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l. General Information

General Experimental Procedures. All reactions were carried out under nitrogen except noted. Anhydrous
dichloromethane, toluene, acetonitrile and dimethylformamide were purified by the PS-MD5 (Innovative
Technology) solvent purification system. Tetrahydrofuran and anhydrous diethyl ether were distilled from
sodium-benzophenone ketyl. All other commercial reagents were used as received. Flash column
chromatography was performed as described by Still, employing Qingdao Haiyang silica gel 60 (200-300
mesh). TLC analyses were performed on EMD 250 pm Silica Gel HSGF254 plates and visualized by
quenching of UV fluorescence (Amax = 254 nm), or by staining ceric ammonium molybdate, phosphomolybdic
acid, or potassium permanganate. *H and **C NMR spectra were recorded on a Bruker 500, 400 spectrometer.
Chemical shifts for *H and *3C NMR spectra are reported in ppm () relative to residue protium in the solvent
(CDCl3: 6 7.26, 77.0 ppm, and the multiplicities are presented as follows: s = singlet, d = doublet, t = triplet,
g = quartet, m = multiplet, brs = broad single. High-resolution mass spectra (HRMS) were acquired on Thermo
Scientific, Q Exactive Focus (Orbitrap). The [a]P was recorded using Anton Paar MCP 5500. Infrared (IR)
spectra were obtained using a Shimatzu IRTracer-100 fourier transform infrared spectroscopy (FTIR). HPLC
analysis on chiral stationary phase was performed on an Agilent 1200-series instrument, employing Daicel
Chiralpak OD-H, AS-H, OJ-H and IG chiral columns. Single-crystal X-ray diffraction data were collected on
a X-ray Diffractometer (XtaLAB P2000). The photo reactor used for this photolysis is Rayonet RPR-200
(Southern New England Ultraviolet Company). The irradiation vessel of the photo reaction is quartz glass

tube, 10 cm from the light source.
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1. General Procedures for Asymmetric Photoenolization/Diels—Alder Reaction (APEDA)

{Me Q Ti(O'Pr)4, L*, DABCO COAr
CHO . . \ X ~
R Lr T Ry j
N . toluene, hv (366 nm), 1.5 h ot

Me St H

exo

( tetrasubstituted dienophiles )
Me, Me O Me Me O

No Reaction

To a solution of aromatic aldehyde (0.3 mmol, 1.0 equiv.), chiral ligand (0.15 mmol, 0.5 equiv.) and 1,4-
diazabicyclo[2.2.2]octane (DABCO) (0.3 mmol, 1.0 equiv.) in anhydrous toluene (30 mL, 0.01 M) was added
dienophile (0.45 mmol, 1.5 equiv.) (if the dienophile was solid, it was added before the addition of solvent)
under N, in quartz tube sealed with rubber plug. Then, titanium (1V) isopropoxide (Ti(Oi-Pr)s, 0.3 mmol, 1.0
equiv.) was added, after homogeneous mixing, the solution was photolyzed at room temperature in a Rayonet
chamber reactor (16 lamps) at Amax = 366 nm for 1.5 h. Then the reaction mixture was poured into saturated
sodium bicarbonate and stirred over 30 min, the above mixture was extracted three times with ethyl acetate,
the combined organic phases were washed twice with brine and dried over anhydrous sodium sulfate. The
dried solution was filtered and the filtrate was concentrated under vacuum. The residue was purified by silica
gel column chromatography to give the corresponding cycloadducts, and the ligand could be recovered over
95% yield.

% 7 (50 mg, dr > 20:1) was prepared according to general

rz'_\ procedure in 38% yield (in the presence of Ti(Oi-Pr)s,

OMe CFs ‘\T " ‘}«Z: (0.9 mmol, 3.0 equiv.), without ligand and DABCO). The
\7/‘1\/%\'); reaction time was 90 min under 366 nm light. The product
MeC H © - was isolated through silica gel column chromatography
7 CCDC 1947394 (6% to 20% ethyl acetate-petroleum ether) as a white

solid: Rf = 0.3 (20% ethyl acetate-petroleum ether); and it was recrystallized from dichloromethane /hexane
(VIV = 1/4), slowly volatilize for several days at 25 °C, to obtain colorless crystals, CCDC (1947394). 'H
NMR (400 MHz, CDClz) 8 7.92 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H), 6.75 (d, J = 8.8 Hz, 1H), 6.71
(d, J=8.9 Hz, 1H), 5.10 (d, J = 3.3 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.95 — 2.80 (m, 2H), 2.72 — 2.61 (m,
2H), 1.95 (d, J = 12.0 Hz, 1H), 1.62 — 1.42 (m, 5H), 1.31 — 1.21 (m, 2H). ppm; 3C NMR (100 MHz, CDCl3)
5208.6, 151.5,151.1, 144.7, 132.0 (g, J = 32.6 Hz, 1C), 127.8 (2C), 125.7, 125.6, 125.2, 124.9 (¢, J = 3.8 Hz,
1C), 122.5, 108.9, 107.2, 69.1, 55.64, 55.60, 55.1, 27.4, 27.2, 26.5, 24.7, 22.8, 19.6 ppm; IR vmax 2949, 1481,
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1325, 1305, 1255, 1166, 1126, 1066, 742 cm™; HRMS-ESI (m/z): [M+Na]" calcd for Ca4H2504F3Na,
457.1597; found, 457.1594.

7a (102 mg, dr = 3.6:1) was prepared according to general

)33. procedure in 78% vyield. The reaction time was 90 min

OMe O *] :‘» under 366 nm light. The product was isolated through silica

@.a' H™O 1} /\j:i gel column chromatography (6% to 20% ethyl acetate-

x

Me petroleum ether) as a white solid: Rf = 0.6 (20% ethyl

7a CCDC 1947391 "
acetate-petroleum ether); m.p. 142 — 144 °C; [o]> -70.2 (c

1.24, DCM); and it was recrystallized from dichloromethane /hexane (V/V = 1/4), slowly volatilize for several
days at 25 °C, to obtain colorless crystals, CCDC (1947391). *H NMR (400 MHz, CDCl3) § 8.06 (d, J = 8.1
Hz, 2H), 7.66 (d, J = 8.1 Hz, 2H), 6.72 (s, 2H), 5.23 (s, 1H), 4.81 (d, J = 1.5 Hz, 1H), 3.84 (s, 3H), 3.81 (s,
3H), 2.88 — 2.64 (m, 3H), 2.44 (dt, J = 14.6, 2.9 Hz, 1H), 1.75 — 1.65 (m, 1H), 1.60 — 1.39 (m, 5H), 1.05 —
0.90 (m, 1H) ppm; C NMR (100 MHz, CDClz) § 211.9, 151.8, 151.3, 144.7, 131.9 (q, J = 32.5 Hz, 1C),
127.9 (2C), 126.7, 125.9, 125.2, 124.9 (q, J = 3.8 Hz, 1C), 122.5, 108.2, 108.1, 73.5, 55.8, 55.7, 55.6, 33.4,
27.6,24.3,21.8,21.6, 19.1 ppm; IR vmax 2949, 1481, 1325, 1305, 1255, 1166, 1126, 1066, 742 cm™*; HRMS—
ESI (m/z): [M+Na]* calcd for CosH2s04F3Na, 457.1597; found, 457.1594; Enantiomeric excess: 99.1%,
determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T =25 °C,
230 nm): tr = 10.883 min (major), tr = 17.052 min (minor).

7b (42 mg, dr = 5.3:1) was prepared according to general procedure in 38% yield. The
reaction time was 90 min under 366 nm light. The product was isolated through silica

OMe
@‘a’ (Xo gel column chromatography (6% to 20% ethyl acetate-petroleum ether) as a yellow oil:
MeO Rt = 0.5 (20% ethyl acetate-petroleum ether); [a]5 -77.4 (c 0.25, DCM); *H NMR (400
7b

MHz, CDCl3) 6 7.96 — 7.91 (m, 2H), 7.48 — 7.36 (m, 3H), 6.71 (s, 2H), 5.30 (d, J= 1.6
Hz, 1H), 4.69 (d, J = 1.7 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 2.88 — 2.74 (m, 2H), 2.74 — 2.61 (m, 1H), 2.52
(dt, J = 14.7, 3.8 Hz, 1H), 1.72 — 1.51 (m, 4H), 1.49 — 1.42 (m, 1H), 1.42 — 1.34 (m, 1H), 1.08 (dt, J = 13.4,
4.6 Hz, 1H) ppm; *C NMR (100 MHz, CDCl3) § 211.9, 151.9, 151.2, 141.3, 130.3, 127.8, 127.6 (2C), 127.0
(2C), 126.0, 108.1, 107.9, 73.0, 55.8 (d, J = 2.4 Hz, 1C), 55.6 (d, J = 2.4 Hz, 1C), 55.3, 33.6, 27.6, 24.3, 21.8,
21.7, 19.3 ppm; IR vmax 1371, 1282, 1267, 1180, 1141, 744, 707 cm™; HRMS-ESI (m/z): [M+Na]* calcd for
C23H2604Na, 389.1723; found, 389.1719; Enantiomeric excess: 99.3%, determined by HPLC (Daicel
Chiralpak OD-H, hexane/isopropanol = 85/15, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 8.594 min

(minor), tr = 16.710 min (major).
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7¢ (65 mg, dr = 7.3:1) was prepared according to general procedure in 58% yield. The
reaction time was 90 min under 366 nm light. The product was isolated through silica
OMe H gel column chromatography (6% to 20% ethyl acetate-petroleum ether) as a yellow solid:
Q@r H O Rf=0.55 (20% ethyl acetate-petroleum ether); m.p. 130 — 132 °C; [a]? -103 (c 0.26,
© DCM); 'H NMR (400 MHz, CDCls3) & 7.87 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H),
6.71 (s, 2H), 5.30 (d, J = 1.7 Hz, 1H), 4.66 (d, J = 1.8 Hz, 1H), 3.82 (s, 3H), 3.81 (s,
3H), 2.88 — 2.76 (m, 2H), 2.69 (g, J = 12.0 Hz, 1H), 2.54 (dt, J = 14.9, 3.7 Hz, 1H), 2.39 (s, 3H), 1.71 — 1.60
(m, 1H), 1.56 — 1.31 (m, 5H), 1.10 (dt, J = 13.3, 4.5 Hz, 1H) ppm; *C NMR (100 MHz, CDCl3) § 211.1,
151.9, 151.1, 140.7, 138.4, 128.4 (2C), 127.9 (2C), 127.0, 126.1, 108.0, 107.8, 72.7, 55.7 (d, J = 2.2 Hz, 1C),
55.5(d, J=2.1 Hz, 1C), 55.2, 33.6, 27.5, 24.3, 21.82, 21.78, 21.4, 19.3 ppm; IR vmax 3003, 1604, 1342, 1203,
1147, 1066, 1016, 827, 742, 702 cm™t; HRMS-ESI (m/z): [M+Na]* calcd for C24H2504Na, 403.1880; found,
403.1876; Enantiomeric excess: 96%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol =
70/30, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 9.673 min (minor), tr = 15.138 min (major).

