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1. General information

All the reagents and solvents were commercially available and used without further
purification. Reactions were carried out under inert and anhydrous conditions unless
otherwise noted. 'H, *C, ”F NMR spectra were recorded on Bruker® Avance 300MHz,
Brucker® Avance 111 400 MHz, Brucker® AVIII 500 MHz NMR, and Brucker® AVIII
600 MHz NMR spectrometers in CDCl; solutions at 298 K. All the melting points were
not calibrated and determined on YuHua X-5 digital melting point apparatus. High
resolution mass spectra were obtained on the Thermo Fisher® Exactive high-resolution
LC-MS spectrometer. The X-ray crystallographic data were collected by Rigaku® X-
ray diffraction apparatus RAPID IP, MMOO7HF Saturn 724+, ST Saturn 724+. Optical
resolutions were carried out on supercritical fluid chromatography (SFC) using the
column (Chiralpak® IC, 4.6 cm x 150 mm) and the mobile phase of CO2/MeOH/DCM
(40:30:30, v/v/v). HPLC analysis were performed on Agilent 1260 Infinity. Analytical
injections were performed on chiral stationary phase using the column (Chiralpak® IC,
5 um, 4.6 mm X% 250 mm) and the mobile phase of hexane and dichloromethane (60:40,
v/v). The UV-vis spectra were recorded on PerkinElmer® UV/Vis/NIR spectrometer
(Lambda 950), and the fluorescence spectra were recorded on HITACHI® F-7000
Fluorescence Spectrometer at room temperature. Absolute fluorescence quantum yield,
measured by Hamamatsu Absolute PL Quantum Yield Spectrometer C11347.
Fluorescence lifetimes were measured by Quantaurus Tau C11367-11. CD spectra were
recorded on a JASCO J810 spectropolarimeter, and CPL spectra were performed with
a JASCO CPL-200 spectrometer at room temperature. The optical rotation was
determined by Rudolph Autopol VI Automatic polarimeter. The starting diene 2 was

synthesized by reported method.!)
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2. Synthetic procedures and characterized data

Synthesized of racemic synthon

Br Br

/O 0’ maleic anhydride (5.0 equiv) /O O
~o 0‘
Br

2

xylene, reflux, 3h

Br ) (R R-orS S
diastereoisomer

Diastereoisomers 3. To a solution of diene 2 (10.24 g, 20.32 mmol) in xylene (100 mL)
was added maleic anhydride (9.8 g, 0.1 mol, 5.0 equiv) with vigorous stirring, followed
by reflux for 3 h. After the reaction mixture was cooled to room temperature, the solvent
was removed by rotatory evaporation to give crude product, which was further purified
by recrystallization in acetic acid to give diastereoisomers 3 (10.9 g, 89%) as white
powder. '"H NMR (500 MHz, CDCl3): § 7.33 (d, J = 4.7 Hz, 2H), 3.51 (d, J= 12.2 Hz,
6H),3.17 (t,J=9.8 Hz, 1H), 3.02-2.98 (m, 1H), 2.93-2.83 (m, 2H), 2.81-2.74 (m, 2H),
2.70-2.60 (m, 1H), 2.63-2.60 (m, 1H), 2.51-2.37 (m, 2H), 1.66—1.60 (m, 1H), 1.24 (s,
3H), 1.15 (s, 3H). >*C NMR (126 MHz, CDCl3): § 172.4, 171.3, 154.70, 154.65, 139.0,
138.7,136.24, 136.17, 134.89, 134.88, 131.3, 129.8, 129.3, 116.3, 116.2, 59.84, 59.82,
45.5,45.0, 40.3, 37.5, 30.8, 27.3, 26.7, 25.9, 14.8, 14.2. HRMS (APCI): m/z calcd for
C2sH27Br20s [M + H]" 603.0199, found 603.0220.

Br, (2.0 equiv) O
CH,Cly, RT, 3h

~o

Br

Compound 4. To a solution of 3 (30.1 g, 50 mmol) in CH>Cl, (150 mL), bromine (16
g, 0.1 mol) in acetic acid (15 mL) was added slowly at room temperature. After the
reaction mixture was stirred for another 3 hours, saturated aqueous Na;SO3; was added.
The organic layer was concentrated in vacuo to give a crude product, which was further
purified by recrystallization from ethyl acetate / petroleum ether to afford compound 4
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(16.8 g, 56%) as yellow solid. M. p.: > 300 °C. '"H NMR (500 MHz, CDCls): § 7.49 (s,
2H), 3.96 (ddd, J=15.7, 3.8, 2.1 Hz, 2H), 3.55 (s, 6H), 2.95 (ddd, J=14.5, 4.2, 2.3 Hz,
2H), 2.70-2.62 (m, 2H), 2.57-2.48 (m, 2H), 1.28 (s, 6H). '>*C NMR (126 MHz, CDCl5):
8 163.0, 155.1, 141.0, 140.8, 137.6, 134.6, 131.1, 129.9, 124.7, 117.7,59.9, 29.7, 24.3,
14.6. HRMS (APCI): m/z calcd for C2sH23BrOs [M + H]* 598.9886, found 598.9898.

