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1. Supplementary Notes

1.1 General information

Unless otherwise noted, materials were purchased from commercial suppliers (Shanghai Bidepharm, Adamas-
beta®, J&K Scientific, TCl Shanghai and others) and used without further purification. All the solvents were treated
according to standard methods. Flash column chromatography was performed using 200—300 mesh silica gel. 'H
and '3C NMR spectra were recorded on Bruker, Agilent, and Varian instruments (400 MHz and 100 MHz,
respectively) and internally referenced to tetramethylsilane signal or residual protic solvent signals. Data for 'H
NMR are recorded as follows: chemical shift (5, ppm), multiplicity (s = singlet, d = doublet, t = triplet, sept = septet,
m = multiplet, br = broad singlet, coupling constant (s) in Hz, integration). Data for '3C NMR and '°F NMR are
reported in terms of chemical shift (3, ppm). All air- and moisture-sensitive reactions were performed under an

atmosphere of argon in flame-dried glassware. Co-1 to Co-7 were prepared according to the known procedures.!'!
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1.2 General procedure and characterization of products
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Procedure for the synthesis of trans-3aa.l?l A sealed tube with a magnetic stir bar was charged with Cp*Co(CO)l2
(2.4 mg, 0.005 mmol), CsOAc (5.7 mg, 0.03 mmol), 1a (19.5 mg, 0.1 mmol), 2a (21.6 mg, 0.15 mmol), TFE (0.3
mL) under argon atmosphere. The mixture was stirred at 50 °C for 10 h. Then, the mixture was cooled to room
temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture was extracted with
ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na2SOs and filtered. All the
volatiles were evaporated under reduced pressure. The remaining residue was purified by column chromatography
on silica gel (hexanes/ethyl acetate = 8:1 to 4:1) to afford trans-3aa.

o0,
O

)—N OH
|\
trans-3aa, 32.2 mg, 95% yield, pale yellow foam. "H NMR (400 MHz, CDCls) & 8.80 (d, J = 4.8 Hz, 2H), 8.17 (d, J
= 8.0 Hz, 1H), 7.62-7.60 (m, 1H), 7.54 (dd, J = 7.6, 1.6 Hz, 1H), 7.29-7.26 (m, 2H), 7.24-7.15 (m, 3H), 7.15-7.11
(m, 1H), 6.68 (s, 1H), 6.58 (dd, J = 9.6, 2.4 Hz, 1H), 6.06 (dd, J = 9.6, 3.2 Hz, 1H), 5.12 (d, J = 10.4 Hz, 1H), 4.82
(br, 1H), 4.68 (dt, J = 10.4, 3.2 Hz, 1H). 3C NMR (100 MHz, CDCIs)  158.4, 157.4, 141.8, 138.1, 136.9, 132.5,
130.5, 129.4, 128.1, 127.9, 127.7, 126.2, 125.9, 123.2, 122.4, 120.4, 117.6, 113.8, 106.8, 75.1, 41.9.
IR (thin film): vmax (cm-') = 3251, 3036, 2923, 2852, 1563, 1452, 1424, 1347, 1262, 1198, 1153, 1078, 991, 845,
792, 741, 690, 635, 522.
HRMS (ESI) calcd for C22H17ONsNa [M+Na]*: 362.1269. Found: 362.1272.
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Procedure for the synthesis of racemic products of cis-3. A sealed tube with a magnetic stir bar was charged
with [Cp’Rh(CH3CN)3](SbFs)2 (4.2 mg, 0.005 mmol), AgOAc (36.7 mg, 0.22 mmol), 1 (0.1 mmol), 2 (0.15 mmol),
and DCM (1.0 mL) under argon atmosphere. The mixture was stirred at 60 °C for 10 h. Afterwards, the mixture was
cooled to room temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture
was extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na2SO4 and
filtered. All the volatiles were evaporated under reduced pressure. The remaining residue was purified by column
chromatography on silica gel (hexanes/ethyl acetate = 8:1 to 4:1) to afford racemic products of cis-3.

R NN o R
> N N (Ra)-Cf)-7 (5 mol%)
P\ T R NaOPiv (30 mol%)
=
NN T Re TFEHFIP (viv = 3:1)
S\ 50 °C, Ar, 18 h
1 2

General procedure. A sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (4.0 mg, 0.005 mmol),
NaOPiv-H20 (4.4 mg, 0.03 mmol), 1 (0.1 mmol), 2 (0.15 mmol), TFE (0.3 mL) and HFIP (0.1 mL) under argon
atmosphere. The mixture was stirred at 50 °C for 18 h. Afterwards, the mixture was cooled to room temperature
and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture was extracted with ethyl acetate
(3 x 15 mL). The combined organic phase was dried over anhydrous Na>SO4 and filtered. All the volatiles were
evaporated under reduced pressure. The remaining residue was purified by column chromatography on silica gel
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(hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3.

cis-3aa, 33.6 mg, 99% yield, pale yellow foam. *H NMR (400 MHz, CDCls) 8 8.85 (d, J = 4.8 Hz, 2H), 8.12 (d, J =
8.4 Hz, 1H), 7.53-7.51 (m, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.32-7.28 (m, 2H), 7.26-7.18 (m, 3H), 7.14 (td, J = 7.6, 1.2
Hz, 1H), 6.66 (dd, J = 9.6, 1.6 Hz, 1H), 6.45 (s, 1H), 6.03 (m, 1H), 5.74 (br, 1H), 5.40 (d, J = 7.2 Hz, 1H), 4.69 (m,
1H). 3C NMR (100 MHz, CDCIs) & 158.5, 157.3, 137.2, 136.5, 136.4, 132.1, 129.2, 128.9, 128.3, 127.9, 127.6,
126.0, 125.97, 123.2, 122.3, 120.4, 117.7, 113.8, 109.3, 70.7, 38.8.

IR (thin film): vmax (cmt) = 3251, 3036, 2924, 2852, 1563, 1452, 1424, 1347, 1262, 1198, 1153, 1078, 991, 845,
792, 742, 690, 635, 522.

HRMS (ESI) calcd for C22H17ONsNa [M+Na]*: 362.1269. Found: 362.1272.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 16.49 min, tr (Major) = 19.89 min, ee > 99%. [a]3® = +211.6 (c = 1.0, CHCl3).

cis-3ba, 27.2 mg, 77% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.85 (d, J = 4.8 Hz, 2H), 7.94 (d, J =
8.4 Hz, 1H), 7.52-7.49 (m, 1H), 7.33-7.25 (m, 3H), 7.23-7.18 (m, 1H), 7.14-7.10 (m, 1H), 6.95 (d, J = 7.2 Hz, 1H),
6.67 (dd, J = 9.6, 1.6 Hz, 1H), 6.48 (s, 1H), 6.03 (dd, J = 9.6, 5.2 Hz, 1H), 5.45 (br, 1H), 5.35 (d, J = 7.2 Hz, 1H),
4.74-4.71 (m, 1H), 2.41 (s, 3H). 3C NMR (100 MHz, CDClIs) d 158.4, 157.4, 136.9, 136.1, 136.0, 132.0, 129.6,
128.9,128.8, 128.2, 127.8, 127.6, 126.2, 126.0, 123.2, 122.5, 117.6, 111.2, 107.5, 70.4, 39.1, 18.6.

IR (thin film): vmax (cmt) = 3033, 2962, 2918, 2853, 1564, 1422, 1346, 1299, 1261, 1198, 1157, 1074, 906, 795,
768, 727, 700, 643, 523, 461.

HRMS (ESI) calcd for C2sH19ON3Na [M+Na]*: 376.1426. Found: 376.1424.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 13.06 min, tr (Major) = 18.76 min, ee > 99%. [a]3®> = +91.1 (c = 1.0, CHCls).