Me
7c

9 (73.2 mg) was prepared according to general procedure in 62%

Y
OMeOH, 9 CFs ) j~ yield. DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction
7 <8

-

O‘ O ,\”/_ﬁ :}1 time was 90 min under 366 nm light. The product was isolated
OMe
9

Il
+
D,

through silica gel column chromatography (6% to 20% ethyl

]

CCDC 1947389 acetate-petroleum ether) as a white solid: Rf = 0.33 (20% ethyl
acetate-petroleum ether); m.p. 118 - 120; [a]? -20.6 (c 0.73, DCM); and it was recrystallized from
dichloromethane /hexane (V/V = 1/4), slowly volatilize for several days at 25 °C, to obtain colorless crystals,
CCDC (1947389). 'H NMR (500 MHz, CDCl3) § 7.81 — 7.77 (m, 1H), 7.69 — 7.66 (m, 1H), 7.58 — 7.53 (m,
1H), 7.51 - 7.46 (m, 1H), 6.73 (d, J = 8.9 Hz, 1H), 6.69 (d, J = 8.9 Hz, 1H), 5.37 (s, 1H), 4.43 (s, 1H), 3.84
(s, 3H), 3.78 (s, 3H), 2.81 - 2.70 (m, 1H), 2.68 — 2.57 (m, 1H), 2.22 — 2.12 (m, 1H), 2.04 — 1.94 (m, 1H), 1.22
(s, 3H) ppm; *C NMR (125 MHz, CDCls) § 212.0, 152.1, 151.3, 139.6 (g, J = 1.9 Hz, 1C), 131.0, 128.7,
127.7,126.7,126.6 (q, J = 31.7 Hz, 1C), 126.4 (q, J = 4.5 Hz, 1C), 126.2, 123.6 (q, J = 273.7 Hz, 1C), 108.3,
108.2, 71.5, 55.8, 55.5, 51.5, 29.7, 20.5, 16.1 ppm; IR vmax 3055, 1697, 1280, 1107, 802, 744 cm™!; HRMS—
El (m/z): [M]" calcd for Ca1H21F304, 394.1392; found, 394.1395; Enantiomeric excess: 97%, determined by
HPLC (Daicel Chiralpak IG, hexane/isopropanol = 85/15, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr =
13.027 min (major), tr = 15.067 min (minor).

OMe OH, O 10 (86.9 mg) was prepared according to general procedure in 92% yield. DABCO (0.60
¥ Ph mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light. The product
OMe 44 was isolated through silica gel column chromatography (6% to 20% ethyl acetate-petroleum

ether) as a yellow solid: Rf = 0.34 (20% ethyl acetate-petroleum ether); m.p. 96 - 98; [o]5
+56.2 (¢ 0.24, DCM); 'H NMR (400 MHz, CDCl3) 6 7.65 — 7.59 (m, 2H), 7.46 — 7.41 (m, 1H), 7.38 — 7.31

(m, 2H), 6.66 (s, 2H), 5.43 (s, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 2.81 — 2.66 (M, 2H), 2.50 — 2.29 (M, 2H), 2.14
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—2.03 (m, 1H), 1.58 (s, 3H) ppm; C NMR (125 MHz, CDCls) § 207.3, 151.6, 151.2, 138.8, 130.8, 128.2,
128.0 (2C), 127.5 (2C), 125.9, 108.6, 107.9, 66.8, 55.8, 55.5, 51.2, 27.5, 21.1, 20.8 ppm; IR vmax 3691, 3055,
1697, 1265, 1107, 744 cm™; HRMS-EI (m/z): [M]" calcd for CaoH220s, 326.1518; found, 326.1512;
Enantiomeric excess: 79%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow rate
0.8 mL/min, T =25 °C, 230 nm): tr = 13.843 min (major), tr = 16.134 min (minor).

OMeOH, O 11 (101.1 mg, dr = 5:1) was prepared according to general procedure in 81% yield.
O‘ O e DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366
OMe Me nm light. The product was isolated through silica gel column chromatography (6% to
" 20% ethyl acetate-petroleum ether) as a colorless oil: Rf = 0.27 (20% ethyl acetate-
petroleum ether); [a]> +91.1 (c 0.77, DCM); *H NMR (400 MHz, CDCls) § 7.14 (s, 2H), 7.05 (s, 1H), 6.67
(s, 2H), 5.41 (s, 1H), 3.79 (s, 3H), 3.74 (s, 3H), 2.77 — 2.65 (m, 2H), 2.53 — 2.40 (m, 1H), 2.29 (s, 6H), 2.13 -
2.01 (m, 1H), 1.54 (s, 3H) ppm; 3C NMR (100 MHz, CDCls) § 208.0, 151.6, 151.3, 139.1, 137.5 (2C), 132.2,
128.3, 126.1, 125.0 (2C), 108.6, 107.8, 66.8, 55.8, 55.5, 51.3, 27.4, 21.3 (2C), 21.1, 21.0 ppm; IR vmax 2889,
1685, 1267, 1049, 744 cm™*; HRMS-ESI (m/z): [M+Na]" calcd for C22H2604Na, 377.1723; found, 377.1719;
Enantiomeric excess: 82%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 85/15, flow rate

0.8 mL/min, T =25 °C, 230 nm): tr = 26.115 min (major), tr = 31.599 min (minor).

OMeOH, O 12 (72.7 mg) was prepared according to general procedure in 71% yield. DABCO
O‘ O (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.
oMe ., Me The product was isolated through silica gel column chromatography (6% to 20%
ethyl acetate-petroleum ether) as a colorless oil: Rt = 0.18 (20% ethyl acetate-

petroleum ether); [o]2 +122 (c 0.49, DCM); *H NMR (400 MHz, CDCl3) § 7.62 (d, J = 8.1 Hz, 2H), 7.16 (d,
J=8.1Hz, 2H), 6.68 (d, J = 8.9 Hz, 1H), 6.65 (d, J = 8.9 Hz, 1H), 5.46 (s, 1H), 3.81 (s, 3H), 3.72 (s, 3H),
2.78 —2.66 (M, 2H), 2.44 — 2.31 (m, 5H), 2.18 — 2.07 (M, 1H), 1.59 (s, 3H) ppm; 1*C NMR (100 MHz, CDCl5)
5 206.2, 151.7, 151.2, 141.5, 135.7, 128.7, 128.5 (2C), 128.0 (2C), 125.9, 108.6, 107.9, 66.78, 66.75, 55.9,
55.5, 51.0, 27.7, 21.2, 21.1 ppm; IR vmax 3055, 2889, 1676, 1315, 1267, 1051, 744 cm™; HRMS-EI (m/z):
[M]* calcd for C21H2404, 340.1675; found, 340.1680; Enantiomeric excess: 85%, determined by HPLC
(Daicel Chiralpak 1G, hexane/isopropanol = 85/15, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 33.565

min (major), tr = 38.586 min (minor).

OMe OH, O 13 (80.5 mg, dr = 3.5:1) was prepared according to general procedure in 68% yield.
O‘ O DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366
OMe 43 2 nm light. The product was isolated through silica gel column chromatography (6%
to 20% ethyl acetate-petroleum ether) as a colorless oil: Rt = 0.15 (20% ethyl acetate-

petroleum ether); [a]5 +81.9 (c 0.19, DCM); *H NMR (500 MHz, CDCls3) § 7.60 (s, 4H), 6.68 (d, J = 8.8 Hz,
1H), 6.65 (d, J = 8.8 Hz, 1H), 5.35 (s, 1H), 3.76 (s, 3H), 3.74 (s, 3H), 2.94 (s, 1H), 2.80 — 2.68 (m, 1H), 2.57

—2.46 (M, 1H), 2.34 — 2.23 (m, 1H), 2.10 — 2.04 (m, 1H), 1.53 (s, 3H) ppm; *C NMR (125 MHz, CDCls) &
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207.5, 151.6, 151.3, 142.5, 132.1 (q, J = 32.6 Hz, 1C), 127.7, 127.4 (2C), 125.9, 125.0 (g, J = 3.7 Hz, 2C),
123.7 (d, J = 272.3 Hz, 1C), 108.7, 107.9, 66.9, 55.7, 55.5, 51.5, 27.4, 20.9, 20.3 ppm; IR vmax 3055, 1697,
1280, 1265, 1107, 744 cm™; HRMS-EI (m/z): [M]" calcd for Ca1H21F30s, 394.1392; found, 394.1387;
Enantiomeric excess: 99.5%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 8.402 min (major), tr = 9.827 min (minor). For the 1 mmol scale
reaction, two 50 ml quartz glass tubes are used (0.5 mmol for each), after the reaction is complete, combine

the two reaction solutions for treatment, the same yield and ee value was obtained.