Compound rac-5. A mixture of 4 (12.0 g, 20 mmol) and n-propylamine (5.9 g, 0.1 mol)
in DMF (100 mL) was stirred at 70 °C for 24 hours. After the reaction mixture was
cooled to room temperature, it was poured into ethyl acetate (100 mL). The organic
layer was washed with saturated brine (3x100 mL), dried over anhydrous MgSQOs, and
then concentrated in vacuo. The residue was purified by flash column chromatography
with ethyl acetate, dichloromethane and petroleum ether (0.2:1:3, v/v/v) as eluent to
give the compound rac-5 (10.5 g, 82%) as pale-yellow solid. Ry= 0.46. M. p.: 220-222
°C. '"H NMR (300 MHz, CDCls): § 7.46 (s, 2H), 4.10 (dt, J = 15.6, 3.0 Hz, 2H), 3.65
(dt,J=7.4,4.0 Hz, 2H), 3.54 (s, 6H), 2.90 (dt, /= 14.3, 3.1 Hz, 2H), 2.63 (td, /= 14.5,
3.7Hz, 2H), 2.44 (td, J=15.1, 3.9 Hz, 2H), 1.73 (h, J= 7.3 Hz, 2H), 1.28 (s, 6H), 0.98
(t, J= 7.4 Hz, 3H)."*C NMR (75 MHz, CDCl3): § 168.8, 154.9, 138.8, 138. 7, 137.9,
135.3, 131.0, 129.6, 125.4, 116.9, 59.8, 39.5, 29.5, 24.0, 22.0, 14.6, 11.4. HRMS
(APCI): m/z caled for C31H30BraNO4 [M + H]" 640.0516, found 640.0507.

Optical resolution

Efficiently semi-preparative optical resolution of rac-5 was performed by
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supercritical fluid chromatography (SFC), which provided the pair of enantiomers P-5

and M-5 (ee > 99%) in gram scale (for detail, see HPLC charts).

General procedure for the synthesis of enantiomers 1a-e by suzuki-miyaura cross
coupling reactions

Ar

Pd(PPhs)s, K,CO3 O

toluene, EtOH, H,O \O

(-)-P-1a-e or (+)-M-1a-e

To a mixture of compound P-5 or M-5 (639 mg, 1.0 mmol), K»COs (1.38 g, 10 mmol),
and arylboronic acid (3.0 mmol) in toluene (30 mL), EtOH (30 mL), and degassed water
(15 mL) under argon atmosphere was added catalytic amount of Pd(PPhs)4 (5 mol %),
followed by strring at 75 °C for 12h under argon atmosphere. After the reaction mixture
was cooled to room temperature, it was poured into ethyl acetate (100 mL). The organic
layer was washed with saturated brine (3x100 mL), dried over anhydrous MgSQOs, and
then concentrated in vacuo. The residue was purified by flash column chromatography
with ethyl acetate, dichloromethane and petroleum ether (0.2:1:3, v/v/v) as eluent to

give the corresponding pure enantiomers.

Compound (-)-P-1a. According to the general method, (—)-P-1a (645 mg, 84%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~ 0.2 : 1 : 3). M.
p.: 157-158 °C. [a]*p = -32°. 'H NMR (500 MHz, CDCls): § 7.75-7.61 (m, 8H), 7.27
(s, 2H), 4.19-4.14 (m, 2H), 3.73-3.64 (m, 2H), 3.20 (s, 6H), 3.02-2.98 (m, 2H), 2.73
(td, J=14.6,3.9 Hz, 2H), 2.53 (td, J = 15.3, 3.9 Hz, 2H), 1.75 (h, J= 7.4 Hz, 2H), 1.33

(s, 6H), 1.00 (t, J = 7.4 Hz, 3H). °*C NMR (126 MHz, CDCL): & 169.0, 155.5, 141.9,
S4



139.2, 139.0, 136.7, 136.1, 132.4, 129.9, 129.5, 129.2, 127.1, 125.35, 125.32, 125.29,
125.26, 125.23, 125.20, 123.2, 59.7, 39. 5, 29.7, 24.2, 22.0, 14.3, 11.5. 1°F NMR (565
MHz, CDCls): § -62.46. HRMS (APCI): m/z caled for C4sH3sNO4Fe [M + H]* 770.2700,
found 770.2686.