Me
o)
v
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cis-3ca, 33.9 mg, 96% yield, pale yellow foam. *H NMR (400 MHz, CDClz) & 8.84 (d, J = 4.8 Hz, 2H), 8.03 (d, J =
8.4 Hz, 1H), 7.53-7.47 (m, 1H), 7.31-7.26 (m, 2H), 7.24-7.17 (m, 3H), 7.03 (dd, J = 8.8, 1.6 Hz, 1H), 6.65 (dd, J =
9.6, 1.6 Hz, 1H), 6.37 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz, 1H), 5.62 (br, 1H), 5.38 (d, J = 7.2 Hz, 1H), 4.74-4.70 (m,
1H), 2.39 (s, 3H). 3C NMR (100 MHz, CDCls) & 158.4, 157.5, 136.53, 136.48, 135.5, 132.2, 131.7, 129.5, 129.1,
128.3, 127.9, 127.6, 126.1, 126.0, 124.7, 120.2, 117.4, 113.7, 109.2, 70.7, 39.0, 21.4.

IR (thin film): vmax (cm*) = 2920, 1563, 1423, 1335, 1297, 1262, 1216, 1172, 1078, 867, 794, 749, 701, 665, 591.
HRMS (ESI) calcd for C2sH190ONsNa [M+Na]*: 376.1426. Found: 376.1428.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 14.12 min, tr (Major) = 20.02 min, ee = 92%. [a]3® = +112.0 (c = 1.0, CHCls).

()
®

cis-3da, 35.0 mg, 99% vield, pale yellow foam. *H NMR (400 MHz, CDClz) 6 8.84 (d, J = 4.8 Hz, 2H), 7.92 (s, 1H),
7.53-7.51 (m, 1H), 7.32-7.28 (m, 3H), 7.23-7.19 (m, 2H), 6.99 (dd, J = 8.0, 1.6 Hz, 1H), 6.65 (dd, J = 9.6, 1.6 Hz,
1H), 6.40 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz, 1H), 5.83 (br, 1H), 5.39 (d, J = 7.2 Hz, 1H), 4.68-4.64 (m, 1H), 2.45 (s,
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3H). 13C NMR (100 MHz, CDCls) & 158.5, 157.4, 137.6, 136.5, 135.8, 133.1, 132.2, 129.1, 128.3, 127.8, 127.6,
127.0, 126.1, 126.0, 123.9, 120.0, 117.6, 113.8, 109.2, 70.7, 38.9, 22.2.

IR (thin film): vmax (cmt) = 3030, 1564, 1486, 1422, 1341, 1266, 1197, 1126, 1077, 907, 811, 794, 727, 701, 646,
597, 546, 520, 465.

HRMS (ESI) calcd for C2sH19ONsNa [M+Na]*: 376.1426. Found: 376.1430.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 13.91 min, tr (Major) = 20.39 min, ee = 99%. [a]3* = +174.3 (c = 1.0, CHCly).

cis-3ea, 27.5 mg, 78% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) 8 8.89 (d, J = 4.8 Hz, 2H), 7.48-7.46 (m,
1H), 7.38-7.31 (m, 2H), 7.28-7.25 (m, 2H), 7.19-7.14 (m, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.67
(d, J =9.6 Hz, 1H), 6.43 (s, 1H), 5.96 (dd, J = 9.6, 5.2 Hz, 1H), 5.28 (br, 1H), 5.24 (d, J = 7.2 Hz, 1H), 4.00-3.96
(m, 1H), 1.95 (s, 3H). 3C NMR (100 MHz, CDCls) & 158.5, 158.1, 137.4, 137.1, 136.1, 132.0, 129.8, 128.5, 128.3,
127.8,127.7,126.1, 126.1, 125.8, 122.3, 121.9, 119.2, 118.5, 107.1, 70.4, 38.7, 20.5.

IR (thin film): vmax (cm1) = 2962, 1561, 1457, 1417, 1344, 1261, 1221, 1075, 907, 794, 764, 726, 636, 522.

HRMS (ESI) calcd for C23H190NsNa [M+Na]*: 376.1426. Found: 376.1430.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 13.85 min, tr (Major) = 18.17 min, ee = 74%. [a]3* = +324.0 (c = 1.0, CHCly).

OMe

cis-3fa, 36.5 mg, 99% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.82 (d, J = 4.8 Hz, 2H), 7.72 (d, J =
8.4 Hz, 1H), 7.52-7.50 (m, 1H), 7.31-7.27 (m, 2H), 7.22-7.18 (m, 2H), 7.14 (t, J = 8.0 Hz, 1H), 6.65 (dd, J = 9.6, 1.6
Hz, 1H), 6.59 (d, J = 7.6 Hz, 2H), 6.01 (dd, J = 9.6, 5.2 Hz, 1H), 5.61 (br, 1H), 5.35 (d, J = 7.2 Hz, 1H), 4.70-4.66
(m, 1H), 3.87 (s, 3H). 3C NMR (100 MHz, CDCls) & 158.4, 157.4, 152.6, 138.5, 136.3, 135.1, 132.1, 128.8, 128.2,
127.9,127.7,126.2, 126.0, 124.0, 119.7, 117.8, 107.1, 106.1, 102.4, 70.5, 55.4, 39.0.

IR (thin film): vmax (cm1) = 3003, 1564, 1493, 1423, 1356, 1303, 1254, 1216, 1187, 1145, 1110, 1077, 1036, 991,
820, 794, 747, 700, 664, 546, 521, 463.

HRMS (ESI) calcd for C2sH1002N3Na [M+Na]*: 392.1375. Found: 392.1377.

HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 32.90 min, tr (Major) = 79.27 min, ee > 99%. [a]3° = +296.8 (c = 1.0, CHCls).

Co0)
MeO N Q

SN
cis-3ga, 36.6 mg, 99% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) 6 8.83 (d, J = 4.8 Hz, 2H), 7.75 (d, J =
2.3 Hz, 1H), 7.52-7.50 (m, 1H), 7.30 (d, J = 1.6 Hz, 1H), 7.29-7.28 (dd, J = 3.6, 2.0 Hz, 2H), 7.22 (t, J = 4.8 Hz,
1H), 7.20-7.16 (m, 1H), 6.81 (dd, J = 8.4, 2.4 Hz, 1H), 6.67-6.59 (m, 1H), 6.38 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz,
1H), 5.62 (br, 1H), 5.44-5.29 (m, 1H), 4.71-4.67 (m, 1H), 3.83 (s, 3H). *C NMR (100 MHz, CDCls) & 158.4, 157.5,
157.2, 138.0, 136.5, 135.4, 132.2, 129.1, 128.3, 127.7, 127.6, 126.03, 126.0, 123.4, 120.7, 117.5, 111.1, 109.2,
98.9, 70.6, 55.9, 38.9.
IR (thin film): vmax (cm™) = 3249, 3230, 2923, 2780, 1615, 1568, 1485, 1434, 1348, 1269, 1233, 1199, 1160, 1136,
1082, 1026, 945, 844, 796, 780, 750, 701, 661, 608, 549, 465, 439.
HRMS (ESI) calcd for C2sH1902N3Na [M+Na]*: 392.1375. Found: 392.1377.
HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 17.48 min, tr (Major) = 27.19 min, ee > 99%. [a]3° = +344.5 (c = 1.0, CHCl3).
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cis-3ha, 43.7 mg, 98% vyield, pale yellow foam. *H NMR (400 MHz, CDCIs) & 8.81 (d, J = 4.8 Hz, 2H), 8.07 (d, J =
9.2 Hz, 1H), 7.54-7.51 (m, 1H), 7.47-7.40 (m, 2H), 7.40-7.34 (m, 2H), 7.33-7.28 (m, 3H), 7.23-7.15 (m, 2H), 6.96-
6.91 (m, 2H), 6.66 (dd, J = 9.6, 1.6 Hz, 1H), 6.37 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz, 1H), 5.77 (br, 1H), 5.41 (d, J =
7.2 Hz, 1H), 5.07 (s, 2H), 4.73-4.70 (m, 1H). 3C NMR (100 MHz, CDCls) 6 158.4, 157.3, 154.8, 137.6, 137.1, 136.4,
132.2,132.1, 129.9, 129.0, 128.6, 128.3, 127.89, 127.86, 127.6, 127.5, 126.0, 125.9, 117.4, 115.0, 113.3, 109.3,
104.0, 70.7, 70.6, 38.9.

IR (thin film): vmax (cm) = 3031, 1613, 1564, 1425, 1338, 1177, 1120, 1078, 1015, 793, 748, 698, 664, 549, 522,
464.

