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1. General

"H NMR spectra were recorded on Bruker ASCEND (400 MHz or 600 MHz). Chemical shifts are
reported in ppm from the tetramethylsilane with the solvent resonance as internal standard (CDCl;, 6=
77.0; CDs;0D, 48.8). Data were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, m = multiplet, br = broad), coupling constants (Hz), integration. *C{'H} NMR data were
collected on Bruker ASCEND (100 MHz or 150 MHz) with complete proton decoupling. '’F{'H} NMR
spectra were collected on Bruker ASCEND (376 MHz or 565 MHz) with complete proton decoupling.
Melting points (M.p.) were determined using OptiMelt automated melting point system. High resolution
mass spectra (HRMS) analyses were recorded on Thermo Scientific Q Exactive hybrid
quadrupole-Orbitrap mass spectrometer (ESI Source) and methanol were used to dissolve the sample.
Enantiomeric excesses (ee) were determined by HPLC or UPC? analysis by using the corresponding
commercial chiralpak column as stated in the experimental procedures at 25 °C, and SFC at 35 °C with
PDA detector. Optical rotations were measured on a Rudolph Autopol V automatic polarimeter and are
reported as follows: [o] ', = (¢ = /100 mL, in solvent). IR spectra were recorded on Bruker TENSOR II
IR spectrophotometer. Unless otherwise indicated, reagents obtained from commercial sources were
used without further purification. Solvents were dried and distilled prior to use according to the standard
methods. Metal salts obtained from commercial sources were used without further purification. The
chiral N,N'-dioxide ligands were synthesized by the same procedure in the literature.'! (E)-ethyl
4-ox0-4-phenylbutenoates 3 were prepared according to literature procedure.’) The a-diazoester were
synthesized by following the literature procedure.”’ The norcaradienes were synthesized from m-xylene
and o-diazoesters with Photoreactor following the literature procedure.”! The B-nitroenones were

synthesized following the literature procedure ™.

Note: 1,1,2,2-Tetrachloroethane is toxic by inhalation and in contact with skin, and should be used

carefully.
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2. Preparation of racemic norcaradienes
Starting materials of norcaradienes (NCDs) were prepared according to reported procedure !

N
/@ C cho < blue LED (5 W, 460 nm) CO,R'
' 2 0°C,12h :

Ar

(+)-1
The norcaradienes were synthesized from m-xylene and a-diazoesters with photoreactor following the
literature procedure.’” The reaction was conducted with m-xylene (6.0 mL) and the corresponding
a-diazoester (0.3 mmol) in a quartz test tube and under air on the irradiation from 5 W blue LED (460
nm) at 0 °C™*. After 12 hours, the complex was purified by column chromatography using petroleum
ether/EtOAc as eluent to afford the racemic norcaradiene (+)-1.

1b: methyl 7-(4-chlorophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

White solid, m.p. 82-84 °C.

"H NMR (400 MHz, Chloroform-d) & = 7.13 (d, J = 8.4 Hz, 2H), 6.93 (d, /= 8.4
Hz, 2H), 5.70 (d, J = 5.2 Hz, 1H), 5.39 (s, 1H), 3.63 (s, 3H), 3.09 (dd, J = 8.8,
5.6 Hz, 1H), 2.95 (d, /= 8.8 Hz, 1H), 2.04 (s, 3H), 1.50 (s, 3H) ppm.

BC NMR (101 MHz, CDCl3) 6 = 176.8, 134.5, 134.0, 133.6, 132.4, 131.6, 127.4,
125.6, 116.8, 52.9, 41.3, 39.6, 26.0, 23.9, 21.2 ppm.

ESI-HRMS calcd for [C7H;7ClO,+Na'] = 311.0809, 313.0780, found 311.0806, 313.0783.

IR v (cm™) 2950, 1710,1493, 1433, 1335, 1237, 1090, 1015, 903, 836, 740, 560, 524, 476.

1c¢: methyl 7-(4-bromophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

White solid, m.p. 115-117 °C.

"H NMR (400 MHz, Chloroform-d) & = 7.30 — 7.27 (m, 2H), 6.89 — 6.84 (m, 2H),
5.70 (d, J=5.2 Hz, 1H), 5.40 (s, 1H), 3.63 (s, 3H), 3.11 — 3.07 (dd, /= 8.8, 6.4 Hz,
1H), 2.94 (d, J=12.0 Hz, 1H), 2.04 (s, 3H), 1.51 (s, 3H) ppm.

B3C NMR (101 MHz, CDCls) & = 176.7, 134.5, 134.3, 133.6, 132.2, 130.3, 125.6,
120.7, 116.8, 52.9, 41.3, 39.6, 26.1, 23.9, 21.2 ppm.

ESI-HRMS calcd for [C7H;7BrO,+Na'] = 355.0304, 356.0338, 357.0284, found 355.0306, 356.0341,
357.0280.

IR 7 (cm™) 2949, 1710, 1487, 1433, 1394, 1334, 1236, 1162, 1070, 1010, 970, 903, 807, 763, 738, 710,
555, 433.

1d: methyl 7-(4-iodophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
0 White solid, m.p. 127-128 °C.
O/ "H NMR (400 MHz, Chloroform-d) & = 7.48 (d, J = 8.4 Hz, 2H), 6.74 (d, J = 8.4
O’ Hz, 2H), 5.70 (d, /= 5.2 Hz, 1H), 5.40 (s, 1H), 3.62 (s, 3H), 3.13 - 3.04 (dd, /= 8.8,
O 5.6 Hz, 1H), 2.94 (d, /= 8.0 Hz, 1H), 2.03 (s, 3H), 1.51 (s, 3H) ppm.

1d | BC NMR (101 MHz, CDCl3) § = 176.7, 136.37, 134.6, 134.5, 133.6, 132.9, 125.7,
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116.8,92.6,52.9,41.3,39.7,26.3, 23.9, 21.3 ppm.
ESI-HRMS calcd for [C7H;7BrO,+Na'] = 403.0165, found 403.0163.
IR 7 (cm™) 2949, 1710, 1493, 1433, 1335, 1237, 1090, 1015, 903, 836, 740, 560, 524, 476.

1e: methyl 2,4-dimethyl-7-(p-tolyl)bicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

White solid, m.p. 101-103 °C.

"H NMR (400 MHz, Chloroform-d) & = 6.97 (d, J = 7.9 Hz, 2H), 6.88 (d, J= 8.0
Hz, 2H), 5.71 (d, J= 5.2 Hz, 1H), 5.39 (s, 1H), 3.63 (s, 3H), 3.09 (dd, /= 8.4, 5.6
Hz, 1H), 2.95 (d, /= 8.6 Hz, 1H), 2.28 (s, 3H), 2.04 (s, 3H), 1.50 (s, 3H) ppm.
BC NMR (101 MHz, CDCls) 8 = 177.5, 136.1, 134.2, 133.7, 132.3, 130.0, 127.8,
125.4,117.1, 52.8, 41.9, 40.2, 26.5, 23.9, 21.3, 21.3 ppm.

ESI-HRMS calcd for [CsH200,+Na'] = 291.1356, found 291.1359.

IR ¥ (cm™) 2949, 1709, 1517, 1433, 1335, 1238, 1002, 812, 714, 601, 546.

1f: methyl 7-(4-methoxyphenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
White solid, m.p. 72-73 °C.
CO,Me  '"H NMR (400 MHz, Chloroform-d) & = 6.91 (d, J = 8.0 Hz, 2H), 6.70 (d, J = 8.0
O’ Hz, 2H), 5.70 (d, J = 4.0 Hz, 1H), 5.39 (s, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 3.07 (dd,
O J=28.8,5.6 Hz, 1H), 2.93 (d, J = 8.0 Hz, 1H), 2.04 (s, 3H), 1.50 (s, 3H) ppm.
BC NMR (101 MHz, CDCl3) & = 177.6, 158.1, 134.3, 133.7, 133.6, 125.4, 125.1,
1f OMe 117.0, 112.5, 55.0, 52.8, 41.5, 39.9, 26.0, 23.9, 21.3 ppm.
ESI-HRMS calcd for [CgH,003+Na'] = 307.1305, found 307.1307.
IR ¥ (cm™) 2950, 1705, 1611, 1513, 1434, 1335, 1291, 1232, 1174, 1107, 1032, 969, 902, 835, 813, 765,
738, 658, 626, 603, 555.

1g:  methyl2,4-dimethyl-7-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)bicyclo[4.1.0]-
hepta-2,4-diene-7-carboxylate

White solid, m.p. 115-118 °C.

'H NMR (400 MHz, Chloroform-d) 6 = 7.61 (d, J = 8.0 Hz, 2H), 7.01 (d, J =
8.0 Hz, 2H), 5.72 (d, J = 5.2 Hz, 1H), 5.36 (s, 1H), 3.61 (s, 3H), 3.11 (dd, J
=8.8, 5.6 Hz, 1H), 2.97 (d, J=12.0 Hz, 1H), 2.04 (s, 3H), 1.48 (s, 3H), 1.32 (s,
12H) ppm.

3C NMR (101 MHz, CDCly) & = 177.1, 136.4, 135.2, 134.3, 133.6, 133.5,
132.0, 129.7, 127.4, 125.5, 117.0, 83.7, 52.9, 41.8, 40.1, 26.9, 25.0, 24.9, 24.9,
23.8,21.3 ppm.

ESI-HRMS calcd for [C,3H2oBO4+Na'] = 402.2087, found 403.2051.

IR ¥ (cm™) 2977, 1710, 1611, 1433, 1396, 1357, 1318, 1238, 1143, 1089, 1020, 962, 903, 857, 736, 658,
557.

S4



1h: methyl 7-(2-chlorophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

White solid, m.p. 105-108 °C.

"H NMR (400 MHz, Chloroform-d) & = 7.27 (d, J = 7.0 Hz, 1H), 7.11 (m, 1H),
7.04 — 6.92 (m, 2H), 5.80 (d, J = 4.8 Hz, 1H), 5.46 (s, 1H), 3.66 (s, 3H), 3.11 (m,
1H), 3.04 — 2.89 (m, 1H), 2.15 (s, 3H), 1.47 (s, 3H) ppm.

B3C NMR (101 MHz, CDCL3) & = 176.4, 137.0, 134.2, 131.2, 129.8, 129. 3, 128.2,
125.5,125.0, 116.5, 52.9, 39.7, 38.5, 24.8, 24.2 21.1 ppm.

ESI-HRMS calcd for [C7H;7ClO,+Na'] = 311.0809, 313.0780, found 311.0806, 313.0783.

IR 7 (cm™) 2950, 1712, 1597, 1433, 1332, 1240, 1076, 794, 735, 693, 575.

li: methyl 7-(2-methoxyphenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
0 p White solid, m.p. 65-68 °C.
O> O 'H NMR (400 MHz, Chloroform-d) 6 = 7.15 (m, 1H), 6.87 (d, J = 6.4 Hz, 1H),
6.77 (d, J= 8.0 Hz, 1H), 6.71 (m, 1H), 5.69 (d, J = 4.4 Hz, 1H), 5.35 (s, 1H), 3.75
MeO O (s, 3H), 3.63 (s, 3H), 2.99 (dd, J= 8.8, 5.2 Hz, 1H), 2.92 (d, /= 8.8 Hz, 1H), 2.03 (s,
1i 3H), 1.48 (s, 3H) ppm.
BC NMR (101 MHz, CDCl3) 6 = 177.6, 159.1, 134.1, 128.2, 124.4, 121.1, 118.8,
116.8, 110.0, 55.0, 52.7, 39.6, 37.4, 23.6, 22.1, 21.2 ppm.
ESI-HRMS calcd for [CsH2003+Na'] = 307.1305, found 307.1307.
IRV (cm'l) 2948, 1708, 1601, 1495, 1434, 1335, 1235, 1161, 1120, 1029, 818, 752, 659, 536.

1j: ethyl 2,4-dimethyl-7-phenylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

Colorless oil.

"H NMR (400 MHz, Chloroform-d) & = 7.15 (m, 3H), 7.03 — 6.98 (m, 2H), 5.73
(d, J=4.0 Hz, 1H), 5.38 (s, 1H), 4.10 (q, J = 8.0 Hz, 2H), 3.14 (dd, /= 8.4, 5.6
Hz, 1H), 3.00 (d, /= 8.0 Hz, 1H), 2.06 (s, 3H), 1.49 (s, 3H), 1.13 (m, 3H) ppm.
BC NMR (101 MHz, CDCly) & = 175.6, 133.1, 132.7, 132.4, 131.4, 125.9,
125.5,124.3,116.2, 60.3, 41.5, 39.9, 26.4, 22.8, 20.2, 13.2 ppm.

ESI-HRMS calcd for [CsH200,+Na'] = 305.1512, found 305.1511.

IR v (cm™) 2975, 1704, 1446, 1366, 1333, 1230, 1160, 1070, 1027, 956, 911, 808, 735, 697, 663, 641,
553.

1k: isopropyl 2,4-dimethyl-7-phenylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
0 Yellow oil.
O> o "H NMR (400 MHz, Chloroform-d) & = 7.14 (m, 3H), 7.04 — 6.97 (m, 2H), 5.73
(d, J=5.6 Hz, 1H), 5.39 (s, 1H), 4.99 —4.91 (m, 1H), 3.18 (m, 1H), 3.03 (d, J =
8.2 Hz, 1H), 2.05 (s, 3H), 1.50 (s, 3H), 1.11 (m, 6H) ppm.
1k BC NMR (101 MHz, CDCls) & = 175.9, 134.1, 133.8, 132.3, 130.0, 129.8, 128.9,
128.5,127.9,126.9, 126.4, 125.4, 117.5, 68.5, 42.6, 39.9, 23.9, 21.7, 21.3 ppm.
ESI-HRMS calcd for [C9H2,0,+Na'] = 305.1512, found 305.1511.
IR 7 (cm™) 2978, 1701, 1448, 1373, 1241, 1178, 1107, 965, 812, 781, 698, 556.

11: benzyl 2,4-dimethyl-7-phenylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
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Colorless oil.
'H NMR (400 MHz, Chloroform-d) 6 = 7.24 (s, 3H), 7.15 (m, 3H), 7.12 — 7.06

CO,Bn
2 (m, 2H), 7.05 - 6.98 (m, 2H), 5.72 (d, J = 4.0 Hz, 1H), 5.38 (s, 1H), 5.08 (s, 2H),
Ph 3.15 (dd, J = 8.4, 5.6 Hz, 1H), 3.01 (d, J= 8.0 Hz, 1H), 2.04 (s, 3H), 1.48 (s, 3H)
11 ppm.

BC NMR (101 MHz, CDCly) & = 175.4, 135.3, 133.3, 132.7, 132.2, 131.4, 127.3, 126.6, 126.0, 125.9,
125.60, 124.5, 116.1, 65.5, 41.5, 40.0, 26.4, 22.8, 20.2 ppm.

ESI-HRMS calcd for [Ca3H;,0,+Na'] = 353.1512, found 353.1511.

IR 7 (cm™) 3029, 1706, 1497, 1448, 1375, 1226, 1072, 966, 817, 736, 697, 664, 551.

1n: methyl 7-(3-fluorophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate

White solid, m.p.78-81 °C.

"H NMR (400 MHz, Chloroform-d) & = 7.12 (m, 1H), 6.85 (m, 1H), 6.78 (d, J= 8.0
Hz, 1H), 6.71 (m, 1H), 5.72 (d, J = 5.2 Hz, 1H), 5.41 (s, 1H), 3.63 (s, 3H), 3.13 (dd,
J=8.4,5.6Hz, 1H), 2.98 (d, J= 8.0 Hz, 1H), 2.05 (s, 3H), 1.51 (s, 3H) ppm.

BC NMR (101 MHz, CDCl;) & = 176.6, 163.0, 160.5, 135.5 (d, Jer = 8.0 Hz),
134.49, 133.58, 128.3, 128.24 (d, Jor = 8.0 Hz), 125.6, 119.4 (d, Je.r = 21.1 Hz),
116.9, 113.67 (d, Jer =20.9 Hz), 52.9, 42.0, 40.5, 26.6, 23.9, 21.2 ppm.

YF NMR (377 MHz, CDCl;) & = -114.81 ppm.

ESI-HRMS caled for [C17H;7,FO,+Na'] = 295.1110, found 295.1113,

IR ¥ (cm™) 2951, 1712, 1614, 1587, 1490, 1437, 1336, 1242, 1205, 983, 801, 760, 693.

1o: methyl 7-(3-chlorophenyl)-2,4-dimethylbicyclo[4.1.0] hepta-2,4-diene-7-carboxylate

White solid, m.p.78-80 °C.

"H NMR (400 MHz, Chloroform-d) & = 7.17 — 7.05 (m, 2H), 6.98 (s, 1H), 6.91

—6.84 (m, 1H), 5.73 (d, J= 5.2 Hz, 1H), 5.41 (s, 1H), 3.64 (s, 3H), 3.11 (dd, J =

8.8,5.6 Hz, 1H), 2.96 (d, J = 8.8 Hz, 1H), 2.05 (s, 3H), 1.51 (s, 3H) ppm.

BC NMR (101 MHz, CDCl;) & = 176.6, 135.1, 134.6, 133.6, 132.8, 132.4, 130.8,
1o 128.3,126.9, 125.6, 116.8, 52.9, 41.6, 40.0, 26.4, 23.8, 21.2 ppm.

ESI-HRMS calcd for [C17H;7Cl0,+Na"] = 311.0809, 313.0780, found 311.0806, 313.0783.

IR v (cm™) 2949, 1709, 1568, 1433, 1332, 1235, 1162, 1075, 1001, 974, 903, 817, 793, 733, 692.

1p: methyl 7-(3-bromophenyl)-2,4-dimethylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
White solid, m.p.107-110 °C.

o— "H NMR (400 MHz, Chloroform-d) 6 = 7.31 — 7.26 (m, 1H), 7.13 (m, 1H), 7.04
(m, 1H), 6.93 (d, J = 8.0 Hz, 1H), 5.73 (d, J = 5.2 Hz, 1H), 5.41 (s, 1H), 3.64 (s,
3H), 3.10 (dd, J = 8.4, 5.6 Hz, 1H), 2.96 (d, J = 8.0 Hz, 1H), 2.05 (s, 3H), 1.52 (s,
. N 3H) ppm.

P BC NMR (101 MHz, CDCls) & = 176.5, 135.7, 135.3, 134.6, 133.6, 131.3, 129.8,
128.6, 125.6, 120.4, 116.8, 52.9, 41.6, 39.9, 26.3, 23.8, 21.2 ppm.
ESI-HRMS calcd for [C7H;7BrO,+Na'] = 355.0304, 356.0338, 357.0284, found 355.0306, 356.0341,
357.0280.
IR ¥ (cm™) 2949, 1711, 1564, 1433, 1332, 1239, 1065, 1000, 819, 792, 719, 692.
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1q: methyl 2,4-diethyl-7-phenylbicyclo[4.1.0] hepta-2,4-diene-7-carboxylate

Colorless oil.

"H NMR (400 MHz, Chloroform-d) & =7.16 — 7.11 (m, 3H), 7.01 (m, 2H), 5.72 (d,
J=5.4 Hz, 1H), 5.41 (s, 1H), 3.64 (s, 3H), 3.17 (m, 1H), 3.07 (d, J = 8.6 Hz, 1H),
2.50 — 2.34 (m, 2H), 1.83 (m, 2H), 1.17 (t, /= 7.6 Hz, 3H), 0.58 (t, /= 7.6 Hz, 3H)
ppm.

BC NMR (101 MHz, CDCl;) & = 177.3, 140.3, 139.2, 133.1, 132.8, 126.9, 126.6,
122.6, 122.6,116.4, 116.4, 52.8, 52.8, 41.9, 40.7, 30.4, 28.8, 27.0, 13.0, 12.0 ppm.

ESI-HRMS calcd for [C19H,,0,+H '] = 283.1693, found 283.1694.

IR ¥ (cm™) 2963, 1707, 1496, 1432, 1334, 1158, 1029, 923, 826, 735, 698.

Ir: Regio-isomer mixture: methyl 2-ethyl-4-methyl-7-phenylbicyclo[4.1.0]hepta-2,4-diene-7-
carboxylate and methyl 4-ethyl-2-methyl-7-phenylbicyclo[4.1.0]hepta-2,4-diene-7-carboxylate
White solid, the mixture cannot be separated due to the
same Rf value.

"H NMR (400 MHz, Chloroform-d) & = 7.20 — 7.12 (m,
3H), 7.06 — 6.96 (m, 2H), 5.73 (m, 1H), 5.42 (s, 0.5 H),
5.37 (s, 0.5 H), 3.63 (d, /= 1.6 Hz, 3H), 3.15 (m, 1H), 3.07
(d, J = 8.6 Hz, 0.5 H), 2.98 (d, J = 8.6 Hz, 0.5 H), 2.51 —
2.30 (m,J=17.9 Hz, 1H), 2.09 (s, 1.5 H), 1.89 — 1.74 (m, 1H), 1.51 (s, 1.5 H), 1.15 (t, J=7.6 Hz, 1.5 H),
0.58 (t,J=7.6 Hz, 1.5 H) ppm.

BC NMR (101 MHz, CDCl3) 8 = 177.3, 177.2, 140.3, 139.1, 134.3, 133.8, 133.2, 133.0, 132.7, 132.7,
127.0, 126.9, 126.6, 126.6, 124.6, 124.6, 123.4, 123.4, 117.5, 116.0, 52.8, 52.8, 42.1, 41.7, 41.1, 39.8,
30.2,28.7,27.2,26.7,24.0, 21.3, 13.0, 12.0 ppm.

ESI-HRMS calcd for [C13H200,+Na'] = 291.1361, found 291.1363.

1r
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3.General procedure for the preparation of the racemic products
General procedure for the preparation of the racemic tricyclo[3.2.2.0]nonene via Diels-Alder
reaction of 4-oxo-4-arylbutenoates

0] Ar' O
CO,R' Co(OTf), (10 mol%)
/©>< 1 AFJ]\/\COzRZ R'0,C Ar?
Ar TCE (0.1 M) 2

o CO,R?
1 ) 30°C, 48 h 5o

A dry reaction tube was charged with Co(OTf); (1.8 mg, 10 mol%), norcaradiene 1 (0.10 mmol),
(E)-4-oxo0-4-arylbutenoate 2 (0.05 mmol), followed by adding dry CCI,HCCLL,H
(1,1,2,2-Tetrachloroethane, TCE, 0.5 mL) under air atmosphere. The mixture was stirred for 48 h at 30
°C. Last, the reaction mixture was subjected to column chromatography on silica gel with eluent
(petroleum ether /ethyl acetate = 10:1) to afford the racemic product 3.

For the preparation of the racemic sample of 3ah, 3aj, 3ak, 3aq, 3ba, 3ca, 3da, and 3ea

A dry reaction tube was charged with racemic ligand (+)-L3-PiPr; (3.3 mg, 10 mol%), Co(OTf),
(1.8 mg, 10 mol%), norcaradiene 1 (0.10 mmol), (£)-4-oxo-4-arylbutenoate 2 (0.05 mmol), followed by
adding dry CCL,HCCI,H (1,1,2,2-Tetrachloroethane, TCE, 0.5 mL) under N, atmosphere. The mixture
was stirred for 48 h at 30 °C. Last, the reaction mixture was subjected to column chromatography on
silica gel with eluent (petroleum ether/ethyl acetate = 10:1) to afford the related racemic product 3.

For the preparation of the racemic bicyclo[2,2,2]octene-based dienes 5

A dry reaction tube was charged with racemic ligand (+)-L3-PiPr; (6.5 mg, 10 mol%), Co(OTf),
(3.6 mg, 10 mol%), norcaradiene 1 (0.20 mmol), B-nitroenone 4 (0.10 mmol), followed by adding dry
CH,Cl; (1.0 mL) under N, atmosphere. The mixture was stirred at -10 °C. After reacted for 12 hours,
added DBU (0.15 mmol) and continue to react for another 12 hours. Last, the reaction mixture was
subjected to column chromatography on silica gel with eluent (petroleum ether /ethyl acetate = 10:1) to
afford the corresponding product 5.

4. General procedure for the asymmetric Diels—Alder reaction
Experimental procedure for the asymmetric Diels—Alder reaction of 4-oxo-4-arylbutenoates

Ar1 E O o
R

1 Co(OTf),/L;-PePr, Ar' o) E O~ N
(1:1, 10 mol%) CPc L o
: R'0,C A N~y
o) TCE (0.1 M) 2 ; H
30°C, 48 h CO,R? : _
ArZJ\/\COZR2 3 : iPr
2 H L3-PePr2

A dry reaction tube was charged with chiral N,N’-dioxide ligand Lj3-PePr; (7.3mg, 10 mol%),
Co(OTY), (3.6 mg, 10 mol%), norcaradiene 1 (0.20 mmol), (£)-4-oxo-4-arylbutenoate 2 (0.10 mmol),
followed by adding CCI,HCCL,H (1.0 mL) under air atmosphere. The mixture was stirred for 48 h at 30
°C. Last, the reaction mixture was subjected to column chromatography on silica gel with eluent
(petroleum ether /ethyl acetate = 10:1 ) to afford the corresponding product 3.
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Experimental procedure for the synthesis of 3aj

A dry reaction tube was charged with ethyl (£)-4-(4-nitrophenyl)-4-oxobut-2-enoate 2j (0.10 mmol),
ligand L3-PePr; (7.3 mg, 10 mol%), Co(OTf); (3.6 mg, 10 mol%), followed by adding dry CH,Cl, (0.5
mL) under N, atmosphere. The CH,Cl, was removed in vacuo after the mixture was stirred at 30 °C for
0.5 h. Norcaradiene 1a (0.20 mmol) was added to the reaction tube, followed by the addition of dry
CCl,HCCI,H (1.0 mL) under N, atmosphere, and the reaction mixture continued stirring at 30 °C for 72
h. Last, the reaction mixture was subjected to column chromatography on silica gel with eluent
(petroleum ether /ethyl acetate = 10:1) to afford the corresponding product 3aj.

Experimental procedure for the scale-up synthesis of 3aa

A dry reaction tube was charged with the ligand L3-PePr; (2.5 mmol, 182.5 mg), Co(OTf), (10
mol%, 89.3 mg), (£)-ethyl 4-oxo-4-phenylbutenoate 2a (2.5 mmol, 510 mg) and the norcaradiene 1a
(5.0 mmol, 1.27 g), followed by adding dry CClI,HCCI,H (25 mL). The mixture was stirred at 30 °C for
48 hours, and then subjected to column chromatography on silica gel with eluent (petroleum ether /ethyl
acetate = 10:1) to afford the product 3aa (0.92 g, 80% yield, >19:1 dr, 91% ee).

Experimental procedure for the asymmetric Diels—Alder reaction of -nitroenones

DS

+
O\\\\‘ N \\-N O
o Y T Cy
% N~ H ‘H- N 1
cy Cy Cy Cy

L3-PI'CY3
1) Co(OTf/Ls-PrCys (1:1, 10 mol%),
/©><C02Me i DCM, -10 °C, 12 h Ph Q
Ph Tt Ar3J\/\N02 ~ MeO,C Ar?

; 4 2) DBU (1.5 eq.), DCM, -10 °C, 12 h s

A dry reaction tube was charged with ligand L3-PrCy; (9.5 mg, 10 mol%), Co(OTf), (3.6 mg, 10
mol%), B-nitroenone 4 (0.10 mmol), followed by adding dry CH,Cl, (0.5 mL) under N, atmosphere.
The CH,Cl, was removed in vacuo after the mixture was stirred at 30 °C for 0.5 h. Norcaradiene 1a
(0.20 mmol) was added to the reaction tube, followed by the addition of dry CH,Cl, (1.0 mL) under N,
atmosphere, and the reaction mixture continued stirring at -10 °C. After reacted for 12 hours, added
DBU (0.15 mmol) and continue to react for another 12 hours. Last, the reaction mixture was subjected
to column chromatography on silica gel with eluent (petroleum ether /ethyl acetate = 10:1) to afford the
corresponding product 5.

Experimental procedure for the further transformations.

Ph 0 Ph OH
Ph LiAIH,4 (12 equiv) Ph
MeO,C 5 >
CO,Et THF, 30 °C, 48 h OH 6 OH
3aa
71% yield,
19:1 dr, 91% ee 19:1 dr, 90% ee
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The tricyclo[3.2.2.0]nonene 3aa (1.0 mmol) was dissolved in the dry THF (1.0 mL) at the nitrogen
atmosphere. Then this solution was added slowly to the dry reaction tube charged with LiAlH4 (12.0
mmol) in the nitrogen atmosphere. The mixture was stirred at 30 °C for 48 hours and the reaction
mixture was subjected to column chromatography on silica gel with eluent (petroleum ether /ethyl
acetate = 3:1 ) to afford the derivative 6 (27.7mg, 71% yield).

5. Optimization of the reaction conditions
Table S1. Effect of the metal salts”

com 0 Metal salt/L-PiPr, Ph O
Me phMcozEt (1:1, 10 mol%) .- MeO,C Ph
Ph DCM, 30°C, 48 h
CO,Et
1a 2a 3aa
entry Metal salt Yield (%) dr® ee (%)”

1 La(OTf)s trace 10:1 13/0
2 Ce(OTH); trace 4:1 0/13
3 Pr(OTf); trace 1:1 9/ 25
4 Nd(OTH); trace 3:2 4/7
5 Sm(OTH); trace 1:3 0/0
6 Eu(OTf); trace 1:2 0/33
7 Gd(OTH); trace 1:2 9/17
8 Tb(OTf); trace 4:1 9/41
9 Dy(OTf)s trace 7:3 13/37
10 Ho(OTf)3 trace 4:1 15/39
11 Er(OTf);3 trace 3:1 39/33
12 Tm(OTH); trace 3:1 17/35
13 Al(OTH); trace 1:1 0/0
14 In(OTH); trace 1:2 0/0
15 Ca(OTY), trace 1:1 0/0
16 Ba(OTY), trace 1:1 0/0
17 Co(OTY), 26 19:1 35
18 Mg(OTY), trace - -
19 Sc(OTHf), 27 19:1 27
20 Ni(OTf), - - -
21 Cu(OTHf), - - -
22 Zn(0TH), 38 19:1 17
23 Fe(OTf), - - -
24 Fe(OTf); - - -
25 Y (OTf)3 5 1:4 19/39
26 Yb(OTH); 30 1:3 30/30
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“Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and metal salt/L;~PiPr;
(1:1, 10 mol%) in DCM (1.0 mL) at 30 °C for 24 h. “Isolated yield of 3aa. “Determined by 'H NMR. “Determined by
HPLC on a chiral stationary phase.