Compound (+)-M-1a. According to the general method, (+)-M-1a (659 mg, 86%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~0.2 : 1 : 3). M.
p.: 157-158 °C. [0]*p = 28°. 'H NMR (500 MHz, CDCl3): § 7.74-7.63 (m, 8H), 7.27
(s, 2H), 4.19-4.14 (m, 2H), 3.73-3.64 (m, 2H), 3.20 (s, 6H), 3.02-2.98 (m, 2H), 2.73
(td, J=14.6,3.9 Hz, 2H), 2.53 (td, /= 15.2, 4.1 Hz, 2H), 1.75 (h, J= 7.3 Hz, 2H), 1.33
(s, 6H), 1.00 (t, J = 7.4 Hz, 3H). 1*C NMR (126 MHz, CDCl3) § 169.0, 155.5, 141.9,
139.2, 139.0, 136.7, 136.1, 132.4, 129.9, 129.5, 129.21, 129.19, 127.1, 125.4, 125.33,
125.29, 125.26, 125.23,125.20, 123.2,59.7,39.5,29.7,24.2,22.0, 14.3, 11.5. P’FNMR
(565 MHz, CDCIl3): 8 -62.44. HRMS (APCI): m/z calcd for C4sH3sNOsFs [M + H]"
770.2700, found 770.2689.

Compound (—)-P-1b. According to the general method, (—)-P-1b (604 mg, 95%) was
obtained as pale-yellow powder. Ry= 0.45 (EtOAc : DCM : PE, v/iv/v~0.2: 1 : 3). M.
p.: 124-127 °C. [a]*p = -40°. 'TH NMR (500 MHz, CDCl3): § 7.59-7.53 (m, 4H), 7.43—
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7.39 (m, 4H), 7.36-7.31 (m, 2H), 4.14 (ddd, J = 15.5, 3.9, 2.2 Hz, 2H), 3.71-3.64 (m,
2H), 3.21 (s, 6H), 2.98 (ddd, J = 14.4, 4.2, 2.2 Hz, 2H), 2.72 (td, J = 14.6, 3.8 Hz, 2H),
2.53 (td, J= 15.2, 4.1 Hz, 2H), 1.75 (q, J = 7.4 Hz, 2H), 1.32 (s, 6H), 1.00 (t, J = 7.4
Hz, 3H). '3C NMR (126 MHz, CDCls): § 169.1, 155.4, 139.3, 139.0, 138.4, 136.4, 135.3,
133.8, 129.7, 128.9, 128.3, 127.22, 127.18, 125.1, 59.6, 39.4, 29.7, 24.2, 22.0, 14.3,
11.5. HRMS (APCI): m/z caled for C43HaoNO4 [M + H]" 634.2952, found 634.2947.

Compound (+)-M-1b. According to the general method, (+)-M-1b (600 mg, 95%) was
obtained as pale-yellow powder. Ry= 0.45 (EtOAc : DCM : PE, v/iv/v~ 0.2 : 1 : 3). M.
p.: 124-126 °C. [0]*p = 48°. 'H NMR (400 MHz, CDCl3): § 7.60-7.53 (m, 4H), 7.41
(t, J=17.4 Hz, 4H), 7.37-7.31 (m, 2H), 4.164.13 (m, 2H), 3.68 (td, /= 7.1, 3.4 Hz,
2H), 3.21 (s, 6H), 2.98 (ddd, /= 14.3, 4.2, 2.2 Hz, 2H), 2.72 (td, J = 14.6, 3.8 Hz, 2H),
2.53 (td, J=15.2, 4.1 Hz, 2H), 1.75 (h, J = 7.5 Hz, 2H), 1.32 (s, 6H), 1.01 (t, /= 7.4
Hz, 3H). *C NMR (126 MHz, CDCl): § 169.1, 155.4, 139.3, 139.0, 138.3, 136.4, 135.3,
133.8, 129.7, 128.9, 128.3, 127.21, 127.18, 125.1, 59.6, 39.4, 29.7, 24.2, 22.0, 14.3,
11.5. HRMS (APCI): m/z caled for C43H3oNO4 [M]" 633.2879, found 633.2870.

Compound (—)-P-1c. According to the general method, (-)-P-1c¢ (680 mg, 98%) was
obtained as pale-yellow powder. Rr= 0.29 (EtOAc : DCM : PE, v/v/v~0.2 : 1 : 3). M.
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p.: 156-158 °C. [a]*p = -234°. 'H NMR (500 MHz, CDCl3): § 7.56-7.48 (m, 4H), 7.23
(s, 2H), 7.01-6.91 (m, 4H), 4.15-4.11 (m, 2H), 3.86 (s, 6H), 3.74-3.63 (m, 2H), 3.20
(s, 6H), 2.98-2.94 (m, 2H), 2.71 (td, J = 14.5, 3.8 Hz, 2H), 2.52 (td, /= 15.2, 4.1 Hz,
2H), 1.75 (h, J = 7.4 Hz, 2H), 1.31 (s, 6H), 1.00 (t, J = 7.4 Hz, 3H). 3*C NMR (126
MHz, CDCl3): 6 169.1, 158.9, 155.4, 139.4, 139.0, 136.4, 134.9, 133.4, 130.7, 130.0,
129.7, 126.9, 125.0, 113.7, 59.4, 55.3, 39.4, 29.7, 24.2, 22.0, 14.2, 14.1, 11.5. HRMS
(APCI): m/z caled for C4sHasNOg [M + H]" 694.3163, found 694.3149.