HRMS (ESI) calcd for C29H2302N3Na [M+Na]*: 468.1688. Found: 468.1684.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (major) = 40.48 min, tr (Minor) = 64.22 min, ee = 99%. [a]3® = +323.8 (c = 1.0, CHCls).

OH
\

cis-3ia, 36.8 mg, 88% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) 6 8.81 (d, J = 4.8 Hz, 2H), 8.07 (d, J =
9.2 Hz, 1H), 7.54-7.51 (m, 1H), 7.47-7.40 (m, 2H), 7.40-7.34 (m, 2H), 7.33-7.28 (m, 3H), 7.23-7.15 (m, 2H), 6.96-
6.91 (m, 2H), 6.66 (dd, J = 9.6, 1.6 Hz, 1H), 6.37 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz, 1H), 5.77 (br, 1H), 5.41 (d, J =
7.2 Hz, 1H), 5.07 (s, 2H), 4.73-4.70 (m, 1H). 3C NMR (100 MHz, CDCls) 8 158.6, 157.1, 138.1, 136.2, 135.9, 132.0,
131.0, 128.55, 128.47, 128.2, 127.8, 126.1, 125.9, 125.9, 122.9, 118.0, 115.5, 115.4, 108.4, 70.7, 38.8. IR (thin
film): vmax (cmt) = 2922, 2852, 1564, 1420, 1334, 1261, 1190, 1075, 864, 791, 745, 701, 582.

HRMS (ESI) calcd for C22H1s0ON3zBrNa [M+Na]*: 440.0374. Found: 440.0376.

HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 12.56 min, tr (Major) = 16.61 min, ee = 99%. [a]3’ = +44.5 (c = 1.0, CHCls).

T \*ﬁ
¢ O
)

cis-3ja, 30.1 mg, 72% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) 6 8.81 (d, J = 4.8 Hz, 2H), 8.07 (d, J =
9.2 Hz, 1H), 7.54-7.51 (m, 1H), 7.47-7.40 (m, 2H), 7.40-7.34 (m, 2H), 7.33-7.28 (m, 3H), 7.23-7.15 (m, 2H), 6.96-
6.91 (m, 2H), 6.66 (dd, J = 9.6, 1.6 Hz, 1H), 6.37 (s, 1H), 6.02 (dd, J = 9.6, 5.2 Hz, 1H), 5.77 (br, 1H), 5.41 (d, J =
7.2 Hz, 1H), 5.07 (s, 2H), 4.73-4.70 (m, 1H). 3C NMR (100 MHz, CDCls) 5 158.6, 157.0, 137.8, 137.5, 136.3, 132.0,
128.6, 128.4, 128.10, 128., 127.7, 126.1, 125.9, 125.5, 121.4, 118.0, 117.0, 116.8, 109.0, 70.6, 38.8.
IR (thin film): vmax (cm-1) = 2921, 1566, 1424, 1340, 1288, 1195, 1120, 1072, 1017 918, 905, 866, 791, 757, 702,
646, 588, 553, 462, 424.
HRMS (ESI) calcd for C22H1sONsBrNa [M+Na]*: 440.0374. Found: 440.0372.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 17.77 min, tr (Major) = 28.72 min, ee = 99%. [a]3° = +175.7 (c = 1.0, CHCl3).

)

{ =0

Br )/\N OH

)

cis-3ka, 23.0 mg, 55% yield, pale yellow foam. *H NMR (400 MHz, CDCls) 8 8.91 (d, J = 4.8 Hz, 2H), 7.48-7.38 (m,
3H), 7.33 (d, J = 7.6 Hz, 1H), 7.30-7.26 (m, 2H), 7.18-7.13 (m, 1H), 6.98 (t, J = 7.6 Hz, 1H), 6.67 (d, J = 9.6, 1H),
6.43 (s, 1H), 5.95 (dd, J = 9.6, 5.2 Hz, 1H), 5.22 (d, J = 6.8, 1H), 5.02 (br, 1H), 3.89-3.86 (m, 1H). 3C NMR (100
MHz, CDCl3) 6 158.7, 157.2, 138.8, 135.92, 135.86, 132.0, 131.9, 128.8, 128.4, 127.8, 127.6, 127.2, 126.2, 122.7,
120.0, 106.3, 105.4, 70.2, 38.8.
IR (thin film): vmax (cmt) = 2960, 2924, 2853, 1563, 1413, 1347, 1261, 1184, 1077, 1019, 796, 729, 701, 632.
HRMS (ESI) calcd for C22H1s0ON3zBrNa [M+Na]*: 440.0374. Found: 440.0374.
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HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 16.58 min, tr (Major) = 26.06 min, ee = 83%. [a]3° = +44.8 (c = 1.0, CHCl3).

\
LD
J—N OH
N™

cis-3la, 31.8 mg, 89% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.85 (d, J = 4.8 Hz, 2H), 7.91 (dd, J =
10.8, 2.4 Hz, 1H), 7.53-7.50 (m, 1H), 7.36-7.25 (m, 4H), 7.23-7.16 (m, 1H), 6.91 (td, J = 8.8, 2.4 Hz, 1H), 6.66 (d,
J =9.6 Hz, 1H), 6.41 (s, 1H), 6.01 (dd, J = 9.6, 5.2 Hz, 1H), 5.61 (br, 1H), 5.39 (d, J = 7.2 Hz, 1H), 4.73-4.70 (m,
1H). ¥C NMR (100 MHz, CDCls) & 160.4 (d, J = 236.4 Hz), 158.4, 157.2, 137.2, 137.1-137.0 (m), 136.2, 131.9,
128.7,128.3, 127.9, 127.6, 126.0, 125.9, 125.5 (d, J = 1.1 Hz), 120.8 (d, J = 9.9 Hz), 117.7, 110.5 (d, J = 24.1 Hz),
109.0, 101.2 (d, J = 28.5 Hz), 70.5, 38.8. °F NMR (376 MHz, CDCl3) § -119.4.

IR (thin film): vmax (cm't) = 2924, 1566, 1482, 1422, 1351, 1261, 1196, 1136, 1078, 1015, 953, 908, 847, 785, 729,
701, 647, 608, 521, 462.

HRMS (ESI) calcd for C22H160NsFNa [M+Na]*: 380.1175. Found: 380.1158.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 15.20 min, tr (Major) = 22.55 min, ee > 99%. [a]3’ = +163.2 (¢ = 1.0, CHCls).

cis-3ma, 26.8 mg, 75% vyield, pale yellow foam. *H NMR (400 MHz, CDClz) & 8.85 (d, J = 4.8 Hz, 2H), 8.07 (dd, J
=9.2, 4.8 Hz, 1H), 7.54-7.50 (m, 1H), 7.36-7.26 (m, 3H), 7.22-7.15 (m, 1H), 7.06 (dd, J = 8.8, 2.4 Hz, 1H), 6.93 (td,
J=9.2,2.4 Hz, 1H), 6.67 (d, J = 9.6, 1H), 6.39 (s, 1H), 6.01 (dd, J = 9.6, 5.2 Hz, 1H), 5.68 (br, 1H), 5.41 (d, J = 7.2
Hz, 1H), 4.75-4.66 (m, 1H). *C NMR (100 MHz, CDClIs) d 159.1 (d, J = 236.3 Hz), 158.5, 157.2, 138.4, 136.3,
133.6, 132.0, 130.1-129.9 (m), 128.6, 128.4, 128.1, 127.7, 126.1, 125.9, 117.8, 115.0 (d, J = 9.2 Hz), 111.0 (d, J =
25.0 Hz), 109.0 (d, J = 4.0 Hz), 105.5 (d, J = 23.4 Hz), 70.7, 38.9. *°F NMR (376 MHz, CDCl3) 8 -121.9.

IR (thin film): vmax (cm't) = 2904, 1567, 1471, 1449, 1427, 1349, 1290, 1179, 1116, 1069, 989, 954, 864, 827, 802,
769, 725, 694, 651, 633, 606, 588, 560, 526, 493, 478, 430.