Table S2. Effect of the Ligand”

0 Co(OTf),/Ligand Ph O
CO,Me (1:1, 10 mol%)
Ph Ph)J\/\COZEt DCM. 30°C 481 0% o
’ ’ CO,Et
1a 2a 3aa

OQ\\“.E&/\\\"‘N-F (0]
0-

N< N

A H H™ ar

L3-R3M€2: Ar= 2,6-M62C6H3
L3-RaEt2: Ar = 2,6'Et2C6H3
L;-TQ-Bu: R = tert-butyl L3-RaPry: Ar =2 6-iPr,CgHs
L;-TQ-Ad : R = adamantyl L3-RaEt,Me:Ar = 2,6-Et,-4-Me-CgH
L3-Ra(OBu),: Ar = 2,6-(OBu),CgH>

L3-PrPry: Ar = 2,6-iPr,CeH,
L;-PiEty; Ar = 2,4,6-PrsCgH,

= O - d
O/\,N _H H N 0]
R R
L3-PiPr,: R= 2,6-iPr,CgHs Ls-PePh: R = CgHs Ls-PePr;: R = 2,6-iPr,CeHs
L;-Pi-Cy: R= cyclohexyl L3-PeMe;: R = 2,6-Me,CeH;  La-PePrsy: R =2,4,6--PryCeH,
L3-Pi-(CH),Ph R = CH,CgH5 L;-PeEt,: R = 2,6-Et,CqHj L;-PeO'Pr R = 2,6-O'PrCgH5
L;-PeMe;: R = 2,4,6-MesCgH, L3-PePraAd: R = 2,6-iPrp-4-Ad-CgH,
L3-Pe-tBu: R= tert_buty| L3-PePr2 Me:R= 2,6-/Pr2-4-Me-C6H2
0] )
PN D
| = EO 0]
‘Pr-PyBox iPr-Box
trace 3aa trace 3aa
entry Ligand yield (%) dr’ solvent ee (%)"
1 L;-PrPr; 28 19:1 DCM 65
2 L;-PrPr; trace 8:1 DCM 35
3 Li-RaMe, 10 4:1 DCM 7/7
4 Lsi-RaEt, 20 19:1 DCM 53
5 Li;-RaEt,;Me 35 19:1 DCM 61
6 L;-Ra(OBu); 20 19:1 DCM 37
7 L;-RaPr; 34 19:1 DCM 77
8 L3-TQ-’Bu 26 1:1 DCM 63/33
9 L3-TQ-Ad 20 1:1 DCM 30/30
10 L3-PiPr; 30 19:1 DCM 69
11 L;-Pi-Cy trace 1:1 DCM 0/0
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12 Ls-Pi(CH),Ph trace 1:4 DCM 6

13 L;-PePr; 35 19:1 DCM 89
14 L;-PePr; trace 7:1 DCM 65/7
15 L3-Pe(O'Pr), 35 19:1 DCM 75
16 L;-PePr;Ad trace 9:1 DCM 59/3
17 L;-PeMe; 24 19:1 DCM 33
18 L;-Pe-Bu 22 8:1 DCM 79/8
19 L;-PeNHPh 20 7:1 DCM 60
20 L;-PeEt, 39 8:1 DCM 82/0
21 L;-PeMe, 38 9:1 DCM 74/0
22 L;-TQPr; 13 3:1 DCM 0/12

“Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/Ligand (1:1,
10 mol%) in DCM (1.0 mL) at 30 °C for 24 h. “Isolated yield of 3aa. “Determined by '"H NMR. “Determined by HPLC
on a chiral stationary phase.

Table S3. Effect of the solvent”

com o) Co(OTf),/L3-PePr, Ph gg ; O{
2vleé (1:1, 10 mol%) o
PhMcozEt > MeO,C Ph

Ph Solv., 30°C, 48 h EozEt
1a 2a 3aa
entry Solvent yield (%)” dr’ ee (%)’
1 Toluene trace - -
2 THF trace - -
3 CH;Cl1 trace - -
4 EA trace - -
5 MeOH 20 19:1 -79
6 MeCN trace - -
7 Et,O trace - -
8 DCM 30 19:1 89
9 DCE 8 9:1 73
10 1,1,2,2-Tetrachloroethane 32 19:1 92
11 1,1,2-Trichloroethane 30 19:1 91
12 dichlorobenzene 10 19:1 90
13¢ 1,1,2-Trichloroethane 49 19:1 91
14¢ 1,1,2,2-Tetrachloroethane 67 19:1 91
15¢ 1-Bromo-3-chloropropane 66 19:1 91
16° 1,2-Dichlorobutane 12 19:1 91
17¢ 1,2-Dibromobutane 15 19:1 91
18° 1,1,2,2-Tetrabromoethane - - -
19¢ 1,4-Dichlorobutane 57 19:1 91
20/ 1,1,2,2-Tetrachloroethane 61 19:1 88
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21%8 1,1,2,2-Tetrachloroethane 92 19:1 91

228 1-Bromo-3-chloropropane 90 19:1 90
2348 1,1,2,2-Tetrachloroethane 92 19:1 89
24¢h 1,1,2,2-Tetrachloroethane trace - -
25¢1 1,1,2,2-Tetrachloroethane trace - -
26 1,1,2,2-Tetrachloroethane 20 3:1 0/12

“Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/L;-PePr,
(1:1, 10 mol%) in solvent (1.0 mL) at 30 °C for 24 h. “Isolated yield of 3aa. “Determined by 'H NMR. “Determined by
HPLC on a chiral stationary phase. “la was 0.2 mmol. 772 h. %48 h. hCo(OTt)z/iPr-PyBox. ‘Co(OTf),/Pr-Box.
£Co(OTf)y/ L3-TQPr,.

Table S4. Effect of the temperature”

Co(OTf),/Ls-PePr, Ph o
CO,Me + (1:1, 10 mol%) .

TCE, T/°C, 48h

CO,Et
1a 2a 3aa
entry T°C yield (%) dr ee (%)”

1 40 94 19:1 83

2 35 69 19:1 86

3 30 92 19:1 91
4° 25 80 19:1 89

5 20 65 19:1 91

6° 20 71 19:1 91

7 10 30 19:1 93

8 0 13 19:1 92

9 -10 trace 19:1 91

“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Co(OTf),/L3-PePr,
(1:1, 10 mol%) in TCE (1.0 mL) at the set temperature for 24 h. “Isolated yield of 3aa. “Determined by 'H NMR.
“Determined by HPLC on a chiral stationary phase. “72 h.

Table S5. Effect of the counterions of metal salts”

com [Co/Ls-PePr, Ph O
blvie 1:1, 10 mol%
Ph )J\AcozEt T(CE 30°C, 48) p MeOLC a
CO,Et
1a 2a 3
entry! [Co] yield (%) dr’ ee (%)”
1 CoCl, Trace - -
2 Co(NTH), 60 19:1 89
3 Co(Cl10y),-6H,0O 46 19:1 88
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4 Co(BF,),-6H,0 40 3:7 10/65

5 Co(OTY), 92 19:1 91
“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Metal salt/L3-PePr;
(1:1, 10 mol%) in TCE (1.0 mL) at 30 °C for 24 h. “Isolated yield of 3aa. “Determined by 'H NMR. “Determined by
HPLC on a chiral stationary phase.

Table S6. Additive effect’

oMo Co(OTf),/Ls-PePr, Ph O
0,
T )vcozﬂ T((13|; 31‘(()) :::o':: p Mo "
CO,Et
1a 2a 3
entry'™ additives yield (%) dr ee (%)”
1 3 A MS (20 mg) Trace 1:1 3/30
2 4 A MS (20 mg) Trace 1:3 15/53
3 5 A MS (20 mg) Trace 1:2 0/53
4 LiNTf (10 mol %) 68 19:1 90
5 LiNTf (20 mol %) 85 19:1 89
6 LiNTf (30 mol %) 87 19:1 85
7 NaBArF, (10 mol %) 60 19:1 90
8 NaBArF4 (20 mol %) 83 19:1 87
9 NaBArF,4 (30 mol %) 80 19:1 87
10 - 92 19:1 91
1 H,0 (1 uL) 32 9:1 86
12 H,0 (2 ul) 32 9:1 86
13 H,0 (5 ul) 32 9:1 86
14 H,O (10 pL) Trace - -

“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), Co(OTf),/Ls-PePr; (1:1,
10 mol%), and additives in TCE (1.0 mL) at 30 °C for 24 h. “Isolated yield of 3aa. “Determined by 'H NMR.
“Determined by HPLC on a chiral stationary phase.

6. Optimization of the reaction conditions for B-nitroenone
Table S7. Effect of the metal salts’

o Metal salt/Ls-PiPr Ph o
CO,Me : 3-PiPr,
o + Ph)J\/\NOZ (1:1,10mol%)  DBU VeO,C o
DCM, N, 30°C, 12 h
30°C, 24 h
1a 4a ’ baa
entry metal salt yield (%) dr o
1 Co(OTf), 94 19:1 4
2 La(OTf); 50 10:1 0
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3 Ce(OTH); 42 12:1 0
4 Pr(OTH)s 34 19:1 4
5 Nd(OTf); 56 10:1 5
6 Sm(OTf)s 34 10:1 _
7 Eu(OTH); 46 4:1 0
8 Gd(OTf); 66 5:1 0
9 Tb(OTH); 66 10:1 6
10 Dy(OTf); 94 19:1 4
11 Ho(OTH); 50 10:1 0
12 Er(OTf); 42 12:1 0
13 Tm(OTf)s 34 10:1 4
14 Al(OTH); ; ; _
15 In(OTH);3 ; ; _
16 Ca(OTf), 46 1:1 0
17 Ba(OTH), 66 3:1 0

“Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and metal salt/L;—PiPr;
(1:1, 10 mol%) in DCM (1.0 mL) under nitrogen at 30 °C. After reacted for 24 h, added DBU (0.15 mmol) and
continue to react for another 12 hours. “Isolated yield of 5aa. ‘Determined by 'H NMR. “Determined by HPLC on a

chiral stationary phase.

Table S8. Effect of the solvent”

COMe + pn )OK/AN o C(()ﬁ-r?zollgollp"f)rz DBU i i o
Ph 2 Sol., N, s0°C, 12 €O
30°C, 24 h
1a 4a baa
entry solvent yield (%)” dr’ ee’

1 DCM 95 19:1 4
2 THF 20 1:1 0
3 Et,0O 60 1:1 0
4 Toluene 41 4:1 11
5 EA 38 3:2 4
6 MeOH N.R. - -
7 CH;CN 99 19:1 0
8 Acetone trace - -
9 DCE 60 1:1 0
10 TCE 90 19:1 0
11 TeCA 93 19:1 0
12 1-Bromo-3-chloropropane 86 5:1 4
13 dichlorobenzene trace 3:2 -
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“Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/L3—PiPr,
(1:1, 10 mol%) in solvent (1.0 mL) under nitrogen at 30 °C. After reacted for 24 h, added DBU (0.15 mmol) and
continue to react for another 12 hours. “Isolated yield of 5aa. “Determined by 'H NMR. “Determined by HPLC on a

chiral stationary phase.

Table S9. Effect of the temperature”

O Co(OTf),/L3-PiPr, Ph o)
CoMe N~ (1:1, 10 mol%) DBU
Ph NO, - - Ph
Ph DCM, N, T 12h MeOC
T,24h ’
1a 4a baa
entry r°C yield (%) dr’ ee’
1 30 94 19:1 4
2 20 93 19:1 8
3 10 93 19:1 7
4 0 87 19:1 15
5 -10 87 19:1 20
6 -20 53 19:1 25
7 -30 44 19:1 30
8 -40 28 19:1 35

Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/L;—PiPr,
(1:1, 10 mol%) in DCM (1.0 mL) under nitrogen at the set temperature. After reacted for 24 h, added DBU (0.15 mmol)
and continue to react for another 12 hours. “Isolated yield of 5aa. “Determined by 'H NMR. “Determined by HPLC on

a chiral stationary phase.

Table S10. Effect of the Ligands”

0 Co(OTf),/Ligand Ph o)
coMe N, (11,10mol%)  DBU
o Ph NO, -~ - MeO,C Ph
DCM, N2 _10 OC,, 12 h
-10°C, 24 h
1a 4a 5aa
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o 50

R

L3-PePr2: R =2,6-iPryCgH3

L3-PiMe,: R = 2,6-Me,CgH3
L;-PiEt,: R = 2,6-Et,CgH;
L;-PiPry: R = 2,6-iPr,CgHj
L3-Pi(OMe),: R = 2,6-Me,CgHs
L3-PiEtyR = 2,4,6-Et;CeH,
L;-PiPry: R = 2,6-iPr,CgHj
L;-Pi-m-'Bu:R = 5-tBuCgH,4

L;-PiMe,Bu:R=2,6-Me-4-Bu-CgH,

No
0_
N\H,

+

<N 0 O v
0. IR
\H’N‘ /N N

R R" "H

L3-PiCHPhy:R=CH,-CgH5
L3-(CH,),-Ph:R=(CH,),-CeHs
L3-(CH,)3-Ph:R=(CH,);-CeHs
L3-Pi-Cy: R= cyclohexyl
L3-PiAd: R=adamanty!
L3-Pi-(1-Ad)Ph: R=1-Ad-CgH,
L;-PiNaPhth: R=NaPhth

L;-TQ-Bu: R = tert-butyl
L3-TQ-Cy: R = cyclohexyl

L3-PrMe,: R = 2,6-Me,CgH3
L3-PrEt;: R = 2,6-Et,CgH3
L3-PrPry: R = 2,6-iPr,CgH3

L3-Pr(OMe);: R = 2,6-Me,CgHs

L3-PrEtyR = 2,4,6-Et,CgH,
L3-PrPr;. R = 2,4,6-i-Pr,CgH,
L3-PrCys; R = 2,4,6-Cy3CgH,

Ls-RaPry: Ar=2,6-
iPryCeHs

L3-PrMe,tBu: R=2,6-Me-4-Bu-CgH,
L3-PrEt,Ad: R = 2,6-Et,-4-Ad-CgH,
L3-PrEt,CPh;: R = 2,6-Et,-4-(CPh3)-CgH,
L3-Pr(1-'Bu)Ph: R=1-Bu-CgH,
L3-PrCPh3: R=C(CgH5)3

L3-PrCHPh2: R=CH,-CgHs

entry Ligand yield (%) dr ee’
1 L,-PiPr, 53 19:1 25
2 L,-PrPr, 56 19:1 5
3 L,-RaPr, 35 12:1 0
4 L,-PePr, 78 19:1 0
5 L3-TQ-tBu 77 5:1 0
6 L,-TQ-Cy 78 5:1 0
7 L3-PiMe2 50 19:1 3
8 L 3-PiEt2 67 19:1 4
9 L -PiPr, 53 19:1 20
10 L,-Pi(OMe), 34 19:1 4
1 L -PiEt, 81 19:1 13
12 L3-PiPr3 70 19:1 40
13 L-Pi-m-Bu 87 19:1 10
14 L -PiMe Bu 30 19:1 12
15 LS-PiCHzPh2 12 19:1 9
16 L,-PiBn 60 19:1 12
17 L,-Pi(CH,) -Ph 45 19:1 4
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

L -PiCy 56 19:1 14

L 3-PiAd 93 19:1 5
L3-Pi-(1-Ad)Ph 65 19:1 0
L,-Pi-(CH,),Ph 45 19:1 0

L.-PiNaPhth complex - -

L -PrMe, 76 19:1 0

L,-PrEt, 65 19:1 0

L3-Pl‘Pl‘2 53 19:1 5

L,-Pr(OMe), 50 19:1 4

L -PrEt, 80 19:1 11

L3-Pl‘Pl‘3 36 19:1 5

L,-PrCy, 48 19:1 80

L,-PrMe, Bu 34 19:1 8
LS-PrEtZAd 82 19:1 20
L3-PrEt2CPh3 16 19:1 10
L,-Pr(1-Bu)Ph 20 19:1 0
L,-PrCPh, 75 19:1 0
L3-PrCHPh2 12 19:1 0

Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/Ligand (1:1,
10 mol%) in DCM (1.0 mL) under nitrogen at -10°C. After reacted for 24 h, added DBU (0.15 mmol) and continue to
react for another 12 hours. “Isolated yield of 5aa. “Determined by 'H NMR. “Determined by HPLC on a chiral

stationary phase.

Table S11. Effect of the reaction time”

O Co(OTf),/L3-PrCys Ph o)
COMe PhMNO (1:1, 10 mol%) DBU on
, . .
Ph DCM, N, 10°C, 12 MO
-10°C, t/h
1a 4a 5aa
entry t/h yield (%) dr ee’
1 2 20 19:1 83
2 4 35 19:1 82
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3 33 19:1 82
4 8 40 19:1 82
5 10 44 19:1 81
6 12 48 19:1 81
7¢ 12 84 19:1 80
8 14 53 19:1 76

Unless otherwise noted, all reactions were carried out with 1a (0.10 mmol), 2a (0.1 mmol), and Co(OTf),/L3-PrCys;
(1:1, 10 mol%) in DCM (1.0 mL) under nitrogen at -10°C. After reacted for the set time, added DBU (0.15 mmol) and
continue to react for another 12 hours. “Isolated yield of 5aa. “Determined by 'H NMR. “Determined by HPLC on a

chiral stationary phase. “1a was 0.2 mmol.

Table S12. Additive effect”

0 .
CO,Me o )J\/\NO C?(1(?1T,226L§1;§/Syf — Ph O .
Ph T oom N, 100C, 12n  MeOC
-10°C, 12 /h
1a 4a 5aa
entry'™ additives yield (%) dr ee (%)"
1 3 A MS (20 mg) Trace N.D N.D
2 4 A MS (20 mg) Trace N.D N.D
3 5 A MS (20 mg) Trace N.D N.D
4 LINTf, 75 19:1 78
7 NaBArF, (10 mol %) 20 19:1 55
11 H,O (1 uL) 67 19:1 75
12 H,0 (10 pL) 55 19:1 60

Unless otherwise noted, all reactions were carried out with 1la (0.20 mmol), 2a (0.1 mmol), additive and
Co(OTf),/L3-PrCys; (1:1, 10 mol%) in DCM (1.0 mL) under nitrogen at -10°C. After reacted for 12 hours, added DBU
(0.15 mmol) and continue to react for another 12 hours. “Isolated yield of 5aa. ‘Determined by 'H NMR. “Determined

by HPLC on a chiral stationary phase.

Table S13. Effect of the counterions of metal salts”

o [Col/L;-PrCy, Ph o)
COMe PhMNO (1:1, 10 mol%) DBU on
) i .
Ph DCM,N,  -10°C, 12h e
-10°C, 12 /h
1a 4a baa
entry! [Co] yield (%)” dr’ ee (%)’
1 CoCl, Trace - -
2 Co(NTf), 61 19:1 69
3 Co(Cl0y4),-6H,0 65 19:1 61
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4 Co(BF4),-6H,0 43 8:1 55/61

5 Co(0TY), 84 19:1 80
Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Metal salt/L;-PrCys;
(1:1, 10 mol%) in DCM (1.0 mL) under nitrogen at -10°C. After reacted for 12 hours, added DBU (0.15 mmol) and
continue to react for another 12 hours. “Isolated yield of 5aa. ‘Determined by 'H NMR. “Determined by HPLC on a

chiral stationary phase.

7. X-ray crystallography

7.1 The X-Ray diffraction of 3aa

The colourless crystal in block-shape, with approximate dimensions of 0.348 x 0.678 x 0.777 mm>, was
selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8
Venture Photon II diffractometer at 173(2)K equipped with micro-focus Cu radiation source (K, =
1.54178A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package!®?".
The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher
symmetry was suggested'”. CCDC 2155946 contains the supplementary crystallographic data which
can be obtained free of charge from The Cambrige Crystallographic Data Centere via
https://www.ccdec.cam.ac.uk/structures/

i

3aa

Figure S1. X-ray Crystal Structure of optical active product 3aa.
The crystal of product 3aa was obtained in the solvents of dichloromethane and petroleum ether. CCDC: 2155946.
Crystallographic Data for C29 H30 OS5

Formula C29 H30 O5
Formula mass (amu) 458.53
Space group P43212
a(A) 9.9702(1)

b (A) 9.9702(1)
c(A) 48.7176(12)
o (deg) 90

f (deg) 90

y (deg) 90

V(A% 4842.77(15)
Z 8

2 (A) 1.54178

T (K) 173 K
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Paled (g Cm-3) 1.258

2 (mm™) 0.685
Transmission factors 0.709,0.873
0 max (deg) 68.358

No. of unique data, including Fy> < 0 4386
No. of unique data, with F,* > 20(F,%) 4327

No. of variables 323
R(F) for Fy> > 20(F,) 0.0274
Ry(FH)" 0.0704
Goodness of fit 1.064

C R(F) = ZIFo| = [Fell / 2.
" RUFY) = [ZIW(FS = FOY1 XwF 2w = [0%(F)) + (4p) + Bp], where p = [max(F,’,0) + 2F] / 3.

7.2 The X-Ray diffraction of 1a

The colourless crystal in block-shape, with approximate dimensions of 0.486 x 0.445 x 0.345 mm’, was
selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8
Venture Photon II diffractometer at 173(2)K equipped with micro-focus Mo radiation source (K, =
0.71073A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package!®“..
The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher
symmetry was suggested'”. CCDC 2070991contains the supplementary crystallographic data which
can be obtained free of charge from The Cambrige Crystallographic Data Centere via
https://www.ccdc.cam.ac.uk/structures/

(#)-1a
Figure S2. X-ray Crystal Structure of the racemic substrate 1a.

The crystal of substrate 1a was obtained in the solvents of dichloromethane and petroleum ether. CCDC: 2070991.
Crystallographic Data for C17 H18 O2.

Formula C17H18 02
Formula mass (amu) 254.31
Space group P2l/c
a(A) 9.7199(3)
b (A) 17.3733(6)
c(A) 8.5275(3)
o (deg) 90

f (deg) 106.832(1)
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y (deg) 90

V(&) 1378.32(8)
Z 4

A (A) 0.71073

T (K) 173 K
Pealed (g cm™) 1.226
u(mm™) 0.079
Transmission factors 0.922,1.000
0 max (deg) 25.371

No. of unique data, including F’ 02 <0 2477
No. of unique data, with F,” > 2o(F,%) 2012

No. of variables 175
R(F) for Fy* > 20(F,) 0.0402
Ru(F&3) " 0.1102
Goodness of fit 1.087

* R(F) = X|Fo| = [Fdl| / ZIFo|.

"RFD) = [XIWES — F)1/ YwF, 1" w = [6*(F)) + (4p)’ + Bp], where p = [max(F,’,0) + 2F.’] / 3.

7.3 The X-Ray diffraction of Sab

The colourless crystal in block-shape, with approximate dimensions of 0.322 x 0.335 x 0.704 mm’, was
selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8
Venture Photon II diffractometer at 173(2)K equipped with micro-focus Cu radiation source (K, =
1.54178A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package®”’.
The structure was analyzed by ADDSYM routine implemented in PLATON suite and no higher
symmetry was suggested'”.

Figure S3. X-ray Crystal Structure of optical active product Sab
The crystal of substrate Sab was obtained in the solvents of dichloromethane and petroleum ether. CCDC: 2212551.
Crystallographic Data for C26 H23 F O3.

Formula C26 H23 F O3
Formula mass (amu) 402.44

Space group P212121

a (A) 8.7024(3)

b (A) 13.0704(5)
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¢ (A) 18.7294(7)

a (deg) 90

B (deg) 90

y (deg) 90

V(A% 2130.35(14)
Z 4

A (A) 1.54178

T (K) 173K
Pealed (g cm™) 1.255

u (mm™) 0.706
Transmission factors 0.682,0.844
0 max (deg) 68.250

No. of unique data, including Fy> < 0 3883
No. of unique data, with F,* > 20(F,%) 3792

No. of variables 275
R(F) for Fy* > 20(F,) 0.0273
Ru(F&3)° 0.0674
Goodness of fit 1.074

“R(F) = XlIFo| = [Fell / ZIFo|-
" RUFS) = [ZIWFS = FEY w1 w = [0(F,)) + (Ap)” + Bp, where p = [max(F,’,0) + 2F] / 3.

7.4 The X-Ray diffraction of L3-PePr,/Co(BF4),*6H,0 complex

The pink crystal in block-shape, with approximate dimensions of 0.422 x 0.436 x 0.583 mm®, was
selected and mounted for the single-crystal X-ray diffraction. The data set was collected by Bruker D8
Venture Photon II diffractometer at 173(2)K equipped with micro-focus Mo radiation source (K, =
0.71073A). Applied with face-indexed numerical absorption correction, the structure solution was
solved and refinement was processed by SHELXTL (version 6.14) and OLEX 2.3 program package®”’.
The value observed herein is indicative of racemic twinning and was accommodated during the
refinement (using the SHELXL TWIN instruction). In this case, the relatively large standard
uncertainty indicates that the structural data alone should not be used to confirm absolute
stereochemistry, but should be used in conjunction with the established stereochemistry of the precursor
compound. Thus the Flack parameter is provided for informational purposes only. The structure was
analyzed by ADDSYM routine implemented in PLATON suite and no higher symmetry was
suggested'’.
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Figure S4. X-ray Crystal Structure of L;-PePr,/Co(BF4),*6H,0 complex
The crystal of the complex was obtained in the solvents of tetrahydrofuran and petroleum ether. CCDC: 2212550.
Crystallographic Data for C57 H92 CI2 Co N4 O15

Formula C57 H92 CI2 Co N4 O15
Formula mass (amu) 1203.17
Space group P212121
a(A) 11.4334(7)
b(A) 13.0191(8)
c(A) 41.707(3)

a (deg) 90

B (deg) 90

y (deg) 90

V(A% 6208.1(7)
Z 4

2 (A) 0.71073

T (K) 173 K
Peatca (g cm™) 1287

2 (mm™) 0.428
Transmission factors 0.780,0.910
0 max (deg) 25.379

No. of unique data, including F’ Z<0 11374
No. of unique data, with F,”> > 2o(F,%) 10340

No. of variables 778
R(F) for Fy> > 20(F,) 0.0400
Ry(F.H)? 0.1059
Goodness of fit 1.050

“R(F) = Y||Fo| — |Fd|/ $|F-
" R(FD) = [XIWES - FOY1 YwF 1" w = [64(FS) + (4p)’ + Bp), where p = [max(F,’,0) + 2F’] / 3.

8. Control experiments and mechanistic studies
8.1 Mass spectrometry analysis of the reaction system
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Figure S5. Mass spectrometry for the catalyst with enone 2a

Table S14. Enantioselectivity-change of NCD 1a during the transformation”

- Co(OTf),/Ls-PePr, Ph 0
oMe 1:1, 10 mol%) -
)J\/\COZEt ( %+ Meo,C _ Ph

TCE, 30°C C O,Et
1a 2a 3aa
Time (h)  ee (%)’ | Time(h)  ee(%)’ | Time(h)  ee (%)’ | Time (h) ee (%)”
4 15 24 43 48 55 72 56
8 20 28 44 52 53 76 56
12 33 32 49 56 54 80 58
16 43 36 50 60 55 84 57
20 42 40 52 64 56 88 57

“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Co(OTf),/L;-PePr,

(1:1, 10 mol%) in TCE (1.0 mL) at 30 °C. ”Ee of the unreacted 1a, determined by HPLC on a chiral stationary phase.

Table S15. Diastereo-, and enantioselectivity variation of the product 3aa during the reaction”

com 0 Co(OTf),/L3-PePr, Ph O
ovle | (1:1, 10 mol%)
Ph)v\cozEt MeO,C / Ph

Ph TCE, 30 °C 20,Et
1a 2a 3aa
entry Time yield (%) dr’ ee (%)"
1 12h 60 19:1 93
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2 18 h 65 19:1 92
2 24 h 69 19:1 92
3 36 h 88 19:1 92
4 48 h 94 19:1 91
5 60 h 92 19:1 88
6 72 h 95 19:1 87

“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Co(OTT),/Ls-PePr,
(1:1, 10 mol%) in TCE (1.0 mL) at 30 °C. "Isolated yield of 3aa. “Determined by 'H NMR. ? Ee of the product 3aa,
determined by HPLC on a chiral stationary phase.
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Figure S6. Variation of the ee of 1a with the reaction time
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Figure S7. Variation of the yield and ee of the product 3aa with the reaction time
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Table S16 The control experiments on the racemization of the NCD 1a“
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Co(OTf),/Ligand Ph 0
/©><Ph L0 (1:1, 10 mol%) %APh
COzMe Ph)J\/\COZEt M802C /

TeCA, 30 °C, t

1a 22 3aa COzEt
1a (recoverd) 3aa
entry Ligand time la (ee%)b 1a (equiv.)
ee%, (rotation) Yield %°  dr? Ee %°
1 L,-PePr, 48 h 0 1.02 53% ee; (+) 92 19:1 91
2 L,-PePr, 48 h 53% ee; (+) 1.98 60% ee; (+) Trace 5:1 65/35

3/ L -PePr, 48h  53%ee; (+) 2.0 45% ee; (1) — — —

4 L,-PePr, 48 h 52% ee; (-) 1.03 7 % ee; (-) 95 19:1 94
5/ L, -PePr, 48h  27%ee; (-) 2.0 35 % ee; (-) — — —
6 L,-PePr,  336h  53%ee; (+) 1.03 83% ee; (+) 93 73 73/60
7 — 336h  53% ee; (+) 1.96 47% ee; (+)  Trace 1:1  60/60
8 — 48h  52%ee; (-) 1.98 45%ee; () Trace 1:1  45/35
9  enrL-RaPr, 72h 0 1.27 52% ee; (-) 70 19:1 79
10  ent-L-RaPr, 48h  53%ee; (+) 0.98 23% ee; (+) 94 19:1 95

1V ent-L-RaPr, 48h  53%ee; (+) 2.0 45% ee; (+) — — _
12/ entLRaPr, 48h  45%ee; (+) 2.0 45% ee; (+) _ _ _

13/ entL-RaPr, 48h  45%ee; (+) 2.0 45% ee; (+) _ _ _

14/ entL-RaPr, 48h  45%ee;(-) 2.0 45 % ee; (-) — — —
15/ entLRaPr, 48h  45%ee;(-) 2.0 45 % ee; (-) — — —
16  ent-L-RaPr, 48h  27%ee; (-) 182 65%ee; () 15 19:1 60 (-)
17/ entLRaPr, 48h  27%ee; () 2.0 35 % ee; (-) — — —
18  (-Li-PiPr, 48h  47%ee;(+) 130  43%ee; (+) 66 19:1 37
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19 (#)-L,-PiPr, 48h 50% ee; (-) 1.25 52% ee; (-) 71 19:1 50

20 ()-L-PiPr, 48h 0 1.30 0ce 64 19:1 0

“Unless otherwise noted, all reactions were carried out with 1a (0.20 mmol), 2a (0.1 mmol), and Co(OTf),/Ls-PePr,
(1:1, 10 mol%) in TCE (1.0 mL) at 30 °C for 24 h. “The ee of 1a before react. “Isolated yield of 1a. “Isolated yield of
3aa. “Determined by '"H NMR. ‘Without 2a.