Compound (+)-M-1c. According to the general method, (+)-M-1c¢ (673 mg, 97%) was
obtained as pale-yellow powder. Rr= 0.29 (EtOAc : DCM : PE, v/v/v~0.2 : 1 : 3). M.
p.: 156-158 °C. [a]*p = 162°. 'H NMR (500 MHz, CDCl5): § 7.51 (d, J = 8.7 Hz, 4H),
7.23 (s, 2H), 6.95 (d, J = 8.7 Hz, 4H), 4.15-4.11 (m, 2H), 3.86 (s, 6H), 3.72-3.63 (m,
2H), 3.20 (s, 6H), 2.98-2.94 (m, 2H), 2.71 (td, J = 14.5, 3.8 Hz, 2H), 2.52 (td, /= 15.2,
4.1 Hz, 2H), 1.75 (h, J = 7.3 Hz, 2H), 1.31 (s, 6H), 1.00 (t, J = 7.4 Hz, 3H). *C NMR
(126 MHz, CDCls): 6 169.1, 158.9, 155.4, 139.4, 139.0, 136.4, 134.9, 133.4, 130.7,
130.0, 129.7, 126.9, 125.0, 113.7, 59.4, 55.3, 39.4, 29.7, 24.2,22.0, 14.2, 11.5. HRMS
(APCI): m/z caled for C4sH44sNOg [M + H]" 694.3163, found 694.3152.
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Compound (—)-P-1d. According to the general method, (—)-P-1d (960 mg, 99%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~0.2: 1 : 3). M.
p.: 183-186 °C. [a]*p=-221°. 'THNMR (500 MHz, CDCl5): § 7.48-7.42 (m, 4H), 7.29—
7.27 (m, 4H), 7.25 (s, 2H), 7.19-7.06 (m, 12H), 7.06-7.01 (m, 4H), 4.16—4.11 (m, 2H),
3.72-3.62 (m, 2H), 3.27 (s, 6H), 2.98-2.94 (m, 2H), 2.70 (td, J = 14.6, 3.7 Hz, 2H),
2.52 (td,J=15.2,4.1 Hz, 2H), 1.78-1.71 (m, 2H), 1.30 (s, 6H), 1.00 (t, /= 7.4 Hz, 3H).
3C NMR (126 MHz, CDCl3) § 169.1, 155.4, 147.6, 147.0, 139.3, 139.0, 136.4, 134.9,
133.3, 132.2, 129.7, 129.6, 129.3, 126.8, 125.0, 124.5, 123.3, 122.9, 59.5, 39.4, 29.7,
24.3,22.0, 14.3, 11.5. HRMS (APCI): m/z calcd for Ce7HssN3O4 [M + H]" 968.4422,
found 968.4415.

Compound (+)-M-1d. According to the general method, (+)-M-1d (911 mg, 94%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~0.2: 1 : 3). M.
p.: 183-186 °C. [a]*p = 207°. 'H NMR (500 MHz, CDCl5): § 7.45 (d, J= 8.3 Hz, 4H),
7.28 (d,J="7.7 Hz, SH), 7.25 (s, 2H), 7.12 (dd, J=16.5, 8.1 Hz, 11H), 7.03 (t,J=7.3
Hz, 4H), 4.13 (dt, J = 15.6, 2.9 Hz, 2H), 3.67 (td, J = 6.9, 4.8 Hz, 2H), 3.27 (s, 6H),
3.00-2.92 (m, 2H), 2.70 (td, J = 14.6, 3.8 Hz, 2H), 2.52 (td, /= 15.3, 4.1 Hz, 2H), 1.74
(h, J=7.4 Hz, 2H), 1.30 (s, 6H), 1.00 (t, J= 7.4 Hz, 3H). *C NMR (126 MHz, CDCl):
0 169.1, 155.4, 147.7, 147.0, 139.3, 139.0, 136.4, 134.9, 133.3, 132.2, 129.7, 129.6,
129.3,126.8, 125.0, 124.5, 123.3, 123.0, 59.5,39.4,29.7,24.2,22.0, 14.3, 11.5. HRMS
(APCI): m/z caled for Ce7HssN3O4 [M + H]" 968.4422, found 968.4420.
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Compound (—)-P-1e. According to the general method, (—)-P-1e (890 mg, 91%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~ 0.2 : 1 : 3). M.
p.: 132-133 °C. [a]*p=-213°. 'THNMR (500 MHz, CDCl5): § 7.48-7.40 (m, 4H), 7.28—
7.26 (m, 4H), 7.25 (m, 2H), 7.18-7.07 (m, 12H), 7.06-7.01 (m, 4H), 4.15-4.11 (m, 2H),
3.67 (td, J=17.1, 4.9 Hz, 2H), 3.26 (s, 6H), 2.98-2.94 (m, 2H), 2.70 (td, J = 14.6, 3.6
Hz, 2H), 2.52 (td, /= 15.2, 4.1 Hz, 2H), 1.74 (h, J = 7.4 Hz, 2H), 1.29 (s, 6H), 1.00 (t,
J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl3): & 169.0, 154.1, 152.6, 147.7, 139.0,
138.9, 136.6, 134.8, 132.0, 129.9, 129.2, 126.7, 124.9, 124.3, 123.9, 123.1, 122. 9,
120.0, 59.5, 39.4, 29.8, 24.2, 22.0, 14.2, 11.5. HRMS (APCI): m/z calcd for
Ce3Hs54N304S2 [M + H]* 980.3550, found 980.3553.

