1 8.387 BV 0D.5737 9792.11523 2g84.64941 49,8991
2 10.385 VB D.6733 9831.71875 224.35379 50.1009
200 ]
100 g
&
. AN
1 2 3 H 5 6 ]
Signal 1: DADL C, Sig=220,4 Ref=360,100
Feak RetTime Type Width Area Height Area
$  [min] [min] [mAU*s] [mAU] %

1 5.206 BE 0.1648 525.83871 44.81403 3.8558
2 &.005 BEA 0.2438 1.31142=4 B3Z 27734 BE.1442
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HPLC spectra of 2m

DAD1 C, Sig=220,4 Ref=360,100 (DACHEMSTA_WUT-1-175-0J-3-70-30 2021-0105 14-28-18\OnlineEdited—013.0)
mAl =]
&00 =
" QT i
A <l
300 4 rac-2m
2004
100
0
; 2 3 H 5 8 i
Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min) [min) [mAU*s] [mair] &
] B e | -——mmmm - | == | == |
1 5.100 BV 0.1641 Te88.05469 66B.T73840 49,5850
2 5.917 VB 0.2436 T692.67725 478.29132 50.0150
m.-
200
100 g
s
. AN
1 2 3 a s & m
Signal 1: DAD1 C, S5ig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAD*s] [m&l] ]
e ] B | === === e | == |
1 5.206 EE 0.164% 525.5%3871 44.81403% 3.8558
2 &.005 EEA 0.2438 1.31142e=4 B3Z.27734 BE.1442

S88



HPLC spectra of 2n

DAD1 C, Sig=2204 Ref=360,100 (DACHEMSTA_ 1420 T-1-142-0J-88-2 2020-12-03 21-07-55\0nkneEdited-010.0)
mAU o

g

o

100

Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Peak RetTime Type Width Area Height Area
b [min] [min] [mAT*=] [mAl] %
e R | === |===mmmm- | === I
1 6£.022 BV 0.16B1 9217.93750 767.B2147 49.1509
2 6.563 VB 0.1865 9536.43848 711.01819% 50.8491

DAD1 C, Sig=220.4 Ref=350,100 (WFYwt-1-1421-1-142-0J-88-2 2020-12-03 21-07-5%OnlineEdited--011.0)

mAL 7] -
L
=

1750 o
F
O \‘\©/
1250 *

750

250

2
™
w
0 —+ﬁJ

T T T T T T T T
] 10 15 20 25

Signal 1: DAD1 C, 5ig=2Z0,4 Ref=360,100

Peak RetTime Type Width Area Height Area
4 [min] [min] [mAl*s] [mAU] %
e R B |===mmmme | === | === [
1 6.208 VW R 0.18B8 840.08775 60.94250 3.1835
2 6.764 VB 0.1864 2.5547%4 1305.57568 D5B6.8185
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HPLC spectra of 20

2004

8
L
(@]

R

?

N

o

2153

DAD1 A, Sig=230.4 Ref=360,100 (DACHEM32\ . TAWFYW T-1-14BIWT-1-148 2020-12-10 11-07-58\002-P2-B1-RAC.D)

50
o~ A A —
5 10 15 2 2 min
Signal 1: DAD1 A, Sig=230,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAl] %
e B | === === | === R | === |
1 12.804 BB 0.4338 6906.73193 239.99565 50.3216
2 21.536 BE 0.8491 6818.44385 110.62206 49.8784
DAD A, Sig=230 4 Ref=360.100 (W FYVa1-1-148WWT-1-148-0J-3 2020-12-07 15-43-100003-P2-B2-GH.0)
mALl
350 -
F
300
25 .
O
200
O 20
150
100
50+
3
o N
T T T T T T 1
5 10 15 20 25 i)
Signal 1: DAD1 A, S5ig=230,4 Ref=360,100
Feak FetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mal] %

1 12.522 BB 0.4629 1.09407=4 353.6854% 97.5156
2 21.248 BB O.7192 ZT78.73898 4.57257 2.4844
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HPLC spectra of 2p

DADT B, Sig=254,4 Ref=off (DACHEMSTA...ATAXLRILBO53CHI-95-5 2023-11-20 22-11-D3\relacation00002-003.D)
mAU 2

100+

J D
(0}
60
‘ rac-2p

40

12918

204

T T T T T T T T
Q 2 4 6 8 10 12 14 16 min|

Signal 1: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
. T [ [ | |
1 7.106 BB ©.5634 3735.50788 183.42138 50.9475
2 12.918 BB ©.9334 3596.55835 A47.87096 49.8525