8.2 Computational studies

All computations were carried out using the Gaussian 09 D.01 software package''. The calculation of
geometry optimization, frequency and Gibbs energy corrections were carried out for exo-1a, endo-1a,
CHT-a, CHT-b at the temperature of 298.15K. All calculations were performed at M06-2X'? level of
theory with Grimme’s D3 empirical dispersion correction”” and SMD (dichloromethane) implicit
solvation model'*. The def-SVP basis set'> was used for all atoms. Frequency calculations were
calculated at the same level and no imaginary frequencies were observed. Single-point energies were
obtained at the M06-2X, SMD (dichloromethane)/def2-TZVP'® level of theory with GD3 empirical
dispersion correction. The calculation of geometry optimization, frequency and Gibbs energy
corrections were carried out for Co(Il)-L3-PrPr,, Co(II)-L3-PiPr,, Co(II)-L3-RaPr,, Co(I)-L3-TQPr;,
Co(II)-L3-PePr;, Co(Il)-L3-PePr; at the temperature of 298.15K. All calculations were performed at
B3LYP'” level of theory with Grimme’s D3 empirical dispersion correction'> and SMD

(dichloromethane) implicit solvation model'!. The def-SVP basis set'® was used for all atoms.

Coordinates

exo-l1a

C -1.44824000  -1.39921300 1.15681200

C -1.49346400  -0.92450000 -1.67226200
C -2.52993500  -0.54114800  -0.89389700
C -2.48718900  -0.78682300 0.54671100
H -1.56541100  -0.84593800  -2.75992100
H -3.37436500  -0.52952500 1.13302300
C -3.77842100 0.07484400  -1.45881000
H -4.66830300  -0.50740800  -1.17255500
H -3.92038700 1.09205100  -1.06026000
H -3.73728400 0.13598800  -2.55446700
C -1.46387900  -1.79631700 2.60194100
H -2.41296800  -1.52766500 3.08408100
H -1.31302000  -2.88332100 2.70355100
H -0.64035600  -1.31191800 3.15169200
C -0.22942500  -1.73375200 0.38785900
C 0.63594600  -0.62315600  -0.20264600

S28



T T O Oz o000 DT T OO0 0 0OI;ITo

H

-0.25394100
0.35001000
0.31575400
2.07562700
2.45732800
2.90394700
4.29340100
4.81539300
4.60345300
4.52166400
0.33762300
0.20748700
0.24095200

-0.01599000
0.28297100
0.01764600
0.34344500

-0.11358900

-0.11354100

-0.05435500

-0.29055200

Zero-point correction = 0.309373

-1.48121700
-2.58952500
-2.17007300
-1.01702000
-2.14823300

0.01620900

-0.27574300

0.68037300
-0.96932300
-0.72377200
0.82298400
1.71260900
1.31464800
3.07025400
1.33293300
2.67150900
0.62258600
3.55185200
3.75537900
3.04270700
4.61377900

Thermal correction to Enthalpy = 0.3279
Thermal correction to Gibbs Free Energy = 0.263839

endo-1a

C

T T T OTXTID T O T O0O0

-1.73932200

-1.81750100
-2.88314200
-2.82625700
-1.89832300
-3.73405800
-4.18442600
-5.01477000
-4.42593900
-4.14771600
-1.70672000
-2.68265100
-1.41129400
-0.95567800

-1.76595500

0.53025300
0.20082100
-0.97277800
1.33414100
-1.24137100
0.95034400
0.27229700
1.39948900
1.75285700
-3.02490200
-3.23881300
-3.88459000
-2.93827200
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-1.10555600
0.74331700
-1.73233000
-0.29861500
-0.48163300
-0.16607300
-0.26983600
-0.16092000
0.52349000
-1.24643500
0.04486000
-1.02613200
1.35069700
-0.79781900
-2.04788700
1.58343500
2.18997300
0.50867200
-1.64197200
2.60745000
0.68933000

0.13640100
-1.59685400
-0.83588100

0.04080700
-2.33272600
0.58907400
-0.90463400
-1.15684100
0.07206800
-1.65344700
0.94752200
1.40324400
0.32442500
1.74983600
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H

-0.48425600
0.26515700
-0.52393800
0.15820500
0.08910600
-0.22214600
-0.52765900
-0.20235000
-0.62346000
-0.50921100
-1.67552700
-0.00576700
1.76896600
2.49125500
2.46076200
3.88526400
1.95118300
3.85567100
1.89913500
4.56987400
4.44022600
4.38720000
5.66126300

Zero-point correction = 0.309175
Thermal correction to Enthalpy = 0.327945
Thermal correction to Gibbs Free Energy = 0.262285

CHT-a
C

O T T DT OO0000a0

2.59242000
2.41552400
1.38474700
1.83838200
0.16272800
0.52412100

-0.35894700
3.47427500
1.64431400

-0.49499800
0.04153000
3.37189000

-1.39966500
-0.14348100
-0.17500200
-2.23676300
-0.20476700
0.70680100
0.29540600
2.00073600
2.90088000
3.90876100
2.71652800
2.78557100
-0.15532300
-1.00551100
0.71717200
-0.99180400
-1.68242500
0.73016500
1.38846600
-0.12458600
-1.66114300
1.41153600
-0.11521200

-0.30682500
-0.05205600
-0.70149200
-1.24469800
-1.07435800
-1.50614500
-0.76084000

0.13827000
-0.89916400
-1.61825000
-2.27188000

0.83943100
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-0.56287900
-0.20838100
-1.48975100
-0.85135100
-2.39389600
0.93932600
2.02751400
0.62319800
1.64155500
1.22967400
1.90143000
2.54234100
-0.26857400
0.57731800
-1.11478100
0.56808800
1.24396900
-1.12543500
-1.76830200
-0.28490900
1.22795800
-1.79230100
-0.29447300

0.22458000
-1.10086700
-1.90269700
1.04782500
-1.48038600
0.87861900
-0.09544500
0.69959800
-2.94847400
-2.16222800
1.49080100
-1.84731200
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4.14878800
3.86067400
2.83511700
2.62384800
3.47148000
3.04498300
1.99332500
-1.80442500
-2.24552800
-2.54429000
-3.92935000
-4.39938500
-4.37469300
-4.06536700
-0.45695600
-0.60961100
-0.49107500
-0.75890900
-0.60516400
-0.64251800
-0.39009500
-0.77121700
-0.86659500
-0.65901500
-0.88454400

Zero-point correction = 0.308827
Thermal correction to Enthalpy = 0.327591
Thermal correction to Gibbs Free Energy = 0.263658

CHT-b

C

T T T OO0 00a0n

-2.73369900

-2.75686100
-1.75186600
-1.76300800
-0.44726800
-0.45204400

0.15366000
-3.60739500
-2.10541800

0.20634000

1.24203500
0.28777600
1.68418300
-1.93217600
-2.49686600
-1.18614800
-2.62022800
-1.24557200
-1.79655100
-0.92943300
-1.25385900
-0.73259700
-0.92082300
-2.33666400
0.75061800
1.70079400
1.17248500
3.05222600
1.38577700
2.52230400
0.43572600
3.46876400
3.78421800
2.83423800
4.52666800

-0.71940200

0.35099200
0.55215900
-1.80659200
0.23987200
-1.62584900
-0.25775900
-0.85822800
0.98224000
0.32453300
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-1.18404100
-2.66612900
-2.30765900
2.13728800
1.71988100
2.83017800
2.71544500
0.05975600
1.03378300
-0.99865400
-0.92185800
-0.07687200
-1.86461600
-0.79942900
0.21295700
-0.80119000
1.54628600
-0.48634200
-1.84606700
1.86163700
2.34601600
0.84475700
-1.28910500
2.90766400
1.08835700

-0.16496800

0.68099200
1.71626400
-0.16812200
1.60416900
0.10589900
0.31207600
-0.81242700
2.65924200
2.47545400
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0.20369900
-3.91703100
-4.68069900
-4.38505600
-3.57566400
-2.30947200
-3.08241600
-2.78471400
-1.51643400

1.68634000

2.40473400

2.39206800

3.79864200

1.87472800

3.78563100

1.84916800

4.49461500

4.34200400

4.31909700

5.58537900
-0.16386500
-0.26484800
-0.19166300
-0.37488700
-0.33902700

0.42199300
-1.34761700

Zero-point correction = 0.307947
Thermal correction to Enthalpy = 0.326984
Thermal correction to Gibbs Free Energy = 0.261945

Co(II)-L3-PrPr;
Co

Z O OO0 O OO0

-0.05609800

-0.07999300
-0.52955400
2.01945600
-2.11174000
0.17099800
0.28758800
-1.71074100

-2.49575600
1.31065200
1.01465300
1.36349300
2.32891200

-3.17699100
-3.47075900
-3.18049200
-3.93636700

-0.27096000
0.67722800

-1.16415800
0.70414500

1.41324800

-1.13761200

-1.88192300

-0.20831200

1.44736600

-1.84650100

-0.18934400
0.65752300
0.27052200
1.94284900
2.86679100
3.86548600
2.75798800
2.70411400

0.81196000
-1.06443100
0.22205200
0.58548000
1.21017000
1.64581000
2.79704700
-0.44162100

S32

0.19254500
0.67297300
-0.05817600
1.66856200
0.42740100
-0.48037600
0.24644300
-1.47400000
-0.47476100
0.32562800
1.06331200
-0.48937900
1.02006200
1.66999700
-0.53324800
-1.10669500
0.22781200
1.60634900
-1.16900600
0.19633800
-0.89485200
-2.02729400
-0.55471500
-1.62159100
-1.17451200
-2.37001400
-2.10658200

0.10583200
-0.67345300
1.98084400
0.34778500
-0.19723600
-1.82080300
0.76903400
2.26200900
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-3.04543600
0.82103000
2.74499100

-1.80468900

-2.93046200

-1.83210100

-4.22688100

-4.46983500
0.71510200
0.62687900
2.24438700
4.05683200
4.72838200

-0.66471700

-2.14041600

-2.72853700

-4.64833000

-4.50895000

-4.86927000

-4.57990600

-4.91820500

-4.74147900

-4.28186400

-5.88089400

-3.35998300

-3.00192200

-5.50761000
1.21643500
2.19480600
4.83982100
5.24214400
5.15543100
5.87162600
5.98327600
5.47740800
4.24953100
5.05791600
6.33061100
5.13801100
2.82947100

0.72449600
-2.02526200
-0.38421300

-0.50724900

0.43045100

-1.76677200

0.42377800

0.51420300
-2.30966500
-3.23184100
-1.64559000
-0.38583600

0.73954700
-2.72710000

0.93899300

1.60584900

1.77523400
-0.68792400

1.80798100

3.07957200

0.63329500
-0.60197900
-2.04582800

3.88937900

3.90834200
-2.70834700
-2.95962000
-2.78989300
-1.63371100

0.81538600
1.73389800
1.56614700
2.84030500
2.94517200
1.94256600
-0.26730300
2.89182700
0.71157700
-0.60406600
0.11846300

S33

0.46157200
-0.23763400
0.06864600
3.76712100
1.94853100
1.55220400
-0.08746700
-1.49853000
1.24044100
-1.12738800
-0.60974400
0.31801700
0.89808100
1.73599400
4.17371000
2.89934600
-2.10625900
-2.23907400
-3.49169100
-1.32198800
-4.24325700
-3.61959700
-1.58686300
-1.43713500
-1.75726300
-2.12061100
-1.72727900
-2.47503700
-2.13942900
2.30189200
0.03832100
-1.47417400
0.62627800
2.01489500
2.84335500
3.19933700
-2.23713300
-1.98400500
4.40431400
3.65452700
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-5.64852500

-6.04952800
-4.90227900
-6.86930200
-4.76178400
1.35939700
-0.58785100
1.09422400
0.28542800
-0.51161300
1.00654400
0.04255700
0.44894600
-4.90844600
4.60077400
-1.94664900
-2.75605000
-0.54449600
-0.97053700
1.02993200
1.44032600
-0.84369600
-2.61040900
-1.24292300
-2.86484700
-2.01582300
-3.68110200
-3.79693100
-5.00519800
-5.09449300
-4.77725000
-4.45023100
-2.44059100
-3.25132000
-3.46141600
-6.75016900
-6.07512900
-5.82062500
-4.13659900
-2.12396600

-2.40726200

-1.26485400
-1.84364300
-3.10175000
-3.35265300
2.32730300
1.12863200
2.62722300
1.39407200
3.93623300
3.04518900
5.08510000
4.36594600
-0.10197100
-1.23634900
-1.52755300
-2.22998600
-2.97176200
-3.66682400
-1.39400200
-3.10807700
-0.87901100
-1.20937200
1.47279700
0.93313800
2.31342000
2.12121100
-0.16109400
2.77121200
0.68158400
-1.51868800
2.82957900
3.31371200
4.80520300
4.24686400
3.30589400
4.20215600
4.80303900
-1.89694600
-2.06393200

S34

2.15708300
1.25271300
3.32944400
2.61505000
1.41713400

-2.26804500

-2.94232300

-3.73744800

-4.16695900
0.39682700

1.99947300
1.23082300
2.52453600
0.47964700
0.09621400
0.49160800
1.91585900
2.80396500
1.24844500
1.74641900
1.44911900
4.13735400
4.01800900
4.51167900
4.99982100
2.45912600
3.07981700
2.26843900
-3.98934400
-5.32130200
-4.21316600

-0.25923600

-1.67238400

-1.12520500

-2.80182000

-1.09325200

-2.47610500

-0.82267300

-0.51144800
-1.95581300
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-3.07213500
-2.82443600
-5.33470700
-5.73058700
-6.39565000
-0.44111500
1.19320800
1.74478700
0.42656300
3.20040300
1.80910200
2.86886900
6.28252100
6.47461300
5.57854500
4.23461300
6.33300900
7.29349600
6.26518100
4.85435700
5.99614600
4.24691300
2.85840500
6.16832900
5.18309400
4.73164000
2.17254000
2.37649300
2.22731300
1.50463300
0.48520300
2.02262300
0.96138200
-0.31272300
-1.54637600
-0.78842900
-1.56650400
2.08059000
-0.42233200
0.92808700

-2.92666500
-3.66384400
-3.90687900
-3.19021900
-2.48997700
-3.46571300
-4.06246100
-3.63257500
-2.44924300
-1.79480400
-0.66911900
-2.48535900
3.63081000
3.81708100
2.03972000
1.00375300
-0.29084400
1.19929000
0.57585900
2.69826700
3.46787800
3.52725100
1.02077300
-0.84350000
0.22632900
-1.47805100
0.33003100
-0.69491100
1.66230400
3.21195900
3.54116600
2.76546700
0.54285200
1.55716500
1.66815400
0.06530100
3.72299400
3.10717600
4.07839000
5.52177100

S35

-3.19937400
-1.59929800
-1.19381700
-2.78246500
-1.27666100
-1.13817300
-0.68566300
-2.93941200
-3.15691900
-2.54267400
-2.49009300
-0.28157400
-0.00435800
2.45543700
3.92613100
-1.69025300
-1.53088900
-1.75747900
-3.07627000
-3.30249800
-2.18620000
-1.84650500
4.28854100
4.09589800
5.12772500
4.93885900
2.80078200
4.24562200
-2.13457900
-1.63286200
-3.83602000
-4.31064800
-4.34959200
-5.07528900
-2.98413000
-2.75426800
0.63219600
1.76333900
-0.68842700
0.73965400
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-0.69657800
-0.43936000
1.18579700
0.83422200
5.30361600
6.39609600
5.38511400
5.43858600
3.97677400
4.16355800

-0.03167500
-0.02043200
-0.34786100

2.05178600
-2.12261700
0.11577900
0.21591500
-1.48605900
-2.98735500
0.93321700
2.77042600
-1.39350200
-2.74892400
-1.63307200
-4.21112300
-4.58380500
0.89566900
0.67645100
2.34238800
4.01788800
4.63057900
-0.44933500
-1.29401800
-2.47059900
-2.62353700
-4.87775000
-4.63321100
-5.22142600

5.88485300
4.18505100
4.92035500
2.19126400
-3.54500100
-4.53945500
-2.80738700
-2.56021900
-4.22746500
-1.18246400

0.85327300
-1.09779600
0.48926100
0.74742800
1.01460500
1.50051600
2.92293600
-0.15194200
0.64415200
-1.98086900
-0.26606400
-0.21721900
0.64918600
-1.54420500
0.26905300
0.14428500
-2.11404400
-3.32830200
-1.54481400
-0.27652100
0.89068300
-2.48647500
1.17537800
2.06126200
2.07290200
1.29717300
-1.15354500
1.12090300

S36

1.38485800
3.15209900
3.12381800
2.66686700
-1.40862600
-1.46367700
-0.08607700
-2.52119200
-1.49107700
2.59323400

0.25008000
-0.83750200
1.71444500
-0.00287600
-0.50966600
-2.25485600
0.16227300
2.16436200
0.30244700
-0.36378500
-0.05888200
3.67890100
1.80942800
1.57715000
-0.07993600
-1.45925900
1.14924800
-1.01926300
-0.76749300
0.41348200
0.97695500
1.76373500
4.28415900
3.86990900
2.34771100
-2.21745700
-2.01308500
-3.56668600
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-4.81307300
-5.27879400
-4.99025000
-4.28836300
-6.15274900
-3.66255800
-3.01622600
-5.47183000
0.75270200
2.10276500
2.42080100
4.65225800
5.17733100
5.16311900
5.75717200
5.78888000
5.24427700
4.00155700
5.19338000
6.30478300
4.81200400
2.56037600

-5.40592000

-5.91871900
-4.53438100
-4.60328600
-6.55975000
1.24258700
-0.65592700
0.95598300
0.19943200
-0.64587000
1.05258900
-0.14112600
0.41608300
-4.83936400
4.56518200
-1.81032300
-2.52841800
-0.25109100

2.70060600
-0.15194500
-1.27769800
-2.38947800

3.44209500

3.50423900
-3.06836800
-3.36272300
-3.23136000
-2.68055000
-1.36645800

1.03662000
1.85486100
1.62250100

2.99583000

3.16486100

2.19638400

0.00010800

2.91264900

0.67290400
-0.28608300

0.42130000
2.10483900
-1.12357600
-3.11985000
-1.35035200
-2.76390800

2.23028000

0.88384800

2.35087700

1.04558700

3.97790300

3.37962600

5.24184700

4.68882800
-0.15032400
-1.15229500
-1.40419100
-1.98010800
-2.65101300

S37

-1.62731300
-4.13609000
-3.36379100
-1.19214200
-1.75893000
-2.25595300
-1.72357400
-1.09961500
-2.53581900
-2.99913700
-2.28472200
2.37766500
0.10120800
-1.40613900
0.67270800
2.05982300
2.90293900
3.28723400
-2.23276600
-1.81477900
4.55813500
3.62982700
2.69519800
1.66696100
2.03236000
3.71136100
3.34074100
-2.78527900
-3.31331200
-4.27777100
-4.56631800
-0.31180900
1.24864900
0.37987000
1.69928600
0.62216800
0.37646100
0.50856300
2.03565100
2.83423000
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-0.79069500
1.21585500
1.64487100

-0.49578900

-2.28386800

-0.34465900

-1.25554300

-3.40107700

-2.32602400

-1.75375900

-3.52303100

-3.57312100

-5.44755100

-5.55028200

-5.03404700

-4.60260400

-2.70869600

-3.57092900

-3.83528600

-6.97499200

-6.41719600

-6.09771500

-4.07529900

-2.16225700

-3.14800900

-2.75606800

-5.21406500

-5.75756400

-6.34917100

-0.31978000
1.43017300
0.58071100

-0.06856800
2.09865000
2.90388900
3.43927300
1.71358900
2.99308500
6.19264600
6.24475100

-3.46377100
-1.14893700
-2.87666400
-0.80595800
-0.75837000
1.63141300
1.05859300
1.68050900
3.08845300
2.54205400
2.62963900
0.12795600
1.99618500
-0.26646100
-2.27148400
2.60547200
2.97341400
4.49398500
3.66774900
2.87276900
3.62115300
4.42427400
-2.07495300
-2.37350100
-3.43399800
-3.93606300
-4.21082900
-3.76048800
-2.86541700
-3.63850700
-4.02311500
-4.24270900
-2.59318200
-2.52195300
-3.40131200
-1.03178600
-0.57671700
-2.36663300
3.76426100
4.06251400

S38

1.38852800
1.54692900
1.40287900
3.89628800
4.02873300
3.96713600
5.37887500
4.32522900
4.24074700
1.86958700
2.04309900
2.31134700
-4.18036300
-5.18910400
-3.81627800
-0.55234000
-2.13479500
-1.77858600
-3.33283400
-1.29623400
-2.81397800
-1.26085600
-0.16490600
-1.71294400
-2.75571900
-1.09436300
-0.44648000
-2.08780400
-0.65719700
-0.68907300
-0.62109900
-2.93745200
-2.89339900
-4.08944600
-2.77205000
-2.52402100
-2.56710100
-0.45416600
0.03193000
2.48654900
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5.27496900
4.21717200
6.23775900
7.28469200
6.27158600
5.03425000
6.16234700
4.40514000
2.55859000
5.85334900
4.83203100
4.36037000
1.94879900
2.06651900
2.16231400
1.31312800
0.30636100
1.87524100
0.90818900
0.40829800
1.61723600
0.84997000
1.68198000
2.07700500
0.58649300
0.66704100
0.93808000
0.40459600
1.13831700
1.06662800
5.39456100
6.59958600
5.47024500
5.30853800
4.16472700
3.94190500

0.07347800
-0.45912800

2.34676200
1.11645500
-0.29738700
1.12189400
0.47227900
2.67975500
3.43227100
3.61561300
1.36270600
-0.55744100
0.57965400
-1.12509300
0.57621800
-0.34927300
1.65926900
3.19036100
3.22027100
2.46668300
0.20693200
1.08559900
1.41475700
-0.15738000
3.73464800
3.52444700
4.01246400
5.70479400
5.98756900
4.49057900
5.36012100
2.59171800
-3.54535700
-4.39816600
-2.67448200
-2.66063900
-4.39212100
-0.94289300

0.06140100
-1.40441300

S39

3.98395700
-1.65085200
-1.30145500
-1.58127000
-2.89862300
-3.29797500
-2.15520400
-1.91841200
4.20479200
4.32174800
5.24031600
5.11205400
2.73028100
4.24518100
-2.58247000
-2.25563000
-4.47241600
-4.87037200
-4.66027600
-5.48205600
-3.39591000
-3.02287600
-0.03209100
0.86844100
-1.40868500
-0.20999500
0.51568100
2.40811400
2.18625000
2.01181900

-0.77375900

-0.83919200
0.46394200
-1.97206800
-0.67789100
2.72257900

0.44756700
-0.84831400
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0.65479600
2.06596700
-1.96942300
0.46254100
-0.21111200
-1.44515700
-2.91134900
1.70434800
3.05237500
-1.16037700
-2.80336600
-1.66732300
-4.14520700
-4.56921800
1.46476800
3.01170500
1.99690500
4.28131900
4.57699200
0.16911000
-0.41849900
-2.69034500
-0.49160400
-1.99409500
-3.04263200
-4.12075500
-5.47076000
-5.85460000
-6.00358100
-5.36965700
-4.52593900
-3.30036000
-4.98043200
-4.16660700
0.77201700
2.98086700
0.79683200
2.29372400
3.22499400
4.63664600

1.40011800
-0.56911900
0.61533800
1.60982700
-1.19484100
-1.21890700
0.17080800
1.14975500
-0.14866700
-0.04729800
-1.03030200
-2.55695300
0.68044200
1.67228800
-0.07428300
0.98898700
2.44158800
-0.62849700
-1.57865200
-0.08218100
-3.43688500
-3.34337200
-4.39070000
-4.66690200
-2.39601200
3.00544600
1.26883100
2.22831700
-0.16266600
3.53445400
3.92239100
3.43376600
-1.11911300
3.40742300
3.33340800
3.25992800
4.34851000
4.61662100
2.38394100
-2.94666100

S40

-0.94231200
0.59112500
0.47100300

1.87836000

2.13956200

-1.79650400
-0.20948700
-1.79859200
-0.03586000
-2.70724700
-1.13750600
-2.54655400

-0.14854200

0.79401300
-2.65062800

-1.03796300

-2.60524700
0.17279700
1.20407200

-3.45378800
-2.65516300
-1.66963400
-1.45383200
-1.29338900
-0.50640700
0.66088500
1.80406600
2.75316800
1.84684300
2.68524600
1.64220500
-0.55434300
2.48265000
-1.83013600

-2.83087000

-1.71021300

-1.67789000

-1.46312400

-0.46670300
0.87333200
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4.80341200
4.91786000
5.13084400
5.07664400
4.77686400
6.07115200
4.34859400
2.84437300
6.54443300
6.39333000
7.86059200
5.44726200
6.44445400

-6.40051400

-6.31571200
-5.31093400
-7.72101700
-6.21719000
-1.28437700
0.35626400
1.08946000
-0.31080600
-0.37211700
-1.71478900
0.15831800
-0.95406300
-4.87786000
5.06079300
-1.20433700
-1.98551100
0.15382500
0.21170800
1.47877500
2.32350500
-2.08119500
-0.50760300
0.51603400
0.10264000
-0.10528600
-2.26601300

-1.09889300
-3.85484200
-3.40812900
-2.04441800
0.40068100
1.07546300
-3.41506300
-3.69567000
1.41761600
2.50948000
1.50628800
1.49770700
0.08106900
-1.58173600
-2.39794000
-1.97365500
-1.75514700
-0.11968200
-1.09216000
-2.52789800
1.46456000
2.81690100
-3.27223400
-2.53151300
2.18153100
2.79045700
0.27466900
-0.29185100
0.83833600
-0.01450400
0.77483400
-0.97517800
-0.92039000
-0.14855100
-2.27393300
-4.00531700
-2.86590400
-5.30588500
-3.87204900
-5.00419000

S41

2.51320700
1.90627600
3.21054700
3.51173400
2.79474400
2.29975300
-0.54868000
-0.72454700
-2.14815400
-1.14514100
-2.81520400
-3.16391900
-1.44304800
-2.16398500
-0.91735500
-3.10910200
-2.80353000
-1.80927500
3.09743700
2.14601300
3.16430900
1.90339100
3.26490500
3.34458800
4.17002600
3.28480900
-0.75431200
-0.41675600
-2.06755500
-3.43090400
-4.14521400
-4.09691400
-1.95781400
-3.33199200
-3.52197600
-3.59598500
-2.69837500
-1.59940400
-0.56740900
-0.28056900
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-2.30724600
-3.60860200
-4.08411200
-2.36910900
-3.51953200
-6.54123200
-5.67071200
-4.19235100
-6.15535100
-5.35340400
-4.78709200
-4.02181100
-2.49297300
-3.55098400
-4.96722500
-4.64020100
2.46361300
-0.16819000
0.92466700
0.22746600
0.35990500
2.52386700
2.65267800
3.94156500
2.48766800
4.24258000
3.77429400
4.96849200
5.34574100
5.25449100
3.94294900
6.02139100
6.25414900
6.94356200
4.61116300
2.62074300
2.22951900
2.53051300
1.44061000
0.17196800

-5.45813100
-3.51205700
-2.49994800
-2.52167100
-0.89848700
1.95389400
4.26610800
4.95904900
-0.49040700
-2.15588000
-0.84565200
-1.10132200
2.69661200
3.63707500
4.16322300
2.42833800
2.09992600
2.77342800
3.85126200
5.26294500
3.88354000
5.02044200
5.35157500
3.36880700
2.56505800
2.49398600
0.80369600
-4.92372000
-4.12974000
-1.71902900
0.82424500
2.16598900
0.90279700
0.69401400
-2.58520400
-3.97476000
-2.82386400
-4.53118500
-2.44503400
-2.96365600

S42

-1.99440600
-2.24561100
-0.18407900
0.35111000
-1.95984100
3.55505700
3.43991100
1.59049100
0.80707000
2.46207100
3.53326700
1.94939600
-0.68410100
-2.71577200
-1.77010300
-1.99390700
-3.53664600
-2.89995400
-3.79250700
-1.90354300
-0.78311800
-0.46452200
-2.20251400
-2.22931700
0.32757000
-0.07561100
-1.80581400
1.69036100
4.00348800
4.53782800
2.21273400
2.45481000
1.22908500
2.85626600
-1.22357400
-1.76680200
-0.46130700
-0.07712500
2.29420900
1.15409700
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-0.47619600
0.17547900
-2.39189300
-2.23133200
-2.05681500
-0.89883500
2.08455200
1.21440300
0.71044800
-0.25115300
-1.83504800
-1.28107700
-1.01520700
0.36105000
5.18416500
5.02865900
6.26073900
4.89839300
4.51143600
4.37481900
3.60346800
5.35338500
-7.36411500
-8.10259700
-7.75443200
-7.29697000
-2.63774500
-2.00536900
-2.00136000
-3.38395500

-0.03826100
0.41801600
-0.33747200
1.98224700
-2.05286600
-1.29649600
-2.91021500
1.55842500

-4.34519600
-3.16725300
-2.86849400
-2.65665500
-0.44447200
-0.62504900
1.93617500
0.38989500
2.96419700
1.48596300
2.13140000
3.78540300
2.77807900
3.68589600
-4.62869200
-4.83557000
-4.45774900
-5.54003400
0.74956200
1.83716100
0.25459400
0.46203000
-0.29158600
0.41126100
-1.31248600
-0.11165900
4.80675400
4.86945700
5.00788200
5.61609800