Compound (+)-M-1e. According to the general method, (+)-M-1e (850 mg, 87%) was
obtained as pale-yellow powder. Ry= 0.46 (EtOAc : DCM : PE, v/iv/v~ 0.2 : 1 : 3). M.
p.: 132-135 °C. [0]*°p = 265°. 'TH NMR (500 MHz, CDCls): & 7.45 (s, 2H), 7.31-7.27
(m, 4H), 7.27 (s, 2H), 7.25 (d, J= 2.3 Hz, 4H), 7.19-7.18 (m, 8H), 7.04 (t, J = 7.3 Hz,
4H), 6.64 (d, J=3.9 Hz, 2H), 4.13—4.10 (m, 2H), 3.66 (h, J= 6.5, 5.7 Hz, 2H), 3.39 (s,
6H), 2.94 (dt, J=14.3, 3.2 Hz, 2H), 2.67 (td, /= 14.6, 3.9 Hz, 2H), 2.48 (td, J = 15.3,
4.1 Hz, 2H), 1.73 (q, J = 7.4 Hz, 2H), 1.30 (s, 6H), 0.99 (t, J = 7.1 Hz, 3H). 3C NMR
(126 MHz, CDCIl3): 6 169.0, 154.1, 152.6, 147.7, 139.1, 138.9, 136.6, 134.8, 132.0,
129.9, 129.2, 126.7, 124.9, 124.3, 123.9, 123.1, 122.9, 120.0, 59.5, 39.4, 29.8, 24.2,
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22.0, 14.2, 11.5. HRMS (APCI): m/z caled for Ce3Hs3N304Sa [M]" 979.3477, found
979.3483.

3. Crystal structures and crystal data

 mean: C9 C14 C13C12C11 C10

[Torsion angle: 55.86°]

Fig. S1. (a) X-ray crystal structure, (b) crystal packing, (c) torsion angle, and (d)
distance of methoxyl groups and methyl groups of P-5.

Table S1. Crystal data and structure refinement for P-5 (CCDC 1465234)

Empirical formula C31H20Br2NO4
Formula weight 639.37
Temperature 173.1500 K
Wavelength 0.71073 A
Crystal system Tetragonal
Space group P43
a=12.33903) A o =190°.
Unit cell dimensions b=12.3390(7) A B =90°.
c=18.0683(7) A y=90°.
Volume 2750.92(17) A3
Z 4
Density (calculated) 1.544 Mg/m?
Absorption coefficient 2.984 mm’!
F(000) 1296
Crystal size 0.21x0.17 x 0.13 mm’
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Theta range for data collection

1.650 to 27.484°.

Index ranges

-16<=h<=15, -16<=k<=15, -20<=1<=23

Reflections collected

17959
Independent reflections 5824 [R(int) = 0.0419]
Completeness to theta =26.000° 100.0 %
Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

1.0000 and 0.6689

Refinement method

Full-matrix least-squares on F?

Data / restraints / parameters

5824 /1/348

Goodness-of-fit on F?

1.056

Final R indices [[>2sigma(I)]

R1=0.0534, wR2 =0.1270

R indices (all data)

R1=0.0585, wR2 =0.1321

Absolute structure parameter

-0.008(7)

Extinction coefficient

n/a

Largest diff. peak and hole

0.754 and -0.460 ¢. A3

C10C8 C14 C13C12011

[Torsion angle: 56.30°]

5.667 A

Fig. S2. (a) X-ray crystal structure, (b) crystal packing, (c) torsion angle, and (d)

distance of methoxyl groups and methyl groups of M-5.

Table S2. Crystal data and structure refinement for M-5 (CCDC 1465240)

Empirical formula

C31H29Br2NO4
Formula weight 639.37
Temperature 173.1500 K
Wavelength 0.71073 A
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Crystal system

Tetragonal

Space group

P41

Unit cell dimensions

a=123473)A o =90°.
b=12.3473) A B =90°.

c=18.073(4) A y=90°.
Volume 2755.1(13) A3
V4 4
Density (calculated) 1.541 Mg/m?
Absorption coefficient 2.980 mm’!
F(000) 1296
Crystal size 0.31x0.11 x 0.04 mm’

Theta range for data collection

1.649 to 27.471°.

Index ranges

-16<=h<=16, -16<=k<=16, -23<=1<=23

Reflections collected

31763
Independent reflections 6298 [R(int) = 0.0733]
Completeness to theta = 26.000° 100.0 %
Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

1.0000 and 0.6305

Refinement method

Full-matrix least-squares on F?

Data / restraints / parameters

6298 /1/348

Goodness-of-fit on F?