For the 1 mmol scale reaction, two 50 ml quartz glass tubes are used (0.5 mmol for each): aromatic aldehyde
(0.5 mmol, 1.0 equiv.), chiral ligand (0.25 mmol, 0.5 equiv.), dienophile (0.75 mmol, 1.5 equiv.) and 1,4-
diazabicyclo[2.2.2]octane (DABCO) (1.0 mmol, 2.0 equiv.) was added in a 50 ml quartz glass tube sealed
with rubber plug, then add anhydrous toluene (50 mL, 0.01 M) to dissolve the reactants under N2. Then,
titanium (1V) isopropoxide (Ti(Oi-Pr)s4, 0.5 mmol, 1.0 equiv.) was added, after homogeneous mixing, the
solution was photolyzed at room temperature in a Rayonet chamber reactor (16 lamps) at Amax = 366 nm for
1.5 h. After the reaction is complete, combine the two reaction solutions for treatment. The reaction mixture
was poured into saturated sodium bicarbonate and stirred over 30 min, the above mixture was extracted three
times with ethyl acetate, the combined organic phases were washed twice with brine and dried over anhydrous
sodium sulfate. The dried solution was filtered and the filtrate was concentrated under vacuum. The residue
was purified by silica gel column chromatography to give the corresponding cycloadducts 268 mg (68%, dr =
3.5:1, 99.5% ee).

OMe OH, O 14 (109.1 mg) was prepared according to general procedure in 85% yield. Ligand
5 O CFs 10 (0.24 mmol, 0.8 equiv.), DABCO (0.96 mmol, 3.2 equiv.) was used. The
reaction time was 90 min under 366 nm light. The product was isolated through
oMe 14 silica gel column chromatography (6% to 20% ethyl acetate-petroleum ether) as a
colorless oil: Rf = 0.32 (20% ethyl acetate-petroleum ether); [a]> +60.6 (c 0.86, DCM); *H NMR (400 MHz,
CDCl3) 8 7.80 — 7.65 (m, 3H), 7.54 — 7.45 (m, 1H), 6.68 (d, J = 8.9 Hz, 1H), 6.66 (d, J = 8.9 Hz, 1H), 5.36 (s,
1H), 3.77 (s, 3H), 3.74 (s, 3H), 2.84 (s, 1H), 2.79 — 2.69 (m, 1H), 2.56 — 2.45 (m, 1H), 2.35 — 2.26 (m, 1H),
2.16 —2.03 (m, 1H), 1.55 (s, 3H) ppm; 1*C NMR (125 MHz, CDCls) § 206.7, 151.5, 151.3, 139.6, 130.5 (2C),
128.6 (2C), 127.7, 127.2, 125.9, 124.1, 108.8, 107.8, 66.8, 55.7, 55.51, 51.46, 27.3, 21.0, 20.6 ppm; IR vmax
2889, 1685, 1267, 1089, 1051, 881 cm™; HRMS-EI (m/z): [M]" calcd for Cp1H21F304, 394.1392; found,
394.1388; Enantiomeric excess: 98%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 85/15,
flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 8.494 min (major), tr = 10.672 min (minor).

OMe QH, O 15 (63.8 mg) was prepared according to general procedure in 62% yield. DABCO (0.60
¥ ~pn  mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light. The product
H"'Me was isolated through silica gel column chromatography (6% to 20% ethyl acetate-petroleum

OMe
15 ether) as a white solid: Rf = 0.46 (20% ethyl acetate-petroleum ether); m.p. 88 - 90 °C; [a]
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2 -23.4 (¢ 0.37, DCM); *H NMR (500 MHz, CDCl3) § 7.66 — 7.61 (m, 2H), 7.46 — 7.36 (m, 3H), 6.72 (d, J =
8.9 Hz, 1H), 6.68 (d, J = 8.9 Hz, 1H), 5.43 (s, 1H), 4.73 (d, J = 1.3 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 2.79
(dd, J = 17.9, 5.0 Hz, 1H), 2.55 — 2.44 (m, 1H), 2.38 — 2.26 (m, 1H), 1.19 (s, 3H), 1.06 (d, J = 6.7 Hz, 3H)
ppm; BC NMR (125 MHz, CDCl3) § 212.5, 152.2, 151.1, 141.4, 129.8, 127.9 (2C), 127.4, 126.5 (2C), 126.1,
108.3, 108.1, 74.1, 55.8, 55.7, 55.5, 33.4, 29.5, 16.6, 9.9 ppm; IR vmax 3055, 2306, 1676, 1317, 1265, 740 cm™
1 HRMS-ESI (m/z): [M+Na]" calcd for C21H240:Na, 363.1567; found, 363.1562; Enantiomeric excess: 96%,
determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow rate 0.8 mL/min, T =25 °C,
230 nm): tr = 9.985 min (minor), tr = 13.200 min (major).

OMe OH, O 16 (47.5 mg) was prepared according to general procedure in 43% yield. DABCO

O‘ O Me  (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.
I H"'Me The product was isolated through silica gel column chromatography (6% to 20% ethyl

16 e acetate-petroleum ether) as a white solid: Rf= 0.5 (20% ethyl acetate-petroleum ether);
m.p. 142 - 144 °C; [a]% -25.2 (c 0.58, DCM); *H NMR (500 MHz, CDCl3) § 7.22 (s, 2H), 7.06 (s, 1H), 6.72
(d, J=8.9 Hz, 1H), 6.69 (d, J = 8.9 Hz, 1H), 5.44 (s, 1H), 4.69 (d, J = 1.3 Hz, 1H), 3.82 (s, 3H), 3.79 (s, 3H),
2.78 (dd, J = 18.0, 5.1 Hz, 1H), 2.55 — 2.46 (m, 1H), 2.36 — 2.29 (m, 7H), 1.18 (s, 3H), 1.06 (d, J = 6.7 Hz,
3H) ppm; C NMR (125 MHz, CDCl3) § 212.8, 152.3, 151.1, 141.5, 137.4 (2C), 131.5, 127.6, 126.2, 124.2
(2C), 108.3, 108.0, 74.1, 55.8, 55.7, 55.5, 33.5, 29.5, 21.4 (2C), 16.6, 10.0 ppm; IR vmax 3055, 1685, 1483,
1267, 1111, 746 cm*; HRMS-ESI (m/z): [M+Na]* calcd for CasH2s0sNa, 391.1880; found, 391.1874;
Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow
rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 9.099 min (major), tr = 11.419 min (minor).

OMeQH, O 17 (97.7 mg) was prepared according to general procedure in 68% yield. DABCO
E O CFs(0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.
1 H"’Me I The product was isolated through silica gel column chromatography (6% to 20%
17 ’ ethyl acetate-petroleum ether) as a colorless oil: Rf = 0.5 (20% ethyl acetate-

petroleum ether); [a]> +45.3 (¢ 0.52, DCM); *H NMR (400 MHz, CDCls3) § 8.30 (s, 2H), 7.95 (s, 1H), 6.76
(d, J=8.8 Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H), 5.06 (d, J = 3.0 Hz, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 3.00 (dd, J =
18.5, 5.8 Hz, 1H), 2.88 — 2.79 (m, 1H), 2.75 (d, J = 3.0 Hz, 1H), 2.18 (dd, J = 18.5, 11.6 Hz, 1H), 1.10 (s, 3H),
0.89 (d, J = 6.5 Hz, 3H) ppm; C NMR (100 MHz, CDCls) § 206.7, 151.7, 150.8 (2C), 143.0 (2C), 131.3 (q,
J=33.6 Hz, 2C), 128.0, 125.9, 125.5, 123.5, 123.1 (g, J = 272.8 Hz, 1C), 109.1, 107.5, 70.4, 70.3, 55.6, 54.5,
29.5, 26.9, 16.8, 14.1 ppm; IR vmax 3055, 1751, 1707, 1483, 1267, 1109, 746 cm™; HRMS-ESI (m/z): [M+Na]*
calcd for C23sH22FsO4Na, 499.1314; found, 499.1308; Enantiomeric excess: 91%, determined by HPLC (Daicel
Chiralpak 1G, hexane/isopropanol = 95/5, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 9.018 min (major),
tr = 11.141 min (minor).
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OMe OH, O 18 (74.3 mg) was prepared according to general procedure in 61% yield. DABCO
O‘ O (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.

OMe H'II'VIe 2 The product was isolated through silica gel column chromatography (6% to 20%
18 ethyl acetate-petroleum ether) as a white solid: Rs= 0.5 (20% ethy| acetate-petroleum
ether); m.p. 86 - 88 °C; [a]7 -24.1 (¢ 0.30, DCM); 'H NMR (400 MHz, CDCls3) § 7.71 (d, J = 8.2 Hz, 2H),
7.66 (d, J =8.2 Hz, 2H), 6.73 (d, J = 8.9 Hz, 1H), 6.69 (d, J = 8.9 Hz, 1H), 5.34 (s, 1H), 4.83 (s, 1H), 3.83 (s,
3H), 3.79 (s, 3H), 2.80 (dd, J = 17.8, 5.0 Hz, 1H), 2.53 — 2.39 (m, 1H), 2.31 (dd, J = 17.8, 11.9 Hz, 1H), 1.16
(s, 3H), 1.06 (d, J = 6.6 Hz, 3H) ppm; *C NMR (100 MHz, CDCl3) § 212.3, 152.2, 151.2, 144.9, 131.5 (q, J
=32.5Hz, 1C), 127.1, 126.7 (2C), 126.0, 125.0 (q, J = 3.8 Hz, 2C), 122.5, 108.5, 108.2, 74.3, 56.0, 55.8, 55.6,
33.3,29.5, 16.6, 9.8 ppm; IR vmax 3055, 1751, 1483, 1267, 1085, 744, 677 cm™*; HRMS—ESI (m/z): [M+Na]*
calcd for C22H23F304Na, 431.1441; found, 431.1436; Enantiomeric excess: 99%, determined by HPLC (Daicel
Chiralpak OD-H, hexane/isopropanol = 85/15, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 7.497 min

(minor), tr = 9.044 min (major).