0.09326200

1.43026900

-1.50424300
-0.26903400
0.57866900

-1.49540900
0.03550700
1.23783700

S43

3.04681600
4.21570400
2.54406300
4.30732700
2.66723000
4.02016200
3.12771600
3.34019400
4.71156000
4.91629600
3.25610300
3.61992900
1.06800300
1.77549200
-0.97464600
-2.04583100
-0.81501300
-0.42441900
4.26269600
4.37196000
4.64193900
4.91330500
2.54152600
2.12382700
2.40301600
3.62716600
-0.40651800
0.49246300
-1.28031200
-0.35540900

0.89036100
-0.51881300
-0.24220500
1.29473900
0.62829500
-1.24857500
-0.09097600
-1.27857600
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2.89133900
-1.07828600
-1.22205800
-2.69847300
-4.07589600

2.80434900

1.65845900

1.52514900

4.01090100

0.29609100
-1.63823100
-2.44745200
-1.22340000
-1.60884100
-2.41025400
-2.82369600
-2.87919600

1.84755500

2.42373500

1.48596900

1.69669400

2.27030300

2.62654100

2.75175200

-6.23468300

-7.59279800
-5.73806400
-5.29435000
-6.25845200
5.39761900
5.80934700
4.61395000
6.60913200
4.53775300
-4.77011200
4.69822700
-1.25830500
-1.85468200
0.21572900
0.50329000

0.01025100
-0.37121100
-2.82833400
-1.36680900

0.61943000

1.26401100

2.39989900
-0.07661200

-0.69702800
-0.31146600
-3.97786800
-3.78098600
-5.27235500
-6.37091500
-6.17715500
-4.89038500
-2.39552700

3.71141400

3.76494300

4.89984900

6.13746300

6.19381200

5.01244600

2.49596000

-2.12552200
-2.47185700
-0.92102700
-3.25771700
-1.76747700

0.10143200
0.37182400
-1.16758900
-0.00124100
1.23417200
0.12289800
-0.37334400

0.56050000
-0.50220000

0.46941200

-1.23805000

s44

0.48344300
-2.25291300
-1.94622300
-0.64955200

-0.34852700
-0.38960500
-2.23219500
-2.04391400

0.37154200
-2.91497400
-1.06648600

0.06087600
-1.41406300
-0.64554800

0.48651800

0.83279900

0.46484100

-1.51470300

-0.23562300

-2.16585400

-1.55500200

-0.27915200

0.37357200

0.50864500

-1.18282800
-1.65227000
-1.96637700
-1.41260800

0.26826400
-2.94287300

-1.50649300

-2.98411100
-3.77874700
-3.40627800
-0.93308300
-0.32875700
-1.71519500
-3.01836600
-3.68693900
-3.47191900
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1.58893900
2.43582700
-1.86077700
-0.17989400
-0.58592300
-1.27973700
-2.71437800
-3.45343100
-2.31096600
-3.94549500
-3.39869900
2.49952100
0.72589000
1.03310500
1.41150400
2.43714300
3.07105800
1.99329100
3.72298900
3.65808600
-4.41366900
-4.86526100
-4.22550100
-5.13635100
-4.51504200
-4.96498700
-5.48003000
-4.37319700
-5.17957900
4.43336000
5.59448400
3.73285300
6.05785900
4.23172300
5.38178500
6.95851700
3.72242100
5.75256900
2.52651200
1.61266300

-0.86748500
-0.10031400
-2.76084500
-2.94327600
-5.41468500
-7.37522700
-7.03098800
-4.73511700
-2.06854800
-2.39627200
-1.56614800
2.19014000
2.40109400
4.85116800
7.05672700
7.15810600
5.05146000
2.32575100
2.58217900
1.31503500
1.87575800
1.88498000
3.05892500
3.13027300
4.27924100
4.31544400
3.17238700
5.21408300
5.27599200
-1.74643200
-1.50125700
-2.97515200
-2.52746600
-3.95884300
-3.74254600
-2.36891600
-4.92004600
-4.53150100
-3.25117000
-4.36683400

S45

-1.29323300
-2.65486900
-2.83944600
-2.26457700
-2.29140400
-0.92377000
1.09755600
1.71333900
1.34951100
0.73008400
-1.46921700
-2.90865200
-2.80679200
-3.16001300
-2.07273800
0.20776900
1.37228200
1.28592300
1.01975900
-1.07307900
0.25915700
1.59591200
-0.48471600
2.18227900
0.14400600
1.46483200
3.21842000
-0.40269900
1.94128700
1.25638200
2.02254200
1.31148000
2.85985600
2.17812400
2.94035500
3.45670400
2.25361400
3.60032100
0.41861300
0.93584200
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2.97661500
1.90781100
1.30833100
0.69870500
2.08772900
3.60383600
3.55629900
2.09929800
6.36024200
7.65364100
6.64550300
5.73462300
7.43613200
8.18658900
8.33185300
5.71922300
7.33604700
7.11328500
-3.65172700
-2.15842000
-4.43359600
-3.72288700
-1.58194200
-1.71821600
-2.02306900
-5.50309300
-4.35311800
-4.03748400
-5.00860900
-6.39822800
-3.88857700
-4.90585500
-7.19140100
-6.48956300
-6.58825000
-2.89384000
-3.95665300
-3.96635400
-0.20738100
0.61442500

-3.53836600
-2.34660700
-4.19274100
-4.40692300
-5.35995900
-2.73222400
-4.47564200
-3.65122400
-0.18402400
-0.36166600
0.42105000
0.54222600
-0.72378900
0.59909100
-1.08020000
0.54487300
-0.20315900
1.41321900
3.02559700
3.40239500
3.90519800
1.98865900
2.76340100
3.30529200
4.44771200
3.64042600
4.97551400
3.77851600
0.60007500
0.46376500
0.48606100
-0.24439800
0.52163200
-0.51201500
1.24555300
0.53479800
1.29848100
-0.47124600
1.31921300
1.26571700

S46

-1.02518100
0.39829500
1.98063600
0.32727300
0.87912200

-1.43263600

-1.07515300

-1.68431400
1.93669400
1.12246700
3.31975800

1.39808000
0.10659500
1.02781700
1.61230700
3.90416700
3.90959200
3.21078000

-1.89611400

-1.87172400

-2.88118900

-2.25802500

-1.18645900

-2.87869600

-1.54700000

-2.89662100

-2.63037900

-3.90225300
2.40362800
3.04208100
3.45380700
1.70983200
2.28012200

3.54689300
3.79604000
2.98580800
4.19733800
3.99603700
2.53903800
3.73222200
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-0.77355300
1.50797400
0.04039300
0.89048500
1.11965100
1.74283600

-0.40998000

-1.19372700

-0.29314700

-0.31090700

-1.85082200

0.00451200
0.43138200
2.04968700

-0.10402700

-2.05923200
1.55547200
4.21004600
4.89874200

-1.04617000

-4.17762100

-4.80912000
1.57809500
1.74319200
2.45523500
0.33998300
0.13942100
0.61074800

-0.98408500

-1.26675400

-1.76010300
1.69798800
2.48743500
0.41965300

-0.44120000
0.27375400
0.51473900
1.41729900

2.65190900
0.67234200
0.75902900
2.72443300
2.86861100
3.09651700

3.40890300
3.27334000

4.48643700
3.08146000
2.54357100

0.56504900
1.41823600
0.49448200

-1.35171900

0.67489700
1.08046500
0.18819100
0.16853300

-1.74508500

0.00141400

-0.77997400

-0.37644600

-0.93222900

-0.50339300

-0.92378700

-0.36702400

-1.93520700

-0.95367600

0.06611900

-1.38022500
2.09878300
1.68529900
2.33363100

2.32309000
1.53439500
3.68915200
3.68486700

S47

2.35394900
3.49682900
4.52654800
4.07062500
5.13636500
3.47950400

3.62673300
4.38989300
3.44141900
1.45189300
2.17921800

0.60168400
-1.17800600
1.00478300
-0.03049700
0.32449800
-1.90028000
0.44417200
-0.32402300
-0.95907300
-0.00970700
-0.24496900
-2.30627200
-1.37780500
-2.94989800
-3.00113100
-3.92669700
-3.33376800
-2.25023200
-1.97503000
-2.89993700
-3.04980800
-3.69191400
-3.85076900
-3.16740300
-4.58997200
-4.56623700
-5.20167400
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-0.34038300
0.57566500
-0.43019100
1.19749700
1.13234300
1.52672700
0.32876200
2.22307400
3.04718100
2.77373300
3.76631600
2.08018200
2.83178600
3.65542400
2.97385500
4.56133400
4.69054800
5.05218100
5.17293600
5.25181900
5.52766400
5.09780800
5.25504800
4.75273100
4.47000800
3.96173000
5.81524500
6.40858300
5.65104800
6.40534000
3.56901800
2.60718600
4.03963400
3.35553200
4.62270500
3.78169300
4.28831400
4.08289800
5.12072700
3.39760200

3.80311500
4.87263100
5.30129100
5.67623200
4.44559600
5.31722300
4.01779100
3.38045400
3.77990000
2.90085400
3.30599600
3.15567400
1.38560500
1.11368600
0.62426400
-0.39623800
-1.79527900
-2.33778700
-3.41857900
-1.51637500
-1.95662300
-0.13054400
0.49443700
0.45970200
-2.69239900
-2.10058600
-3.13257300
-2.26156700
-3.75687200
-3.71282200
-3.89571400
-3.57496400
-4.59729600
-4.45766500
1.97198200
2.15703500
2.71093100
3.77217100
2.68121800
2.28670200

S48

-5.25072100
-3.57387500
-3.43148900
-4.00206600
-2.20423700
-1.65658200
-1.58725900
-2.33414900
-2.94534100
-0.97085800
-0.73508200
-0.15906300
-1.12101600
-1.78962300
0.18544500
1.70470800
1.79477600
3.03922300
3.14019700
4.14722200
5.10934700
4.03730200
4.91776400
2.81469200
0.58395700
-0.18891100
-0.01793400
-0.33486100
-0.91004500
0.71175500
0.89713200
1.32717800
1.60536500
-0.02545300
2.65538900
1.97146700
3.95529900
3.74095500
4.67717200
4.44572300
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5.88617600
5.76574100
6.10187600
6.76524000
-0.94425500
-1.55439300
0.47884900
1.15185100
0.82652200
0.51244600
1.50527200
-0.20383400
0.16716600
-0.39299300
1.08972300
-0.65427200
0.01379700
-1.18782400
-1.65410200
-2.33478800
-2.49118600
-3.53076500
-2.03492100
-2.45446900
-3.10957600
-2.85918800
-4.73390900
-5.30412000
-5.84524100
-6.30154300
-5.79920600
-6.22114200
-5.21004400
-5.17920500
-4.66382800
-5.35052600
-4.52271600
-6.65846100
-6.78077600
-7.52961500

2.55459300
3.63460500
2.06555500
2.41740600
-3.27799400
-3.50322800
-3.80045400
-3.24084700
-3.65020000
-5.29563300
-5.70380300
-5.82271300
-5.56380600
-6.51032300
-5.69866600
-4.41681400
-3.60285700
-4.76219400
-3.83714000
-4.63144400
-2.66936300
-2.95153400
-2.25913000
-1.62600700
-1.93773400
-0.21738600
1.25144700
1.32823300
2.55930800
2.65398800
3.66815800
4.62125900
3.57227700
4.45506200
2.36245300
0.10095800
-0.55725900
-0.68004300
-0.97528500
-0.06709400

S49

1.99650300
1.80905200
1.03388200
2.64792300
-1.12420300
-2.00989900
-1.30008000
-0.63753400
-2.33061100
-0.95221100
-1.19693800
-1.60595900
0.53159800
0.61027200
1.11941700
1.14563200
1.46509900
2.04627700
0.14361000
-0.19512100
0.70893800
0.91531700
1.61908800
-0.39987600
-1.21876900
-0.00028800
0.41553600
1.70243100
2.10528100
3.09259300
1.26022000
1.59059300
-0.00362500
-0.64395300
-0.45473200
2.60498600
2.29881800
2.38517400
1.33207000
2.67147100
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-5.13840000
-4.22523200
-5.04133800
-5.98628900
-4.04848900
-3.17501900
-5.04221800
-5.34230200
-4.58854600
-5.95010800
-3.52796300
-2.84059200
-4.34419100
-2.97796100
-0.19979700
-0.22828000
-1.09496700
-2.10578200
-1.12380700
-0.51224300
0.27858600
-1.27206500
0.09353700
0.86070500
-0.69750200
0.66690300
1.69064500
0.67135800
-1.42629400
-2.28869000
-1.55683000
-1.20750800
-0.66187700
-2.15495000
-0.32774700
-0.94240000
0.23508300
0.58409200
1.46199700
0.93051600

0.42655700
1.02264400
-0.50523100
0.98700800
2.22296800
1.56139200
1.54565800
0.54820600
1.41677200
2.16071700
3.54153700
4.04898500
4.24051000
3.34629200
2.46223800
-0.08557100
3.47586800
3.28311700
3.38345100
4.78735700
5.14180800
5.57746100
4.36085800
5.05306800
4.27393400
2.98524500
3.04926800
2.27689200
0.12165400
-0.25078100
1.20266500
-0.67799900
-0.07213900
-1.00529200
-1.83645700
-2.59447200
-2.33342500
-1.13767000
-0.68404900
-1.77248400

S50

4.08904700
4.24632200
4.66929400
4.51525300
-1.84518000
-1.75263600
-2.80688400
-2.45226800
-3.80393100
-2.92450500
-2.42848200
-1.73287000
-2.67321800
-3.36312300
1.50648500
2.61508700
1.00479700
1.39898100
-0.08893700
1.51681500
0.83538500
1.60630300
2.86237200
3.23913000
3.62563400
2.53252000
2.12995500
3.37315500
3.39013600
2.81550700
3.54312500
4.67152300
5.41349300
5.12367900
4.17966900
3.66856400
4.98318500
3.17841500
3.66715700
2.35234900



Qoo

= O O O O

-5.44955800

-4.46746100
-6.71591400
-4.85983300
-5.72487700
5.42411600
4.49850400
6.55124800
4.66955200
5.97396600
-6.67230000

-2.98288700

-4.08326100
-3.51169000
-1.96572600
-2.31075000
-0.67955400
-1.78068400
-1.20744300
0.34968100
-0.01487300
-1.59867000

S51

-1.81463000

-1.59924300
-2.36240600
-2.74272000
-0.48352000
-2.98289100
-2.58988400
-3.77831000
-3.76823100
-1.73726900
2.99543000



9. Substrates scope limitation
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10. Analysis Results of 2D NMR Spectra of the Product 3aa

(7.13,125.97)

(7.21,128.02)

(3.53,52.71) «———19

(7.17,127.51) (4.58,129.42)

A

(8.01,128.48)

(7.47,128.67)

(7.47,128.67)

(2.24,27.84) (4.26,53.14)
(2.08,37.83)
(327,3942) (4.18,61.06) (2.81,51.26)
3aa

NuArﬂ‘girl of H C Nuﬂgg of H C
1 — 41.57 16 7.17 (m) 127.51
2 4.26 (d) 53.14 17 6.93 (d) 131.23
3 2.81 (d) 51.26 18 — 174.3
4 3.27 39.42 19 3.53 5271
5 2.24 (m) 27.84 20 — 201.97
6 2.08 (d) 37.83 21 — 139.28
7 4.58 129.42 22 8.01 (d) 128.48
8 — 138.30 23 7.47 128.67
9 — 36.22 24 7.56 132.97
10 1.24 20.12 25 7.47 128.67
11 1.27, 23.70 26 8.01 (d) 128.48
12 — 137.1 27 — 173.19
13 7.08 (d) 130.28 28 4.18 (m) 61.06
14 7.21 (m) 128.02 29 1.23, 143
15 7.13 (m) 125.97
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11. Characterization of the product

3aa: 6-ethyl 3-methyl (1R,2R,3S,4R,5S,6R,7S)-7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]

-non-8-ene-3,6-dicarboxylate

MeO,C"

CO,Et

42.1 mg, 92% yield, 19:1 dr, 91% ee, light yellow solid, 132 — 134 °C,;
[0]’ b =-116.8 (¢ = 0.86, in CH2CL2).
HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A =
254 nm), tr(major) = 4.04 min, tg(minor) = 2.86 min.
"H NMR (600 MHz, Chloroform-d) & = 8.01 (d, J = 7.2 Hz, 2H), 7.56

3aa (t, J= 7.2 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 7.20 (m, 2H), 7.13 (m,

1H), 7.08 (d, J = 7.2 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 4.58 (s, 1H),

426 (d, J = 6.0 Hz, 1H), 4.17 (m, 2H), 3.53 (s, 3H), 3.27 (s, 1H), 2.80 (d, J= 5.4 Hz, 1H), 2.27 — 2.23
(m, 1H), 2.07 (d, J = 9.0 Hz, 1H), 1.25 (m, 9H) ppm.
13C NMR (151 MHz, CDCl3) § = 202.0, 174.3, 173.2, 139.3, 138.3, 137.1, 133.0, 131.2, 130.3, 129.4,
128.7, 128.5, 128.2, 127.5, 126.0, 61.1, 53.1, 52.7, 51.3, 41.6, 39.4, 37.8, 36.2, 27.8, 23.7, 20.1, 14.2

ESI-HRMS calcd for [C30H3205+Na+] =458.2093, found 458.2092.
IRV (cm’l) 3059, 2959, 1722, 1677, 1446, 1374, 1300, 1230, 1024,961, 734, 697, 521.

0.159

0.10
=)
<

0.05

0.00] }M 2 S
000 100 200 300 400 500  6.00 700 800 900 1000  11.00 1200 1300  14.00  15.00
Minutes
Retention Time Area % Area
1 2.869 1130122 48.48
2 4.067 1132339 48.58
3 6.138 39799 1.71
4 9.843 28811 1.24
1.001
2 050] 3
~
0.001 T T T ‘J}L“ T T T T T T T T T L L B L BN
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.0C
Mnutes
Retention Time Area % Area
1 2.859 7491258 95.60
2 4.041 344750 4.40
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3ab: 6-ethyl-3-methyl-7-(2-ﬂu0r0benzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-

dicarboxylate

MeO,C'" /
CO,Et

3ab

42.8 mg, 86% yield, 19:1 dr, 90% ee; light yellow liquid, [a]* p =
-137.7 (¢ = 0.57, in CH2Cl2).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), tr(major) = 2.99 min, tr(minor) =4.33 min

'"H NMR (600 MHz, Chloroform-d) & = 7.78 (m, 1H), 7.49 (m, 1H),
7.23 —7.10 (m, 5H), 7.07 (d, J= 7.2 Hz, 1H), 6.92 (d, J= 7.2 Hz, 1H),

4.56 (s, 1H), 4.22 — 4.13 (m, 3H), 3.51 (s, 3H), 3.28 — 3.23 (m, 1H), 2.88 (dd, J= 5.4, 1.8 Hz, 1H), 2.27
(dd, J=19.0, 3.6, Hz, 1H), 2.05 (d, J=9.0 Hz, 1H), 1.34 (s, 3H), 1.25 — 1.18 (m, 6H) ppm.

BC NMR (151 MHz, CDCl3) & 200.2, 200.2, 174.2, 173.1, 161.7, 160.0, 138.8, 137.1, 134.0 (Jer = 9.1
Hz), 131.2, 130. 6, 130.3, 129.1, 128.7 (Jer = 12.1 Hz), 128.3, 127.5, 126.0, 124.4, 124.4, 117.1 (Jor =
22.6 Hz), 116.9, 61.0, 57.4, 57.4, 52.7, 50.7, 42.0, 39.1, 37.9, 36.4, 27.7, 23.17, 20.1, 14.1 ppm.

YF NMR (565 MHz, CDCl3) § =-111.10 ppm.

ESI-HRMS calcd [CaoHy0FOs+Na'] = 477.2072, found 477.2070.

IR v (cm™) 3058, 2874, 1718, 1606, 1577, 1481, 1448, 1373, 1228, 1193, 1127, 1024, 939, 768, 735,

643, 515
S
0.02] b
2 0-0&;‘/‘;\9&&—&&@ /EL s
10
00— T ‘\“(o“\‘“‘\““\““\““\‘“‘\““\““\““\““
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 1100 1200 1300 1400 1500  16.00
Minutes
Retention Time Area % Area
1 3.049 268424 37.30
2 4.393 232672 32.33
3 6.564 109849 15.27
4 9.794 108631 15.10
0.60]
2 0.40] 9
0.20] 0
<
] e St e e ————————————————————————
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 2.00 1000 1100 1200 1300 1400 1500  16.00
Mnutes
Retention Time Area % Area
1 2.992 5080678 95.11
2 4.335 261247 4.89
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3ac: 6-ethyl 3-methyl-7-(3-ﬂu0r0benzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-
dicarboxylate

38.6 mg, 90% vyield, 19:1 dr, 91% ee.; light yellow liquid, [0]*’p =
F' -133.6 (¢ =0.53, in CH2CL).

HPLC (Daicel chiralcel OXH, CO,/EtOH 95/5, 1.0 mL/min, A = 254

nm), fr(major) = 14.03 min, fr(minor) =15.82 min.

3ac "H NMR (400 MHz, Chloroform-d) & = 7.82 (d, J = 7.6 Hz, 1H),

7.66 (d, J = 9.6 Hz, 1H), 7.46 (m, 1H), 7.30 — 7.06 (m, 5H), 6.92 (m, 1H), 4.57 (s, 1H), 4.27 — 4.12 (m,
3H), 3.53 (s, 3H), 3.32 — 3.23 (m, 1H), 2.78 (dd, J = 6.0, 2.0 Hz, 1H), 2.23 (dd, J = 8.8, 3.6 Hz, 1H),
2.06 (d, J=9.2 Hz, 1H), 1.33 — 1.18 (m, 9H) ppm.
BC NMR (101 MHz, CDCl5) & =200.9, 200.8, 174.2, 173.0, 164.1, 161. 7, 141.4 (Jor = 6.1Hz), 141.3,
138.5, 137.0, 131.2, 130.3 (Je.r = 7.5Hz), 130.2, 129.2, 128.0, 127.5, 126.0, 124.3 124.3, 120.0 (Jer =
21.1Hz), 119.9, 115.1 (Je.r = 22.2 Hz), 61.2, 53. 3, 52.7, 51.3, 41.7, 39.3, 37.70, 36.2, 27.8, 23.6, 20.1,
14.2 ppm.
YF NMR (377 MHz, CDCl;) § = -111.72 ppm.
ESI-HRMS calcd [CaoHy9FOs+H ] = 477.2072, found 477.2071.
IR ¥ (cm™) 2906, 1718, 1680, 1586, 1439, 1374, 1305, 1230, 1192, 1059, 1026, 897, 788, 734, 701,

MeO,C"

CO,Et

518.
1.009
0.807
- 0609 i 3
< 0.40]
0.20
o\ N
0.00 2.00 4.00 6.00 8.00 1000 12100 14100 16.00 18100 20.00 2200 24.00 26.00 28.00 30.00
Minutes
Retention Time Area % Area
1 14.112 23490698 49.90
2 15.580 23582316 50.10
0.804
0.604
2 0.40 ®
0.204 E
0.00 L— >
0. 0‘ ' ‘ZY‘OD T ‘4.(‘]0‘ ' ‘Bbo‘ ' ‘B,(‘JO‘ ' ‘10.‘00‘ ' ‘12}00‘ ' ‘14.‘00‘ ' ‘15.‘00‘ ' ‘13}00‘ ' ‘20.‘00‘ ' ‘22.‘00‘ ' ‘24}00‘ ' ‘25.‘00‘ ' ‘23.‘00‘ ' ‘30,00
Minutes
Retention Time Area % Area
1 14.029 19531515 95.58
2 15.819 902403 4.42
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3ad: 6-ethyl 3-methyl-7-(4-ﬂuorobenzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-

dicarboxylate

MeO,C"

3ad

CO,Et

41.5 mg, 90% yield, 19:1dr, 91% ee.; light yellow liquid, [0]* p =
-116.0 (¢ = 0.50, in CH,Cl,).
HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, A

F =254 nm), tr(major) = 7.27 min, fr(minor) = 9.36 min.

"H NMR (600 MHz, Chloroform-d) & = 8.05 (m, 2H), 7.24 — 7.11
(m, 5H), 7.08 (d, J = 7.2 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H), 4.58 (m,

1H), 4.23 — 4.15 (m, 3H), 3.53 (s, 3H), 3.28 — 3.25 (m, 1H), 2.76 (dd, J = 6.0, 1.8, Hz, 1H), 2.22 (dd, J
=7.2,4.2, Hz, 1H), 2.06 (d, J=9.0 Hz, 1H), 1.28 — 1.22 (m, 9H) ppm.

BC NMR (151 MHz, CDCl3) & 200.40, 174.20, 173.13, 165.8, 138.28, 137.01, 135.64 (Jr = 2.3 Hz),
131.2 (Jor = 8.8 Hz), 130.26, 129.39, 128.03, 127.53, 126.00, 115.8 (Jor = 21.6 Hz), 61.13, 53.1, 52.7,
51.38, 41.54,39.43,37.73, 36.19, 27.78, 23.65, 20.11, 14.25 ppm.

YF NMR (565 MHz, CDCl;) & = -105.53 ppm.

ESI-HRMS calcd for [CaoHyoFOs+Na'] = 499.1891, found 499.1892.

IR v (cm™) 2960, 2873, 1720, 1677, 1595, 1503, 1410, 1373, 1302, 1226, 1157, 1022, 961, 841, 800,

735, 603, 509.

0.104
0.084
0.064

AU

0.044
0.024

0.00

7
Fgmo

0.00  1.00 2.

" 4.00  5.00  6.00  7.00  8.00  9.00

1000 1100 1200  13.00  14.00  15.00

AU

0.607
0.407
0.204

0.00

Retention Time Area % Area
1 7.351 1383036 50.46
2 9.160 1357821 49.54
3 o
(o))
—-
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00  11.00  12.00  13.00  14.00  15.00
Minutes
Retention Time Area % Area
1 7.272 13481328 95.56
2 9.362 626282 4.44
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3ae: 6-ethyl 3-methyl -7-(4-chlor0benzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-
dicarboxylate

33.1 mg, 91% yield, 19:1dr, 92% ee.; light yellow solid, 130 — 132
°C, [a]* 530 =-117.5 (¢ = 0.53, in CH2CL2).

HPLC (Daicel chiralcel 1B, n-hexane/i-PrOH 95/5, 1.0 mL/min, A =
254 nm), tr(major) = 9.29 min, fr(minor) =8.30 min.

"H NMR (600 MHz, Chloroform-d) & = 7.96 (d, J = 8.4 Hz, 2H),
7.45 (d, J=5.6 Hz, 2H), 7.20 (m, 2H), 7.13 (t, /= 4.0 Hz, 1H), 7.08
(d, J=4.8 Hz, 1H), 6.92 (d, J= 7.2 Hz, 1H), 4.57 (s, 1H), 4.18 (m, 3H), 3.53 (s, 3H), 3.27 (s, 1H), 2.83
—2.72 (m, 1H), 2.22 (dd, J=9.0, 4.2 Hz, 1H), 2.05 (d, /= 9.0 Hz, 1H), 1.28 — 1.19 (m, 9H) ppm.

BC NMR (151 MHz, CDCl3) & =200.8, 174.2, 173.1, 139.5, 138.43 137.6, 137.0, 131.21 130.3, 129.90
129.3, 129.0, 128.1, 127.5, 126.0, 61.2, 53.2, 52.7, 51.4, 41.6, 39.4, 37.7, 36.2, 27.8, 23.7, 20.1, 14.3
ppm.

ESI-HRMS calcd [C2oH20Cl0s+Na'] = 515.1595, 517.1566, found 515.1605, 517.1570.

IR ¥ (cm™) 2959, 2906, 1720, 1677, 1588, 1490, 1442,1373, 1286, 1229, 1193, 1092, 1061, 961, 831,
735,701, 527.

T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Retention Time Area % Area
1 6.273 1862407 28.53
2 6.867 1978023 30.31
3 8.515 1352650 20.72
4 9.498 1333769 20.44

Retention Time Area % Area
1 6.098 645042 3.77
2 6.641 15898521 92.80
3 8.301 312348 1.82
4 9.294 276253 1.61
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3af: 6-ethyl 3-methyl -7-(4-br0m0benzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8—ene-3,6-
dicarboxylate

48.4 mg, 88% yield, 19:1dr, 91% ee.; light yellow solid, m.p. 137—
138 °C, [a]*’p = -144.0 (¢ = 0.60, in CH,CL,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 95/5, 1.5 mL/min, A =
254 nm), tr(major) = 11.24 min, ¢fg(minor) = 12.66 min.

"H NMR (600 MHz, Chloroform-d) & = 7.88 (d, J = 8.4 Hz, 2H),
7.61 (d, J= 8.4 Hz, 2H), 7.23 — 7.16 (m, 2H), 7.13 (t, J = 7.2 Hz,
1H), 7.08 (d, J= 7.8 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H), 4.57 (s, 1H), 4.23 — 4.12 (m, 3H), 3.52 (s, 3H),
3.34-3.19 (m, 1H), 2.77 (dd, J = 6.0, 2.4 Hz, 1H), 2.22 (dd, J = 8.0, 3.6 Hz, 1H), 2.05 (d, J = 8.0 Hz,
1H), 1.28 — 1.20 (m, 9H) ppm.

BC NMR (151 MHz, CDCl;) 6 = 201.0, 174.2, 173.1, 138.4, 138.0, 137.0, 132.0, 131.2, 130.3, 130.0,
129.2, 128.3, 128.0, 127.53, 26.0, 61.2, 53.2, 52.7, 51.3, 41.6, 39.4, 37.7, 36.2, 27.8, 23.7, 20.1, 14.3
ppm.

ESI-HRMS calcd [C29H2oBrOs+Na'] = 559.1091, 561.1070, found 559.1091, 561.1072.

IR 7 (cm™) 2959, 1719, 1677, 1583, 1442, 1304, 1268, 1129, 1004, 961, 936, 735,701, 535.

0.157

_ 0.10] 5 2
< 0= ©
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Minutes
Retention Time Area % Area
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4 39.899 1479998 12.61
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2 12.660 130056 2.60
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3ag: 6-ethyl 3-methyl -7-(4-i0d0benzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-
dicarboxylate

45.1 mg,77% yield, 19:1dr, 89% ee.; light yellow solid, m.p. 138 —
141 °C, [a]*’ p = -147.3 (¢ = 0.78, in CH,CL,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 95/5, 1.5 mL/min, A =
254 nm), tr(major) = 4.79 min, tg(minor) =5.22 min.