1.100

Final R indices [[>2sigma(])]

R1 =0.0645, wR2 = 0.1466

R indices (all data)

R1=0.0707, wR2 =0.1510

Absolute structure parameter

0.008(7)

Extinction coefficient

n/a

Largest diff. peak and hole

0.794 and -0.450 e.A"

4. HPLC charts

Optical resolution conditions

Table S3. Semi-preparative supercritical fluid chromatography (SFC) conditions

Column

Chiralpak® IC

Column size

Injection

046 cmI.D. x 15ecm L
6.0 ul




Mobile phase CO2/MeOH/DCM=40/30/30 (v/v/v)
Flow rate 2.0 mL/min
Wave length UV 254 nm
Temperature 35°C
Analysis of the enantiomer excess of 5
300 300
250 250
200 % . 200
150 o 150
> >
E 1o 00 E
50 50
o T T 0
-50 -50
2.0 22 24 2.6 2.8 3.0 3.2 34 3.6
Minutes
Fig. S3. SFC profile of rac-5.
Table S4. The summary of SFC profiles of rac-5.
Peak | Ret. Time Area Area% T. Plate | Height | Height %
P-5 2.587 1505133 51.60 171457 54.60 2.587
M-5 3.293 1411973 48.40 142572 45.40 3.293
1500 1500
1250 - 1250
1000 A 1000
5 750 750 >
E E
500 500
250 250
0 0
20 22 24 2.6 28 3.0 3.2 3.4 3.6
Minutes
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Fig. S4. SFC profile of P-5.

Table S5. The summary of SFC profiles of P-5.

Peak Ret. Time Area Area% T. Plate | Height | Height %
P-5 2.613 8805505 100.00 | 993952 100.00 2.613
ee value of P-5:>99.9%
600 8 600
400 400
> >
E E
200 200
0 = Lo
20 22 24 26 28 30 32 34 38
Minutes
Fig. SS. SFC profile of M-5.
Table S6. The summary of SFC profiles of M-5.
Peak | Ret. Time Area Area % | Height | Height % | Ret. Time
P-5 2.600 15772 0.29 2282 0.41 2.600
M-5 3.267 5480162 99.71 553741 99.59 3.267
ee value of M-5: 99.4%

Racemization Kkinetic experiments

Time-dependent HPLC measurements were performed to determine the activation
parameters for the racemization.”! M-5 (20 mg) was dissolved in diethylene glycol
dibutyl ether (8 mL). The solution was heated at 423 K continuously, and 0.5 mL of this
solution was sampled for different time inervals to analyzed immediately by HPLC
(Daicel Chiralpak IC, 4.6 mm x 250 mm) to determine the initial enantiomeric excess

depending on time. The HPLC measurements were performed keeping the column at 4

°C.
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A first order kinetic equation was obtained by representation of In(4/4¢) against
time, where 4 was the concentration of the ee and Ay was the initial concentration, and
the k was reaction rate constant. The Gibbs’ free energy barrier to racemization (AG*)

of chiral synthon M-5, was determined according to the Eyring equation (Eq. S1)

kr-h
p—

AG* = —RTIn( Eq. S1

Where R is gas constant (R = 8.31441 J-K™'-mol™), T is absolute temperature (K), « is
transition factor (x = 0.5), & is Planck’s constant (A = 6.62606896 x 104 JI-s), kris

reaction rate constant, and kg is Boltzamann’s constant (ks = 1.380662 x 103 J-K!).

0.0 Equation y=a+bx
Adj. R-Square 0.99748
Value Standard Error
-0.1- E Intercept  0.00297 0.00975
E Slope -0.00302  8.78183E-5
= 021 k=3.02 x 107 min™;
< .
= .0.3- t12 =230 min;
< AG* = 32.8 keal-mol™
£ 041
-0.5
-0.6 T T T 1
0 50 100 150 200

t/ min

Fig. S6. In(4/49) = k (time, min) plot for M-5 at 423 K.

Analysis of the enantiomer excess of (—)-P-1a-e and (+)-M-1a-e

HPLC Analysis Conditions:

Column: Chiralpak® IC 5 um, 4.6 mm x 250 mm

Mobile phase: hexane: dichloromethane = 50:50

Flow rate: 0.5 mL/min
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DAD1 E, Sig=280,4 Ref=360,10