OMe OH, O 19 (57.2 mg) was prepared according to general procedure in 47% yield. DABCO
O‘ O o (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.
L J’Me The product was isolated through silica gel column chromatography (6% to 20%
19 ethyl acetate-petroleum ether) as a white solid: Rf = 0.38 (20% ethyl acetate-
petroleum ether); m.p. 108 - 110 °C; [a]5 -26.8 (c 0.04, DCM); *H NMR (500 MHz, CDCl3) § 7.89 (s, 1H),
7.81(d, J=7.8Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.53 (t, J = 7.8 Hz, 1H), 6.73 (d, J = 8.9 Hz, 1H), 6.69 (d, J
= 8.9 Hz, 1H), 5.35 (s, 1H), 4.83 (d, J = 1.2 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 2.80 (dd, J = 18.1, 5.2 Hz,
1H), 2.52 — 2.42 (m, 1H), 2.38 — 2.24 (m, 1H), 1.17 (s, 3H), 1.06 (d, J = 6.7 Hz, 3H) ppm; *C NMR (125
MHz, CDCl3) 6 211.9, 152.2, 151.1, 142.1, 130.3 (q, J = 32.3 Hz, 1C), 129.7, 128.5, 127.1, 126.5 (4, J = 4.0
Hz, 1C), 126.0, 123.5 (q, J = 4.0 Hz, 1C), 122.8, 108.5, 108.2, 74.4, 55.9, 55.8, 55.6, 33.5, 29.5, 16.6, 10.0
ppm; IR vmax 3055, 1751, 1707, 1483, 1109, 746 cm™*; HRMS-ESI (m/z): [M+Na]* calcd for C22H23F304Na,
431.1441; found, 431.1435; Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak IG,
hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 7.045 min (major), tr = 9.123

min (minor).

OMeOH O CFs 20 (57.2 mg, dr = 1.8:1) was prepared according to general procedure in 54% yield.
~ DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm
O‘ Me light. The product was isolated through silica gel column chromatography (6% to 20%
OMe 20 ethyl acetate-petroleum ether) to give 20a (20.4 mg, 19%) and 20b (36.8 mg, 35%) as a

yellow solid.
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20a (the relative configuration was determined by NOESY spectra) Rt = 0.33 (20% ethyl
Y acetate-petroleum ether); m.p. 99 - 101 °C; [a]y -8.2 (¢ 0.056, DCM); *H NMR (400
"/ O MHz, CDCls3) & 7.78 — 7.69 (m, 2H), 7.57 — 7.46 (m, 2H), 6.71 (d, J = 9.5 Hz, 1H), 6.69

Me
H
OMe oproguct (4 J = 9.5 Hz, 1H), 5.24 (s, 1H), 4.49 (d, J = 1.6 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H),
20a 2.78 (dd, J = 16.8, 3.6 Hz, 1H), 2.49 — 2.33 (m, 2H), 1.21 (s, 3H), 1.11 (d, J = 6.3 Hz,

3H) ppm; C NMR (125 MHz, CDCl3) & 210.6, 152.0, 150.9, 130.5, 129.4, 129.1, 128.1, 127.9 (g, J = 32.1
Hz, 1C), 127.6, 127.4 (g9, J = 4.9 Hz, 1C), 126.5, 126.2, 108.11, 108.07, 73.7, 56.1, 55.61, 55.56, 33.7, 29.5,
16.6, 10.7 ppm; IR vmax 3055, 1707, 1483, 1421, 1317, 1111, 746 cm™’; HRMS-ESI (m/z): [M+Na]"* calcd for
C2H23F304Na, 431.1441; found, 431.1432; Enantiomeric excess: 98%, determined by HPLC (Daicel
Chiralpak 1G, hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T =25 °C, 230 nm): tr = 7.302 min (major),
tr = 9.260 min (minor).

OMeOH, 0 CFy 20b (the relative configuration was determined by NOESY spectra) Rt = 0.18 (20% ethyl

¥ acetate-petroleum ether); m.p. 120 - 122 °C; [o]? -13.1 (c 0.19, DCM); *H NMR (400
e MHz, CDCls) § 7.73 — 7.66 (m, 2H), 7.52 (t, J = 7.6 Hz, 1H), 7.35 (t, J = 7.7 Hz, 1H),
e doproduct 675 (5, 2H), 5.12 (d, J = 2.3 Hz, 1H), 4.34 (dd, = 12.2, 5.5 Hz, 1H), 3.86 (5, 3H), 3.76

200 (s, 3H), 3.55 (s, 1H), 3.15 (dd, J = 18.5, 5.5 Hz, 1H), 2.81 (dd, J = 18.5, 12.2 Hz, 1H),

1.78 (s, 3H), 1.32 (s, 3H) ppm; *C NMR (125 MHz, CDCls) § 213.1, 151.9, 150.7, 143.4, 131.6, 129.3 (q, J
= 28.9 Hz, 1C), 128.8, 126.6 (g, J = 6.1 Hz, 1C), 126.5, 126.2, 125.5, 124.4 (d, J = 274.4 Hz, 1C), 109.1,
108.3, 70.3, 56.0, 55.5, 54.8, 33.6, 30.5,27.5, 16.3 ppm; IR vmax 3055, 1707, 1483, 1421, 1317, 1111, 746 cm"
1 HRMS-ESI (m/z): [M+Na]* calcd for Ca2H23F304Na, 431.1441; found, 431.1432; Enantiomeric excess:
92%, determined by HPLC (Daicel Chiralpak 1G, hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T = 25
°C, 230 nm): tgr = 16.068 min (minor), tr = 30.321 min (major).

OMe OH, O 21 (46 mg) was prepared according to general procedure in 47% yield. DABCO (0.60
" O mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light. The
H"'V'e Me  product was isolated through silica gel column chromatography (6% to 20% ethyl
2 acetate-petroleum ether) as a white solid: Rf = 0.55 (20% ethyl acetate-petroleum
ether); m.p. 120 — 122 °C; [0]? -5.58 (c 0.74, DCM); *H NMR (400 MHz, CDCls3) § 7.59 (d, J = 8.0 Hz, 2H),
7.21(d, J=8.0 Hz, 2H), 7.15 (t, J = 8.0 Hz, 1H), 6.78 — 6.71 (m, 2H), 5.49 (s, 1H), 4.50 (d, J = 1.5 Hz, 1H),
3.85 (s, 3H), 2.74 — 2.66 (m, 2H), 2.65 — 2.53 (m, 1H), 2.38 (s, 3H), 1.24 (s, 3H), 1.02 (d, J = 6.4 Hz, 3H)
ppm; 13C NMR (100 MHz, CDCls) § 211.2, 158.5, 140.4, 138.2, 137.3, 128.6 (2C), 127.6, 127.0 (2C), 126 .4,
121.5, 108.3, 73.7, 56.1, 55.4, 34.9, 33.9, 21.4, 16.4, 10.3 ppm; IR vmax 2964, 1583, 1469, 1257, 1083, 1016,
744 cm; HRMS-ESI (m/z): [M+Na]" calcd for C21H2403Na, 347.1618; found, 347.1613; Enantiomeric
excess: 99.7%, determined by HPLC (Daicel Chiralpak 1G, hexane/isopropanol = 75/25, flow rate 0.8 mL/min,
T =25°C, 230 nm): tr = 19.337 min (major), tr = 27.734 min (minor).
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22 (46.5 mg) was prepared according to general procedure in 44% vyield.
DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under

Me 366 nm light. The product was isolated through silica gel column

22 chromatography (6% to 20% ethyl acetate-petroleum ether) as a white solid: Ry
= 0.52 (30% ethyl acetate-petroleum ether); m.p. 74 - 76 °C; [a]5 -14.8 (c 0.42, DCM); *H NMR (500 MHz,
CDCl3) 6 7.58 (d, J =8.2 Hz, 2H), 7.20 (d, J = 7.9 Hz, 2H), 6.33 (d, J = 2.3 Hz, 1H), 6.26 (d, J = 2.3 Hz, 1H),
5.43 (s, 1H), 4.32 (d, J = 1.4 Hz, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 2.67 — 2.53 (m, 3H), 2.38 (s, 3H), 1.22 (s,
3H), 1.00 (d, J = 6.3 Hz, 3H) ppm; *C NMR (125 MHz, CDCl3) § 211.2, 159.5, 159.2, 140.4, 138.2, 138.0,
128.6 (2C), 127.1 (2C), 119.1, 104.4, 97.1, 73.3, 56.2, 55.5, 55.3, 35.3, 33.9, 21.4, 16.4, 10.4 ppm; IR Vmax
3053, 2964, 1670, 1610, 1456, 1267, 1149, 833, 738 cm™; HRMS-EI (m/z): [M]* calcd for Cz2H260s4,
354.1831; found, 354.1835; Enantiomeric excess: 99.9%, determined by HPLC (Daicel Chiralpak I1G,
hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 20.989 min (major), tr = 33.791

min (minor).

OMe 0K, O 23 (48.7 mg) was prepared according to general procedure in 42% vyield.

DABCO (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under

Me 366 nm light. The product was isolated through silica gel column
23 chromatography (6% to 20% ethyl acetate-petroleum ether) as a white solid: Rt

= 0.42 (30% ethyl acetate-petroleum ether); m.p. 95 - 97 °C; [a]? -21.4 (c 0.38, DCM); *H NMR (400 MHz,
CDCl3) 6 7.57 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 7.9 Hz, 2H), 6.42 (s, 1H), 5.42 (s, 1H), 4.40 (d, J = 1.4 Hz,
1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.76 (s, 3H), 2.83 (dd, J = 16.9, 4.1 Hz, 1H), 2.54 — 2.41 (m, 2H), 2.38 (s, 3H),
1.20 (s, 3H), 1.03 (d, J = 6.3 Hz, 3H) ppm; 3C NMR (100 MHz, CDCl3) § 211.4, 154.7, 151.5, 140.3, 140.2,
138.3,131.2,128.6 (2C), 127.0 (2C), 119.1, 95.5, 73.5, 60.1, 56.0, 55.9, 55.8, 33.6, 29.5, 21.4, 16.5, 10.2 ppm;
IR vmax 3053, 2303, 1610, 1492, 1236, 1124, 744 cm™'; HRMS-ESI (m/z): [M+Na]* calcd for C23H250sNa,
407.1829; found, 407.1822; Enantiomeric excess: 99.8%, determined by HPLC (Daicel Chiralpak IG,
hexane/isopropanol = 70/30, flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 26.250 min (major), tr = 31.271

min (minor).