'"H NMR (400 MHz, Chloroform-d) & = 7.83 (d, J = 8.4 Hz, 2H),
7.72 (d, J= 8.6 Hz, 2H), 7.24 — 7.04 (m, 4H), 6.91 (d, J = 8.4 Hz, 1H), 4.56 (s, 1H), 4.23 —4.12 (m, 3H),
3.52 (s, 3H), 3.26 (m, 1H), 2.76 (dd, J = 6.0, 2.2 Hz, 1H), 2.22 (dd, /= 9.2, 4.0 Hz, 1H), 2.05 (d, J=9.2
Hz, 1H), 1.28 — 1.20 (m, 9H) ppm.

BC NMR (101 MHz, CDCl3) & =201.30 174.2, 173.1, 138.5, 138.4, 138.0, 136.9, 131.2, 130.23 129.9,
129.2, 128.02 127.52, 126.0, 101.12, 61.2, 53.1, 52.8, 51.3, 41.60 39.3, 37.72, 36.2, 27. 8, 23.7, 20.1,
14.3 ppm.

ESI-HRMS calcd [Ca9H,0I05+Na'] = 607.0952, found 607.0952.

IR ¥ (cm™) 2958, 1719, 1676, 1442, 1393, 1229, 1190, 1059, 1026, 961, 861, 735, 726, 626, 525.

0.30]
N (2}
5 0.20 e 8
< n -
0.10] s s
0.00 B /\ A

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900  20.C
Minutes

000 100 200 300 400 500 600  7.00 800 900
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2 5.173 3305437 38.43
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2.00]
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3ah: 6-ethyl-3-methyl-1,9-dimethyl—3-phenyl-7-(2-(triﬂu0romethyl)benzoyl)tricyclo[3.2.2.02’4]n0n

-8-ene-3,6-dicarboxylate

MeO,C"

33.1 mg,67% yield, 19:1dr, 87% ee.; light yellow liquid, [a]*p =
-110.7 (¢ = 0.65, in CH,Cl,).

HPLC (Daicel chiralcel ODH, CO,/MeOH 95/5, 1.0 mL/min, A = 254
nm), fr(major) = 10.75 min, fr(minor) = 9.54 min.

"H NMR (400 MHz, Chloroform-d) & = 8.30 — 8.17 (m, 2H), 7.82 (d, J
= 8.0 Hz, 1H), 7.63 (t, J = 8.0 Hz, 1H), 7.24 — 7.06 (m, 4H), 6.92 (m

CO,Et
3ah

1H), 4.59 (s, 1H), 4.27 — 4.14 (m, 3H), 3.53 (s, 3H), 3.31 — 3.27 (m, 1H), 2.78 (dd, J = 6.0, 2.0 Hz, 1H),
2.25(dd, J=5.6,2.0 Hz, 1H), 2.08 (d, J=9.2 Hz, 1H), 1.30 — 1.21 (m, 9H) ppm.

BC NMR (101 MHz, CDCl3) & =200.8, 174.2, 172.9, 139.7, 138.6, 136.9, 131.64 131.2, 130.2, 129.4,
129.20 128.1, 127.6, 126.1, 125.20 (Jer = 5.1Hz), 61.3, 53.5, 52.8, 51.4, 41.7, 39.3, 37.6, 36.2, 27.7,
23.7,20.1, 14.2 ppm.

F NMR (377 MHz, CDCl;) & = -62.72 ppm.

ESI-HRMS calcd [C30H20F305+Na'] = 549.1859, found 549.1859

IR ¥ (cm™) 3026, 2874, 1720, 1683, 1607, 1439, 1375, 1329, 1231, 1197, 1168, 1127, 1072, 998, 808,
780, 735, 697, 513.
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3ai: 6-ethyl-3-methyl-1,9-dimethyl-3-phenyl-7-(4-(trifluoromethyl)benzoyl)tricyclo [3.2.2.0**|non-
8-ene-3,6-dicarboxylate

32.4 mg, 61% yield, 19:1dr, 87% ee.; light yellow liquid, [o]*p =
-129.7 (¢ = 0.48, in CH,Cl,).
HPLC (Daicel chiralcel ODH, CO,/MeOH 95/5, 1.0 mL/min, A =
CF3 254 nm), tr(major) = 10.31 min, tr(minor) = 9.15 min.

"H NMR (600 MHz, Chloroform-d) & = 8.11 (d, J = 7.8 Hz, 2H),
7.74 (d, J = 4.2 Hz, 2H), 7.20 (m, 2H), 7.13 (d, J = 7.2 Hz, 1H), 7.08 (d, J = 4.8 Hz, 1H), 6.92 (d, J =
7.6 Hz, 1H), 4.58 (s, 1H), 4.26 (d, J= 6.0 Hz, 1H), 4.19 (q, J = 5.6 Hz, 2H), 3.53 (s, 3H), 3.33 — 3.26 (m,
1H), 2.79 (dd, J= 6.0, 1.8 Hz, 1H), 2.23 (dd, /= 9.2, 4.2 Hz, 1H), 2.07 (d, J=9.2 Hz, 1H), 1.28 — 1.23
(m, 9H) ppm.
BC NMR (151 MHz, CDCls) & = 201.3, 174.2, 173.00, 142.0, 138.8, 136.9, 134.1 (Jor = 31.7 Hz),
131.2, 130.3, 129.1, 128.7, 128.1, 127.6, 126.1, 125.8, (Jc.r = 3.0 Hz), 61.2, 53.6, 52.8, 51.4, 41.8, 39.3,
37.7,36.2,27.7,23.7,20.1, 14.2 ppm.
YF NMR (565 MHz, CDCl;) & = -63.03 ppm.
ESI-HRMS calcd [C3HaoF305+Na'] = 549.1859, found 549.1862.
IR 7 (cm™) 3058, 2874, 1721,1683, 1602, 1580,1507, 1444, 1376, 1322, 1268, 1230, 1169, 1129, 1066,
886, 774, 702.
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3aj: 6-ethyl-3-methyl-1,9-dimethyl-3-phenyl-7-(4-nitr0benzoyl)tricyclo[3.2.2.02’4]non-8-ene-3,6 -

dicarboxylate

7.5 mg, 43% yield, 19:1 dr, 81% ee, yellow liquid, [a]*' p =
-135.4 (¢ =0.21, in CH,Cl).

MeOZC\\‘ / HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A
CO,Et NO, =254 nm), tg(major) =4.46 min, tr(minor) = 5.13 min.
3aj "H NMR (400 MHz, Chloroform-d) & = 8.32 (d, J = 8.8 Hz, 2H),

8.16 (d, J = 8.8 Hz, 2H), 7.25 — 7.11 (m, 3H), 7.08 (d, J = 7.6 Hz,
1H), 6.91 (d, J = 7.6 Hz, 1H), 4.57 (s, 1H), 4.28 — 4.14 (m, 3H), 3.53 (s, 3H), 3.31 (m, 1H), 2.79 (dd, J
= 6.0, 2.0 Hz, 1H), 2.22 (dd, J=9.2, 4.0 Hz, 1H), 2.06 (d, J = 9.0 Hz, 1H), 1.30 — 1.22 (m, 9H) ppm.
13C NMR (101 MHz, CDCls) 8 = 201.0, 174.1 172.9, 150.2, 143.9, 139.0, 136.8, 131.2, 130.3, 129.4,
128.9, 128.1, 127.6, 126.1, 124.0, 61.4, 54.1, 52.8, 51.5, 41.9, 39.3, 37.6, 36.2, 27.7, 23.8, 20.2, 14.3
ppm.
ESI-HRMS calcd [CagHagNO,+Na'] = 526.1836, found 526.1840.
IR 7 (cm™) 2959, 1721, 1685, 1602, 1572, 1444, 1316,1268, 1060, 962, 888, 844, 724, 702, 507.
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3ak: 6-ethyl 3-methyl -1,9-dimethyl-7-(2-methylbenzoyl)-3-phenyltricyclo[3.2.2.02’4]non-8-ene-
3,6-dicarboxylate

23.6 mg, 50% yield, 19:1dr, 90% ee.; light yellow liquid; [a]* p = -53.2
(¢ =0.38, in CH2Cl2).
/ HPLC (Daicel chiralcel OX-3, CO,/MeOH 95/5, 1.5 mL/min, A = 254
CO,Et nm), tr(major) = 5.03 min, tr(minor) = 8.42 min

3ak "H NMR (400 MHz, Chloroform-d) & = 7.90 (d, J = 7.6 Hz, 1H), 7.37
(t,J=17.6 Hz, 1H), 7.30 (t, /= 7.6 Hz, 1H), 7.24 — 7.06 (m, 5H), 6.91 (d, J= 7.6 Hz, 1H), 4.57 (s, 1H),
4.21 (q, J = 8.0 Hz, 2H), 4.13 (d, J = 5.8 Hz, 1H), 3.51 (s, 3H), 3.31 — 3.24 (m, 1H), 2.90 (dd, J = 5.6,
2.0 Hz, 1H), 2.37 (s, 3H), 2.23 (dd, J = 3.6, 4.0 Hz, 1H), 2.00 (d, J = 9.2 Hz, 1H), 1.31 — 1.23 (m, 9H)
ppm.
BC NMR (101 MHz, CDCl3) & = 204.7, 174.2, 173.4, 140.3, 138.6, 137.5, 137.1, 131.9, 131.2, 131.2,
130.3, 129.2, 129.1, 128.1, 127.5, 126.0, 125.7, 61.1, 56.4, 52.7, 50.3, 41.9, 39.2, 38.1, 36.3, 28.0, 23.6,
21.0,20.3, 14.3 ppm.
ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2142.
IR ¥ (cm™) 2960, 2872, 1722, 1680, 1600, 1447, 1374, 1231, 1194, 1027, 775, 735, 702, 532.

MeO,C"
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3al: 6-ethyl 3-methyl -1,9-dimethyl-7-(3-methylbenzoyl)-3-phenyltricyclo[3.2.2.0>*|non-8-ene-
3,6-dicarboxylate

354.2 mg, 75% yield, 19:1 dr, 91% ee.; light yellow liquid; [a]* p =
-132.6 (¢ = 0.56, in CH2Cl2).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A =
254 nm), tr(major) = 2.86 min, fx(minor) = 3.45 min

"H NMR (400 MHz, Chloroform-d) & = 7.81 (d, J = 10.4 Hz, 2H),
7.36 (m, 2H), 7.24 — 7.05 (m, 4H), 6.92 (m, 1H), 4.57 (s, 1H), 4.24
(d, J=6.0 Hz, 1H), 4.17 (m, 2H), 3.52 (s, 3H), 3.29 — 3.23 (m, 1H), 2.80 (dd, /= 6.0, 2.4 Hz, 1H), 2.42
(s, 3H), 2.25(dd, J=9.2,4.0 Hz, 1H), 2.08 (d, /=9.2 Hz, 1H), 1.28 — 1.21 (m, 9H) ppm.

BC NMR (101 MHz, CDCl3) & = 202.1, 174.3, 173.2, 139.3, 138.4, 138.3, 137.1, 133.8, 131.2, 130.3,
129.4,128.9, 128.5, 128.0, 127.5, 125.94, 125.7, 61.0, 53.1, 52.7,51.2,41.5,39.4, 37.9, 36.2, 27.9, 23.7,
21.5,20.1, 14.2 ppm.

ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2142.

IR ¥ (cm™) 2958, 2906, 1719, 1674, 1601, 1494, 1444, 1373, 1230, 1188, 1026, 892, 786, 733, 700,
515.

PN A
Retention Time Area % Area
1 2.869 13055161 41.71
2 3.406 13666272 43.66
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3am: 6-ethyl 3-methyl-1,9-dimethyl-7-(4-methylbenzoyl)-3-phenyltricyclo[3.2.2.02’4]non-8-ene-
3,6-dicarboxylate

330.3 mg, 70% yield, 19:1dr, 91% ee.; light yellow liquid; [a]*’p =
-126.7 (¢ = 0.57, in CH2Cl2).

HPLC (Daicel chiralcel IE, n-hexane/i-PrOH, 90/10, 1.0mL/min, A =
254 nm), tr(major) = 11.38 min, tr(minor) = 13.57 min.

"H NMR (400 MHz, Chloroform-d) & = 7.81 (d, J = 10.0 Hz, 2H),
7.36 (m, 2H), 7.15 (m, 4H), 6.92 (d, J = 7.6 Hz, 1H), 4.57 (s, 1H),
4.31 —4.07 (m, 3H), 3.53 (s, 3H), 3.26 (s, 1H), 2.80 (d, J = 5.6 Hz, 1H), 2.42 (s, 3H), 2.25 (dd, J = 9.2,
3.6 Hz, 1H), 2.08 (d, J= 5.2, Hz, 1H), 1.31 — 1.18 (m, 9H) ppm.

BC NMR (101 MHz, CDCl3) § 202.1, 174.3, 173.2, 139.3, 138.4, 138.3, 137.1, 133.7, 131.2, 130.3,
129.4, 129.0, 128.5, 128.0, 127.5, 126.0, 125.8, 61.0, 53.2, 52.7, 51.2, 41.5, 39.4, 37.9, 36.2, 27.9, 23.7,
21.4,20.1, 14.2 ppm.

ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2143.

IR ¥ (cm™) 3026, 2872, 1720, 1675, 1584, 1442, 1303, 1231, 1190, 1056, 1026, 997, 734, 700, 661,
515.

0.50
0.404
0.304

<
0.204

Retention Time Area % Area

1 11.321 9490817 42.82

2 13.346 9450531 42.64

3 24.928 1641032 7.40

4 39.240 1579995 7.13
0.10]
0.08]
2 %09

0.044

0.02-

0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00
Minutes

Retention Time Area % Area
1 11.382 2036957 95.55
2 13.575 94854 4.45

S66



3an: 6-ethyl3-methyl-7-(4-cyclohexylbenzoyl)-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8

ene -3,6-dicarboxylate

36.8 mg, 68% yield, 19:1 dr, 93% ee.; light yellow solid, 143 — 144
°C, [a]*°p = -141.2 (¢ = 0.61, in CH,CL,).

HPLC (Daicel chiralcel IA, CO,/MeOH 90/10, 1.5 mL/min, A =
254 nm), tr(major) = 5.8 Imin, fr(minor) = 9.11 min.

"H NMR (400 MHz, Chloroform-d) & = 7.94 (d, J = 8.4 Hz, 2H),
7.29 (d, J= 8.0 Hz, 2H), 7.24 — 7.06 (m, 4H), 6.93 (m, 1H), 4.59 (s,
1H), 4.24 (d, /= 6.0 Hz, 1H), 4.16 (m, 2.0 Hz, 2H), 3.53 (s, 3H), 3.25 (m, 1H), 2.77 (dd, /= 6.0, 2.4 Hz,
1H), 2.56 (m,1H), 2.24 (dd, J= 6.0, 2.4 Hz, 1H), 2.10 — 2.05 (m, 1H), 1.87 (s, 4H), 1.76 (d, /= 12.4 Hz,
1H), 1.42 (m, 4H), 1.31 — 1.20 (m, 10H) ppm.

BC NMR (101 MHz, CDCl3) & =201.5, 174.3, 173.2, 153.7, 138.0, 137.13, 136.9, 131.2, 130.2, 129.6,
128.7, 128.0, 127.5, 127.1, 125.9, 61.0, 52.8, 52.7, 51.3, 44.6, 41.5, 39.4, 37.9, 36.1, 34.1, 34.1, 27.9,
26.7,26.0, 23.7, 20.1, 14.2 ppm.

ESI-HRMS calcd [C3sH4005+Na'] = 563.2768, found 563.2767.

IR ¥ (cm-1) 2926, 2852, 1722, 1673,1567, 1446, 1267, 1228, 1188, 1028, 994, 937, 828,735, 701, 529.
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3ao:

-dicarboxylate

6-ethyl3-methyl-7-(4-ethynylbenzoyl)-l,9-dimethyl-3-phenyltricyclo[3.2.2.02’4] non-8-ene-3,6-

29.5 mg,61% vyield, 19:1dr, 87% ee.; light yellow liquid, [a]*’p =
-160.9 (¢ =0.77, in CH,Cl,).

HPLC (Daicel chiralcel ODH, CO,/MeOH 90/10, 1.0 mL/min, A
=254 nm), tg(major) = 13.73 min, fg(minor) =12.01 min.

"H NMR (400 MHz, Chloroform-d) & = 7.96 (d, J = 8.4 Hz, 2H),

7.58 (d, J = 8.4 Hz, 2H), 7.23 — 7.05 (m, 4H), 6.92 (d, /= 7.6 Hz,
1H), 4.57 (s, 1H), 4.26 —4.11 (m, 3H), 3.52 (s, 3H), 3.33 - 3.21 (m, 2H), 2.78 (dd, /= 6.0, 2.4 Hz, 1H),
2.23(dd, J=17.6,4.0 Hz, 1H), 2.06 (d, J= 8.8 Hz, 1H), 1.28 — 1.20 (m, 9H) ppm.

BC NMR (101 MHz, CDCl3) & = 201.2, 174.2, 173.1, 138.9, 138.5, 137.0, 132.4 131.2, 130.2, 129.2,
128.3, 128.0, 127.5, 126.8, 126.0, 82.8, 80.5, 61.1, 53.2, 52.7, 51.2, 41.6, 39.3, 37.7, 36.2, 27.8, 23.7,
20.1, 14.2 ppm.
ESI-HRMS calcd [C3;H3005+Na'] = 505.1985, found 505.1985.

IR ¥ (cm™) 3026, 2906, 1718, 1676, 1601,1444, 1227, 1193, 1026, 937, 838, 809, 735, 702, 532, 511.
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3ap: 6-ethyl 3-methyl -7-([1,1'-biphenyl]-4-carbonyl)-1,9-dimethyl-3-phenyltricyclo [3.2.2.0%]
non-8-ene-3,6-dicarboxylate

47.5 mg, 89% yield, 19:1dr, 93% ee.; light yellow solid, 91 — 92 °C,
[a]* b =-160.4 (¢ =0.71, in CH,Cl,)

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A =
254 nm), tr(major) = 7.90 min, fgr(minor) =9.35 min.

"H NMR (400 MHz, Chloroform-d) & = 8.10 (d, J = 8.4 Hz, 2H),
7.71 (d, J = 8.4 Hz, 2H), 7.68 — 7.62 (m, 2H), 7.48 (t, /= 7.4 Hz,
2H), 7.40 (m, 1H), 7.26 — 7.08 (m, 4H), 6.95 (d, /= 7.6 Hz, 1H), 4.61 (s, 1H), 4.31 (d, J= 6.0 Hz, 1H),
4.19 (m, 2H), 3.54 (s, 3H), 3.32 — 3.26 (m, 1H), 2.83 (dd, J = 5.6, 2.0 Hz, 1H), 2.27 (dd, J = 8.4, 4.0 Hz,
1H), 2.11 (d, /= 8.8 Hz, 1H), 1.34 — 1.23 (m, 9H) ppm.

BC NMR (101 MHz, CDCl;) 6 = 201.5, 174.3, 173.2, 145.6, 139.8, 138.3, 137.8, 137.1, 131.2, 130.2,
129.4, 129.1, 129.0, 128.2, 128.0, 127.5, 127.3, 126.0, 61.1, 53.1, 52.7, 51.3, 41.6, 39.4, 37.9, 36.2, 27.9,
23.7,20.1, 14.2 ppm.

ESI-HRMS calcd [C35H3405+Na'] = 557.2298, found 557.2297.

IR v (cm-1) 3029, 2958, 2872, 1720, 1673, 1601, 1445, 1373, 1228, 1192, 1027, 1002, 841, 808, 737,
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3aq: 6-ethyl 3-methyl -7-(3,4-dichlorobenzoyl)-l,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene
-3,6-dicarboxylate

47.5 mg, 92% vyield, 19:1 dr, 86% ee.; light yellow liquid, [a]*p =
-135.2 (¢ =0.89, in CH,Cl,).

HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, A
= 254 nm), tz(major) = 25.64 min, tg(minor) = 9.42 min.

"H NMR (400 MHz, Chloroform-d) & = 8.07 (d, J = 1.8 Hz, 1H),
7.85 (dd, J= 8.4, 2.0 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.24 — 7.06
(m, 4H), 6.91 (d, J= 7.6 Hz, 1H), 4.56 (s, 1H), 4.23 — 4.11 (m, 3H), 3.53 (s, 3H), 3.30 — 3.25 (m, 1H),
2.74 (dd, J= 5.6, 2.0 Hz, 1H), 2.22 (dd, J = 8.4, 4.0 Hz, 1H), 2.05 (d, /= 5.2 Hz, 1H), 1.28 — 1.21 (m,
9H) ppm.

BC NMR (101 MHz, CDCl3) & = 199.9, 174.1, 172.9, 138.7, 138.6, 137.6, 136.9, 133.4, 131.2, 130.8,
130.4, 130.2, 129.1, 128.0, 127.5, 127.5, 126.0, 61.3, 53.4, 52.8, 51.4, 41.7, 39.3, 37.6, 36.2, 27.7, 23.7,
20.1, 14.2 ppm.

ESI-HRMS calcd [CaoHsCLOs+Na'] = 549.1206, 551.1176, 553.1147, found 549.1211, 551.1173,
553.1151.

IR v (cm-1) 2959, 2873, 1720, 1681, 1582, 1555, 1442, 1377, 1230, 1198, 1028, 830, 735, 701.
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3ar: 6-ethyl 3-methyl-7-(benzo/d/[1,3]dioxole-5-carbonyl)-1,9-dimethyl-3-phenyltricyclo [3.2.2.02’4]
-non-8-ene-3,6-dicarboxylate

35.4 mg, 87% yield, 19:1 dr, 87% ee.; light yellow solid, 164 — 166
°C, [a]*° p = -126.6 (¢ = 0.58, in CH,CL,).

HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, A
=254 nm), tg(major) = 26.84 min, tg(minor) = 21.7 min.

"H NMR (400 MHz, Chloroform-d) & = 7.69 (d, J = 4.8 Hz, 1H),
7.44 (s, 1H), 7.23 — 7.05 (m, 4H), 6.92 (d, ] = 7.6 Hz, 1H), 6.87 (d,
J=8.0 Hz, 1H), 4.57 (s, 1H), 4.22 — 4.12 (m, 3H), 3.52 (s, 3H), 3.25 (s, 1H), 2.76 (dd, J = 5.6, 1.2 Hz,
1H), 2.22 (dd, J =9.2, 4.0 Hz, 1H), 2.05 (d, ] = 9.2 Hz, 1H), 1.30 — 1.20 (m, 9H) ppm.

BC NMR (101 MHz, CDCI3) § = 199.8, 174.3, 173.2, 151.8, 148.3, 138.1, 137.1, 134.1, 131.2, 130.2,
129.5, 128.0, 127.5, 126.0, 125.0, 108.1, 107.9, 101.9, 61.0, 52.8, 52.7, 51.3, 41.5, 39.4, 37.8, 36.14,
27.8,23.6, 20.1, 14.3 ppm.

ESI-HRMS calcd [C30H300,+H '] =503.2064, found 503.2065

IR ¥ (cm™) 2959, 2905, 1719, 1667, 1439, 1372, 1233, 1191, 1128, 1098, 1034, 961, 933, 796, 701.
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3as:
carboxylate

3as

6-ethyl-3-methyl-7-(2-naphthoyl)-1,9-dimethyl-3-phenyltricyclo [3.2.2.0**|non-8-ene-3,6-di-

45.7 mg, 90% yield, 19:1dr, 87% ee.; light yellow liquid, [a]*p =
-125.7 (¢ = 0.75, in CH,Cl,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A
=254 nm), tr(major) = 5.42 min, fg(minor) = 6.37 min.

"H NMR (600 MHz, Chloroform-d) & = 8.61 (s, 1H), 8.03 (t, J =
7.8 Hz, 2H), 7.89 (t, J= 9.0 Hz, 2H), 7.64 — 7.56 (m, 2H), 7.21 (m,

2H), 7.16 — 7.09 (m, 2H), 6.94 (d, J= 7.2 Hz, 1H), 4.62 (s, 1H), 4.44 (d, J= 6.0 Hz, 1H), 4.23 —4.11 (m,
2H), 3.54 (s, 3H), 3.34 — 3.29 (m, 1H), 2.88 (dd, J = 6.0, 1.8 Hz, 1H), 2.30 (dd, J = 9.0, 4.2, Hz, 1H),
2.15(d,J=6.0 Hz, 1H), 1.30 — 1.25 (m, 6H), 1.23 (m, 3H) ppm.

BC NMR (151 MHz, CDCl3) & = 201.8, 174.3, 173.3, 138.4, 137.0, 136.5, 135.5, 132.6, 131.2, 130.4,
130.3, 129.8, 129.4, 128.6, 128.5, 128.0, 127.7, 127.5, 126.8, 126.0, 124.1, 61.1, 53.1, 52.8, 51.2, 41.7,
39.4,38.0,36.2, 28.0, 23.8, 20.2, 14.2 ppm.

ESI-HRMS calcd [C33H3,05+Na'] = 531.2142, found 513.2147.

IR ¥ (cm-1) 3057, 3025, 2957, 1718, 1671, 1626, 1440, 1376, 1271, 1230, 1187, 1058, 1025, 961,863,

735,701, 514, 476.
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3at: dimethyl-7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicarboxylate
22.2 mg, 88% yield, 19:1 dr, 88% ee.; light yellow liquid, [a]*' p =-123.8
Ph o
MeO,C" @\/% o ) s 1 .

nm), fr(major) =14.31 min, fg(minor) = 8.93 min.

"H NMR (400 MHz, Chloroform-d) & = 8.01 (d, J = 7.6 Hz, 2H), 7.57 (4,
3H), 3.32 - 3.24 (m, 1H), 2.84 (dd, J= 6.0, 1.8 Hz, 1H), 2.23 (dd, /= 9.0, 4.2 Hz, 1H), 2.07 (d, J=9.1
Hz, 1H), 1.25 (d, /= 11.4 Hz, 6H).

19.2, 13.7 ppm.
ESI-HRMS calcd [CagH305+Na '] = 467.1829, found 467.1828.

(c=10.52, in CH,Cl,).
HPLC (Daicel chiralcel 1A, n-hexane/i-PrOH 90/10, 1.0 mL/min, A = 254
3at J=28.0 Hz, 1H), 7.48 (t, J= 7.6 Hz, 2H), 7.24 — 7.05 (m, 4H), 6.92 (d, J
=7.4 Hz, 1H), 4.57 (s, 1H), 4.27 (d, J= 6.0 Hz, 1H), 3.72 (s, 3H), 3.53 (s,
3C NMR (151 MHz, CDCl3) 6 =201.9, 174.2, 173.3, 139.2, 138.3, 137.10, 133.0, 131.2, 130.3, 129.4,
128.7, 128.5, 128.02, 127.5, 126.0, 65.0, 53.1, 52.7, 51.3, 41.6, 39.4, 37.8, 36.2, 30.6, 27.8, 23.7, 20.1,
IRV (cm'l) 3057, 2955, 1718, 1674, 1597, 1439, 1374, 1301, 1267, 1225, 1128, 1058, 1018, 961, 850,
732, 696, 628.
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3au: 6-butyl 3-methyl -7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicarb0
-xylate

Ph 1) 44.2 mg, 91% vyield, 19:1 dr, 93% ee.; light yellow solid, 96 — 98 °C,
A oh [a]*' b =-143.5 (¢ = 0.48, in CH,CL,).
MeO.C HPLC (Daicel chiralcel 0X-3, CO/MeOH 90/10, 1.5 mL/min, A =

0/7_ O\/\/ 254 nm), tr(major) = 2.95 min, fr(minor) = 3.79 min.

"H NMR (600 MHz, Chloroform-d) & = 8.01 (d, J = 7.2 Hz, 2H),
7.56 (t,J=17.2 Hz, 1H), 7.47 (t,J = 6.0 Hz, 2H), 7.20 (m, 2H), 7.13 (t,
J=17.2Hz, 1H), 7.08 (d, J= 5.2 Hz, 1H), 6.93 (d, J= 7.8 Hz, 1H), 4.58 (s, 1H), 4.26 (d, /= 6.0 Hz, 1H),
4.12 (m, 2H), 3.53 (s, 3H), 3.28 — 3.24 (m, 1H), 2.81 (dd, J=6.0, 1.8 Hz, 1H), 2.25 (dd, J=9.0, 4.2 Hz,
1H), 2.07 (d, J = 6.0 Hz, 1H), 1.57 (m, 2H), 1.32 — 1.26 (m, 5H), 1.24 (d, J = 1.2 Hz, 3H), 0.88 (t, J =
7.2 Hz, 3H) ppm.

BC NMR (151 MHz, CDCl3) § = 201.9, 174.2, 173.3, 139.2, 138.3, 137.10, 133.0, 131.2, 130.3, 129.4,
128.7, 128.5, 128.02, 127.5, 126.0, 65.0, 53.1, 52.7, 51.3, 41.6, 39.4, 37.8, 36.2, 30.6, 27.8, 23.7, 20.1,
19.2, 13.7 ppm.

ESI-HRMS calcd [C3;H3405+Na’] = 509.2299, found509.2299.