DAD1 B, Sig=254.4 Ref=off (DACHEMSTA... "\DATAXLRILBO53CHI-@5-5 2023-11-20 22-11-03\0nlineEdited--002.0)
mAL

4 00
1 (0]
60
9

=
2
40 5
) q//_J\
T T T T T
2 4 8 8 10

12 14 18 mirj
Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU#*s ] [mALU] %

1 7.894 BB 9.5415 1284.99854  35.39694 15.8565
2 12.900@ BB 8.9451 6818.91943 87.89438 84.1435
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HPLC Spectra of 4a

DAD1 A, Sig=254.4 Ref=360,100 (DACHEM32\..16-20230926-98-0D 2023-09-26 11-08-48\003-P1-A2-LB018a-rac.D)

mAU ] 2
&
o]
175 F
1507 Ph
125 o g
@
100
754
m -
25
0 . .
T T T T T T T T T T
2 4 6 3 10 12 14 16 18 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e P P [ [ |
1 6.875 BB ©.1299 1688.231280 197.09761 49.7813
2 9.402 BB ©.2188 1703.06152 117.72148 50.2187
DADT A, Sig=254.4 Rei=360,100 [DACHEM3Z\...26-06- OO CHIRAL 2023-00-28 16.45-351002-F1-51 LB01800-005.0)
-+
n:Juu-—: : J;?‘q::\
350+ F v
3 21Ph
zsu—: (@)
200
150
100
50
o S 1 s

R
. =
%
o =
-c‘_
-

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R . | e | e |
1 6.894 MM 0.1427 3449.10840 482.84155 99.3915
2 9.415 BB 9.2039  21.11582 1.50298 ©.6085
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HPLC spectra of 4b

DADT A, Sig=254 4 Re‘f=:‘]-8[l, 100 [D:\.C;IEMSZL.EH&-QDQSU@ZB—DE—OD 2023-08-28 11-08-48\002-P1-A1-LB01B-rac.O0)
mALl - a
[
s F 2
OMe
a0 o
25
20
15—':
10+
51
0= — e
T T T T T
T a a 10 11 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.765 BB 0.1767 442.66223  38.91879 48.5392
2 9.846 BB 0.2178 469.30646  32.62306 51.4608

DADT A, Sig=254.4 Re1=360 100 (DAC -HEMSZ'L..iS-QG-OD-CHIRAL 2023-09-26 16-45-35\002-P1-B1-LB019D0D-007.0)
mALl
250
200 F
] O
100
50—‘
i
o 1 @
T:' SI; !Ii IID III miiry
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.592 MM .19 3421.56616 300.16470 99.1847
2 9.840 BB ©.1989 28.12538 2.03892 ©.8153
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HPLC spectra of 4c

DADT A, Sig=220 4 Ref=360,100 (D:CHENMID . 26-08-00-CHIRAL 2023-00-28 18-45-35003-P 1-A3-LB0186-RAC-2.0)

us
e s
&b A4
@

-] g

mAL

1200

Ph

1000 4
cl o
800 «
300 <

400 -

200 =

i
e
o
oo
=

min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e O R |- |- |- |
1 8.275 MM ©.2252 1.85843e4 1375.27368 49.1560
2 8.832 MM ©.2447 1.92224e4 1309.39771 50.8440

DAD1 A, Sig=2204 Réf:360,100 (D.\CI-'IEM‘?Z\ . 6230926*98—0D*CH\RAL 2023-09-26 16-45-35\002-P1-B1-LB019DD.D)
mAU i
1000 — 3
N Ph
800
cl o
600
400+
200
uw
8
[--]
1] L
T T T T T T
2 4 [ 8 10 12 min|
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 8.344 BV 8.1928 1.27389e4 1018.18463 98.225@
2 8.955 VB ©.1818 230.20641 18.94492 1.775e
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HPLC spectra of 4d

100

mAU

150 \ |

DADT A, Sig=254,4 Ref=360,100 (D:\CHEM32\...16-20230926-38-0D 2023-09-26 11-08-48\005-P1-A4-LB018¢c-rac.D)

2 0;% -
g P
¢ 8
oRt
200

cl 0

2 4 6 8 10 12 14 16 18 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

S |- e | --mmmeee |--mmmmoe |--eeeeee |
1 7.987 MM ©.19%e5 2721.3877@ 238.08713 49.7921
2 9.266 MM 8.2269 2744.11384 281.56885 50.20879

1 7.940 BB 0.1809 1.25469%9e4 1038.81799 98.9437
2 9.216 BB 0.1978 133.95139 9.98094 1.8563
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DADT A, Sig=254.4 Ref=360,100 (DICHEM3Z\. 26-96-0D-CHIRAL 2023-09-26 16-45-351002-P 1-81-LB07900-006.0)
mAU
1000
S
vl @
804 o) ()
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200
w
S
0 M 2
T T T T T T T
2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %




HPLC spectra of 4e

DAD1 A, Sig=220.4 Rs‘f=5§60.100 [D.\C?"(EMSQ\ ..EG-QB-OD-CH IRAL 2023-11-15 18-48-36\009-P1-D1-LBO47RAC-3-2.D)
mAU_| 5
3
1200 i
Me
1000 —
cl O
o] rac-4e
600 <
400 -
200 -
T T T T T T
] 10 " 12 13 14 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.497 BV

©.1893 1.65813e4 1369.40454 49.3418

2 12.464 W R ©.2233 1.70237e4 1201.26953 50.6582

DAD1T A, Sig=220.4 Re"i=1‘]53.100 [D:\C-HE‘.132\...E—QSFOD-CHIRAL 2023-11-15 18-48-36\0 10-P1-D2-LB4TCHIRAL-2.0)

mal | 8

2504

200 /©f> ! IMe

o] O
150+ 4e -
2
109—-
5[};
T T T T T T
8 a 10 1 12 13 14 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.8%2 VW R ©.1896 3547.44092
2 13.e38 BB 0.2179 1728.58154

Totals 5276.02246
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288.18481 67.2370
124.56258 32.7630

412.74739




7. Crystallographic Information

The crystal data of compound 2j has been deposited in CCDC with number 2079412.

. Tomp
S
;
S
o
;;é
<
6
p
Z -139  exy3205_0m P12l R = 0.03 RES= 0
Table S3. Crystal data and structure refinement for cxy3205_0m.
Identification code cxy3205_0m
Empirical formula C20H160
Formula weight 272.33
Temperature/K 100.0
Crystal system orthorhombic
Space group P2:
alA 8.9234(7)
b/A 5.6665(4)
c/A 14.4134(11)
a/° 90
/e 106.079(3)
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v/° 90

Volume/A3 700.30(9)

Z 2

pealcg/cm?® 1.291

w/mm? 0.603

F(000) 288.0

Crystal size/mm?® 0.35 %0.33 x0.28
Radiation CuKoa (A =1.54178)

20 range for data collection/

6.382 t0 136.36

Index ranges

-10<h<10, -6<k<6, -17<I<17

Reflections collected

13047

Independent reflections

2544 [Rint: 00301, Rsigma: 00213]

Data/restraints/parameters

2544/1/192

Goodness-of-fit on F2

1.050

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

R1=0.0258, wR2 = 0.0693

Final R indexes [all data]

R1=0.0260, wR2 = 0.0695

Largest diff. peak/hole / e A

0.15/-0.11

Flack parameter

0.17(7)

Table S4. Fractional Atomic Coordinates (<10%) and Equivalent Isotropic
Displacement Parameters (A2x103) for cxy3205_0m. Ueq is defined as 1/3 of of the
trace of the orthogonalised Uis tensor.

Atom X y z U(eq)
01 3941.8(14) 7166(2) 7557.5(9) 31.0(3)
C1 8005(2) 5746(4) 4449.4(13) 34.8(4)
C2 7324.1(18) 6108(3) 5287.4(11) 23.8(4)
C3 7663.9(18) 8116(3) 5859.6(12) 23.3(4)
C4 7079.9(18) 8398(3) 6654.0(11) 21.5(3)
C5 6150.0(17) 6665(3) 6892.6(10) 19.0(3)
C6 5614.6(18) 6952(3) 7797.9(11) 22.3(4)
C7 3029.4(19) 5345(3) 7712.1(11) 22.9(4)
C8 3626.9(19) 3403(3) 8292.7(11) 21.2(4)
C9 2575(2) 1686(3) 8415.8(12) 25.9(4)

C10 987(2) 1916(4) 7990.5(13) 29.6(4)
Cl1 6268.8(19) 5039(3) 8531.9(11) 21.8(3)
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C12 7870.0(19) 5016(3) 8965.1(12) 26.1(4)
C13 8538.6(19) 3316(4) 9640.9(12) 27.9(4)
Cl4 7604.0(19) 1621(3) 9895.8(11) 24.9(4)
C15 6009.9(19) 1618(3) 9462.4(11) 21.8(3)
C16 5317.9(18) 3310(3) 8766.6(11) 19.9(3)
C17 6356.1(18) 4399(3) 5517.7(11) 22.6(3)
C18 5786.0(17) 4659(3) 6313.5(11) 21.4(3)
C19 1433.8(19) 5594(3) 7290.5(12) 27.1(4)
C20 416(2) 3880(4) 7436.2(12) 29.0(4)
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