OMe OH, O 24 (71.9 mg) was prepared according to general procedure in 68% yield. DABCO
O‘ O (0.60 mmol, 2.0 equiv.) was used. The reaction time was 90 min under 366 nm light.
OMe H”'vIe Mo The product was isolated through silica gel column chromatography (6% to 20% ethyl
24 acetate-petroleum ether) as a colorless oil: Rf = 0.45 (20% ethyl acetate-petroleum

ether); [a]? -20.2 (¢ 0.16, DCM); *H NMR (500 MHz, CDCls) § 7.58 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 7.9 Hz,
2H), 6.71 (d, J = 8.9 Hz, 1H), 6.68 (d, J = 8.9 Hz, 1H), 5.47 (s, 1H), 4.68 (d, J = 1.3 Hz, 1H), 3.81 (s, 3H),
3.79 (s, 3H), 2.81 — 2.74 (m, 1H), 2.56 — 2.47 (m, 1H), 2.38 (s, 3H), 2.37 — 2.29 (m, 1H), 1.21 (s, 3H), 1.04
(d, J = 6.7 Hz, 3H) ppm; 3C NMR (125 MHz, CDCl3) § 211.6, 152.2, 151.1, 140.2, 138.3, 128.5 (2C), 127.5,
126.9 (2C), 126.2, 108.3, 108.0, 73.9, 55.8, 55.7, 55.5, 33.5, 29.5, 21.4, 16.5, 10.0 ppm; IR vmax 3055, 1672,
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1309, 1267, 1122, 740 cm™*; HRMS—ESI (m/z): [M+Na]* calcd for C22H2604Na, 377.1723; found, 377.1717;
Enantiomeric excess: 97%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow
rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 10.124 min (minor), tr = 12.489 min (major).
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Crystal data and structure refinement for 7
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Crystal data and structure refinement for 7

Identification code 7

Empirical formula C24H25F304
Formula weight 434.44
Temperature/K 100.00(10)

Crystal system triclinic

Space group P-1

alA 10.2397(2)

b/A 10.3182(2)

c/A 10.7297(3)

o/° 74.853(2)

p/e 74.200(2)

v/° 69.720(2)
Volume/A3 1005.55(4)

Z 2

pcalcg/cm3 1.435

wmm-1 0.971

F(000) 456.0

Crystal size/mm3 0.43 x<0.38 x<0.36
Radiation CuKa (A =1.54184)
20 range for data collection/® 8.716 to 148.936
Index ranges -12<h<12,-12<k<12,-12<1<12
Reflections collected 21252

Independent reflections 4008 [Rint = 0.0337, Rsigma = 0.0195]
Data/restraints/parameters ~ 4008/0/283
Goodness-of-fit on F2 1.041

Final R indexes [[>=25 (I)] R1=0.0357, wR2 = 0.0899
Final R indexes [all data] R1=0.0372, wR2 = 0.0910
Largest diff. peak/hole / e A-30.26/-0.25
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Crystal data and structure refinement for 7a
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Crystal data and structure refinement for 7a

Identification code 7a

Empirical formula C24H25F304
Formula weight 434.44
Temperature/K 100.00(10)
Crystal system orthorhombic
Space group P212:12;

alA 7.45280(10)

b/A 12.18510(10)

c/A 22.5826(2)

a/° 90

/e 90

v/° 90

Volume/A3 2050.80(4)

Z 4

Pcalcg/0m3 1.407

w/mmt 0.953

F(000) 912.0

Crystal size/mm? 0.38 %0.26 x0.22
Radiation CuKoa (A =1.54184)

20 range for data collection/® 7.83 to 148.952

Index ranges -8<h<8,-15<k<15,-27<1<28
Reflections collected 49662

Independent reflections 4111 [Rint = 0.1197, Rsigma = 0.0406]
Data/restraints/parameters ~ 4111/0/284

Goodness-of-fit on F? 1.063

Final R indexes [[>=2c (I)] R1=0.0370, wR2 = 0.0966

Final R indexes [all data] R1 = 0.0390, wR2 = 0.0982

Largest diff. peak/hole / e A 0.25/-0.22

Flack parameter -0.17(7)
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V. Crystal data and structure refinement for 9
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(ellipsoid contour at 50% probability level)

N

518



Crystal data and structure refinement for 9

Identification code 9

Empirical formula Ca1H21F304
Formula weight 394.38
Temperature/K 100.00(10)

Crystal system orthorhombic
Space group P212:12;

alA 7.01890(10)

b/A 10.7355(2)

c/A 24.6659(3)

a/° 90

Br° 90

y/° 90

Volume/A3 1858.61(5)

z 4

pcalcg/0m3 1409

pu/mm? 0.992

F(000) 824.0

Crystal size/mm? 0.48 x 0.28 x 0.22
Radiation CuKa (A =1.54184)
20 range for data collection/° 8.984 to 149.184
Index ranges -8<h<8,-13<k<13,-30<1<30
Reflections collected 41677

Independent reflections 3767 [Rint = 0.1067, Rsigma = 0.0365]
Data/restraints/parameters ~ 3767/0/260
Goodness-of-fit on F? 1.050

Final R indexes [I>=20 (I)] R1=0.0435, wR2 =0.1124

Final R indexes [all data] R1=0.0446, wR> = 0.1134
Largest diff. peak/hole / e A® 0.32/-0.27
Flack parameter 0.02(7)

VI.  NMR and HPLC Spectra

S19



ve b
9Z'1 1
1271
621
124
L1
0S'L 1
€571
1CHR
8G°L
6571
191
6 L~

VT

€9°¢C
v9'¢
99'¢
89¢C
Ll'c
[4: K4
¥8'¢
68¢C
16'¢
[4:R>
¥8'€

oL's
oL's

10. fid

HM-VI-93C-1.
HM-VI-93C-1

CF3

Me

MeO

N~

Chemical Formula: Co4Ho5F304

400 MHz, CDClj3

F00°}

6°0

o'l

¥G0'¢
0'¢

30 25 20 15 10 05 00 -O.

3.5

10.0 95 90 85 80 75 70 65 6.0 55 50 45

0.5

1 (ppm)

gL 0L~
68'801 ~
eszzl
ow;&;/
06'vZ1
€6°'vZ) \ﬁ
R AR |
ve'szl ]
m@.mmi
0.°62L :
18221
08°LEL 1
€1L'2ZEL |
19vbL ]
€L LGL %
67151

HM-VIG¥3C-1 C. 12. fid

0.
HM-VIg93C-1 C
o
N
[

L

CF3

Chemical Formula: Cy4Ho5F304

OMe

MeO

~

100 MHz, CDCl3

140

190

210 200

-10

120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

130

170 160 150

180

S20



Lz
zve
ev'e
sz
sz
o'z
1T
99°Z "
1921
0LZ]
1Lz
€LZ
YT
GLZ]
9,21
1021
821
08°Z1
z8°Z
€82
v8'Z
18°€ 1
v8°¢ |
18
Z8v
£2'G
zL9-
Gomy
o
199
5038 1

M

—

———n

MeO

Chemical Formula: Co4Ho5F304

400 MHz, CDCl3

60|

00'L |

eoer

0¢|

20'¢

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

~
€
a
- Q
=
-
=

6.0 5.5

6.5

9.5 9.0 8.5 8.0 7.5 7.0

19
HN@/—14OB-1 c

pa

N

\

10.0

€L'6l
19°L¢e \!
Gl'le
vN.vN\
8G°/¢C
mv.mm\

8G°GS
h@.mmw

18°GS

8vV'€L—

G080
zz'801L
zszzL
wm.vﬁ//
z8vZL
R AN
ERZATR |
£z'6z1 ]
vg'szl |
ON.@N;
€6°221
8€°LEL
02°LEL
€0°Z€EL
GeZEL 1
GO PPL
GZ'LSL
€816 -

=trnt

——n

Chemical Formula: Cy4Ho5F304

100 MHz, CDCl3

-10

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

210 200

1 (ppm)

S21



mo.:
60°L |
o L1
Lyl
St
8L 1
|
LG L
zs\
€G'L F
A
¥G'L
¥G'L
GS'L
1671
YL
GO'L-
052
v5'2
99’z
mo.mg
0,21
0821
082
8’z
¥8'Z
18°€
mw.mg\

—
—

—

69
0L
626 ]
0€'s
129
1€
1€
6cL
6€L
ov24
R
VL]
Ly L]
ev /L
vl
€Y1
Sy
€671
€61
ve
v6Y
mmﬁ
663

[
—

Chemical Formula: C,3H2604

400 MHz, CDCl3

¥10°¢

e

*20'¢

30 25 20 1.5 1.0 05 0.0

3.5

95 90 85 80 75 70 65 6.0 55 50 45 40

10.0

8C°61
om._\NW
wm._‘N\
8¢'ve
8G'/¢
ow.mm\

¢e'SS
GG'GS
8G°GS
€1°GS
9/°GS

16°¢L—

(ppm)

- 88°201
60°'801

20'9cl
00°'2¢l1
09221 X
SYAVRA"
Leocl
ce vl —

LLLGL~
88’161~

-141A-1 C

H

Chemical Formula: C,3H5604

100 MHz, CDClj3

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

f1 (ppm)

S22



801
LU
ANE
€117
9€ L1
2€°1 1
8€"L 1
%ep
or LA
VL
S Lf
9P L
A
6V
lo]=3
LG
zs
foley
€g’
¥S
.6
8g"
)
GO’
Qfﬁ
991 |
6E°C
Bﬁﬁ
2521
€521
G521
9521
9521
9921
69z]
ANA
srz
18°2Z1
$8°2 1
gﬁﬁ
18°€
Z8°€
99'P 1
99'¥ 1
0€°G 1
08 |
129 ]
8Ly
o |
0zY
owﬁ
883

9399
N~ ™

MeO

Chemical Formula: C,4H2g04

400 MHz, CDCl3

6'¢

= Hoct

6} |

=hyyy |
B ‘Tg
= VL0

Joo¢el
—=96°0|
—

=00°L |

<*06°L |

40 35 30 25 20 1.5 1.0 05 0.0 -0.