IR v (cm-1) 3058, 3026, 1719, 1676, 1496, 1446, 1374, 1301, 1267, 1225, 1128, 961, 891, 808, 780,

696, 515.
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3av: 6-isopropyl 3-methyl -7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4] non-8—ene-3,6-dicar-
boxylate
Ph 0 37.4 mg, 79% yield, 19:1 dr, 93% ee.; light yellow liquid, [0]** p = -126.7
\\%)Kph (¢ =0.42, in CH,Cly).
Me0,C = HPLC (Daicel chiralcel OX-3, CO,/MeOH 95/5, 1.5 mL/min, A = 254 nm),
O/ O>7 tr(major) = 4.42 min, fr(minor) = 6.42 min.
"H NMR (600 MHz, Chloroform-d) & = 8.01 (d, J= 7.8 Hz, 2H), 7.56 (t, J
3av =7.2 Hz, 1H), 7.47 (t, J = 5.2 Hz, 2H), 7.20 (m, 2H), 7.13 (t, J = 7.2 Hz,
1H), 7.09 (d, J =4.0 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H), 5.05 (m, 1H), 4.58 (s, 1H), 4.26 (d, J = 4.8 Hz,
1H), 3.53 (s, 3H), 3.28 — 3.21 (m, 1H), 2.76 (dd, J = 5.4, 1.8 Hz, 1H), 2.24 (dd, J = 7.2, 4.2 Hz, 1H),
2.07 (d,J=7.2 Hz, 1H), 1.28 — 1.19 (m, 12H) ppm.
BC NMR (151 MHz, CDCl3) & = 202.1, 174.3, 172.7, 139.2, 138.3, 137.1, 133.0, 131.2, 130.3, 129.4,
128.6, 128.5, 128.0, 127.5, 126.0, 68.5, 53.1, 52.7, 51.4, 41.5, 39.4, 37.8, 36.1, 27.9, 23.9, 21.9, 21.9,
20.1 ppm.
ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2142.
IR v (cm-1) 3058, 3026, 1720, 1677, 1598, 1447, 1374, 1374, 1268, 1229, 1106, 1058, 962, 940, 807,
780, 697.
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3aw: 6-benzyl 3-methyl -7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicarb0
-xylate

o o 48.1 mg, 92% yield, 19:1 dr, 94% ee.; light yellow liquid, [0]**p =
%)&Ph -105.3 (¢ = 0. 66, in CH,Cl,).
MeO,C' 4 HPLC (Daicel chiralcel IA, n-hexane/i-PrOH 90/10, 1.5 mL/min, A

27_0\/© =254 nm), tr(major) = 11.68 min, tr(minor) = 14.39 min.

© "H NMR (400 MHz, Chloroform-d) & = 7.94 (d, J = 7.6 Hz, 2H),
7.54 (t, J = 7.2 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.34 — 7.05 (m,
10H), 6.92 (d, J= 7.4 Hz, 1H), 5.22 — 5.08 (m, 2H), 4.57 (s, 1H), 4.27 (d, /= 5.6 Hz, 1H), 3.52 (s, 3H),
3.29 (s, 1H), 2.88 (d, /= 6.0 Hz, 1H), 2.24 (dd, /= 9.0, 4.0 Hz, 1H), 2.08 (d, /=9.2 Hz, 1H), 1.24 (d, J
= 14.4 Hz, 6H) ppm.

BC NMR (101 MHz, CDCl3) 8 =201.8, 174.2, 173.1, 139.1, 138.2, 137.01, 135.6, 132.9, 131.1, 130.2,
129.4, 128.6, 128.6, 128.5, 128.3, 128.0, 127.5, 126.0, 66.9, 53.1, 52.7, 51.1, 41.6, 39.3, 37.7, 36.2, 27.8,
23.7,20.1 ppm.

ESI-HRMS calcd [C35H3405+Na'] = 557.2298, found 557.2300.

IR ¥ (cm-1) 3029, 2837, 1722, 1677, 1598, 1447, 1373, 1220, 1099, 1025, 808, 721, 696, 508.
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3ba: 6-ethyl 3-methyl -7-benzoyl-3-(4-chlor0phenyl)-l,9-dimethyltricyclo[3.2.2.02’4]n0n-8-ene-
3,6-dicarboxylate

28.6 mg, 58% yield, 19:1 dr, 91% ee.; light yellow solid, 135 — 138 °C,
[a]* b =-221.7 (¢ = 0. 30, in CH,CL).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), fr(major) = 3.10 min, fg(minor) = 3.98 min.
"H NMR (600 MHz, Chloroform-d) & = 8.00 (d, J = 1.8 Hz, 2H), 7.57 (t,
J=172Hz, 1H), 7.47 (t,J= 7.8 Hz, 2H), 7.18 (m, Hz, 2H), 7.01 (dd, J =
8.4, 1.8 Hz, 1H), 6.85 (dd, J = 8.4, 1.8 Hz, 1H), 4.61 (s, 1H), 4.25 (d, J
= 6.0 Hz, 1H), 4.17 (m, 2H), 3.53 (s, 3H), 3.28 — 3.23 (m, 1H), 2.81 (dd,
J=6.0, 1.8 Hz, 1H), 2.24 (dd, /=9.0, 3.6 Hz, 1H), 2.08 (d, J=9.6 Hz, 1H), 1.28 — 1.21 (m, 9H) ppm.
BC NMR (151 MHz, CDCl3) & = 201.8, 173.8, 173.1, 139.1, 138.4, 135.8, 133.1, 132.5, 131.7, 131.4,
129.7, 128.7, 128.5, 128.1, 127.8, 61.1, 53.0, 52.8, 51.2, 41.5, 39.3, 37.9, 35.5, 27.9, 23.7, 20.2, 14.2
ppm.
ESI-HRMS calcd [C2oH29ClOs+Na'] = 515.1595, 517.1566, found 515.1595, 517.1566.
IR v (cm-1) 2906, 1723, 1677, 1596, 1492, 1446, 1374, 1301, 1269, 1230, 1193, 1092, 962, 838, 718,
525.
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3ca:

Br

Me0,C" \J

3ca

6-ethyl 3-methyl -7-benzoyl-3-(4-br0mophenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8-ene-
3,6-dicarboxylate

47.2 mg, 88% yield, 19:1 dr, 93% ee.; light yellow solid, 145 — 146 °C,
[a]* b =-144.8 (¢ = 0.59, in CH,CL,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), fr(major) = 3.52 min, fg(minor) =4.61 min.

"H NMR (400 MHz, Chloroform-d) & = 8.05 — 7.97 (m, 2H), 7.57 (t, J =
7.2 Hz, 1H), 7.47 (t, J= 7.6 Hz, 2H), 7.32 (ddd, J = 15.8, 8.2, 2.0 Hz, 2H),
6.95 (dd, J= 8.0, 2.4 Hz, 1H), 6.80 (dd, J= 8.4, 2.4 Hz, 1H), 4.61 (s, 1H),

4.25 (d,J = 6.0 Hz, 1H), 4.17 (m, 2H), 3.52 (s, 3H), 3.29 — 3.21 (m, 1H), 2.80 (dd, J = 5.6, 2.0 Hz, 1H),
2.24 (dd, J=8.8, 4.0 Hz, 1H), 2.07 (d, J= 9.2 Hz, 1H), 1.30 — 1.19 (m, 9H) ppm.

3C NMR (101 MHz, CDCls) 8 = 201.8, 173.7 173.1, 139.1, 138.3, 136.4, 133.0, 132.9, 131.8, 131.0,
130.7, 129.8, 128.7, 128.5, 119.7, 61.1, 53.0, 52.8, 51.2, 41.5, 39.3, 37.9, 35.6, 27.9, 23.7, 20.2, 14.2

ESI-HRMS calcd [Cy0H,oBrOs+Na'] = 559.1091, 561.1070, found 559.1090, 561.1069.
IR v (cm™) 2906, 1720, 1676, 1488, 1445, 1373, 1268, 1228, 1192, 1067, 1009, 826, 766, 721, 691,

515.
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3da: 6-ethyl 3-methyl -7-benzoyl-3-(4-iodophenyl)-1,9-dimethyltricyclo[3.2.2.0, 4]non-8-ene-3,6-di-
carboxylate
| 47.2 mg, 88% yield, 19:1 dr, 95% ee.; light yellow solid, 146 — 148 °C,,
[a]*' b =-150.3 (¢ = 0.79, in CH,CL).
HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), fr(major) = 4.76 min, tg(minor) = 6.10 min.
_ Ph TH NMR (400 MHz, Chloroform-d) & = 8.00 (d, J = 7.2 Hz, 2H), 7.67 —
E:OzEt 7.41 (m, 5H), 6.82 (dd, J= 8.0, 2.4 Hz, 1H), 6.67 (dd, J= 6.0, 2.0 Hz, 1H),
3da 4.61 (s, 1H), 4.25 (d, J = 6.0 Hz, 1H), 4.16 (m, 2H), 3.52 (s, 3H), 3.30 —
3.19 (m, 1H), 2.80 (dd, J= 6.0, 2.0 Hz, 1H), 2.23 (dd, /= 9.2, 4.0 Hz, 1H),
2.07 (d,J=9.2 Hz, 1H), 1.30 — 1.20 (m, 9H) ppm.
BC NMR (101 MHz, CDCl3) & = 201.8, 173.7, 173.0, 139.1, 138.4, 137.1, 137.0, 136.6, 133.2, 133.0,
132.1, 129.8, 128.7, 128.5, 91.1, 61.1, 53.0, 52.8, 51.1, 41.5, 39.2, 37.9, 35.7, 27.9, 23.7, 20.2, 14.2
ppm.
ESI-HRMS calcd [C29H20I05+Na'] = 607.0952, found 607.0952.
IR ¥ (cm™) 2955, 2872, 1723, 1677, 1595, 1446, 1373, 1230, 1193, 1060, 1029, 961, 822, 764, 720.
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3ea:
boxylate

Me0,C \J

CO,E

3ea

t

6-ethyl 3-methyl -7-benzoyl-1,9-dimethyl-3-(p-tolyl)tricyclo[3.2.2.02’4]non-8-ene-3,6-dicar-

45.1 mg, 98% yield, 19:1 dr, 85% ee.; light yellow liquid, [a]*’p = -146.1
(¢ =0.66, in CH,Cl,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), fr(major) = 3.38, min, fr(minor) = 4.30 min

"H NMR (400 MHz, Chloroform-d) & = 8.01 (d, J= 7.6 Hz, 2H), 7.56 (t, J
=7.2 Hz, 1H), 7.47 (t, J = 8.0 Hz, 2H), 6.99 (m, 3H), 6.84 — 6.77 (m, 1H),
4.58 (s, 1H), 4.26 (d, J = 6.0 Hz, 1H), 4.23 — 4.11 (m, 2H), 3.52 (s, 3H),

3.29 — 3.24 (m, 1H), 2.80 (dd, J = 6.0, 2.4 Hz, 1H), 2.30 (s, 3H), 2.22 (dd, J =9.2, 4.0 Hz, 1H), 2.04 (d,
J=9.2Hz, 1H), 1.30 — 1.20 (m, 9H) ppm.

13C NMR (101 MHz, CDCly) & = 202.0, 174.4, 173.2, 139.3, 138.2, 135.3, 133.8, 132.9, 131.0, 130.1,
129.1, 128.6, 128.6, 128.4, 128.3, 61.0, 53.1, 52.7, 51.26, 41.6, 39.4, 37.7, 35.8, 27.7, 23.7, 21.2, 20.1,

14.2 ppm.

ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2143.
IR ¥ (cm™) 2958, 1719, 1676, 1445, 1373, 1226, 1190, 1022, 999, 938, 896, 819, 760, 691, 617, 522.
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3fa: 6-ethyl 3-methyl -7-benzoyl-3-(4-meth0xyphenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8-
ene-3,6-dicarboxylate

MeO 43.1 mg, 89% yield, 19:1 dr, 89% ee.; light yellow liquid, [a]*’p = -165.1
(¢ =0.64, in CH,CL).
HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), fr(major) = 4.16 min, fg(minor) = 5.70 min.

Me0,C" N Ph - TH NMR (400 MHz, Chloroform-d) & = 8.01 (d, J = 5.2 Hz, 2H), 7.56 (t, J
Coet  =7.6Hz, 1H), 7.47 (t,J=7.6 Hz, 2H), 7.04 — 6.97 (m, 1H), 6.85 — 6.72 (m,
3fa 3H), 4.61 (s, 1H), 4.25 (d, J = 6.0 Hz, 1H), 4.17 (m, 2H), 3.78 (s, 3H), 3.52

(s, 3H), 3.32 — 3.22 (m, 1H), 2.80 (dd, J = 6.0, 2.0 Hz, 1H), 2.21 (dd, J= 9.2, 4.0 Hz, 1H), 2.03 (d, J =
9.2 Hz, 1H), 1.29 — 1.18 (m, 9H) ppm.

BC NMR (101 MHz, CDCl;) & = 202.0, 174.5, 173.2, 157.7, 139.2, 138.3, 133.0, 132.1, 131.0, 129.1,
128.8, 128.6, 128.4, 113.4, 113.1, 61.0, 55.2, 53.1, 52.7, 51.2, 41.6, 39.4, 37.7, 35.5, 27.8, 23.7, 20.2,
14.2 ppm.

ESI-HRMS calcd [C30H3,06+Na'] = 511.2091, found 511.2092.

IR v (cm-1) 2957, 2837, 1718, 1675, 1611, 1445, 1373, 1268, 1225, 1185, 1030, 838, 719, 692, 536.

0.40
N
20.20‘ g %
0.00 2.00 4.00 6.00 8.00 10.00 1200 14.00 16.00 1800 20.00 22.00 24.00
Minutes
Retention Time Area % Area
1 4.275 4100846 38.08
2 5.804 4089480 37.97
3 10.302 1277972 11.87
4 15.822 1300866 12.08
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1 4.161 8192583 94.82
2 5.699 447490 5.18
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3ga: 6-ethyl 3-methyl -7-benzoyl-1,9-dimethyl-3-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro -lan-2-yl)
phenyl)tricyclo[3.2.2.02’4]non-8-ene-3,6-dicarboxylate
38.1 mg, 65% yield, 19:1 dr, 89% ee.; light yellow solid, 138 — 141 °C,,
[a]* b =-163.6 (¢ = 0.33, in CH,CL).
HPLC (Daicel chiralcel ODH, CO,/MeOH 90/10, 1.0 mL/min, A = 254
nm), fr(major) = 10.81, min, fr(minor) = 11.77 min
Ph 'H NMR (400 MHz, Chloroform-d) & = 8.06 — 7.96 (m, 2H), 7.61 (m, 3H),
747 (t, J=7.6 Hz, 2H), 7.08 (dd, J = 8.4, 1.2 Hz, 1H), 6.94 (dd, J = 7.6,
1.2 Hz, 1H), 4.57 (s, 1H), 4.26 (d, J= 6.0 Hz, 1H), 4.17 (q, /= 7.2 Hz, 2H),
3.60 (s, 1H), 3.50 (s, 3H), 3.31 — 3.24 (m, 1H), 2.80 (dd, J = 6.0, 2.0 Hz,
1H), 2.23 (dd, J=10.0, 4.0 Hz, 1H), 2.08 (d, /= 7.2 Hz, 1H), 1.34 (s, 12H), 1.26 — 1.21 (m, 9H) ppm.
BC NMR (101 MHz, CDCl3) & = 202.0, 174.0, 173.2, 140.4, 139.2, 138.4, 134.5, 133.9, 133.5, 133.0,
132.0, 130.6, 129.7, 129.7, 128.7, 128.5, 83.7, 61.1, 53.0, 52.7, 51.2, 41.5, 39.3, 38.0, 36.2, 28.0, 25.0,
24.9,23.8,23.6,21.3,20.3, 14.2 ppm.
ESI-HRMS calcd for [C3sH4BO7+Na'] = 607.2838, found 607.2839.
IR ¥ (cm™) 2977, 1721, 1678, 1518, 1446, 1397, 1359, 1319, 1229, 1061, 1020, 962, 898, 775, 720,
659.
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Retention Time Area % Area
1 10.827 1595053 40.85
2 11.755 1543502 39.53
3 14.423 410404 10.51
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3ha: 6-ethyl 3-methyl -7-benzoyl-3-(2-chlorophenyl)-1,9-dimethyltricyclo[3.2.2.02’4]n0n-8 -ene-3,6
-dicarboxylate
35.1 mg, 71% vyield, 2:3 dr, 89/ 91% ee.; light yellow liquid, [a]*' b =
-108.7 (¢ = 0.24, in CH,Cl,).
HPLC (Daicel chiralcel ODH, CO,/MeOH 90/10, 1.0 mL/min, A = 254
_ PR nm), t; =10.71, , = 11.92, t = 13.31, t4 = 13.88.
E:OzEt "H NMR (400 MHz, Chloroform-d) & = 8.07 — 7.96 (m, 2H), 7.56 (t, J =
7.2 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.27 — 6.92 (m, 4H), 4.80 (m, 0.5H),
4.63 (m, 0.4 H) 4.32 — 4.09 (m, 3H), 3.54 (d, /= 7.6 Hz, 3H), 3.42 — 3.36
(m, 0.4 H), 3.31 (s, 0.6 H), 2.79 (m, 1H), 2.47 (dd, J = 8.8, 4.0 Hz, 0.4 H), 2.29 (d, /= 9.2 Hz, 0.6 H),
2.23 (dd,J=28.8,3.2 Hz, 0.6 H), 2.09 (d, /=9.2 Hz, 0.4 H), 1.35 — 1.18 (m, 9H) ppm.
BC NMR (101 MHz, CDCl3) & = 202.3, 202.1, 173.4, 173.2, 173.1, 140.1, 139.2, 139.2, 138.2, 135.8,
135.7, 135.2, 134.7, 133.8, 133.0, 133.0, 132.7, 129.8, 129.5, 129.1, 128.7, 128.6, 128.5, 127.5, 127.4,
127.4,126.2, 125.8, 61.1, 53.3, 52.8, 52.6, 51.4, 51.3,41.8,41.6, 40.4, 39.9, 39.8, 38.4, 34.5, 34.3, 30.5,
28.1, 23.8, 23.0, 20.1, 19.6, 14.2, 14.2 ppm.
ESI-HRMS calcd [C290H29ClOs+Na'] = 515.1595, 517.1566, found 515.1590, 517.1560.
IR ¥ (cm™) 2959, 1721, 1676, 1476, 1441, 1373, 1268, 1228, 1191, 1069, 1071, 691, 657.
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1 10.717 2551842 15.70
2 11.875 2523436 15.53
3 13.279 5626588 34.63
4 13.792 5546987 34.14
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2 11.915 379216 2.18
3 13.314 9671287 55.60
4 13.883 445391 2.56
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3ia: 6-ethyl 3-methyl -7-benzoyl-3-(2-meth0xyphenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8-ene
-3,6-dicarboxylate
44.0 mg, 89% vyield, 1:1 dr, 80 /80 % ee.; light yellow liquid, [0]* p =
-114.2 (¢ = 0.74, in CH,Cl,).
HPLC (Daicel chiralcel OXH, CO,/MeOH 95/5, 0.8 mL/min, A = 254 nm),
_ Ph t=30.10, t, = 36.65, t; = 39.78, t, = 41.98.
E)OzEt "H NMR (400 MHz, Chloroform-d) & = 8.08 — 7.98 (m, 2H), 7.60 — 7.52
3ia (m, 1H), 7.46 (t, /= 8.0 Hz, 2H), 7.17 — 7.10 (m, 1H), 7.03 — 6.68 (m, 3H),
4.61 (s, 1H), 4.28 — 4.10 (m, 3H), 3.79 (m, 1.4 H), 3.71 (m, 1.5 H), 3.51 (d,
J=15.2Hz, 3H), 3.24 (m, 1H), 2.81 (dd, /= 6.0, 2.0 Hz, 1H), 2.75 (dd, J= 6.0, 2.0 Hz, 0.4 H), 2.34 (dd,
J=28.8,4.0 Hz, 0.5H), 2.20 (dd, J = 8.8, 4.0 Hz, 0.5H), 2.09 (d, J = 9.2 Hz, 0.5H), 2.01 (d, J = 9.2 Hz,
0.5H), 1.29 — 1.16 (m, 9H) ppm.
BC NMR (101 MHz, CDCl3) & = 202.4, 202.3, 174.4, 174.3, 173.3, 157.6, 157.1, 139.9, 139.4, 139.3,
137.2, 132.9, 132.9, 132.8, 131.7, 129.7, 128.6, 128.6, 128.5, 127.6, 127.2, 127.0, 126.0, 125.4, 120.1,
119.6, 110.2, 109.4, 61.0 55.1, 54.5, 53.4, 52.9, 52.6, 51.4, 51.2, 41.9, 41.6, 40.0, 39.7, 39.5, 37.4, 31.4,
31.3,29.3,27.2,23.8,22.6, 19.8, 19.6, 14.2 ppm.
ESI-HRMS calcd [C30H3,06+Na'] = 511.2091, found 511.2094.
IR ¥ (cm™) 2957, 2873, 1719, 1676, 1496, 1447, 1372, 1227, 1189, 1028, 963, 755, 719, 692, 516.

¥ Jé\\ EL z%\/ \
2
2 A\ S
DNV
000 = & ¢ g

U A I N U S SU DU T DU
000 200 400 600 800 1000 1200 14.00 16.00 1800 2000 2200 24.00 2600 2800 30.00 3200 34.00 36.00 3800 40.00 4200 44.00 46.00 48.00

MeO,C" \J

Mnutes
Retention Time Area % Area
1 29.825 8427667 20.15
2 35.791 8458284 20.22
3 39.451 12300516 29.40
4 41.015 12644984 30.23

0.607
0.407 ] l:r
2
< o
0.207 g
0.00 \ A

|

41.976

000 200 400 600 800 1000 1200 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00
Minutes

Retention Time Area % Area
1 30.104 23220900 43.01
2 36.647 2563569 4.75
3 39.775 25603196 4742
4 41.976 2603856 4.82

S84



3ja: diethyl -7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]n0n-8-ene-3,6-dicarb0xylate
42.5 mg, 90% yield, 19:1 dr, 85 % ee; light yellow liquid, [a]* p =-115.6 (¢
=0.69, in CH,Cl,).
HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254 nm),
3 tr(major) = 2.55 min, fr(minor) = 3.72 min.
COEt  'H NMR (400 MHz, Chloroform-d) & = 8.01 (d, J = 7.6 Hz, 2H), 7.56 (t, J

3ja = 7.2 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.14 (m, 4H), 6.92 (d, J = 7.2 Hz,
1H), 4.58 (s, 1H), 4.27 (d, /= 6.0 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.98 (m, 2H), 3.33 — 3.24 (m, 1H),
2.81 (dd, J= 6.0, 2.0 Hz, 1H), 2.22 (dd, J = 8.8, 3.6 Hz, 1H), 2.05 (d, /= 9.0 Hz, 1H), 1.29 — 1.20 (m,
9H), 1.06 (t, J= 6.0 Hz, 3H) ppm.
BC NMR (101 MHz, CDCl3) & = 202.0, 173.7, 173.2, 139.2, 138.3, 137.2, 133.0, 131.2, 130.2, 129.4,
128.6, 128.5, 127.9, 127.4, 125.8, 61.3, 61.0, 53.1, 51.2, 41.5, 39.4, 37.4, 36.4, 27.5, 23.7, 20.1, 14.2,
14.0 ppm.
ESI-HRMS calcd [C30H3,05+Na'] = 495.2142, found 495.2142.
IR ¥ (cm™) 2963, 1719, 1677, 1446, 1369, 1223, 1191, 1059, 1027, 939,719, 525.
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3ka: 6-ethyl 3-isopropyl -7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicar

-boxylate

CO,Et
3ka

42.3mg, 89% yield, 19:1 dr, 90% ee.; light yellow liquid, [a]*'p = -130.6 (¢
=0. 53, in CH,Cl).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), tr(major) = 2.12 min, tr(minor) = 3.09 min.

"H NMR (400 MHz, Chloroform-d) & = 8.05 — 7.99 (m, 2H), 7.56 (t, J =
7.2 Hz, 1H), 7.47 (m, 2H), 7.21 — 7.04 (m, 4H), 6.90 (d, J = 9.2 Hz, 1H),

4.82 (m, 1H), 4.58 (s, 1H), 4.27 (d, J = 5.6 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.26 (m, 1H), 2.81 (dd, J
=6.0,2.2 Hz, 1H), 2.19 (dd, J = 9.2, 4.0Hz, 1H), 2.02 (d, J = 8.8 Hz, 1H), 1.29 — 1.21 (m, 9H), 1.04 (m,

6H) ppm.

BC NMR (101 MHz, CDCl3) & = 202.1, 173.3 173.1, 139.3, 138.3, 137.3, 132.9, 131.1, 130.2, 129.4,
128.6, 128.5, 127.8, 127.3, 125.7, 68.5, 61.0, 53.1, 51.2, 41.5, 39.4, 37.0, 36.6, 27.1, 23.7, 21.5, 21.5,

20.1, 14.2 ppm.

ESI-HRMS calcd [C3H3405+Na'] = 509.2299, found 509.2295.
IR v (cm™) 2977, 2873, 1721, 1677, 1447, 1373, 1229, 1187, 1107, 807, 780, 719, 695.
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3la: 3-benzyl 6-ethyl-7-benzoyl-1,9-dimethyl-3-phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicarb0xy

-late

BnO,C" \J

3la

CO,Et

36.6 mg, 68% yield, 19:1 dr, 88 % ee; light yellow liquid, [a]**p = -105.3
(c=0. 66, in CH,Cl,).

HPLC (Daicel chiralcel OX-3, CO,/MeOH 90/10, 1.5 mL/min, A = 254
nm), tr(major) = 5.24 min, tr(minor) = 7.93 min

"H NMR (600 MHz, Chloroform-d) & =8.02 (d, J = 7.6 Hz, 2H), 7.57 (t, J
= 5.2 Hz, 1H), 7.48 (m, 2H), 7.22 (m, 5H), 7.14 (m, 2H), 7.04 — 6.91 (m,
3H), 5.00 (s, 2H), 4.61 (s, 1H), 4.28 (d, J= 6.0 Hz, 1H), 4.17 (q, J = 7.2 Hz,

2H), 3.34 — 3.26 (m, 1H), 2.82 (dd, J = 4.0, 1.6 Hz, 1H), 2.27 (dd, J= 6.4, 3.6 Hz, 1H), 2.10 (d, J= 6.0
Hz, 1H), 1.30 — 1.20 (m, 9H) ppm.

BC NMR (151 MHz, CDCl;) & = 202.0, 173.4, 173.1, 139.2, 138.3, 137.0, 136.1, 133.0, 131.2, 130.2,
129.5, 128.6, 128.5, 128.3, 128.0, 127.6, 127.5, 126.7, 125.9, 66.4, 61.0, 53.0, 51.2, 41.5, 39.3, 37.8,
36.3,27.8,23.7,20.1, 14.2 ppm.

ESI-HRMS calcd [C35H3405 Na'] = 557.2298, found 557.2300.

IR ¥ (cm™) 3029, 2837, 1722, 1677, 1598, 1447, 1373, 1220, 1099, 1025, 808, 721, 696, 508.
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3ma: 6-ethyl 3-methyl -7-benzoyl-3-(4-ﬂu0rophenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8-ene
-3,6-dicarboxylate

37.2 mg, 78% yield; light yellow liquid, [a]* b = -105.3 (¢ = 0. 66, in
CH,Cl,). The racemates of this compound cannot be separated by the

F

generally used column.

"H NMR (400 MHz, Chloroform-d) & = 8.07 — 7.96 (m, 2H), 7.56 (d, J =
Ph 7.2 Hz, 1H), 7.47 (t, J= 7.6 Hz, 2H), 7.10 — 7.00 (m, 1H), 6.94 — 6.83 (m,
"éozEt 3H), 4.60 (s, 1H), 4.25 (d, J = 6.0 Hz, 1H), 4.17 (m, 2H), 3.53 (s, 3H), 3.30
—3.21 (m, 1H), 2.80 (dd, J = 6.0, 2.0 Hz, 1H), 2.24 (dd, J = 6.0, 2.0 Hz,
1H), 2.07 (d, J=7.2 Hz, 1H), 1.31 — 1.19 (m, 9H) ppm.
BC NMR (101 MHz, CDCL3) & = 201.9, 174.1, 173.1, 162.4, 160.0, 139.12, 138.3, 133.0 (Jo.r = 4.04
Hz), 132.5 (Jer = 8.1 Hz), 131.4 (Jor = 6.1 Hz), 129.3, 128.7, 128.5, 114.8, 114.6, 61.1, 53.1, 52.8,
51.2,41.5,39.3,37.8,35.4,27.9, 23.7, 20.2, 14.2 ppm.
YF NMR (376 MHz, CDCl3) & -116.75 ppm.
ESI-HRMS calcd [CaoH20FOs+Na'] = 477.2072, found 477.2070.

Me0,C" \J

3na: 6-ethyl 3-methyl -7-benzoyl-3-(3-ﬂuorophenyl)-1,9-dimethyltricyclo[3.2.2.02’4]n0n-8 -ene-3,6-

dicarboxylate

42.9 mg, 90 % yield, light yellow liquid, the racemates of this compound

cannot be separated by the generally used column.

"H NMR (600 MHz, Chloroform-d) & = 8.00 (d, J = 7.6 Hz, 2H), 7.61 —

4 7.54 (m, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.16 (m, 1H), 6.89 — 6.60 (m, 3H),

CO,Et 4.66 (s, 0.5H), 4.59 (s, 0.5H), 4.31 — 4.11 (m, 3H), 3.54 (d, /J=4.8 Hz, 3H),

3na 3.32 — 3.21 (m, 1H), 2.81 (d, J = 6.0 Hz, 1H), 2.26 (dd, J = 9.6, 3.6 Hz,

0.5H), 2.22 (dd, J = 9.0, 4.2 Hz, 0.5H), 2.10 (d, J = 6.0 Hz, 0.5H), 2.07 (d, J = 6.0 Hz, 0.5H), 1.34 —

1.21 (m, 9H) ppm.

BC NMR (151 MHz, CDCl3) 8 =201.8 , 201.8, 173.4, (Jer = 4.5 Hz),173.3, 162.3, 162.3, 139.8(Jc.r =

5.1 Hz), 139.7(Jcr = 9.1 Hz), 139.2(Jcr = 3.1 Hz),138.4, 138.0, 133.0, 129.7, 129.6, 129.2, 129.2,

128.7, 128.5, 126.8(Jcr = 2.3 Hz), 126.0(Jcr = 2.3 Hz), 117.6 (Jc.r = 19.6 Hz) 117.5 (Jcr = 21.1 Hz),

113.2 (Jer = 21.1 Hz), 112.9 (Jcr = 21.2 Hz), 61.1, 53.1, 53.0, 52.8, 51.2, 41.5, 41.4, 39.3, 38.0, 28.0,

23.6,20.2,20.0, 14.2 ppm.

YF NMR (565 MHz, CDCl;) & = -114.36, -114.59 ppm.

Me0,C \J

3oa: 6-ethyl 3-methyl -7-benzoyl-3-(3-chlorophenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8 -ene-3,6-

dicarboxylate

44.3 mg, 90 % yield, yellow liquid, the racemates of this compound

cannot be separated by the generally used column.