HRMS (ESI) calcd for C22H160NsFNa [M+Na]*: 380.1175. Found: 380.1178.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 20.30 min, tr (Major) = 22.21 min, ee = 99%. [a]3® = +157.0 (c = 1.0, CHCls).

Cl
A\
= o8
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cis-3na, 28.0 mg, 75% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.88 (d, J = 4.8 Hz, 2H), 8.07 (d, J =
8.8 Hz, 1H), 7.53-7.51 (m, 1H), 7.40 (d, J = 2.0 Hz, 1H), 7.35-7.29 (m, 3H), 7.24-7.16 (m, 2H), 6.69 (d, J = 9.6 Hz,
1H), 6.39 (s, 1H), 6.03 (dd, J = 9.6, 5.2 Hz, 1H), 5.43 (d, J = 7.2 Hz, 1H), 4.73-4.69 (m, 1H). 3C NMR (100 MHz,
CDCls) 6 158.6, 157.1, 138.2, 136.3, 135.5, 132.0, 130.4, 128.6, 128.5, 128.2, 127.7, 126.1, 125.9, 123.3, 119.8,
118.0, 115.1, 108.5, 70.7, 38.9.
IR (thin film): vmax (cmt) = 3021, 1563, 1421, 1335, 1193, 1069, 862, 792, 746, 701, 633, 589, 519.
HRMS (ESI) calcd for C22H160N3CINa [M+Na]*: 396.0880. Found: 396.0877.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 11.65 min, tr (Major) = 15.26 min, ee =97%. [a]3° = +71.0 (c = 1.0, CHCls).

DhaW
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cis-30a, 27.8 mg, 70% yield, pale yellow foam. *H NMR (400 MHz, CDCIz) 6 8.90 (d, J = 4.8 Hz, 2H), 8.77 (s, 1H),
7.84 (dd, J = 8.0, 1.6 Hz, 1H), 7.52-7.50 (m, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.33-7.28 (m, 3H), 7.22-7.15 (m, 1H),
6.67 (d, J = 9.6 Hz, 1H), 6.46 (s, 1H), 6.00 (dd, J = 9.6, 5.2 Hz, 1H), 5.70 (br, 1H), 5.43 (d, J = 7.2 Hz, 1H), 4.73-
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4.60 (m, 1H), 3.91 (s, 3H). *3C NMR (100 MHz, CDCls) 5 168.1, 158.8, 157.0, 140.3, 136.6, 136.2, 133.0, 131.9,
128.5, 128.4, 128.3, 127.7, 126.1, 125.9, 124.8, 123.4, 120.0, 118.3, 115.9, 108.9, 70.7, 52.1, 38.9.

IR (thin film): vmax (cmt) = 2945, 1711, 1567, 1537, 1477, 1430, 1355, 1306, 1286, 1240, 1201, 1118, 1095, 982,
906, 854, 796, 763, 739, 706, 683, 657, 632, 559, 516, 461.

HRMS (ESI) calcd for C24H1903sNsNa [M+Na]*: 420.1324. Found: 420.1326.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 25.44 min, tr (Major) = 37.96 min, ee > 99%. [a]3° = +352.7 (c = 1.0, CHCl3).

0]
)
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cis-3pa, 35.7 mg, 93% vield, pale yellow foam. *H NMR (400 MHz, CDCIz) 6 8.83 (d, J = 4.8 Hz, 2H), 7.69 (s, 1H),
7.54-7.50 (m, 1H), 7.31-7.27 (m, 2H), 7.25-7.22 (m, 1H), 7.20-7.16 (m, 1H), 6.79 (s, 1H), 6.63 (d, J = 9.6 Hz, 1H),
6.30 (s, 1H), 5.99 (dd, J = 9.6, 5.2 Hz, 1H), 5.91 (dd, J = 9.6, 1.6 Hz, 2H), 5.76 (br, 1H), 5.37 (d, J = 7.2 Hz, 1H),
4.67-4.63 (m, 1H). 3C NMR (100 MHz, CDCls) & 158.4, 157.3, 145.4, 144.2, 136.4, 134.9, 132.1, 132.0, 129.0,
128.3, 127.8, 127.6, 126.0, 125.9, 123.4, 117.6, 109.5, 100.9, 99.1, 95.8, 70.7, 38.8.

IR (thin film): vmax (cm™) = 2892, 1565, 1460, 1424, 1343, 1283, 1190, 1160, 1082, 1036, 941, 849, 789, 729, 700,
643, 522.

HRMS (ESI) calcd for C2sH170sNsNa [M+Na]*: 406.1168. Found: 406.1168.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, A =
254 nm, 25 °C. tr (major) = 39.44 min, tr (Minor) = 43.05 min, ee = 96%. [a]3’ = +214.8 (c = 1.0, CHCl3).

Co<2
)
NQ OH
Me
cis-3ga, 20.5 mg, 58% yield, pale yellow foam. *H NMR (400 MHz, CDClIs) 5 8.68 (s, 2H), 8.02 (d, J = 8.4 Hz, 1H),
7.54-7.49 (m, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.31-7.28 (m, 2H), 7.23-7.16 (m, 2H), 7.16-7.08 (m, 1H), 6.65 (d, J =
9.6 Hz, 1H), 6.41 (s, 1H), 6.01 (dd, J = 9.6, 5.2 Hz, 1H), 5.88 (br, 1H), 5.39 (d, J = 7.2 Hz, 1H), 4.63-4.59 (m, 1H),
2.40 (s, 3H). 3C NMR (100 MHz, CDCls) 8 158.5, 155.4, 137.2, 136.5, 136.3, 132.1, 129.1, 128.9, 128.3, 127.9,
127.6, 127.4, 126.0, 125.9, 123.0, 122.0, 120.4, 113.4, 108.5, 70.7, 38.7, 15.3.
IR (thin film): vmax (cm™) = 2921, 2779, 1589, 1561, 1436, 1347, 1299, 1198, 1114, 1081, 1016, 786, 735, 701, 662,
608, 548, 522, 465.
HRMS (ESI) calcd for C23H190NsNa [M+Na]*: 376.1426. Found: 376.1425.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (major) = 23.19 min, tr (Minor) = 24.22 min, ee > 99%. [a]3' = +213.2 (c = 1.0, CHCly).
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cis-3ra, 31.1 mg, 87% vyield, pale yellow foam. *H NMR (400 MHz, CDClz) & 8.70 (s, 2H), 8.03 (d, J = 8.4 Hz, 1H),
7.46 (d, J =7.6 Hz, 2H), 7.34-7.27 (m, 2H), 7.25-7.13 (m, 3H), 6.67 (dd, J = 9.6, 1.6 Hz, 1H), 6.51 (s, 1H), 6.05 (dd,
J=9.6, 4.8 Hz, 1H), 5.26 (d, J = 6.8 Hz, 1H), 4.72-4.69 (m, 1H), 4.36 (br, 1H). 13C NMR (100 MHz, CDCls) d 156.4,
153.8, 153.7 (d, J = 3.3 Hz), 146.3 (d, J = 21.8 Hz), 137.2, 136.5 (d, J = 81.7 Hz), 132.1, 129.0, 128.8, 128.3, 128.0,
127.98, 126.4, 126.3, 123.3, 122.3, 120.5, 113.4, 108.8, 70.4, 39.2. *°F NMR (376 MHz, CDClz) & -142.0.

IR (thin film): vmax (cm't) = 2919, 1568, 1550, 1436, 1347, 1291, 1245, 1195, 1078, 1015, 922, 793, 742, 703, 676,
640, 603, 586, 549, 520, 468, 432.

HRMS (ESI) calcd for C22H160N3FNa [M+Na]*: 380.1175. Found: 380.1179.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 16.12 min, tr (major) = 22.41 min, ee = 90%. [a]3° = +141.2 (c = 1.0, CHCl3).
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cis-3sa, 19.1 mg, 66% yield, pale yellow oil. *H NMR (400 MHz, CDCls) & 8.70 (d, J = 4.8 Hz, 2H), 7.70-7.69 (m,
1H), 7.48-7.45 (m, 1H), 7.30-7.26 (m, 2H), 7.18-7.15 (m, 2H), 6.63 (dd, J = 9.6, 1.6 Hz, 1H), 6.20 (t, J = 3.2 Hz,
1H), 6.14-6.13 (m, 1H), 6.03 (dd, J = 9.6, 4.8 Hz, 1H), 5.25 (d, J = 6.4 Hz, 1H), 4.98-4.89 (m, 1H), 4.68 (br, 1H).
B3C NMR (100 MHz, CDCls) & 158.4, 157.3, 136.4, 132.3, 130.2, 129.6, 128.0, 127.8, 127.5, 126.5, 126.1, 122.6,
117.7,114.9, 110.7, 70.6, 39.2.