4.5

95 90 85 80 75 70 65 6.0 55

10.0

90'9¢1

mo.hN_\%
98'2¢l 7
[A8 14" \
6€'8€L
L9°0vL 7

ZLLSL~
98151~

<9}
Q
HM=V-140A-1 C

Chemical Formula: Co4H2g04

100 MHz, CDCl3

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

1 (ppm)

S23



I
™~
o
—
—

0

™~

N
L
o

——

OMe

Chemical Formula: C21H31F304

500 MHz, CDCl,

260
60

] Hn\mm.o

MMO._‘
60
H/mwm.o

6091 —
81¥'0C —

G9'6¢C —

IV LG\

¥G'GS
11°GS

8v'LL—

pm)

Eezg0l

- 12801 b
0s'2Z)
19'v2Z) \
G1L'9Z)
geozlL \ﬁ
6€°921
A
oavozL [
v50z1 |
19921
08921 1
G0 221 1
0L22) 1
€821
16°0EL 1
65°6€l
09'6€ L
z9'6€l

=

e —

HM-VO»2B—
HM*V%ZB*

Chemical Formula: C21H21F304

125 MHz, CDCl3

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220

f1 (ppm)

S24



—

-10

60 50 40 30 20 10

70

My
J ,xo.
(=)
v5
o
o
-~ p80z
iu o o:Nw
-crel~ 1WAl
vO
= [
sz,
- . 0
= N.wxz. 811G\
== 790°¢] 2555,
LS 18ss”
o zg99—
_— o0¢| "
= 90¢€| o
<
v5
[ <
3
x&,m
[z 8801
——700'L % 8g'goL
vo
fe LeSTLy
L spzLN
L2 008zl
<5861 | vN.ri\\
1 s €80EL)
f~ 22861
< PR A 1N
Q, IR CHETEE
N L
T <}
=2 o
O
©Ba ,
0O o
= [
£ ,
o o
=2
32 i
€ LY
2 | S
O ° =
= —
|~ egl0z—
w T
o =2
= =

90 80

100
f1 (ppm)
S25

110

120

180 170 160 150 140 130

125 MHz, CDClj3

Chemical Formula: CyqH2,04
190

210 200




V4 b
v0'Z
S0°Z1
90°Z1
10°C1
80°¢C 1
60°C
oLz
L2
mm.m;
NEA
8¥'Z
672

0L¢ I
_.N.NW
cl'e
vN.N\
Gl'¢

—

—

vLE~
6.€”

Ly'G—

199~
S0°L~\
v~

XMM-TII-121 H. 10. fid

Me

OMe

1"
Chemical Formula: Co,H604

|8

400 MHz, CDClj3

QMo m
N~ 1O «—

#96°C |

“gLe

=00°}

=88°L |

m\omuo

*26°) |

1602
vi'ie
6c’lc
€v'/lc

~—

9¢ LS\
¥S'GS
08°'SS

08'99 —

zZ0°'szL
S0'9Z1L A
vegzL
vzeer”
6y LEL 7
S0'6EL /
8Z' LS~
R

/2

0°80¢C —

XMM-T1-¥21 C

Me

OMe

1
Chemical Formula: CooH2604

100 MHz, CDCl3

100

f1 (ppm)

120

130

180 170

190

220 210 200

0

80 70 60 50 40 30 20 1

90

110

140

150

160

S26



8BY _\g
6S°L 1
N4
ANA
€121
€121
A
9121
ze'T
€€'Z1
veZ T
€2
gezl
g€z
9e'Z
€2
g€
621
L'z
2r'e]
69°C ﬁ
0.2
122
zLe
zLe
v2e
Yk
zLe]

Fm.w;\

'S

€9'9
ow.@w
199

69'9
IWAN
i
192~
€927

—

XMM-TII-119 400. 10. fid

OM
.
O

()
=
©)

12
Chemical Formula: C51H2404

"

=

400 MHz, CDCl3

~9z°¢ |

bt

Mg

902 |

2/66°C |

00°€

=00}

(ppm)

fl

L0°1¢
_\N._\NV
89227

PO LG\
2565\,
68667
G199
82799

167201~
gs'80L 7

88521
wmsmvw
05°821

99821

99°5€1L /
LS 1L
€ZLSL~\
99'16L 7

2'90¢ —

XMM-TI119 400. 11. fid

Chemical Formula: Co4H2404

100 MHz, CDCl3

100
1 (ppm)

140

160

170

210 200

-10

80 70 60 50 40 30 20 10

90

110

120

130

150

180

190

S27



kA~ ] _\g
¥0'Z ]
90°Z1
1021
8021
30°¢C 1
60°C 1
0Lz
A
S22
92'2
1221
ezz 4
622
622
8tz
6v'e
05z
z5'Z
252 ]
KA ﬁ
0.2
122
zrz
€Lz
YA
v6'2
G62
vLE
YR
ge's

—

L

¥9°9
999
1979
699

09°L—

XMM-11-107/5

Oc
—
&

[}
=
O

13
Chemical Formula: Cy4Hy1F304
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VWD1 A, Wavelength=230 nm (GAO\HM-V-49B-RAC-OD-08-15-36-230.D)
mAU o CF3
1400 | O
1200 OMe H
1000 ‘ Q
0]
800 © w H
600 8 MeO
o~
400 ‘ ~ 7a
200
0 L T
‘ e ) L B S \ — 1
6 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [(mAU ] %
e R |[==m ] mmmes | --mmmeee | <= mmmne |<-emee |
1 6.926 VB 0.1195 1.34586e4 1682.68274 50.3982
2 12.908 VB 0.5393 1.32459%e4 375.80402 49.6018
VWD1 A, Wavelength=230 nm (GAO\HM-V-140B-1-0OD-08-15-40-230.D)
mAU S CF3
] /3\
800 O
] OMe
600 H
] Q H O
400 +
] MeO
200 © / 7a
] = j
[=>]
o = ! .
T T T T T T ’ | T
3] 8 10 12 14 16 18 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R I EEEEEE | --ome oo | --mmm e |--o-o--- |
1 9.716 VB 0.3681 230.41116 9.19474 0.5116
2 14.757 BB 0.6983 4.48073e4 966.16858 99.4884

Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 10.883min (major), tr = 17.052 min (minor).
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VWD1 A, Wavelength=230 nm GAO\HM V-41B-1-RAC-OD-08-15-40-230.D)
mAU
500
400 OMe 5
@
300 % e} =
200
100
0 :
— L L R — 1 T T
6 8 14 16 18 20 22 miry
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 9.597 VWV 0.3486 1.24405e4 543.43988 51.1204
2 17.997 BB 0.6668 1.18952e4 272.36462 48.8796
VWD1 A, Wavelength=230 nm (GAO\HM-V-141A-1-OD-08-15-40-230.D)
mAU =4
300 O .
250 OMeH
(oo
150 MeO
100 7b
50 g
[=e]
0 — . ‘
-_— 77— 1
6 8 10 12 14 16 18 20 22 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
el IR R |- mmemeee |- mm e <= e |
1 8.5%94 VvV 0.3322 50.05450 2.17802 0.3406
2 16.710 BB 0.6213 1.46441e4 361.37949 99.6594

Enantiomeric excess: 99.3%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15,
flow rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 8.594min (minor), tr = 16.710 min (major).
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VWD1 A, Wavelength=230 nm (GAO\HM-V-49A-RAC-OD-08-15-40-230.D)
mAU 2 Me
500
3
OMe
400 ; H
300 % el
200 MeO
7c
100
0 T . r
T T T T
6 8 10 12 14 16 18 20 22 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
I RERES R | =mmmme e | -ommme e | <-me e |
1 9.663 VB 0.3663 1.39423e4 583.23889 50.4386
2 16.068 BB 0.6337 1.3699%e4 329.42889 49.5614
VWD1 A, Wavelength=230 nm (GAO\HM-V-140A-1-OD-08-15-40-230.D)
=2}
mAU Me
500 -
®
OMeH
300 % Yo
200 / MeO
7c
100 2 j
©o
(*2]
0 : T
S e e e s A S
6 8 10 12 14 16 18 20 22 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
ORI REEE | === e R R | <mm e |
1 9.673 VV 0.4266 432.90430 15.14744 1.8042

2 15.138 BB 0.6330 2.35620e4 570.86914 98.1958

Enantiomeric excess: 96%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 70/30, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 9.673min (minor), tr = 15.138 min (major).
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VYWD1 A, Wavelength=230 nm (GAO\HM-V-52B-RAC-1G-08-15-33-230.D)

mAU o T
] o
1 ¥
400 OMeOH, O CF 1 I
] © ;Flble 8 I‘ ‘I I\ |
. z '
300 [ [
: | |
200 OMe | -
] 9 [ b
100 [ [
] | | | |
0 ] —— - . 1 / \ - S -
T - " T - I T T I T ] T
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAT ] %
== |--—--— = |
1 12.835 VB 0.3418 1.07177e4 485.86752 50.327¢
2 14,941 BB 0.3795 1.05782e4 433.19315 49.€724
VWD1 A, Wavelength=240 nm (GAOXMM-1I-116-1G15%-08-230-34.D)
mAU &
300 E
] |
3 I
250 ] OMeCE)I-'l_AeO CF3 [
200 3 l‘ '|
] \
150 ‘l |I
] | |
100+ OMe o I N
50 [ ]
] / \ [Ts]
0 S - S L A —t = S ]
s e L ) EN A N T "
0 2 4 8 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] (min] mAU *3 [mAU ] %

SRR R e I B B |
1 13.027 BB 0.3728 8287.69727 348.57425 ©98.4
2 15.067 VB 0.3898 131.22603 4.71126 1

Enantiomeric excess: 97%, determined by HPLC (Daicel Chiralpak 1G, hexane/isopropanol = 85/15, flow

rate 0.8 mL/min, T =25 °C, 230 nm): tr = 13.027 min (major), tr = 15.067 min (minor).
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VWD1 A, Wavelength=230 nm (GAO\HM-V-51A-RAC-1G-08-30-41-230.D)
mAU S 8
800 g <
700 OMeOH O 1 i
6003 NG | a
500 Ph n I
400 ] | ‘l' |
300 OMe " [
2005 10 | |
100 | /
O_E, IR o —~ o~ ot i ‘ . .
0 - é - JI €|5 I é 1|0 I 1|2 1|4 1|6 1|8 Imin
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
- |- | -
14.520 VB 0.3887 2.21301e4 880.2179¢ 50.0269
2 16.65¢ BB 0.4742 2.21063e4 728.33514 49,9731
VWD1 A, Wavelength=230 nm (GAOXMM-I1I-31-2-1G30%-08-230-42.D)
mAU b
1750—g OMe 9']\_/|eo R
1500 5 3 Ph |
1250 ‘| III
- |
gt |
3 10 [ <+
500 [ o
250 - pa
03 . i . / N VAN
L T ] T ‘ T I T T
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] (min] mAU *g [mAU ] %
il B |----——- [ |
1 13.843 VB 0.3693 4.76757e4 1993.32019 89.6307
2 16.134 BB 0.4020 5515.5351¢ 212.88654 10.3693