"H NMR (400 MHz, Chloroform-d) & = 8.00 (d, J = 8.0 Hz, 2H), 7.57 (t, J

/ = 7.2 Hz, 1H), 7.47 (m, 2H), 7.18 — 7.08 (m, 2H), 7.04 — 6.82 (m, 2H),

CO.Et 4.66 (s, OH), 4.56 (s, 1H), 4.26 (d, J = 5.8 Hz, 1H), 4.22 — 4.11 (m, 2H),

3o0a 3.54 (d, J=2.0 Hz, 3H), 3.32 — 3.22 (m, 1H), 2.85 — 2.78 (m, 1H), 2.28 —

2.19 (m, 1H), 2.08 (dd, J =2.8, 3.6 Hz, 1H), 1.33 — 1.20 (m, 9H) ppm.

MeO,C" \J

S88



BC NMR (101 MHz, CDCls) & = 202.3, 202.1, 173.4 173.2, 173.1, 140.1, 139.2, 139.2, 138.2, 135.8,
135.7, 135.2, 134.7, 133.8, 133.0, 133.0, 132.7, 129.8, 129.5, 129.1, 128.7, 128.6, 128.5, 127.5, 127.4,
127.4, 126.2, 125.8, 61.1, 53.3, 52.8, 52.6, 51.4, 51.32, 41.8, 41.6, 40.4, 39.9, 39.8, 38.4, 34.5, 34.3,
30.5, 28.1, 23.8, 23.0, 20.1, 19.6, 14.2, 14.2 ppm.

3pa: 6-ethyl 3-methyl -7-benzoyl-3-(3-brom0phenyl)-1,9-dimethyltricyclo[3.2.2.02’4]non-8 -ene-3,6-
dicarboxylate

48.2 mg, 90 % yield, yellow solid, the racemates of this compound cannot
be separated by the generally used column.

"H NMR (400 MHz, Chloroform-d) & = 8.00 (d, J= 7.4 Hz, 2H), 7.56 (t, J
=7.2 Hz, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.29 — 7.16 (m, 2H), 7.11 — 7.03
(m, 1H), 6.94 (m, 1H), 4.66 (m, 0.4H), 4.56 (m, 0.6H), 4.25 (d, /= 5.8 Hz,
1H), 4.17 (m, 2H), 3.53 (s, 3H), 3.34 — 3.23 (m, 1H), 2.88 — 2.74 (m, 1H),
2.23 (m, 1H), 2.08 (d, /= 7.2 Hz, 1H), 1.34 — 1.17 (m, 9H) ppm.

BC NMR (101 MHz, CDCls) & = 201.8, 201.7, 173.6, 173.5, 173.0, 139.6, 139.6, 139.2, 139.1, 138.1,
138.2, 134.0, 133.2, 133.0, 129.8, 129.6, 129.5, 129.4, 129.1, 129.0, 128.8, 128.7, 128.4, 128.4, 122.1,
121.4, 61.1, 53.0, 52.8, 51.1, 41.5, 41.4, 39.2, 39.2, 37.9, 37.9, 35.7, 35.6, 28.1, 28.0, 23.7, 23.6, 20.2,
19.9, 14.2 ppm.

3ra:  Regio-isomer mixture  6-ethyl  3-methyl-7-benzoyl-1-ethyl-9-methyl-3-phenyltricy-
clo[3.2.2.02’4]non-8-ene-3,6-dicarb0xylate and 6-ethyl 3-methyl -7-benzoyl-9-ethyl-1-methyl-3-
phenyltricyclo[3.2.2.02’4]non-8-ene-3,6-dicarboxylate

10.4 mg, total recovery: 22%, the

CH CHs :
o mixture cannot be separated due to the
Ph%fkph Ph 0 same Rf value. 19:1dr / 19:1 dr, 88% ee
MeO,C' / L MeO,C _ Ph  /86% ee; light yellow liquid.
CO,Et to,et  HPLC  (Daicel ~ chiralcel ~ OXH,
3ra CO,/MeOH 95/5, 1.0 mL/min, A = 254

nm), t; =20.37, t, =22.03, t3 = 36.33, t,
= 47.56.
"H NMR (400 MHz, Chloroform-d) & = 8.01 (d, J = 7.6 Hz, 2H), 7.55 (dd, J = 7.0, 4.9 Hz, 1H), 7.46 (m,
2H), 7.23 — 6.92 (m, SH), 4.79 (s, 0.5 H), 4.53 (s, 0.5 H), 4.28 (m, 1H), 4.18 (m, 2H), 3.52 (d, /= 2.8
Hz, 3H), 3.32 — 3.21 (m, 1H), 2.79 (dd, J = 6.0, 2.0 Hz, 0.5 H), 2.69 (dd, J = 6.0, 2.0 Hz, 0.5 H), 2.24
(m, 1H), 2.07 (t, J= 8.8 Hz, 1H), 1.60 (m, 2H), 1.30 — 1.20 (m, 6H), 1.00 (t, J = 7.6 Hz, 1.5 H), 0.44 (t,
J=7.6Hz, 1.5 H) ppm.
3C NMR (101 MHz, CDCls) & = 202.7, 201.9, 174.3, 173.2, 173.2, 143.0, 139.3, 139.1, 138.68, 137.0,
132.9, 131.2, 131.1, 130.5, 129.9, 128.6, 128.6, 128.5, 128.4, 128.2, 128.0, 127.9, 127.4, 126.8, 126.0,
125.9, 61.0, 53.2, 52.7, 52.2, 51.8, 51.6, 46.2, 41.4, 39.9, 39.0, 37.9, 36.2, 35.9, 35.3, 28.9, 27.6, 27.0,
26.4,23.9,20.0, 14.2, 10.6, 9.8.
ESI-HRMS calcd [C30H3,05 Na'] = 495.2142, found 495.2143.
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S5aa: methyl -8-benzoyl-1,6-dimethy1—3-phenyltricyclo[3.2.2.02’4]n0na-6,8-diene-3-carb0xylate

32.6 mg, 84% yield, 19:1 dr, 80% ee; yellow solid, solid, m. p. 173—
174 °C, [a]?p=23.3 (¢ =0.56, in CH,CL).

HPLC (Daicel chiralcel ID-3, CO,/EtOH 95/10, 1.5 mL/min, A = 254
MeOzC\\‘ Ph nm), fr(major) = 7.10 min, fg(minor) = 9.46 min.

"H NMR (400 MHz, Chloroform-d) & = 7.68 — 7.62 (m, 2H), 7.52 (m,
1H), 7.42 (m, 2H), 7.27 — 7.21 (m, 2H), 7.17 (m, 2H), 7.06 — 7.01 (m,
2H), 4.84 (s, 1H), 4.35 (m, 1H), 3.51 (s, 3H), 2.51 (dd, /= 9.2, 4.0 Hz, 1H), 2.14 (d, J = 9.6 Hz, 1H),
1.74 (s, 3H), 1.21 (d, /= 1.6Hz, 3H) ppm.

BC NMR (101 MHz, CDCl;) 6 = 192.5, 173.1, 161.6, 153.5, 143.4, 138.2, 136.8, 134.3, 131.9, 131.1,
130.4, 129.1, 128.2, 128.0, 127.2, 126.1, 52.7, 50.6, 46.5, 44.2, 42.7, 39.2, 22.3, 20.1 ppm.

ESI-HRMS calcd [Cy6H2403 Na'] = 407.1618, found 407.1615.

IR 7 (em™) 3025, 2959, 2871, 1713, 1636, 1597, 1487, 1434, 1325, 1235, 1153, 1057, 1023, 755, 746.

Ph Q
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Sab:
boxylate

methyl-8-(4-fluorobenzoyl)-1,6-dimethyl-3-phenyltricyclo [3.2.2.0>*|nona-6,8-diene-3-car-

26.7 mg, 66% yield, 19:1dr, 60% ee.; yellow solid, m. p. 170 — 172
°C, [a]*' p =3.2 (¢ = 0.54, in CH,CL,).

HPLC (Daicel chiralcel 1E-3, CO,/MeOH 90/10, 1.5 mL/min, A =
254 nm), tr(major) = 4.88 min, fr(minor) = 5.74 min.

"H NMR (400 MHz, Chloroform-d) & 7.77 — 7.61 (m, 2H), 7.24 (m,
2H), 7.21 — 7.14 (m, 2H), 7.09 (m, 2H), 7.03 (d, J = 7.4 Hz, 2H),
4.84 (s, 1H), 4.39 —4.23 (m, 1H), 3.50 (s, 3H), 2.50 (dd, J= 8.8, 4.2 Hz, 1H), 2.14 (d, /= 9.6 Hz, 1H),
1.74 (s, 3H), 1.20 (d, J= 1.2 Hz, 3H) ppm.

BC NMR (101 MHz, CDCl3) & 191.1, 173., 166.3, 163.8, 161.3, 153.4, 143.4, 136.7, 134.2 (d, Jor =
4.9 Hz), 131.5 (d, Jcr = 9.0 Hz), 131.0, 130.3, 127.9, 127.2, 126.1, 115.3 (d, Jcr = 21.6 Hz), 52.67,
50.61, 46.47,44.34, 42.69, 39.19, 22.29, 20.09 ppm.

YF NMR (377 MHz, CDCl3) § =-107.14 PPm.

ESI-HRMS calcd [Co6H3FO; Na'] = 425.1532, found 425.1529.

IR ¥ (em™) 3025, 2960, 2851, 1714, 1636, 1593, 1504, 1407, 1366, 1319, 1225, 1154, 844, 756, 754,

Ph é O
Me0,C" \J O
F
5ab

684.
0.20] ﬁﬁ
2
< 0.10]
0.00}—1- . S~
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800  30.00
Minutes
Retention Time Area % Area
1 5.028 3026096 49.12
2 5.789 3134406 50.88
o
5 1.00] %\ N
< [Te}
0.00 HH\HH\HH\HH\HH\HA‘H‘\HH\HH\HH\H"\HH\‘HwHH\H"\HH\HH\HH\HH\HH
000 100 200 300 400 500 600 700 800 900 1000 11.00 1200 1300 1400 1500 1600 17.00 18.00 19.00 20.00
Mnutes
Retention Time Area % Area
1 4.882 20709300 80.67
2 5.740 4962212 19.33

S92



Sac: methyl-l,6-dimethyl-8-(4-methylbenzoyl)-3-phenyltricyclo[3.2.2.02’4]n0na -6,8-diene-3-carbo-
xylate
30.8 mg, 77% yield, 19:1dr, 70% ee.; yellow solid, m. p. 173 —
oh g o 175°C, [a]*' p =5.5 (¢ = 0.56, in CH,CL,).
R HPLC (Daicel chiralcel IA-3, CO,/MeOH 90/10, 1.5 mL/min, A =
MeO,C' NV O 254 nm), tr(major) = 2.92 min, fr(minor) = 3.55 min.
5ac CHs TH NMR (400 MHz, Chloroform-d) & 7.57 (d, J = 8.0 Hz, 2H),
7.26 — 7.20 (m, 4H), 7.19 — 7.14 (m, 2H), 7.06 — 7.00 (m, 2H),
4.83 (s, 1H), 4.33 (m, 1H), 3.51 (s, 3H), 2.51 (dd, /=9.2, 4.4 Hz, 1H), 2.40 (s, 3H), 2.14 (d, /= 9.4 Hz,
1H), 1.73 (s, 3H), 1.20 (d, /= 1.2 Hz, 3H) ppm.
BC NMR (101 MHz, CDCl3) & 192.4, 173.1, 160.9, 153.5, 143.4, 142.5, 136.8, 135.4, 134.3, 131.1,
130.4,129.3, 128.9, 127.9, 127.2, 126.1, 52.6, 50.6, 46.4, 44.3, 42.8, 39.2, 22.3, 21.6, 20.1 ppm.
ESI-HRMS calcd [C,7H2603 ' Na'] = 421.1774, found 425.1775.
IR 7 (em™) 3025, 2959, 2871, 2361, 2340, 1713, 1635, 1596, 1582, 1435, 1323, 1232, 962, 754, 734.
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Sad: methyl-8-(4-methoxybenzoyl)-1,6-dimethyl-3-phenyltricyclo[3.2.2.02’4] nona-6,8-diene-3-car-
boxylate
29.3mg, 70% yield, 19:1dr, 66% ee.; yellow solid, m. p. 176 —
178°C, [a]*' p =8.8 (¢ = 0.49, in CH,Cl,).

O
" g HPLC (Daicel chiralcel 1A-3, CO»/MeOH 90/10, 1.5 mL/min, %
MeO,C" S O = 254 nm), tr(major) = 3.91 min, tg(minor) = 5.09 min.
5ad OCH; 'H NMR (400 MHz, Chloroform-d) & = 7.72 — 7.65 (m, 2H),

7.22-7.25 (m, 2H), 7.19 — 7.13 (m, 2H), 7.05 — 7.01 (m, 1H),
6.99 (d, J=1.2 Hz, 1H), 6.93 — 6.88 (m, 2H), 4.84 (s, 1H), 4.30 (m, 1H), 3.86 (s, 3H), 3.50 (s, 3H), 2.51
(dd, J=9.4,4.2 Hz, 1H), 2.14 (d, J= 9.4 Hz, 1H), 1.74 (s, 3H), 1.20 (d, J = 1.5 Hz, 3H) ppm.
BC NMR (101 MHz, CDCl3) & 191.5, 173.1, 162.8, 159.9, 153.5, 143.4, 136.8, 134.3, 131.4, 131.1,
130.7, 130.4, 127.9, 127.2, 126.1, 113.4, 55.4, 52.6, 50.6, 46.3, 44.7, 42.8, 39.3, 22.3, 20.1 ppm.
ESI-HRMS calcd [C,7H2604 Na'] = 437.1723, found 437.1721.
IR 7 (em™) 2958, 1713, 1630, 1598, 1508, 1443, 1324, 1234, 1168, 1027, 962, 840, 814, 757, 734, 703.

0.30]
_ 0.20]
<

0.104

0.007
0.00 100 200  3.00 400 5.0 6.0 7.0 800 .00 1000 11.00 12.00 13.00 14.00 15.00 1600 17.00 18.00 1900 20.00
Minutes

- | Retention Time Area % Area
1 4.090 3919390 51.97
2 5.205 3622855 48.03
1.00]
2 [+
< 0.50] §
000  1.00 200  3.00 400 500 6.0 7.0 800  9.00 1000 1100 1200 1300 1400 1500 1600 17.00 18.00 19.00  20.00

Minutes

Retention Time Area % Area
1 3913 14400580 83.21
2 5.093 2906623 16.79

S94



Sae: methyl-8-(2-methoxybenzoyl)-l,6-dimethyl-3-phenyltricyclo[3.2.2.02’4] nona-6,8-diene-3-car-
boxylate
36.5 mg, 88% yield, 19:1dr, 81% ee.; yellow solid, m. p. 179 — 181°C,

Ph g 0 OCH; [a]*'p=26.8 (c=0.54, in CH,CL,).

R HPLC (Daicel chiralcel ID-3, CO,/MeOH 95/5, 1.5 mL/min, A = 254
MeO,C" N O nm), fr(major) = 13.25 min, fr(minor) = 17.95 min.
"H NMR (400 MHz, Chloroform-d) & = 7.42 — 7.36 (m, 1H), 7.26 —
7.20 (m, 2H), 7.20 — 7.13 (m,3H), 7.04 — 6.99 (m, 1H), 6.98 — 6.91
(m, 2H), 6.89 (d, J=1.2 Hz, 1H), 4.77 (s, 1H), 4.36 (dt, J= 3.7, 1.7 Hz, 1H), 3.77 (s, 3H), 3.50 (s, 3H),
248 (dd,J=9.4,4.2 Hz, 1H), 2.10 (d, J=9.4 Hz, 1H), 1.67 (s, 3H), 1.20 (d, /= 1.2 Hz, 3H) ppm.
BC NMR (101 MHz, CDCl3) & = 192. 1, 173.2 161.8, 157.1, 155.0, 143.3, 136.8, 134.2, 131.2, 131.0,
130.3, 129.1, 129.1, 127.9, 127.2, 126.0, 119.9, 111.5, 55.7, 52.6, 50.5, 46.3, 42.9, 42.6, 39.1, 22.2, 20.0
ppm.
ESI-HRMS calcd [C,7H2604 Na'] = 437.1723, found 437.1721.
IR 7 (cm™) 2958, 2359, 1714, 1644, 1597, 1487, 1434, 1326, 1236, 1077, 1047, 1023, 755, 733.
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Saf:  methyl-1,6-dimethyl-3-phenyl-8-(thiophene-3-carbonyl)tricyclo [3.2.2.0>*|nona-6,8-diene-3-
carboxylate
24.6 mg, 63% yield, 19:1dr, 53% ee.; yellow solid, m. p. 169 — 171°C,

Ph o [a]*' b =6.3 (¢ =0.52, in CH,CL).
R HPLC (Daicel chiralcel ID-3, CO,/MeOH 95/5, 1.5 mL/min, A = 254
MeO2C [\ nm), fr(major) = 10.56 min, fr(minor) = 13.22 min.

5af S 'H NMR (400 MHz, Chloroform-d) 8 = 7.61 (dd, J = 5.2, 1.2 Hz, 1H),

7.58 (dd, J = 3.6, 1.2 Hz, 1H), 7.30 (d, J = 1.2 Hz, 1H), 7.25 — 7.22 (m,
2H), 7.19 — 7.12 (m, 2H), 7.09 (m, 1H), 7.06 — 7.01 (m, 1H), 4.84 (s, 1H), 4.28 (m, 1H), 3.50 (s, 3H),
2.51 (dd, J=9.4,4.2 Hz, 1H), 2.15 (d, J = 9.4 Hz, 1H), 1.78 (s, 3H), 1.19 (d, /= 1.2 Hz, 3H) ppm.
3C NMR (101 MHz, CDCl;) 6 = 183.8, 173.0, 159.1, 153.5, 143.3, 143.2, 136.7, 134.3, 133.0, 132.6,
131.0, 130.3, 127.9, 127.7, 127.2, 126.1, 52.6, 50.7, 46.4, 44.8, 42.7, 39.2, 22.4, 20.0 ppm.

ESI-HRMS calcd [C24H2,03S Na'] = 413.1182, found 413.1183.
IR 7 (em™) 2959, 2358, 1713, 1614, 1582, 1513, 1414, 1368, 1234, 1050, 961, 861, 798, 758, 701.
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Sag: methyl--8-(2-naphthoyl)-l,6-dimethyl-3-phenyltricyclo[3.2.2.02’4]nona-6,8-diene-3-car-
boxylate
34.3mg, 63% yield, 19:1dr, 63% ee.; yellow solid, m. p. 182 —
oh g 183°C, [a]*' p =2.1 (¢ = 0.76, in CH,Cl,).

R HPLC (Daicel chiralcel IA-3, CO,/MeOH 90/10, 1.5 mL/min, A =
MeO,C’ N OO 254 nm), tr(major) = 5.92 min, fg(minor) = 7.09 min.
"H NMR (400 MHz, Chloroform-d) & 8.13 (s, 1H), 7.97 — 7.85 (m,
3H), 7.77 (m, 1H), 7.62 — 7.51 (m, 2H), 7.30 — 7.26 (m, 1H), 7.26
—7.23 (m, 1H), 7.22 — 7.16 (m, 2H), 7.12 (s, 1H), 7.06 (m, 1H), 4.89 (s, 1H), 4.53 — 4.32 (m, 1H), 3.52
(s, 3H), 2.57 (dd, /= 9.4, 4.2 Hz, 1H), 2.19 (d, J = 9.4 Hz, 1H), 1.75 (s, 3H), 1.25 (d, /= 1.4 Hz, 3H)
ppm.
BC NMR (101 MHz, CDCl3) § 192.5, 173.1, 161.6, 153.7, 143.4, 136.8, 135.4, 135.0, 134.3, 132.3,
131.1, 130.4, 130.0, 129.2, 128.2, 128.0, 127.9, 127.8, 127.2, 126.7, 126.1, 125.4, 52.7, 50.6, 46.5, 44.3,
42.8,39.3,22.3,20.2 ppm.
ESI-HRMS calcd [C30H,603Na'] = 457.1774, found 457.1775.
IR 7 (em™) 2959, 2328, 1714, 1624, 1581, 1434, 1364, 1321, 1233, 1128, 961, 824, 798, 760, 731, 480.

5ag

0.80]
0607
2 040]
0.007—+- ST
——— = : : : e T T e e
0.00 200 400 10,00 200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Mnutes
Retention Time Area % Area
1 6.176 12128152 49.24
2 7.197 12504236 50.76
2.001
1.50]
(2]
2 1.00] 3
~
0.50 f
000 T T T T T T T T T T T T T T T T T T T
000 100 200 300 400 500 600 700 800 900 1000 1100 1200 13.00 1400 1500 16.00 17.00 18.00 19.00 20.00

Minutes

Retention Time Area % Area
1 5.922 37051687 81.95
2 7.089 8160612 18.05
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6: (-7-(hydroxy(phenyl)methyl)-1,9-dimethyl-3-phenyltricyclo [3.2.2.0>*Inon-8-ene- 3,6-diyl)di

-methanol

Ph OH
HO Ph

6 OH

27.7 mg, 71% vyield, 19:1dr, 90% ee.; white solid, m. p. 186 — 187 °C,
[a]*' b =-25.5 (¢ =0.42, in CH,CL).

HPLC (Daicel chiralcel ODH, CO,/MeOH 80/20, 1.0 mL/min, A = 254 nm),
tr(major) = 18.50 min, tr(minor) = 22.50 min.

"H NMR (400 MHz, Chloroform-d) & 7.20 — 7.11 (m, 6H), 7.05 (t, J = 7.2

Hz, 1H), 6.98 (d, J= 7.6 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H), 4.74 (d, J = 4.8 Hz, 1H), 4.20 (s, 1H), 3.64
(m, 1H), 3.57 — 3.37 (m, 3H), 3.28 (dd, J = 10.8, 6.0 Hz, 1H), 3.16 (dd, J = 10.8, 6.0 Hz, 1H), 2.61 —
2.43 (m, 1H), 1.80 — 1.75 (m, 1H), 1.70 — 1.48 (m, 5H), 1.32 (dd, J = 8.8, 4.0 Hz, 1H), 1.14 (d, /= 8.8
Hz, 1H), 0.78 (d, /= 1.6 Hz, 3H) ppm.

BC NMR (101 MHz, CDCl3) & 142.1, 140.1, 136.5, 129.9, 128.9, 128.4, 127.1, 126.8, 126.6, 126.5,
126.1, 124.3,73.4, 72.1, 65.1, 56.8, 42.9, 38.1, 37.0, 34.4, 33.0, 23.6, 21.2, 18.8.

ESI-HRMS calcd [Co6H3003 Na'] = 413.2087, found 413.2086.

IR ¥ (cm™) 3293, 2927, 2868, 1600, 1493, 1446, 1374, 1264, 1088, 1027, 915, 816, 762, 734, 701, 558,

531 ppm.
0.109
0.089 >
0.069 d
2 0.049
0.029
UYUU"““—“ﬁl‘—Uiﬁ—’W
-0.0249
0. U‘ " ‘2.‘00‘ " ‘4v‘UD‘ " ‘ﬁv‘UU‘ " ‘E.‘DD‘ " ‘WDY‘UU‘ " ‘12.‘00‘ " ‘14.‘00‘ " ‘WGjUU‘ " ‘WEJUU‘ " ‘ZU.‘DU‘ " ‘22}00‘ " ‘24}00‘ " ‘25.‘00‘ " ‘25.‘00‘ " ‘30,00
Minutes
Retention Time Area % Area
1 18.878 2548637 49.84
2 22.628 2564536 50.16
0.80]
0.60
2 0.409 ~
0.209 §
0.00 et
0.00 2.00 400 600 800 1000  12.00 14,00 1600 18.00 2000 2200  24.00 26000 2800  30.00
Minutes
Retention Time Area % Area
1 18.502 21084544 95.23
2 22.502 1055334 4.77
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13. Copies of NMR spectra
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f1 (ppm)
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| \ \H I |
\ " ll { 1
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210 200 190 180 170 160 150 140 130 120 11e 100 o0 B0 0 60 50 40 30 20 10 ] -10
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Parameter
Title
Solvent
Temperature
MNumber of Scans
Spectrometer Frequency
Nucleus

Value
pdatal 1
CDCI3
2949
16
376.55
19F
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-70
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Parameter Value
Title pdata/ 1
Salvent CDCI3
Temperature 2946
Mumber of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
|
I 1 1
g i i ‘
i Ll R N HiA T i
o oo < = o oo o o
a2 = o == o o
T T T T T T T T T T T T T T T T T T T
L] 83 3.0 73 0 6.3 6.0 33 30 43 4.0 33 30 23 20 13 10 0.3 00
f1 (ppm)
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re] wisroned od O oo w v g bl e ) Gaors
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— i ket el e i W = = [ ]
\ e——— N/ N/
Parameter Value
Title pdatal 1
Solvent CDCI3
Temperature 2952
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
I
1
R PR T R . L L T_,“li
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 150 120 110 100 o0 30 70 60 30 40 30 20 10 i} -10
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Parameter Value
’ QO Title pdata/ 1
Salvent CDCI3
Temperature 294 4
MNumber of Scans 16
Spectrometer Frequency 40018
Mucleus 1H
1p Br
i
! |
| i |
I i i |
P ol e T un it . i T
— == - — — o — o e
T T T T, T T T T T T T T T T T T T 1
83 3.0 75 0 6.3 6.0 33 30 43 4.0 33 30 23 20 13 10 0.3 00 -0
f1 (ppm)
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Parameter Value
(9] Title pdata/ 1
Solvent CDCI3
’ 0— Temperature 2951
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
1p Br
|
]
| l ’ |
|
| 1 | | "
T T T T T T T ¥ T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 130 140 130 120 110 100 o0 80 i) &0 30 40 30 20 10 i} -10
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Parameter Value
Title wsyuan-20221222-WSY-muc-et.1.1.1
Solvent CDCI3
Temperature 297.5
Number of Scans 16
Spectrometer Frequency 400.13
Nucleus 1H
2 L d
— o o
T T T T T T T T
32 3.0 28 2.6 24 22 2.0 1.8
f1 (ppm)
I
JL A
o o — — )
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
o Mo N T IO — %O w0
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B R R R —— n N < < N A —
R e YN NI N/
Parameter Value
Title wsyuan-20221222-WSY-muc-et.2.1.1
Solvent CDCI3
Temperature 297.7
Number of Scans 256
Spectrometer Frequency 100.61
Nucleus 13C
|
|
. h b -
-——¥F——r——r——F——F———¥—¥F ¥ ¥ 77—
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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Value
wsyuan-20221223-NOC-ME-2.2.1.1r

CDCI3

Parameter

Title

Solvent

298.1
16

Temperature

Number of Scans

Spectrometer Frequency400.13
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1.75
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Value
wsyuan-20221223-NOC-ME-2.1.1.1r

CDCI3

Parameter

Title

Solvent

298.4
256

Spectrometer Frequency 100.61

Temperature
Nucleus

Number of Scans

13C
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Parameter Value
Title as-20210126-wsy-131b.1.1.1
Solvent CDCI3
Temperature 298.0
Number of Scans 16
Spectrometer Frequency 600.17
Nucleus 1H
T T T T T T
225 2.20 2.15 2.10 2.05 2.00
1 (ppm)
I I I
20 1.0 1.0
T T T T
720 7.15 7.10 7.05
f1 (ppm)
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f1 (ppm)
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Parameter Value
Title as-20210126-wsy-131b.2.1.1
Solvent CDCI3
Temperature 298.0
Number of Scans 256
Spectrometer Frequency150.91
Nucleus 13C
=
) ) T T T T T
3
fl 1')2“‘]129 128 55 54 53 52 51 50
1 (ppm)
I
|
I
|
T T T T T T T T T T T T T
150 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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o
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{7.08,36.13} (4.27,51.54{. {2_80)53_15{. “_27’53_13{' (1.27,37.74} “
v ‘e {1.23,61.10
L 60
F70
. L] '80
F90 'g
L100 &
Lito &
{7.13,131.16} 4 4,{6.93,130.16} {4.27,129.44{. {1‘27,129‘37{',{1,24.129,35} r 120
& ”‘V\/ v {2.80,13‘8.43{‘ {1‘24,133‘30% F 130
{747,13027%, ® "{7.08,131.25} . [ 140
{7.47.139.26}  {7.56,139.28} {2.25,138.29} 150
k160
2.80,172.93
(3.53,174.32) { 7 H [ 170
- @ 0
4.27,173.08} I 180
L 190
{8.01,201.97} {4.27.202.02 {2.80,201.96
200
T T T T T T T T T T T T T T T T T T T >210
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
2 (ppm)
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(1272371} [ 50
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L 40
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= L 130
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N & NN TN
{8.01,1.26} {4.59,1.25} {281,124}
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-111.10

Parameter Value

Title as-20211201-WSY-388.3.1.1r
Solvent CDCI3
Temperature 2974
3ab Number of Scans 16
Spectrometer Frequency 564.72
Nucleus 19F
!
-
T T T T T T T T T T T T T T T T T T T T T T
0 -10 =20 =30 40 -30 -60 =70 -80 -0 -100 -110 -120 -130 -140 -130 -160 -170 -180 -190 =200 -210
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Value
as-20211210-wsy-395.7.1.1

CDCI3

Parameter

Title

Solvent

292.7
16

Temperature

Number of Scans

Spectrometer Frequency400.18

Nucleus

1H

6.6

6.7

6.8

6.9

7.0

7.1
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73

f1 (ppm)
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Value
as-20211210-wsy-395.8.1.1

CDCI3

Parameter

Title

Solvent

293.3
256

Temperature

Number of Scans

Spectrometer Frequency 100.63

13C

Nucleus

Y
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90 80 70 60 50 40 30 20 10

100

f1 (ppm)
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-111.72

Parameter Value
Title as-20211210-wsy-395.9.1.1
Solvent CDCI3
Temperature 293.0
Number of Scans 16
Spectrometer Frequency 376.55
Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 0 -10 -20 30 -40 -50 -60 270 -80 -90 101(; (ppl-nl)m -120 0 -130 <140 -150  -160  -170  -180  -190 200 210 -2
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Parameter Value
MeO,C~ \/ , u
Title as-20211129-WSY-384.1.1.1r
g
O,Et F Solvent cDCI3
Temperature 296.7
3ad Number of Scans 16
Spectrometer Frequency600.17
Nucleus 1H
) A 3
" - - o
T T T T T T T T T T T T T
7.3 72 7.1 7.0 6.9 6.8 420 415
f1 (ppm) fl (ppm
I
1l
|
1 @SS 4 44 4 de 3
3] o= - —_ o o - —_ —_— e
r T T T T T T T T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 105 10.0 9.5 9.0 85 8.0 7.5 7.0 6. 6.0 55 50 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
=) SO ANMN® =FT—=1NOOAMNMND M ®
< N=YVRANOWVAN = =N WO QY N O0ORXITDDR XD =0
=) AL ORI —— = Q0N = = hhawn = NO =
(=] B0 O nnnnnnn NN —— — N N — = QO I B
P I Y = — O NN N N nn NN —
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MeO,C~ \/
o Parameter Value
O, Et F '
> Title as-20211129-WSY-384.2.1.1r
Solvent CDCI3
3ad Temperature 2976
Number of Scans 256
Spectrometer Frequency 150.91
Nucleus 13C
|
|
|
| . .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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-105.53