Im\im 2016-03-01 12-02-27\022-0201.D)

mAU 2 o
600 § A“)&W
500 ‘r@q’
400? \
20 e
B o7
0 S
1‘0 ‘ ‘ ‘ 2‘0 ‘ 30 4‘0 ‘ 5‘0 min
Fig. S7. HPLC profile of (-)-P-1a.
Table S7. The summary of HPLC profiles of (-)-P-1a.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 11.56 335.5 0.73
(-)-P-1a 98.5%
2 13.17 4.55 x 10* 99.27
" . Sig=280,4 Ref=360,10 (Im\im 5015-03 01 12-02-27\023-0401.D)
1203—5 ﬁ ,‘@@&
1000 &@%
800 [
600 |
] N <
- |
0 ) f\% Hg?@ — : : :
Fig. S8. HPLC profile of (+)-M-1a.
Table S8. The summary of HPLC profiles of (+)-M-1a.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 11.17 4.36 x 10* 99.71
(+)-M-1a 99.4 %
2 13.60 128.40 0.29
DAD1 A, Sig=290,4 Ref=360,10 (Im\Im 2016-03-02 14-24-34\022-0201.D)
vvvvv —: 2 b&gl]
1000 -] fg‘\\,jﬁg
800 “ ?50 \
600 - \\\
400 - r&“‘& ‘ \
"] AN B
Fig. S9. HPLC profile of (—)-P-1b.
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Table S9. The summary of HPLC profiles of (-)-P-1b.

Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 14.30 1660.42 0.72
(-)-P-1b 98.6 %
2 28.11 2.30 x 10° 99.28
DAD1 A, Sig=290,4 Ref=360,10 (Im\Im 2016-03-02 17-21-17\022-0201.D)
mAU 2 o
3 @éﬁr
1000 - &
800 — 3
600 _ \‘ ‘
0.
1!0 2!0 50 40 50 mir
Fig. S10. HPLC profile of (+)-M-1b.
Table S10. The summary of HPLC profiles of (+)-M-1b.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 14.12 5.46 x 10* 98.51
(+)-M-1b 97.0 %
2 32.10 827.66 1.49
DAD1 A, Sig=290,4 Ref=360,10 (Im\Im 2016-03-01 17-08-48\041-0201.D)
g i &
bUUi & ,;Yv
600 | Y‘é
400;; /\n&
200 B 6&3@ \
o] S N NS
» V ' 1}1 V V 25 ' 3IO 4|0 50 I ' mit
Fig. S11. HPLC profile of (-)-P-1c.
Table S11. The summary of HPLC profiles of (-)-P-1c¢.
Compound | Peak | Ret Time (min) | Area (mAU:s) Area % ee value
1 14.56 755.73 0.80
(-)-P-1c 98.4 %
2 24.26 9.41 x 10* 99.20
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DAD1 B, Sig=254,4 Ref=360,10 (Im\Im 2016-03-01 17-08-48\042-0401.D)
mAU 2

o
E $ P
| > ,be
| 5
120 e &

100 “v@’b
80 | \
60— I
40 (|
20 - \

e

-20

10 20 30

Fig. S12. HPLC profile of (+)-M-1c.

Table S12. The summary of HPLC profiles of (+)-M-1c¢.

40

50

Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
(+)-M-1¢ 1 13.99 3338.93 100 >99.9 %
DAD1 A, Sig=290,4 Ref=360,10 (Im\Im 2016-03-01 14-29-46\031-0201.D)
mAU - & P
100 EE "zﬁ?;\.
80~ Hv@@
60—: H
40 E m‘ \“ b‘(p“)brb
20 "5_1‘\64\
0 —— I TE S _
1‘0 ' ' ‘ 2‘0 ' ' ‘ ' 3‘0 4‘0 50 mir
Fig. S13. HPLC profile of (-)-P-1d.
Table S13. The summary of HPLC profiles of (—)-P-1d.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 11.98 14.54 0.51
(—)-P-1d 99.0 %
2 12.73 2837.36 99.49
DAD1 A, Sig=290,4 Ref=360,10 (Im\Im 2016-03-01 14-29-46\032-0401.D)
mAU ‘° ‘;079
800 % A
eoo—f \‘?&
400 ‘
] K
200 EpPe
- & , , ,
' ' ' 1[0 ' ' ' 2}) ' r ‘ ' SQ) I IJO 50 mir
Fig. S14. HPLC profile of (+)-M-1d.
Table S14. The summary of HPLC profiles of (+)-M-1d.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
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1 11.10 7448.30 99.73
(+)-M-1d 99.5 %
2 11.92 20.52 0.27
DAD1 D, Sig=230,4 Ref=360,100 (Iwb\Im-IC-SNPh 2016-04-05 18-31-13\001-0101.D)
mA'u'é fé\ @‘bo:’\
700 L%
600 [ ¥
500 K © |
3 o Q> »
20
200% ‘(\\W‘ « @15- “ ‘
XA —
1‘0 2‘0 ‘ ‘ 3|0 4‘0 50 mir
Fig. S15. HPLC profile of (—)-P-1e.
Table S15. The summary of HPLC profiles of (—)-P-1e.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
1 22.85 3575.83 1.30
(-)-P-1e 98.7 %
2 27.22 2.67 x 108 97.07
DAD1 D, Sig=230,4 Ref=360,100 (lwb\Im-IC-SNPh 2016-04-05 18-31-13\002-0201.D)
mAU ] 2
: Poo
800 -} &
600 | «
400—‘:
200—3 % .
0—— N - o
1IO 20 30 40 50 min
Fig. S16. HPLC profile of (+)-M-1e.
Table S16. The summary of HPLC profiles of (+)-M-1e.
Compound | Peak | RetTime (min) | Area (mAU:s) Area % ee value
(+)-M-1e 1 21.59 1.88 x 10° 99.35 >99 %
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5. Photophysical properties of enantiomers 1a-e