Enantiomeric excess: 79%, determined by HPLC (Daicel Chiralpak I1G, hexane/isopropanol = 70/30, flow rate

0.8 mL/min, T =25 °C, 230 nm): tr = 13.843 min (major), tr = 16.134 min (minor).
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VWD1 A, Wavelength=230 nm (GAOWXMM-IV-33-0J30%-08-230-46.D)

AU d -4 0o
" g &
1753 & &
3 I| \ ffr\
150 [
125 [
1004 [ [
751 . / 1
50 " \
25 _E ,"I‘ Y ‘-._\
03 , S \\n_ o N . ]
T ; T ; T T T ; T T T T T ; T \ T 1
20 22 24 26 28 30 32 34 min|
Peak RetTime Type Width Area Height LArea
# [min] [min] mAU *g [mAU 1 %
e e el e e
1 24.025 BB 0.6330 8631.86035 210.39687 50.2340
2 29.325 VB 0.7678 8551.45898 170.31799 49.7660
VWD1 A, Wavelength=230 nm (GAOXMM-11-121-1G15%-08-230-33.D)
mAU ] f
100 ]
] ﬁ
80 I
E |
60 [
] - 1"
40 .
1 | @
] [ 3
20 | \ e
] | \ @
i VA W A N
T S L L A ) F
10 15 20 25 30 35 min|
Peak RetTime Type Width Area Height RArea
i [min] [min] mAU *g [mAU 1 %
il Rt |-—— - | = |
1 26.115 BB 0.6879 4938.33838 109.02872 90.7792
2 31.599 BB 0.6479 501.60455 9.30348 9.2208

Enantiomeric excess: 82%, determined by HPLC (Daicel Chiralpak I1G, hexane/isopropanol = 85/15, flow rate

0.8 mL/min, T = 25 °C, 230 nm): tr = 26.115 min (major), tr = 31.599 min (minor).
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VWD1 A, Wavelength=230 nm (GAOWXMM-II-119-RAC-1G15%-08-230-31.D)
mAU ] =
200+ [pa
] (@) OMe (E)I-Meo R
] [ =
150 ] [ 7\
] f Me F\
100 [ OMe
] I 12 \
50 : \
1 \ o A
0 d ., 7 . . 7 I _— — N —-'// \."""_— | — —
R S e S S S I T L T ]
30 32 34 36 38 40 42 44 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
== |- |
1 31.274 BB 0.7801 1.16489%9e4 227.24390 49.9359
2 41.791 BB 1.044¢ 1.16788e4 167.56480 50.0641
VYWD1 A, Wavelength=230 nm (GAOXMM-11-119-1G15%-08-230-33.D)
mAU @
] fﬁ\l OMe QFI\/I (0}
500 + ;mE =:e
4004 |
1 { Me
3004 | OMe
] | 12
200 | \
3] | \ §
100 / \ i
] / o 2
04 i i . 1 i — ,
T ] ‘ ‘ e ‘ ‘ ‘ L E ‘ ] T
30 32 34 36 38 40 42 44 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

5 0.9053 3.59926e4 589.416809 92.46¢69
8e BB 0.9019 2932.23413 46.25559 7.5331

Enantiomeric excess: 85%, determined by HPLC (Daicel Chiralpak 1G, hexane/isopropanol = 85/15, flow rate

0.8 mL/min, T = 25 °C, 230 nm): tr = 33.565 min (major), tr = 38.586 min (minor).
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VYWD1 A, Wavelength=230 nm (GAO\HM-V-53B-2-RAC-1G-08-15-42-230.D)
mAU w0 8
3 . ©
600 OMe gl—lbleo quT Tlp
500 3 i | ‘||
. |
400 CF; [ Ik
3 [ l |
300 OMe B '
] 13 [ [ |
200 I -
] | [
100 - |
0 L o) o - -
L e S e e T T ] L I T
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
+ [min] [min] mAU * 5 [mAU 1 %
- |-—— - | ==
1 8.265 VV 0.2655 1.17005e4 ©85.04230 50.049¢
2 9.586 VvV 0.2861 1.16773e4 ©30.03430 4£9.9504

E— 127

] &
[ o
[ N

] |\ S 4

0 7 . —x__'%\_,_, |,_03‘¥sf‘-_ S
I T T I " I " ‘ " T \ T
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAT 1 %

1 8.402 BV 0.2642 1.56176e4 917.16034 99.7227
2 9.827 MM 0.2002 43.42182 3.45883 0.2773

Enantiomeric excess: 99.5%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 8.402 min (major), tr = 9.827 min (minor).
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YWD1 A, Wavelength=230 nm (GAO\HM-V-53A-2-RAC-1G-08-15-42-230.D)
mAU 2 ¢
3 + &
6003 OMeQI—MeO % S_I
] G CF; I i
5003 [ [
] |
400 \l l\ I ||
] OMe ||
300 14 || |I A
2003 [ I| ﬂ
! . |
100 7 | |
] | Y | 4
04 — Y Y N o
) 5 s g sy O S Sy B S
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAT ] %
- |-——= -] | === |
1 8.483 VvV 0.2603 1.1e031e4d 684.81726¢ 48.9825
2 10.e42 VV 0.3144 1.20852e4 592.52472 51.0175
VWD1 A, Wavelength=230 nm (GAO\HM-V-53A-2-1G-08-15-42-230.D)
mAU
600 i
500% OMe(E)I-MeO [
E B CF3 ‘ |
400 O | |‘
. |
300 [
] OMe [
200 14 [
] [ || o~
100 [l @
] [\ =
0 i — — /L_;._| S —
e L ) ) [ L DL
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Lrea
# [min] (min] mAU *a [mAU ] %
- |-——— -] [ | = I
1 8.494 BB 0.2663 1.16790e4 676.21820 98.0965
2 10.672 BB 0.3264 106.47660 4.775¢66 0.9035

Enantiomeric excess: 98%, determined by HPLC (Daicel Chiralpak I1G, hexane/isopropanol = 85/15, flow rate

0.8 mL/min, T = 25 °C, 230 nm): tr = 8.494 min (major), tr = 10.672 min (minor).
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VWD1 A, Wavelength=230 nm (GAOC\HM-V/-51B-RAC-0D-08-15-39-230.D)
mAU )
: 2 a
400 & o
350 ﬂ h
I |
250 a [
1 i
150 [ I
1003 I [\
30 _i ey |I ‘I'! \'I ‘II"-
04— T A C— S N— -
T T T T L I L L I T T T -
0 25 5 7.5 10 12.5 15 17.5 20 225 min|
Peak RetTime Type Width Area Height Area
# [min] (min] mAU *g [mAU ] %
- e e |
1 10.0e4 VvV 0.3362 9844.66992 440.91541 50.2569
2 13.213 VB 0.4214 9744,03711 352.66974 49,7431
VWD1 A, Wavelength=230 nm (GAOXMM-11-114-0D15%-08-230-40.D)
mAU ] 2
é &
17503 i
4 |
1500 |‘ |
| |
1250 3 |
1000 |‘
750 |
500 [
E 83 | \
250 S [\
| [=2] |
0 : — " L T — S
T 1 1 ‘ A R R 1 \ 1 1
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

1 9.985 Vv 0.4154 1300.55359 46.25836 2.121e

2 13.200 vV 0.4517 6.00005e4 2052.29321 97.8784

Enantiomeric excess: 96%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow

rate 0.8 mL/min, T =25 °C, 230 nm): tr = 9.985 min (minor), tr = 13.200 min (major).
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VYWD1 A, Wavelength=230 nm (GAO\HM-V-57-RAC-0D-08-15-40-230.D)
AU ] = 2
™3 i<y 4
7 faoh o
60 3 foo i
E /
E /
50—; ."‘! \-\_‘
40 \
30
207 / / \
] / \ ﬂ \\\
103 / N
0 f | . 7/ -~ _ — 7__,/ -— . .
L [ L E L R A BN — T ;
7.5 8 8.5 9 9.5 10 10.5 " 1.5 min|
Peak RetTime Type Width Area Height Area
# [min] min] mAU * g [mAU ] %

e R B B B |
1 8.737 BV 0.3313 1544.34¢644 72.78861 50.6657

2 10.705 VB 0.3952 1503.76575 59.22474 49.3343
VWD1 A, Wavelength=230 nm (GAQXMM-I1-111-0OD 15%-08-230-39.D)
mAU = %
3 =
250 M
] [
200 l‘l \
] | '\I
150 [
] | \
100 o |
] S
50 g |
1 S | \
o S i R N
] -7 - - T - - -~ 1 - T - 1 ~ "~ "~ 1 "~ " T T T
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] (min] mAU *g [mAU ] %
il B |----—-- =
1 9.099 MM 0.4481 24.40888 9.07885e-1 0.2597
2 11.419% vB 0.4750 9374.61816 301.95764 99.7403

Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 9.099 min (major), tr = 11.419 min (minor).