Ph o
MeO,C~ \/
O,Et F Parameter Value
Title as-20211129-WSY-384.3.1.1r
3ad Solvent cDCi3

Temperature 297.0
Number of Scans 16
Spectrometer Frequency 564.72
Nucleus 19F

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

10 0 -10 -20 30 -40 -50 -60 70 -80 -90 -100 <110 <1200 130 =140 -150  -160  -170  -180  -190 200  -210

f1 (ppm)
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Parameter Value
Title as-20211201-WSY-386.6.1.1
~C| Solvent cbci3
Temperature 2971
Number of Scans 16
Spectrometer Frequency600.17
’M N 1H
~ N — = - gl
-—_—- T T T T T T T 1 T [T T T T
75 74 73 72 71 7.0 6.9 4.23 4.22 421 4.20 4‘194|§]4|7 416 4.15[4.14 4.13 412 4.11
f1 (ppm) (ppm)
|
I | ‘
(S S IS IR — - — — - o
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
I =N MO —NOOoW YA
o =< nNYNoNAaNMQO owno CAXg IS Ra3=y
=) < o QXD G — S AR DR BN D IR NS B
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Parameter Value
Title as-20211201-WSY-386.7.1.1
Solvent CDCI3
Temperature 298.0
Number of Scans 256
Spectrometer Frequency 150.91
Nucleus 13C
-—n ¥ ¥F——Fr——F———F————F—¥———r——F——F——— ¥ 77— 77—
210 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 0 -10

100
f1 (ppm)
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Parameter Value
Title as-20211201-WSY-389.12.1.1
Solvent CDCI3
Temperature 297 1
3 af Number of Scans 16
Spectrometer Frequency600.17
Nucleus 1H
~ P — -
T T T T T T T T T T
72 7.1 7.0 6.9 6.8
f1 (ppm)
I
[ |
m
SCLELE I 2
AN NN~ - — — [3e} e — —_ —_— [

r T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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_ Parameter Value
MeO2C\"‘ Title as-20211201-WSY-389.13.1.1
Solvent CDCI3
Temperature 298.0
Number of Scans 256
3 af Spectrometer Frequency 150.91
Nucleus 13C
" v
-—n Y ¥ ¥——F———r———r———F————F——F——F——F——F———F———F— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20220126-414.1.1.1
Solvent CDCI3
Temperature 292.7
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
735 730 7.25 720 7.15 7.10 7.05 7.00 695 690 685 235 230 225 220 215 | 210 205 200
f1 (ppm) f1 (ppm)
|
||
- - — —_— o
r T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
=) ® RN AR BN RS ESES =Y o~
b8! B TXTAR— AR = O N - mouhggQn %o =0
— <+ o BB O— O AR BN N — — oYVl — NN —A
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Parameter Value
Title wangsyuan-20220126-414.2.1.1
Solvent CDCI3
Temperature 293.3
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
T T T
135 130 125
f1 (ppm)
T T T T T T T T T T T T T T T T T T LI T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
33 h Title wangsyuan-20220122-411.1.1.1r
Solvent CDCI3
Temperature 2927
Number of Scans 16
Spectrometer Frequency400.18
Nucleus 1H
< - -
T T T T T T T T T T T T T
73 7.2 7.1 7.0 6.9 6.8 6.7 425 420 415
f1 (ppm) f1 (ppm)
|
| i |
ik A
= = < = - e o = - — - o
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 115 110 105 100 95 9.0 85 80 75 70 65 6.0 5.5 50 45 40 35 30 25 2.0 1.5 1.0 05 00 05 -1
fI (ppm)
o 0 ¢ DO —=FTDNMNAQNON 0N —
Do = % CHRARCYATONOWN S A = NIPRX Q0L XTran
=) + o NBG —— S AR BN NN NN >0 ©nYvaAa &N ——
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Q - — PARMMERIENIERIENIERL SR IR JAL JAD SRR S A NI MA@ AN~
Y4 T NS SN2
Ph Parameter Value
Title wangsyuan-20220122-411.2.1.1r
Solvent CDCI3
MEOQC‘ Temperature 293.3
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
| 1 ¥ A W u Y ey WYY
-—n Y ¥¥——————r———r———r———F———F—F—F——F———¥F——— ¥ ¥ 77— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value

Title as-20220207-WSY-411.2.1.1

Solvent CDCI3

Temperature 0.0

Number of Scans 16

Spectrometer Frequency 376.55

Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 -10 -20 30 -40 -50 -60 -70 -80 90 100 -110  -120  -130  -140  -150 -160 -170  -180  -190 200 210 -2

f1 (ppm)
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Parameter Value
Title as-20211208-wsy-392.7.1.1
Solvent CDCI3
Temperature 2911
Number of Scans 16
Spectrometer Frequency600.17
Nucleus 1H
ol — — —_
T T T T T T T T T T
730 725 720 715 7.10 7.05 7.00 695 690 685
f1 (ppm)
1
1
T
| M—@—
d & L= s 44 4 dd <
o o AN — —— —_ - o — — —_— o
r T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 30 25 2.0 1.5 1.0 0.5 00  -05
f1 (ppm)
<t >~ O N AR NSO — 0O
“ =< AR =T ANONO N QNN VAT B x VYTV
— <+ o — WO F = O QWX NN NOYOB M NOY—~ &N —A
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Parameter Value
Ph Title as-20211208-wsy-392.8.1.1
Solvent CDCI3
Meozc~ Temperature 292.2
Number of Scans 256
Spectrometer Frequency 150.91
Nucleus 13C
" _— _— N A A1 O Y o
" " ! ! e J iy Y i L —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title as-20211208-wsy-392.9.1.1
Solvent CDCI3
Temperature 291.6
Number of Scans 16
Spectrometer Frequency 564.72
Nucleus 19F

T

T

T T

T

T T T T

T
-170

T
-180

T
-190

T
-200

T
-210

-10

T
-20

T
-30

T
-40

T
-50

T
-60

T
-70

-80

-90

2100 -110
f1 (ppm)
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Parameter Value
Title wangsyuan-20211221-400B.1.1.1r
Solvent CDCI3
Temperature 292.5
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
__/—/—/ é ~—
o - - -
T T T T T T T T T T T
7.4 73 2 7.1 7.0 6.9 6.8 430 425 4.20 415
f1 (ppm) f1 (ppm)
[
' I
1 |
il ] [} !
S o —— — o o — - - ES
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
0 o NODNDNOY—0n—0Oda I
) Qo NGO =ANTO—= O =0 S5RL 99y groxn
=3 <+ o S MW = O NW BN MO XY ®agwnda ©ON—A
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Parameter Value
Title wangsyuan-20211216-400B.12.1.1r
Solvent CDCI3
Temperature 293.3
. Number of Scans 256
3aj Spectrometer Frequency 100.63
Nucleus 13C
i ‘ ! Ly Co
I | 0 [
| Leveboraal N
-—n Y ¥ ¥——F———r———r———F———F——F——F——F——F——— ¥ 77— 77— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title as-20211210-wsy-393.1.1.1
Solvent CDCI3
Temperature 292.9
Number of Scans 16
Spectrometer Frequency 400.18
Nucleuﬁ\ 1H
SRR J
g. - - g —
— - [T} — [N
T T T T T T T T T T T T T T T T T T
7.4 7.3 72 7.1 7.0 6.9 1.40 135 1.30 1.25 1.20 115
fl (ppm) f1 (ppm)
I
-
dod s Ldy 1
—_ o - N — — N — — [
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
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& N NV =n—=O oY a N ce QU oA oA o
< <+ o SHUDENN———CO Q%N —Oh AN =0 nOo AN
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Parameter Value
Title as-20211210-wsy-393.2.1.1
Solvent CDCI3
Temperature 293.6
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
‘ L ‘ ‘\ ‘ ‘
| | | |
Lo ersa N —— ‘ | m——
iy W J ¥ 4
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title as-20211210-wsy-394.5.1.1
Solvent CDCI3
Temperature 292.8
Number of Scans 16
Spectrometer Frequency400.18
Nucleus 1H
a4 T
= d
o <~ - ~
-t -~ 1 1 T T -1 1T 1 ——TTTT 7T T 71T
745 740 735 730 725 720 715 710 705 430 428 426 424 422 420 419 416 414 42 410
f1 (ppm) 1 (ppm)
I |
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d 214 dod  dd dg9d 3
o\l N <t — —— o — — e — = o
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6. 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title as-20211210-wsy-394.6.1.1
Solvent CDCI3
Temperature 293.4
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
~]
T T T T T T T T T T T T T T T T T T T T T T T T T
138 136 134 132 130 128 126 54 53 52 51 50
fI (ppm) f1 (ppm)
" " R ll T " LM, ‘ e
Y (Ll 4 " ATy G o
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wsyuan-20211124-377.1.1.1r
Solvent CDCI3
Temperature 292.9
Number of Scans 16
Spectrometer Frequency 400.13
Nucleus 1H
T T T T T
200 195  [1.90

1 )
f1 (ppm) fl (ppm)

r T T T T T T T T T T T T T T T T

20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title wsyuan-20220409-377.2.1.1
Solvent CDCI3
Temperature 298.0
Number of Scans 256
Spectrometer Frequency 100.61
Nucleus 13C

———e—ee—e— e ——WY—~———n N\
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Value
wangsyuan-20220122-409.1.1.1r
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Parameter Value
Title wangsyuan-20220304-423.3.1.1
Solvent CDCI3
Temperature 295.0
Number of Scans 16
Spectrometer Frequency400.18
Nucleus 1H
< - — —
T T T T T T T T T T T T T T T T T T T T T T T T T T T
725 720 715 7.10 Zlos 7.00 695 690 685 6.80 30 225 220 215 210 205 200
(ppm) .
fI (ppm) |
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1
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r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title wangsyuan-20220304-423.4.1.1
Solvent CDCI3
Temperature 295.8
Number of Scans 512
Spectrometer Frequency 100.63
Nucleus 13C
T T T T T T T T T T T T T T T T T
140 138 136 134 132 130 128 126 124
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20211216-399.7.1.1r
Solvent CDCI3
Temperature 292.7
e Ph Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
SIS [ < - - -
e B L B s e e B R B e B e A B s — 7T T T T 1 T T T I T T 1 T T
78 77 76 75 74 73 712 71 70 69 240 235 230 225 220 215 210 205
f1 (ppm) £1 (ppm)
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r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
el =] —n VAN AN AR T~ — 0O
= NN VO ANROSAANTONANONA R SDQAQABE oo
- <+ o NN — O Q00NN N S ol mMmin g X~ o —A
(=3 Ll TN N nnANNANNNANN MmN == QN0 o
o —— — e e e e e e e e O N nn TN A —
Ph Parameter Value
% Title wangsyuan-20211216-399.8.1.1r
5
MeO,C' Solvent coci
Temperature 293.4
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
3ap
T T T T T T T T T T T T T T T T
132 131 130 129 128 127 126 125
fI (ppm)
I [
1
"
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wsyuan-20211125-380.1.1.1r
Solvent CDCI3
Temperature 292.8
Number of Scans 16
Spectrometer Frequency400.13
Nucleus 1H
3daq
T
o d D =g
< — o — -
T T T T T T T T T T T T T T T T T T T l T T T T
73 72 71 70 6.9 6.8 435 4.30 425 420 4.15 4.10 405 230 225 2.20 s 2.10 2.05 2.00 1.9
f1 (ppm) fl (ppm) (ppm)
I
' 1 |
b i | M
EELLCE & d 14 & &3 3
—_— - - - o0 o - — - — o))
T T T T T T T T T T T T T T T T T T T T T T T T T 1
11.5 11.0 105 10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.C
f1 (ppm)
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2 Parameter Value
Title wsyuan-20211125-380.2.1.1y
3aq Solvent CDCI3
Temperature 293.0
Number of Scans 256
Spectrometer Frequency 100.61
Nucleus 13C
|
‘ ‘
|
. |
yon ” 1, ” ‘ M" 1 ' ' " d ™
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wsyuan-20211125-379.1.1.1y
Solvent CDCI3
Temperature 292.7
Number of Scans 16
Spectrometer Frequency400.13
Nucleus 1H
— Pl 2
- 3 e}
< - = -—— 77—
T T T T T T T 1 426 424 422 420 418 4l6 414 412 410
73 7.2 7.1 7.0 6.9 6.8 6.7 6.6 1 (ppm)
f1 (ppm)
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20 115 110 105 100 95 9.0 85 80 75 7.0 6.5 6.0 5.5 50 45 40 35 30 25 2.0 1.5 1.0 05 00 -05 -1
fI (ppm)
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Parameter Value
Title wsyuan-20211125-379.2.1.1r
Solvent CDCI3
Temperature 293.0
Number of Scans 256
3 ar Spectrometer Frequency 100.61
Nucleus 13C
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210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title as-20211208-wsy-390.1.1.1
Solvent CDCI3
Temperature 291.5
335 Number of Scans 16
Spectrometer Frequency 600.17
Nucleus 1H
o o o SIS -
LA L L L A L BN I HL B L B |
81 80 79 78 77 76 75 74 73 72 71 70 69
f1 (ppm)
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20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
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Title as-20211208-wsy-390.2.1.1
Solvent CDCI3
Temperature 292.4
Number of Scans 256
3as Spectrometer Frequency 150.91
Nucleus 13C
T T T T T T T
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f1 (ppm)
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Parameter Value

Title wsyuan-20211124-376.1.1.1r

Solvent CDCI3

Temperature 292.9

Number of Scans 16

Spectrometer Frequency400.13

Nucleus 1H

Rl T
- o < -
T T T T T T T T
7.6 7.5 7.4 73 7.2 7.1 7.0 6.9
f1 (ppm)
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7 O Title wsyuan-20211124-376.2.1.1r
/ ~
o 3 Solvent CDCI3
Temperature 293.1
3at Number of Scans 256
Spectrometer Frequency 100.61
Nucleus 13C
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Ph Title as-20211201-WSY-387.10.1.1
; Ph Solvent CDCI3
Meozc“ Temperature 297.1
= 0 Number of Scans 16
// _—"y Spectrometer Frequency 600.17
) e Nucleus 1H
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T T T T T T T T T T T T T T T T T T
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Ph Title as-20211201-WSY-387.11.1.1r
MeO,C
A Solvent CDCI3
/7—0 Temperature 298.0
9] N e Number of Scans 256
Spectrometer Frequency 150.91
3au Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T T T T
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Ph o
Ph
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7
0 i Parameter Value
4 Title as-20211208-wsy-391.5.1.1
3av Solvent coci3
Temperature 291.3
Number of Scans 16
Spectrometer Frequency 600.17
S 1H
i —
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T T T = T
1.35 1.30 1.25 0
f1 (ppm)
N e e e
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Ph Parameter Value
Ph Title as-20211208-wsy-391.6.1.1
MeO,C’ Solvent cDei3
~ 0 Temperature 292.2
/,f % Number of Scans 256
O —
e Spectrometer Frequency 150.91
4 Nucleus 13C
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f1 (ppm)
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Value
wsyuan-20211120-375b.1.1.

CDCI3
292.9
16

Spectrometer Frequency400.13

Parameter

Title

Solvent

Temperature

Number of Scans
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Value
wsyuan-20211120-375c.2.1.1r

CDCI3

Parameter

Title

Solvent

293.1
256
Spectrometer Frequency 100.61

Temperature
Nucleus

Number of Scans

13C
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Parameter Value

Title wangsy-20220114-407.1.1.1

Solvent CDCI3

Temperature 2913

Number of Scans 16

Spectrometer Frequency 600.17

Nucleus 1H

\

N N = — o
T T T T T T T T T T T T T T T T T T T T
76 75 7.4 73 72 71 70 69 68 1.29 1.28 1.27 1.26 1.25 1.24 1.23 1.22 121 1.20 1.19 1.18
f1 (ppm) f1 (ppm)
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1
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r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
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Parameter Value
Title wangsy-20220114-407.2.1.1
Solvent CDCI3
Temperature 2922
Number of Scans 256
Spectrometer Frequency 150.91
Nucleus 13C
T T T T T T T T T
134 133 132 131 130 129 128 127 126
fI (ppm)
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f1 (ppm)
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Parameter Value
Title wangsyuan-20220308-428.1.1.1r
Solvent CDCI3
Temperature 293.2
Number of Scans 16
Spectrometer Frequency400.18
Nucleus 1H
— o
T T T T T T
430 4.25 4.20 4.15 4.10 4.05
f1 (ppm)
- o o
T T T T T T T T T
760 755 750 745 740 735 730 725 720
fI (ppm)
1
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£l (ppm)
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Parameter Value
Title wangsyuan-20220308-428.2.1.1
Solvent CDCI3
Temperature 293.8
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
V g ORI WY Ly Y L W 4
-—nY¥¥————r———r———F———F———F——F——F——F——F———¥F——F— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20220216-418.1.1.1
Solvent CDCI3
Temperature 0.0
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
: 3

T T T T T T T T T

428 426 424 422 420 418 416 414 412 T T
fI (ppm) g

T T T T T T T T T T T T T T T T T T T T T T
7.62 7.60 7.58 7.56 7.54 7.52 7.50 7.48 7.46 7.44 742
fI (ppm)
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20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title wangsyuan-20220216-418.2.1.1
Solvent CDCI3
Temperature 0.0
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
| H
" " " Al ol e L A ol e ot . i
-—nY¥¥¥—F——r———Fr——F———F———F———F——F——¥F——¥F——F— 77—
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20220304-422.1.1.1
Solvent CDCI3
Temperature 294.8
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
L~
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T T T T
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f1 (ppm)
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20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
[N - O ATt = O Wnwnvnomn
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Parameter Value
Title wangsyuan-20220304-422.2.1.1
Solvent CDCI3
Temperature 295.6
Number of Scans 512
Spectrometer Frequency 100.63
Nucleus 13C
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20220310-430.1.1.1r
Solvent CDCI3
Temperature 293.2
Ph Number of Scans 16
Spectrometer Frequency400.18
Nucleus 1H
- o
T T T T T T T T T T T T T T T T T T
428 426 424 422 420 418 416 414 412
f1 (ppm)
4 )
T T T T T T T T T T T T 1
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d d f1 (ppm)
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Parameter Value
Title wangsyuan-20220310-430.2.1.1
Solvent CDCI3
Temperature 293.7
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
Wt W ) " WoNp i I At Wy W L y
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f1 (ppm)
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wangsyuan-20220216-419.5.1.1

CDCI3

0.0
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Temperature

16

Spectrometer Frequency 400.18
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as-20220317-WSY-434.1.1.1

CDCI3

Parameter

Title

Solvent

293.4

Temperature
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Spectrometer Frequency400.18
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1H

4.15 4.10 4.05

4.20
f1 (ppm)

e

4.30

v
“
<

2.05 2.00

2.10

M

< s

o

o

425 4.20 4.15 410
f1 (ppm)

4.30

435

2.20 2ls
11 (ppip)

225

230

=0
=0

1.0 0.5 0.0 -0

1.5

35 3.0 25 2.0

4.0
f1 (ppm)

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

8.5

.0

[an]
<
0
[ae]
__
e

69'8C1 1
11621 |
ss6el
18°621 1
PLTELN
00°€€1
poeel
seel —
oLvEL
wsa
99°s€1 ]
vsel
0T 8¢€l
LI6EL
ST6El
1ropl
80°€L1
STEL
6£€L1

- ——

017T0T~,
sgcoc”

Value
as-20220317-WSY-434.2.1.1

CDCI3

2941

Parameter

Title

Solvent

Temperature

[
©
© o Q
H O ®
N = <
>
I P
S E
SW - 3
<4 R
S
O =
208}
5 £
o
g S8
£358
® O
S o3
ZwnZ
= 3
[ a
bl
.= E
3 3
o 3
"
&
Fol W
E E
& 3
L a2
Sﬂ 5
S
@
"
F o
vy 3
[
Al —
"
o
" = —
L« =
i PR
e
o
- 3
o B
g £
o
&
o« =
ol
3
[=
= 3
<
&
p—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

200



0 %.Niﬁ
Rg0 17°Es

zshs

9055 1

: Kot 8609 7
s L or'601 7|

s zzoll

2 - Za! LS611 7
L 90°0z1 1

= Toe 95T 1

Loe = L6'STI |
Fg | 00T |
_ Lol 1T°L2l |

o121

ARE L&
Mf F 1291 =
(=3 . o
oz M K Lesh 3
o] L 9L61 7 g
0T = o1 L8 19°TT o »
ey = | o | sLet 23
TTl P - S . S &
. 2 = 0T'LT Y S
€1 3 [ 8z6z | <
et s 2 Lo | o €E1E | 8§80 8
| S g & T oviey 468882
LTI 8 ac Fee EV'LE )
00T g . . Fa |- _m.mm; 5
e fSo9 3 " - 99'6€ . &
80°C »h Q3 o8 T g 5 @
ol §o& 2§+ Mo 00°0% E § T
g FOl T 191 @ 2o 2
81T 5 L& 50 L3 1w/ S 2% ¢
. 3 o . 06'lv o [ @
61°C = =3 =<0 . €6 @ 2 3
. o 2 9 M A¢o mmﬁmv. Wp.m.mb
17T 3 § L& : 235523
: £ 3 8 o LVN rris =508 3a3
e 5 53 I | 10 Es S
) g 5C % o 85TS
veT g B O E =
] 2 m © i
5E
i 226

Nucleus
3.0

4.10

35

4.20
fI (ppm)
4.0
f1 (ppm)

4.5

T

9b'8TI |
85°8T1
. €9°8T1
e 12621
LIEl —
¥8'TET
- 16°C€l
e €6°CEl
rer 61°LEl
1€°6€1
Fé Tesl
98°6€1
TILST
F2 T9'LSI
STELL
0EPLI
1rvLl

4.25
5.0

T

4.30
55

T
6.7

T
6.8

T
6.9

7.0

1
f1 (ppm)

8.0

foc |
Foife

Me0,C" \/

o' o o 87°20C

~ .
10'8 m L= eTpToT
70’8

0 -10

10

51 50
40 30

50

52
60

53
K1 (ppm)
70

54
80

56 55
100 90
f1 (ppm)
S154

110

f1 (ppm)
190 180 170 160 150 140 130 120

128.8128.6128.4128.2128.0127.8127.6127.4127.2127.0126.8
200




— 00 M =000 WO =0 X0 w0 N—=0 Ot —=~O VSN Wnt o — 0O
=AM ANN—=T=—=TO O RN RNANANA 000 XNONNNOSANANANNANNOOC
SN0 OTTTTTFTT T TN NN ‘NN N NN AN = === ==
g;;gkﬁggggpggppg:g #-/W éMMﬁ)JgJJJJQ
Parameter Value
Title wangsyuan-20220126-412.1.1.1
Solvent CDCI3
Temperature 292.5
Number of Scans 16
> g > Spectrometer Frequency 400.18
- o o Nucleus 1H
T T T T T T T T T
430 425 420 415 410 405 400 395 3.90
f1 (ppm)
>—'—4
g. g ‘\! g
— ~ < —
T T T T T T T T
7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9
f1 (ppm)
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20 115 11,0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title wangsyuan-20220126-412.2.1.1
Solvent CDCI3
Temperature 293.1
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
‘ A
‘ ‘ ﬂ "
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
Title wangsyuan-20220126-413.1.1.1
Solvent CDCI3
Temperature 292.6
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
— -
T T T T T T T T T
685  6.80 225 2.20 215 2.10 2.05 2.00 1.95
f1 (ppm)

T T T T T T
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6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05
f1 (ppm)
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Parameter Value
Title wangsyuan-20220126-413.2.1.1
Solvent CDCI3
Temperature 293.2
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
" N
T T T T T T T T T T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
= Title wangsy-20220114-406.1.1.1
COZEt Solvent CDCI3
Temperature 291.3
3 I a Number of Scans 16
Spectrometer Frequency 600.17
Nucleus 1H
| M ”
1
i
g sE IS 3 g 3 3 L
o - AN N AN —1—1(\1 - — —_—— o)
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 05 -
f1 (ppm)
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Parameter Value
Title wangsy-20220114-406.2.1.1
Solvent CDCI3
Temperature 2924
Number of Scans 256
Spectfometer Frequency 150.91
Nuclepis 13C
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Value
wangsyuan-20220308-427.1.1.1

CDCI3

Parameter

Title

Solvent

2931
16

Temperature

Spectrometer Frequency 400.18

Number of Scans
Nucleus

1H

O

Ph

Me0O,C~ \/

CO,Et

3ma
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Value
wangsyuan-20220308-427.2.1.1

CDCI3

Parameter

Title

293.7
256

Solvent
Temperature

Spectrometer Frequency 100.63

Number of Scans
Nucleus

13C

Ph

Me0,C”~ \/

CO,Et

3ma

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value
MeO.C v Ph Title as-20220411-WSY-427.1.1.1
es Solvent CDCI3
Temperature 298.7
CO,Et
Number of Scans 16
3ma Spectrometer Frequency 376.50
Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 20 30 -40 -50 -60 70 -80 90  -100 -110  -120  -130  -140  -150 160  -170  -180  -190  -200  -210
f1 (ppm)
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as-20211129-WSY-383.1.1.1r

CDCI3

Parameter

Title

Solvent

296.8
16

Temperature

Number of Scans

Spectrometer Frequency 600.17
1H

Nucleus

3na

235 230 225 220 215 210 205 200 195
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f1 (ppm)
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as-20211129-WSY-383.2.1.1r

CDCI3

Parameter

Title

Solvent

297.6
256

Temperature

Number of Scans

Spectrometer Frequency 150.91

13C

Nucleus

L1l L1l

90 80 70 60 50 40 30 20 10 0 -10

100
f1 (ppm)
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Parameter Value
Title as-20211129-WSY-383.3.1.1r
Solvent CDCI3
Temperature 297.0
Number of Scans 16
Spectrometer Frequency 564.72
Nucleus 19F
S -
T T T T T T T T T T T T T T T T T T T T T T
10 -10 -20 30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130  -140  -150  -160  -170  -180  -190  -200  -210
f1 (ppm)
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Value
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CDCI3
0.0
16

1H
f1 (ppm)
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Temperature

Number of Scans

Spectrometer Frequency 400.18
Nucleus

Title
Solvent
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f1 (ppm)
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Spectrometer Frequency 100.63
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Temperature
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wsyuan-20211120-374b.1.1.1r

CDCI3

Parameter

Title

Solvent

292.8

Temperature

Number of Scans

Spectrometer Frequency400.13

Nucleus

1H

d
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wsyuan-20211120-374b.2.1.1r

CDCI3
2931
256
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Title

Solvent
Temperature
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Spectrometer Frequency 100.61
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Nucleus

CO,Et
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wsyuan-20221222-WSY-Cat.1.1.1

CDCI3
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Title

Solvent

297.4

Temperature
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Spectrometer Frequency 400.13

Number of Scans
Nucleus

1H
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wsyuan-20221222-WSY-Cat.2.1.1

CDCI3

Parameter

Title

Solvent

297.6
256

Temperature

Number of Scans

Spectrometer Frequency 100.61
13C

Nucleus

CH,

CO.Et

3ra

e

90 80 70 60 50 40 30 20 10 0 -10
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f1 (ppm)
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Parameter Value
O Title wsyuan-20220421-N-1.1.1.1
Ph Solvent CDCI3
: Ph Temperature 297.4
o
MEOZC Number of Scans 16
Spectrometer Frequency400.13
Nucleus 1H
Saa
1
| J h
J\ k il
— — o —_ — o 3}
r T T T T T T T T T T T T T T T T T T
0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Fh O Parameter Value
Ph Title wsyuan-20220421-N-1.2.1.1
Meozc\ Solvent CDCI3
Temperature 297.5
Number of Scans 256
5aa Spectrometer Frequency 100.61
Nucleus 13C
[ I
T T T T T T T T T T T T T T
138 137 136 135 134 133 132 131 130 129 128 127 126 125
f1 (ppm)
mim |
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100
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.6
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
o SESESES
R T B B B S EE A mt o R R B
78 77 76 75 74 73 72 71 70 69
f1 (ppm)
|
|
il I | |
/! _J\ ﬂ |
A -
o SRR - - I3} - - ) %)
T T T T T T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 «(
f1 (ppm)
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 295.2
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
LU A A L L L HL A BN B L L |
135 134 133 132 131 130 129 128 127 126 125 124
fI (ppm)
| ll
el o . - "
L) f i Ll WLl o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Parameter Value

Title pdata/ 1

Solvent CDCI3

Temperature 294.9

Number of Scans 16

Spectrometer Frequency 376.55

Nucleus 19F
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 -10 -20 30 -40 -50 -60 -70 -80 90 100 -110  -120  -130  -140  -150 -160 -170  -180  -190 200 210 -2

f1 (ppm)
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Parameter Value
Title pdata/ 1
Ph Solvent CDCI3
Temperature 294.6
Number of Scans 16
MeO,C’ \/
Spectrometer Frequency 400.18
CHj Nucleus 1H
5ac
| I
ﬂ A i
g 2 J Sad 44
— — o - N — o o
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value
Title pdata/ 1
Ph Solvent cpeis
! Temperature 295.2
MeOZC““ v Number of Scans 256
< Spectrometer Frequency 100.63
CH3 Nucleus 13C
Sac
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 140 100 90 80 70 60 50 40 30 20 10 0
fI (ppm)
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Parameter Value
Title pdata/ 1
Solvent CDCI3
Temperature 294.8
Number of Scans 16
Spectrometer Frequency 400.18
Nucleus 1H
1 d 33
o o —_ - o
T T T T T T T T T T T T T T T T T T T
730 725 720 715 7.10 705 7.00 695 690 685
f1 (ppm)
1 I
| J‘\ ﬂ i “
d T2 g & I d 3 4 4
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