IR (thin film): vmax (cm™) = 3365, 2906, 1575, 1484, 1447, 1406, 1280, 1193, 1144, 1119, 1072, 995, 941, 916, 880,
815, 799, 763, 724, 684, 640, 598, 537, 515, 494, 423.

HRMS (ESI) calcd for C1sH1s0N3Na [M+Na]*: 312.1113. Found: 312.1114.

HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 8.91 min, tr (Major) = 13.93 min, ee = 72%. [a]3! =-9.7 (c = 1.0, CHCl3).

cis-3ta, 17.3 mg, 57% yield, pale yellow oil. '"H NMR (400 MHz, CDClz) & 8.83 (d, J = 4.8 Hz, 2H), 7.51-7.48 (m,
1H), 7.30 (t, J = 4.8 Hz, 1H), 7.26-7.21 (m, 2H), 7.14-7.08 (m, 1H), 6.55 (d, J = 9.6 Hz, 1H), 5.93-5.89 (m, 3H), 5.46
(br, 1H), 5.15 (d, J = 7.2 Hz, 1H), 4.18-4.15 (m, 1H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCls) 5 158.4, 157.3, 136.6,
132.3,131.4,129.3, 128.9, 128.0, 127.5, 127.4, 126.1, 125.9, 118.6, 111.4, 110.2, 70.7, 38.7, 14.8.

IR (thin film): vmax (cm) = 2922, 1561, 1423, 1264, 1219, 1077, 1021, 814, 768, 698, 639, 616, 543, 519.

HRMS (ESI) calcd for C19H17ON3Na [M+Na]*: 326.1269. Found: 326.1266.

HPLC conditions: Chiralcel OD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 10.89 min, tr (Major) = 14.36 min, ee = 81%. [a]3® = -42.8 (c = 1.0, CHCls).

Bt
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cis-3ua, 34.7 mg, 95% yield, pale yellow foam. *H NMR (400 MHz, CDClz) 8 8.72 (d, J = 4.8 Hz, 2H), 7.52-7.50 (m,
1H), 7.30-7.23 (m, 3H), 7.21-7.10 (m, 4H), 7.03-6.95 (m, 2H), 6.61 (d, J = 9.6 Hz, 1H), 6.30 (d, J = 3.6 Hz, 1H),
6.08 (d, J = 3.6 Hz, 1H), 5.94 (dd, J = 9.6, 5.2 Hz, 1H), 5.24 (br, 1H), 5.17 (d, J = 7.2 Hz, 1H), 4.10-4.07 (m, 1H).
3C NMR (100 MHz, CDCls) 8 158.5, 157.7, 136.4, 136.1, 133.8, 132.2, 131.6, 128.6, 128.20, 128.17, 127.9, 127.6,
126.3,126.1, 126.0, 119.2, 111.9, 111.8, 70.6, 38.7.
IR (thin film): vmax (cm™t) = 2784, 1571, 1447, 1423, 1319, 1281, 1229, 1188, 1120, 1084, 1027, 965, 906, 812, 792,
775, 750, 696, 642, 604, 549, 524, 463.
HRMS (ESI) calcd for C24H100NsNa [M+Na]*: 388.1426. Found: 388.1425.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 17.05 min, tr (Major) = 23.14 min, ee = 69%. [a]3* = -61.3 (c = 1.0, CHClIs).

cis-3ab, 30.0 mg, 81% vyield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.85 (d, J = 4.8 Hz, 2H), 8.12 (d, J =
8.4 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.28 (s, 1H), 7.24 (d, J = 5.2 Hz, 1H), 7.22-7.18 (m, 1H), 7.17-7.13 (m, 1H),
6.98 (s, 1H), 6.61 (d, J = 9.6 Hz, 1H), 6.50 (s, 1H), 5.96 (dd, J = 9.6, 5.2 Hz, 1H), 5.45 (br, 1H), 5.32 (d, J = 7.2 Hz,
1H), 4.70-4.67 (m, 1H), 2.29 (s, 3H), 2.26 (s, 3H). 3C NMR (100 MHz, CDCls) 5 158.5, 157.4, 153.3, 137.2, 137.1,
136.7, 135.7, 133.7, 129.7, 129.3, 127.9, 127.8, 127.6, 123.2, 122.2, 120.4, 117.6, 113.8, 109.2, 70.5, 39.2, 19.9,
19.6.

IR (thin film): vmax (cmt) = 2916, 1562, 1500, 1451, 1420, 1345, 1258, 1215, 1019, 881, 798, 743, 703, 618, 480,
425.

HRMS (ESI) calcd for C24H210NsNa [M+Na]*: 390.1582. Found: 390.1578.
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HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 16.07 min, tr (Major) = 18.63 min, ee = 94%. [a]3° = +163.8 (c = 1.0, CHCl3).

cis-3ac, 14.0 mg, 35% yield, pale yellow foam. *H NMR (400 MHz, CDClz) & 8.86 (d, J = 4.8 Hz, 2H), 8.11 (d, J =
8.4 Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.30-7.25 (m, 1H), 7.23-7.19 (m, 1H), 7.15 (t, J = 7.6 Hz, 1H), 7.10 (s, 1H),
6.75 (s, 1H), 6.56 (d, J = 9.6 Hz, 1H), 6.46 (s, 1H), 5.92 (dd, J = 9.6, 5.2 Hz, 1H), 5.88 (br, 1H), 5.36 (d, J = 7.2 Hz,
1H), 4.65-4.57 (m, 1H), 3.94 (s, 3H), 3.88 (s, 3H). 1*C NMR (100 MHz, CDCIls) & 158.5, 157.3, 149.0, 148.0, 137.2,
136.7, 129.6, 129.3, 127.4, 127.1, 124.8, 123.2, 122.3, 120.4, 117.7, 113.8, 109.7, 109.6, 109.3, 70.7, 56.2, 56.0,
38.7.

IR (thin film): vmax (cm) = 2926, 1562, 1505, 1452, 1417, 1345, 1303, 1243, 1197, 1161, 1127, 1005, 889, 855,
828, 796, 744, 629, 478.

HRMS (ESI) calcd for C24H2103NsNa [M+Na]*: 422.1481. Found: 422.1482.

HPLC conditions: Chiralcel OD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 26.45 min, tr (Major) = 41.80 min, ee = 95%. [a]3’ = +14.9 (c = 1.0, CHCls).

O N OQ
(AN
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cis-3ad, 28.2 mg, 75% yield, pale yellow foam. *H NMR (400 MHz, CDCIls) & 8.88 (d, J = 4.8 Hz, 2H), 8.10 (d, J =
8.4 Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 7.37-7.32 (m, 1H), 7.29 (t, J = 4.8 Hz, 1H), 7.24-7.19 (m, 1H), 7.18-7.12 (m,
1H), 6.99 (dd, J =10.8, 7.6 Hz, 1H), 6.55 (d, J = 9.6 Hz, 1H), 6.37-6.36 (m, 2H), 6.03 (dd, J = 9.6, 5.6 Hz, 1H), 5.37
(d, J = 7.6 Hz, 1H), 4.61-4.57 (m, 1H). 3C NMR (100 MHz, CDCls) 8 158.6, 157.1, 150.29 (dd, J = 248.3, 12.7 Hz),
149.64 (dd, J = 246.0, 13.2 Hz), 137.2, 135.2, 133.6 (dd, J = 5.5, 3.5 Hz), 129.7 (d, J = 2.6 Hz), 129.1, 128.8 (dd,
J=6.4,3.9 Hz), 126.4-126.2 (m), 123.4, 122.5, 120.5, 117.8, 115.5 (d, J = 18.9 Hz), 114.6 (d, J = 18.0 Hz), 113.9,
109.5, 70.2, 37.8. 1°F NMR (376 MHz, CDCls) 6 -138.6, -141.2.
IR (thin film): vmax (cm1) = 2923, 1564, 1505, 1452, 1427, 1349, 1311, 1261, 1200, 1149, 1104, 1081, 907, 879,
798, 725, 640, 593, 551, 437.
HRMS (ESI) calcd for C22H1s0NsF2Na [M+Na]*: 398.1081. Found: 398.1084.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (major) = 16.95 min, tr (minor) = 18.19 min, ee = 99%. [a]3® = +286.1 (c = 1.0, CHCls).