S52



VWD1 A, Wavelength=240 nm (GAO\HM-V-58B-RAC-1G-08-5-29-240.D)
mAU ] o ]
3 8, 0
; /3 /2
100 /o /o
80 ‘
80 "':,
40
20 \ /
] o / y, \,
0 - _— _/ — R S~ ; -
T T T \ ; T T T
7 8 9 10 11 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
il e |- == I
1 8.985 VB 0.5154 3850.94165 123.94193 50.2663
2 10.953 BB 0.5303 3810.13647 118.68534 49.7337
VWD1 A, Wavelength=240 nm (GAC\XMM-1I-110-1G5%-08-240-31.D)
mAU ::53
500 I
] [
400 f '|‘
] I' i
3004 I.‘ |
J I‘ |
200 f |
] ! \ ¥
100 \ hE
0 1 e — B \‘ L "':‘\-. . N
T L L L U R P
9] 2 4 6 8 10 12 14 min|
Peak RetTime Type Width LArea Height Area
¥ [min] [min] mAU *g [mAU 1 %
- |- \
1 §.018 VB 0.5491 2.008¢68e4 590.39948 05.5540
2 11.141 BB 0.4889 934.610060 27.55549 4.44¢60

Enantiomeric excess: 91%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 95/5, flow rate
0.8 mL/min, T =25 °C, 230 nm): tr = 9.018 min (major), tr = 11.141 min (minor).
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VWD1 A, Wavelength=230 nm (GAC\HM-V-58A-RAC-0OD-08-15-40-230.D)
mAU 3 o &
g . o
700 i i
3 | (
600 | A
: OMe OH, O | A
500 5 [ [
400 A R
200 E CF; [ (1
3 OMe [ [l
200 18 [ .
100 |\ [
E e ) N _!_," N
e L S L
0 2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
- |-—— - | - |
1 7.552 vV 0.2767 1.4201ce4d 798.33582 50.3715
2 9.228 VB 0.2982 1.39921e4 721.96069 49.6285
VWD1 A, Wavelength=230 nm (GAOWXMM-11-115-OD15%-08-230-40.D)
mAU 7
E 3
] il
1000 |l
4 |
800 |‘I '.‘
T |
600 ] [
b | |
400 e | |
] & | |
2004 5 4 /
] < @ /
0 1 . r\v&l [ N~ o ]
L Y T
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
* [min] [min] mAU * g [mAU ] %
-l |-——= - | = | == |
1 7.497 MM 0.5782 188.09003 5.42187 0.6133
2 9.044 VB 0.3711 3.04785e4 1276.03113 99.3867

Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow

rate 0.8 mL/min, T = 25 °C, 230 nm): tr = 7.497 min (minor), tr = 9.044 min (major).
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VWD1 A, Wavelength=230 nm (GAO\HM-V-59B-1-RAC-1G-08-30-42-230.D)

g
=

o

mAU
175

150
125
100
75
50
25

‘.I."I‘ \ o ..‘"‘III .‘I"‘-.
/": \ / \\
N ~, — |
75 s

7 I8|.5I“‘9‘III9.5IIII1OIII‘10.5‘I‘IHIIIIHEII‘Imin
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAU *s5 [mAU ] %
= |- ==
1 7.810 vv 0.2761 3429.57935 193.99680 49,3728

2 9.404 vV 0.2866 3516.71338 184.39859 50.6272
VWD1 A, Wavelength=230 nm (GAOQXMM-11-109-1G30%-08-230-44.D)
mAU ] )
1200 ﬁ
] I
1000 I
R |
] \
800 || \l
600 [
] [
400 [
4 | |
200 [\
0{ _ . v S -~ N
; " " T ; " " T ; T " " ; T " ; " T " " " T
0 2 4 6 8 10 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU 1 %

] B R e B B ] e |
1 7.045 vv 0.2480 2.04804e4 1298.70337 99.3621
2 9.123 VvV 0.3621 131.489¢9 5.46745 0.6379

Enantiomeric excess: 99%, determined by HPLC (Daicel Chiralpak 1G, hexane/isopropanol = 70/30, flow rate
0.8 mL/min, T =25 °C, 230 nm): tr = 7.045 min (major), tr = 9.123 min (minor).
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VWD1 A, Wavelength=230 nm (GAO\HM-V-59A-1-RAC-IG-08-30-42-230.D)
mAU 3 ‘% é
3 /™~ /B,
60 !
405 /
30 J
104 | \,
0_;7 _._,/'! \‘"-,.__7_ ‘ . S \\»_._,__ . ]
+ - ﬂs - é - d5 - é o d5‘ - ‘1b - |1&5| I min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
el R R B B e |
1 7.240 VB 0.2428 1156.24438 75.47610 50.4300

2 8.891 BV 0.2481 1136.52844 69.83712 49.5700

VWD1 A, Wavelength=230 nm (GAO\XMM-11-108-P1-1G30%-08-230-44.D)
mAU %
250 h
| [
] |
200 I%
] .
150 I
] .
100 [
J I
50 f \ o
] [ \ &
04 o Y. N | >
1 " " " T " ‘ ‘ T ‘ " T ‘ " T ‘ " " T ‘
0 2 4 6 8 10 min|
Peak RetTime Type Width LArea Height Area
# [min] [min] mAU *g [mAU 1 %
e [ I e A |
1 7.302 Vv 0.2380 4596.91211 298.36206 98.9685
2 9.260 VV 0.4472 47.91145 1.43722 1.0315

Enantiomeric excess: 98%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow rate
0.8 mL/min, T = 25 °C, 230 nm): tr = 7.302 min (major), tr = 9.260 min (minor).
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VWD1 A, Wavelength=230 nm (GAO\HM-V-59A-2-RAC-1G-08-30-42-230.D)
mAU ] @
100 3]
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b | s
80 I “\J @
1 II ©
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20 ‘II \ 20b
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L s ) R I T T T
10 12.5 15 17.5 20 22.5 25 27.5 30 32.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
il Bt |-——= - \
1 15.421 vv 0.4557 3364.09351 113.73121 50.3260
2 28.679 BV 0.9085 3320.50854 56.85246 49.6740
VWD1 A, Wavelength=230 nm (GAOXMM-11-108-P2-1G30%-08-230-44.D)
mAU { ‘f‘#‘.‘
] [f=])
] OMeOH, O CF [
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] o 20b /
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15 17.5 20 225 25 275 30 325 min|
Peak RetTime Type Width Lrea Height Area
# [min] [min] mAU = [mAU ] %

e B R e R e Bt |
1 16.088 VV 0.6835 ©89.70795 14.85572 3.8303
2 30.321 BV 1.0309 1.75678e4 264.57599 96.1697

Enantiomeric excess: 92%, determined by HPLC (Daicel Chiralpak I1G, hexane/isopropanol = 70/30, flow rate

0.8 mL/min, T = 25 °C, 230 nm): tr = 16.068 min (minor), tr = 30.321 min (major).

S57



VWD1 A, Wavelength=230 nm (GAO\HM-VI-13H-1G-08-25-38-230.D)
mAU ]
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12 14 16 18 20 22 24 26 28 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
S femnee R B P |--mmeeeee |--mm- |
1 18.702 VB 0.4719 2.48996e4 817.32190 50.0879
2 26.429 VB 0.6889 2.48123e4 550.52148 49.9121
VWD1 A, Wavelength=230 nm (GAO\HM-VI-18C-1-1G-08-25-38-230.D)
mAU ~
004 OMeOH, O
e
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-~ . 1 r r - 1 - - T 1 r r T 1~ r 1 r . T T r T T T T T T T T T 7
12 14 16 18 20 22 24 26 28 miny
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 19.337 VB 0.4746 1.07169e4 349.11075 99.8324
2 27.734 BB 0.5213 17.98738 4.18964e-1 0.1676

Enantiomeric excess: 99.7%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 75/ 25, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 19.337min (major), tr = 27.734 min (minor).
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VWD1 A, Wavelength=230 nm (GAOXMM-III-7-RAC-1G30%-08-230-42.D)
mAU 3 ©
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Peak RetTime Type Width LArea Height Area
# [min] [min] mAU *g [mAU ] %
il B |- | = |
1 22.076 VvV 0.56858 1.59498e4 413.34891 50.0958
2 33.481 BB 0.9697 1.58888e4 245.70651 49.9042
VWD1 A, Wavelength=230 nm (GAOXMM-11-7-1G30%-08-230-42.D)
mAU 3 2
17503 |
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o 5 10 45 0 s 30 35 “min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAT ] %
il B e e e \
1 20.989 vB 0.5846 8.0456led4 2110.25391 99,9483
2 33.791 BB 0.8272 41.60938 5.99532e-1 0.0517

Enantiomeric excess: 99.9%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow

rate 0.8 mL/min, T =25 °C, 230 nm): tr = 20.989 min (major), tr = 33.791 min (minor).
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VWD1 A, Wavelength=230 nm (GAOXMM-I11-8-RAC-1G30%-08-230-42.D)
mAU ] 3 -
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Peak RetTime Type Width Area Height Area
# [min] (min] mAU *s [mAT ] %
- e
1 26.359 VB 0.7831 1.324388e4 261.58798 49.84¢6¢6
2 31.211 BB 0.9135 1.33304e4 226.60309 50.1534
VWD1 A, Wavelength=230 nm (GAOXMM-111-8-1G30%-08-230-42.D)
mAU ﬁ
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Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAT I %
el |-
26.250 VB 0.7849 3.51488e4 ©91.85693 99.9390
2 31.271 BB 0.81¢e7 21.45159 4.04500e-1 0.0€l0

Enantiomeric excess: 99.8%, determined by HPLC (Daicel Chiralpak IG, hexane/isopropanol = 70/30, flow

rate 0.8 mL/min, T =25 °C, 230 nm): tr = 26.250 min (major), tr = 31.271 min (minor).
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VWD1 A, Wavelength=230 nm (GAOC'\HM-V-56-RAC-0OD-08-15-40-230.D)
AU il ™
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Peak RetTime Type Width Area Height Area
# [min] (min] mAU *g [mAU ] %
- el I
1 9.723 VB 0.3835 4673.60889 187.84148 50.6845
2 12.3c04 BB 0.4258 4547.37549 165.20985 49,3155
VWD1 A, Wavelength=230 nm (GAOXMM-11-112-0D15%-08-230-41.D)
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Peak RetTime Type Width Area Height Area
# [min] (min] mAU *g [mAU ] %

el R R e e B e e
1 10.124 wvv 0.4014 326.77670 12.13900 1.6930
2 12.489 VB 0.4758 1.89744e4 606.16577 98.3070

Enantiomeric excess: 97%, determined by HPLC (Daicel Chiralpak OD-H, hexane/isopropanol = 85/15, flow
rate 0.8 mL/min, T =25 °C, 230 nm): tr = 10.124 min (minor), tr = 12.489 min (major).
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