UV-vis absorption and fluorescence spectra

0.6 -
. —()-P-1a
—— (-)-P-1b
0.5 P
c 1 (-)-P-1d
O 0.4 —— (J)-P-1e
whd
o ]
o 0.3
(72]
— ] \
< 0.2
0.1 //
0.0

250 ' 360 ' 350 ' 460 ' 450 ' 560 ' 550
Wavelength / nm
Fig. S17. UV/Vis spectra of (—)-P-1a-e in THF at room temperature (¢ = 1.0 x 10 M).

10- — (}Pa
(-)-P-1b
\ (-)-P-1c
—~ 0.8 (-)-P1d
= —(-)-P-1e
L)
> 0.6
=
7
c
9 0.4
£
—
L 0.21
0.0

400 450 500 550 600 650 700 750
Wavelength (nm)

Fig. S18. Full-color emission spectra of (—)-P-1a-e in THF at room temperature (¢ =

1.0 x 10° M).
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CD Spectra at different temperatures

80
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Fig. S19. CD spectra of (-)-P-1a and (+)-M-1a in THF (c = 5.0 x 10° M) at different

temperatures.

CP (mdeg)
o

-40

Absorption dissymmetry factors (gabs) and luminescence dissymmetry factors (gum)
of the enantiomers 1a-e

Table S17. Absorption dissymmetry factor (gabs) of (—)-P-1a-e and (+)-M-1a-e

Enantiomers Zabs Enantiomers Zabs
(-)-P-1a -1.55x1073 (373 nm) (+)-M-1a 1.52x107 (373 nm)
(-)-P-1b -1.33x10 (375 nm) (+)-M-1b 1.42x107 (375 nm)
(—)-P-1c¢ -1.35%1073 (388 nm) (+)-M-1¢ 1.36x107 (388 nm)
(-)-P-1d -1.31x107 (411 nm) (+)-M-1d 1.30x107 (411 nm)
(-)-P-le -3.53x10™* (414 nm) (+)-M-1e 3.59x10™ (414 nm)

Table S18. Luminescence dissymmetry factors (gum) of (—)-P-1a-e and (+)-M-1a-e

Enantiomers Zlum (X1073) Enantiomers um(x107?)
(-)-P-1a -1.2 (445 nm) (+)-M-1a 1.3 (445 nm)
(-)-P-1b -1.5 (460 nm) (+)-M-1b 1.4 (460 nm)
(-)-P-1c -0.8 (490 nm) (+)-M-1c 1.0 (490 nm)
(-)-P-1d -0.8 (558 nm) (+)-M-1d 0.7 (554 nm)
(—)-P-1e -0.2 (617 nm) (+)-M-1e 0.4 (623 nm)
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6. Copies of "TH NMR and *C NMR spectra of new compounds
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Fig. S20. '"H NMR spectrum (500 MHz, CDCls) of diastereoisomer-3.
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Fig. S21. 3C NMR spectrum (126 MHz, CDCls) of diastereoisomer-3.
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Fig. $22."H NMR spectrum (500 MHz, CDCL) of 4.
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Fig. S23. 3C NMR spectrum (126 MHz, CDCls) of 4.
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Fig. S24. 'H NMR spectrum (300 MHz, CDCls) of rac-5.
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Figure 25. *C NMR spectrum (75 MHz, CDCls) of rac-5.
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Fig. S26. 'H NMR spectrum (500 MHz, CDCls) of (-)-P-1a.
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Fig. S27. 1*C NMR spectrum (126 MHz, CDCls) of (-)-P-1a.
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Fig. S28. ’F NMR spectrum (565 MHz, CDCls) of (-)-P-1a.
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Fig. S29. 'H NMR spectrum (500 MHz, CDCls) of (+)-M-1a.
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Fig. S31. '°F NMR spectrum (565 MHz, CDCls) of (+)-M-1a.
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Fig. S34. 'H NMR spectrum (400 MHz, CDCls) of (+)-M-1b.
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Fig. S40. '"H NMR spectrum (500 MHz, CDCls) of (-)-P-1d.
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Fig. S41. 3C NMR spectrum (126 MHz, CDCls) of (-)-P-1d.
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Fig. S42. '"H NMR spectrum (500 MHz, CDCls) of (+)-M-1d.
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Fig. S43. 1>*C NMR spectrum (126 MHz, CDCls) of (+)-M-1d.
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Fig. S44. 'H NMR spectrum (500 MHz, CDCls) of (-)-P-1e.
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Fig. S45. C NMR spectrum (126 MHz, CDCl3) of (-)-P-1e.
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Fig. S46. 'H NMR spectrum (500 MHz, CDCls) of (+)-M-1e.
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Fig. S47. *C NMR spectrum (126 MHz, CDCls) of (+)-M-1e.
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