N@ OH
cis-3ae, 19.5 mg, 50% yield, pale yellow foam. *H NMR (400 MHz, CDCls) 8 8.91 (d, J = 4.8 Hz, 2H), 8.09 (d, J =
8.4 Hz, 1H), 7.96 (s, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.63 (s, 1H), 7.48-7.39 (m, 2H), 7.37-
7.27 (m, 2H), 7.20-7.16 (m, 1H), 7.09 (td, J = 7.6, 1.2 Hz, 1H), 6.84 (d, J = 9.6 Hz, 1H), 6.34 (br, 1H), 6.30 (s, 1H),
6.11 (dd, J = 9.6, 6.0 Hz, 1H), 5.58 (d, J = 7.2 Hz, 1H), 4.81-4.65 (m, 1H). 13C NMR (100 MHz, CDCls) 5 158.6,
157.3, 137.2, 136.2, 135.1, 133.9, 133.2, 131.0, 129.6, 129.2, 128.3, 128.2, 127.8, 126.0, 125.9, 124.7, 124.6,
123.2,122.3,120.5, 117.7, 113.8, 109.4, 71.2, 38.8.

IR (thin film): vmax (cm™) = 2920, 2851, 1665, 1563, 1452, 1424, 1346, 1261, 1198, 1150, 1081, 886, 800, 742, 696,
637, 616, 477, 433.

HRMS (ESI) calcd for C2sH190ONsNa [M+Na]*: 412.1426. Found: 412.1421.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 27.05 min, tr (Major) = 31.74 min, ee = 99%. [a]3! = +24.3 (c = 1.0, CHCl3).
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cis-3af, 26.8 mg, 67% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.76 (d, J = 4.8 Hz, 2H), 8.28 (d, J =
8.0 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.31-7.26 (m, 1H), 7.22 (td, J = 7.2, 1.2 Hz, 1H), 7.16 (t, J = 4.8 Hz, 1H), 7.01
(dd, J =10.0, 3.2 Hz, 1H), 6.90 (s, 1H), 6.85-6.76 (m, 2H), 6.07 (dt, J = 10.0, 2.0 Hz, 1H), 5.37 (d, J = 4.8 Hz, 1H),
4.95 (dt, J = 5.2, 2.8 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H). *C NMR (100 MHz, CDCls) & 158.4, 158.1, 151.2, 149.8,
139.5, 137.4, 129.2, 129.0, 125.0, 123.3, 122.5, 122.2, 121.2,120.3, 117.5, 114.1, 111.4, 111.3, 109.0, 62.7, 56.6,
56.4, 41.5.

IR (thin film): vmax (cm1) = 2934, 1563, 1481, 1452, 1421, 1345, 1257, 1188, 1084, 956, 855, 798, 745, 664.
HRMS (ESI) calcd for C24H2103NsNa [M+Na]*: 422.1481. Found: 422.1480.

HPLC conditions: Chiralcel OD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, A =
254 nm, 25 °C. tr (minor) = 26.79 min, tr (Major) = 49.94 min, ee > 99%. [a]3' = -112.4 (c = 1.0, CHCI3).

cis-3ag, 26.8 mg, 73% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.77 (d, J = 4.8 Hz, 2H), 8.29 (d, J =
8.0 Hz, 1H), 7.67-7.56 (m, 1H), 7.33-7.27 (m, 1H), 7.25-7.22 (m, 1H), 7.17 (td, J = 4.8, 1.2 Hz, 1H), 7.09-6.99 (m,
2H), 6.91-6.87 (m, 2H), 6.12 (dt, J = 10.0, 2.0 Hz, 1H), 5.26-5.24 (m, 1H), 4.93-4.91 (m, 1H), 2.37 (s, 3H), 2.35 (s,
3H). 13C NMR (100 MHz, CDCls) & 158.4, 158.2, 139.7, 137.3, 134.0, 133.7, 131.9, 130.4, 130.2, 129.8, 129.2,
129.0, 124.7, 123.4, 122.3, 120.3, 117.5, 114.2, 108.8, 65.6, 41.7, 19.2, 18.5.

IR (thin film): vmax (cm™) = 2922, 1562, 1452, 1421, 1345, 1259, 1193, 1077, 995, 907, 859, 805, 728, 679, 641,
449,

HRMS (ESI) calcd for C2sH2:0N3Na [M+Na]*: 390.1582. Found: 390.1582.

HPLC conditions: Chiralcel OD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 9.88 min, tr (Major) = 23.49 min, ee = 98%. [a]3! = -94.5 (c = 1.0, CHCl3).
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cis-3ah, 22.8 mg, 62% yield, pale yellow foam. *H NMR (400 MHz, CDClz) & 8.77 (d, J = 4.8 Hz, 2H), 8.12-8.10 (m,
1H), 7.86 (dd, J = 7.6, 1.2 Hz, 1H), 7.63-7.61 (m, 1H), 7.35 (td, J = 7.6, 1.2 Hz, 1H), 7.32-7.26 (m, 2H), 7.26-7.21
(m, 2H), 7.19 (t, J = 4.8 Hz, 1H), 6.81 (s, 1H), 6.32 (s, 1H), 5.89 (dd, J = 2.4, 1.6 Hz, 1H), 4.89 (t, J = 2.4 Hz, 1H),
2.10 (dd, J = 2.4, 1.6 Hz, 3H), 1.42 (s, 3H). 3C NMR (100 MHz, CDCls) 5 158.3, 157.2, 146.0, 140.5, 136.7, 133.7,
132.9,129.6, 129.4, 128.2, 127.0, 124.0, 123.14, 123.10, 122.4, 120.2, 117.6, 114.0, 109.0, 75.5, 44.4, 24.1, 19.0.
IR (thin film): vmax (cm™t) = 3268, 2925, 1565, 1430, 1350, 1293, 1263, 1202, 1159, 1087, 1035, 958, 860, 802, 759,
746, 719, 666, 630, 579, 560, 538, 464, 442.
HRMS (ESI) calcd for C24H210NsNa [M+Na]*: 390.1582. Found: 390.1583.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (major) = 10.18 min, tr (Minor) = 14.50 min, ee = 52%. [a]3! = -6.5 (¢ = 1.0, CHCl3).

cis-3ai, 16.0 mg, 43% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.77 (d, J = 4.8 Hz, 2H), 8.28 (d, J =
8.0 Hz, 1H), 7.63-761 (m, 1H), 7.31-7.26 (m, 1H), 7.25-7.21 (m, 1H), 7.18 (t, J = 4.8 Hz, 1H), 7.13 (d, J = 7.6 Hz,
1H), 6.97 (d, J = 7.6 Hz, 1H), 6.89 (s, 1H), 6.63 (dd, J = 9.6, 3.2 Hz, 1H), 5.99 (dt, J = 9.6, 1.6 Hz, 1H), 5.33 (d, J
= 4.4 Hz, 1H), 4.93-4.87 (m, 1H), 2.32 (s, 3H), 2.30 (s, 3H). 3C NMR (100 MHz, CDCls) 5 158.4, 158.1, 139.8,
137.4,137.0, 135.2, 133.6, 130.2, 130.0, 129.2, 128.1, 127.6, 124.7, 123.4, 122.3, 120.3, 117.6, 114.2, 108.9, 65.6,
42.2,20.9, 14.4.

IR (thin film): vmax (cmt) = 2962, 1564, 1452, 1425, 1346, 1259, 1015, 790, 739, 593.

HRMS (ESI) calcd for C24H210NsNa [M+Na]*: 390.1582. Found: 390.1579.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 25.23 min, tr (Major) = 36.13 min, ee = 97%. [a]3® = -259.9 (c = 1.0, CHCls).
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cis-3ai', 11.8 mg, 32% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.85 (d, J = 4.8 Hz, 2H), 8.14 (d, J =
8.4 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.25-7.23 (m, 2H), 7.22-7.18 (m, 1H), 7.18-7.12 (m, 1H), 7.10 (d, J = 7.6 Hz,
1H), 6.98 (dd, J = 10.0, 1.6 Hz, 1H), 6.49 (s, 1H), 6.09 (dd, J = 10.0, 4.8 Hz, 1H), 5.25 (d, J = 6.8 Hz, 1H), 5.11 (br,
1H), 4.70 (ddd, J = 6.8, 4.8, 1.6 Hz, 1H), 2.35 (s, 3H), 2.33 (s, 3H). 1*C NMR (100 MHz, CDClIs) d 158.5, 157.5,
137.1, 136.2, 134.3, 132.1, 130.1, 129.5, 129.3, 129.0, 125.1, 123.7, 123.2, 122.3, 120.4, 117.6, 113.9, 109.1,
103.5, 71.1, 38.8, 20.8, 14.8.

IR (thin film): vmax (cm™) = 2962, 1565, 1452, 1427, 1347, 1301, 1259, 1014, 792, 749, 703.

HRMS (ESI) calcd for C2sH2:0N3Na [M+Na]*: 390.1582. Found: 390.1568.

HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 14.98 min, tr (Major) = 32.95 min, ee > 99%. [a]3® = +38.5 (c = 1.0, CHCl3).

| S 0 (R,)-Co-7 (10 mol%) 7 9” :
% Zn(OAc), (30 mol%) / |
SN+ / TFE:HFIP (v/v = 3:1) =N\ E
) 60 °C, Ar, 24 h / ;

1v 2a cis-3va

Procedure for the synthesis of cis-3va. A sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (8.0
mg, 0.010 mmol), Zn(OAc)z (5.5 mg, 0.030 mmol), 1v (16.1 mg, 0.10 mmol), 2a (21.6 mg, 0.15 mmol), TFE (0.3
mL) and HFIP (0.1 mL) under argon atmosphere. The mixture was stirred at 60 °C for 24 h. Then, the mixture was
cooled to room temperature and quenched by saturated NH4Cl agueous solution (20 mL). The resulting mixture
was extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na=SO4 and
filtered. All the volatiles were evaporated under reduced pressure. The remaining residue was purified by column
chromatography on silica gel (hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3va.

/S OH
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cis-3va, 9.8 mg, 32% yield, yellow oil. *H NMR (400 MHz, CDCls) & 8.61-8.52 (m, 1H), 7.87 (d, J = 7.6 Hz, 1H),
7.82 (td, J = 7.6, 1.6 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.41-7.32 (m, 2H), 7.28-7.24 (m, 3H), 7.11 (d, J = 7.2 Hz,
1H), 6.55 (dd, J = 9.6, 3.2 Hz, 1H), 6.05 (dd, J = 9.6, 2.4 Hz, 1H), 5.03 (d, J = 13.2 Hz, 1H), 4.66 (dt, J = 13.2, 2.8
Hz, 1H). 3C NMR (100 MHz, CDCls) 5 153.8, 148.0, 146.5, 140.1, 138.8, 137.8, 132.4, 130.8, 128.5, 128.3, 128.0,
127.2,126.0, 125.0, 123.8, 123.6, 122.2, 76.1, 43.1.

IR (thin film): vmax (cm™) = 3062, 2921, 2851, 2815, 1726, 1591, 1567, 1533, 1476, 1449, 1374, 1282, 1248, 1195,
1154, 1114, 1076, 1034, 1000, 959, 905, 859, 832, 784, 767, 721, 692, 672, 649, 628.

HRMS (ESI) calcd for C19H1s0ONS [M-H20+H]*: 288.0847. Found: 288.0844.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 1 mL/min, A
=303 nm, 25 °C. tr (Major) = 9.92 min, tr (Minor) = 13.14 min, ee = 70%. [a]3’ = -23.6 (c = 0.2, CHCls).

)-Co-7 (10 mol%) '
Zn(OAc)2 (30 mol%) .
TFE:HFIP (v/iv = 3:1)

70 °C, Ar, 24 h !

1w 2a c:s-3wa
Procedure for the synthesis of cis-3wa. A sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (8.0
mg, 0.010 mmol), Zn(OAc)2 (5.5 mg, 0.030 mmol), 1w (16.1 mg, 0.10 mmol), 2a (21.6 mg, 0.15 mmol), TFE (0.3
mL) and HFIP (0.1 mL) under argon atmosphere. The mixture was stirred at 70 °C for 24 h. Then, the mixture was
cooled to room temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture
was extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na>SO4 and
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filtered. All the volatiles were evaporated under reduced pressure. The remaining residue was purified by column
chromatography on silica gel (hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3wa.

@
g

cis-3wa, 7.5 mg, 25% yield, yellow oil. *H NMR (400 MHz, CDCls) & 8.83 (d, J = 4.8 Hz, 2H), 7.85 (dd, J = 8.0, 1.6
Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.55 (id, J = 7.6, 1.6 Hz, 1H), 7.47-7.40 (m, 1H), 7.32 (t,
J=7.6Hz, 1H), 7.28 (t, J = 4.8 Hz, 1H), 7.23 (t, J = 7.2 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 6.71 (d, J = 6.4 Hz, 1H),
6.51 (dd, J = 9.6, 2.8 Hz, 1H), 5.86 (dd, J = 9.6, 2.4 Hz, 1H), 5.18-5.05 (m, 1H), 4.41 (dt, J = 13.2, 2.4 Hz, 1H). *C
NMR (100 MHz, CDCIs) © 166.8, 157.3, 143.2, 140.1, 138.6, 133.0, 132.9, 131.4,131.1, 129.5, 128.5, 128.4, 127.6,
127.4,126.1, 125.0, 119.3, 76.4, 45.6.

IR (thin film): vmax (cm'1) = 3158, 3066, 2921, 2851, 2825, 1635, 1571, 1555, 1451, 1433, 1413, 1293, 1245, 1193,
1154, 1114, 1076, 1032, 996, 951, 902, 870, 826, 779, 755, 687, 648.

HRMS (ESI) calcd for C20H160N2 [M-H20+H]*:283.1235. Found: 283.1233.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 85:15 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (major) = 9.57 min, tr (Minor) = 23.40 min, ee = 53%. [a]3® = -20.0 (c = 0.2, CHCls).

BocHN |

X !
R1@ NBoc  (s,)-Co-4 (10 mol%), AgSbFs (20 mol%)g1” N QO 5
N % Zn(OAc), (50 mol%) NS N I

N@ + TFE, 80 °C, Ar, 48 h N)/\N !
1 6 cis-7 :

General procedure. A sealed tube with a magnetic stir bar was charged with (Sa)-Co-4 (7.6 mg, 0.010 mmaol),
AgSbFs (6.8 mg, 0.020 mmol), Zn(OAc)2 (9.2 mg, 0.050 mmol), 1 (0.15 mmol), 6 (24.3 mg, 0.10 mmol) and TFE
(1.0 mL) under argon atmosphere. The mixture was stirred at 80 °C for 48 h. Then, the mixture was cooled to room
temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture was extracted with
ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous NaSOs and filtered. All the
volatiles were evaporated under reduced pressure. The remaining residue was purified by column chromatography
on silica gel (hexanes/ethyl acetate = 10:1 to 6:1) to afford cis-7.

BocHN
0 Y
N
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cis-7aa, 25.4 mg, 58% yield, yellow oil. *H NMR (400 MHz, CDCls) & 8.80 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 8.4 Hz,
1H), 7.46 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.26-7.21 (m, 2H), 7.19-7.14 (m, 3H), 6.65 (d, J = 9.6 Hz,
1H), 6.48 (s, 1H), 6.29 (dd, J = 9.6, 4.0 Hz, 1H), 5.45 (dd, J = 10.0, 6.0 Hz, 1H), 5.13 (d, J = 5.6 Hz, 1H), 4.95 (d,
J=10.4 Hz, 1H), 1.20 (s, 9H). 3C NMR (100 MHz, CDCls) 8 158.4, 155.2, 138.8, 137.2, 135.4, 133.0, 130.5, 129.2,
128.2,128.1,128.0, 126.61, 126.56, 123.1, 122.0, 120.1, 117.3, 114.4, 107.6, 79.3, 51.4, 38.7, 28.3.
IR (thin film): vmax (cmt) = 2962, 2920, 1707, 1616, 1562, 1485, 1421, 1345, 1262, 1157, 1098, 1027, 923, 860,
804, 629, 527, 478, 442.
HRMS (ESI) calcd for C27H2602NsNa [M+Na]*: 461.1953. Found: 461.1942.
HPLC conditions: Chiralcel AD-3 column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 0.7 mL/min,
A =254 nm, 30 °C. tr (major) = 9.84 min, tr (Minor) = 15.27 min, ee = 96%. [a]3® = -26.1 (c = 0.5, CHCls).

BocHN
Me N
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cis-7ab, 28.5 mg, 63% yield, yellow oil. 'H NMR (400 MHz, CDCls) 8 8.83 (d, J = 4.8 Hz, 2H), 8.11 (s, 1H), 7.36 (d,
J = 8.0 Hz, 1H), 7.33-7.29 (m, 2H), 7.28-7.24 (m, 1H), 7.21-7.15 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 6.70-6.62 (m,
1H), 6.44 (s, 1H), 6.31 (dd, J = 10.0, 4.4 Hz, 1H), 5.45 (dd, J = 10.0, 6.4 Hz, 1H), 5.10 (d, J = 6.0 Hz, 1H), 4.97 (d,
J = 10.0 Hz, 1H), 2.50 (s, 3H), 1.25 (s, 9H). 3C NMR (100 MHz, CDCls) d 158.38, 158.34, 155.3, 138.0, 137.5,
135.5, 133.0, 132.9, 130.6, 128.1, 127.9, 127.8, 126.9, 126.5, 126.4, 123.5, 119.7, 117.2, 114.2, 107.4, 79.3, 51.5,
38.5, 28.3, 22.2.

IR (thin film): vmax (cm™) = 2976, 2922, 1705, 1564, 1487, 1422, 1365, 1340, 1226, 1161, 1054, 907, 861, 813, 777,
727, 645.

HRMS (ESI) calcd for C2sH2802NaNa [M+Na]*: 475.2110. Found: 475.2111.

HPLC conditions: Chiralcel IG column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 0.7 mL/min, A =
254 nm, 30 °C. tr (major) = 21.63 min, tr (Minor) = 23.96 min, ee = 95%. [a]3’ = -46.1 (c = 0.5, CHCl3).

BocHN
i W,
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cis-7ac, 31.0 mg, 60% yield, yellow oil. *H NMR (400 MHz, CDCls) 6 8.78 (d, J = 4.8 Hz, 2H), 8.21 (d, J = 8.8 Hz,
1H), 7.58 (s, 1H), 7.34-7.21 (m, 4H), 7.19-7.12 (m, 2H), 6.65 (dd, J = 9.6, 2.4 Hz, 1H), 6.43 (s, 1H), 6.22 (dd, J =
9.6, 4.0 Hz, 1H), 5.43 (dd, J = 10.4, 6.0 Hz, 1H), 5.15-5.12 (m, 1H), 4.88 (d, J = 10.4 Hz, 1H), 1.17 (s, 9H). 13C
NMR (100 MHz, CDCIs) 6 158.3, 158.0, 154.9, 140.5, 135.8,135.1, 132.7, 130.9, 123.0, 128.2,128.1, 128.0, 126.9,
126.5, 125.6, 122.3, 117.5, 116.2, 115.0, 106.8, 79.3, 51.1, 39.1, 28.2.

IR (thin film): vmax (cm™) = 3421, 2975, 2928, 1705, 1563, 1489, 1443, 1419, 1364, 1334, 1292, 1259, 1226, 1158,
1055, 1015, 990, 944, 906, 862, 795, 775, 733, 699, 675, 645, 632.

HRMS (ESI) calcd for C27H2502N4BrNa [M+Na]*: 539.1059. Found: 539.1050.

HPLC conditions: Chiralcel IG column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 0.7 mL/min, A =
254 nm, 30 °C. tr (minor) = 16.85 min, tr (Major) = 24.92 min, ee = 95%. [a]%’ = -74.2 (c = 0.2, CHCl3).

Me  BocHN
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cis-7ad, 27.6 mg, 61% vyield, yellow oil. *H NMR (400 MHz, CDClz) 8 8.79 (d, J = 4.8 Hz, 2H), 8.13 (d, J = 8.4 Hz,
1H), 7.30 (t, J = 6.0 Hz, 2H), 7.25-7.10 (m, 4H), 6.97 (d, J = 7.2 Hz, 1H), 6.66 (dd, J = 9.6, 2.4 Hz, 1H), 6.52 (s,
1H), 6.27 (dd, J = 9.6, 4.0 Hz, 1H), 5.43 (dd, J = 10.4, 6.4 Hz, 1H), 5.15 (s, 1H), 4.95 (d, J = 10.4 Hz, 1H), 2.47 (s,
3H), 1.17 (s, 9H). *C NMR (100 MHz, CDCIs) d 158.5, 158.3, 155.1, 138.3, 137.0, 135.4, 132.9, 130.6, 129.2,
128.8, 128.1, 128.0, 126.9, 126.5, 123.1, 122.3, 117.3, 112.0, 106.1, 79.2, 51.4, 39.0, 28.3, 18.7.
IR (thin film): vmax (cm™) = 2975, 2923, 1705, 1564, 1488, 1424, 1364, 1345, 1299, 1281, 1247, 1227, 1157, 1106,
1089, 1054, 1026, 907, 860, 806, 769, 728, 640, 619.
HRMS (ESI) calcd for C2sH2s02NsNa [M+Na]*: 475.2110. Found: 475.2108.
HPLC conditions: Chiralcel AD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 vl/v, flow rate = 0.7 mL/min,
A =254 nm, 30 °C. tr (major) = 11.17 min, tr (Minor) = 18.74 min, ee = 96%. [a]3’ = -33.2 (c = 0.5, CHCls).

cis-7ae, 26.1 mg, 55% yield, yellow oil. *H NMR (400 MHz, CDCls)  8.82 (d, J = 4.8 Hz, 2H), 8.29 (d, J = 8.4 Hz,
1H), 7.47 (d, J = 7.6 Hz, 1H), 7.26-7.21 (m, 1H), 7.21-7.16 (m, 2H), 7.11 (dd, J = 10.8, 7.6 Hz, 1H), 6.97 (dd, J =
10.8, 7.6 Hz, 1H), 6.53 (d, J = 9.6 Hz, 1H), 6.42 (s, 1H), 6.32 (dd, J = 9.6, 4.8 Hz, 1H), 5.39 (t, J = 8.4 Hz, 1H), 5.09
(d, J = 6.0 Hz, 1H), 4.94 (d, J = 10.0 Hz, 1H), 1.23 (s, 9H). 3C NMR (100 MHz, CDCls) & 158.44, 158.25, 155.23,
149.85 (dd, J = 248, 7.4 Hz), 149.7 (dd, J = 248, 7.4 Hz), 137.7, 137.2, 132.4-132.3 (m), 131.22, 129.9-129.8 (m),
126.2, 123.4, 122.2, 120.2, 117.5, 115.9 (d, J = 18.8 Hz), 115.3 (d, J = 18.8 Hz), 114.4, 107.6, 79.8, 51.0, 37.9,
29.9, 28.3. °F NMR (376 MHz, CDCls) & -138.14 (d, J = 20.8 Hz), -140.16 (d, J = 20.8 Hz).
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IR (thin film): vmax (cm't) = 2925, 2854, 2350, 1708, 1577, 1564, 1504, 1454, 1427, 1367, 1347, 1309, 1248, 1164,
1083, 1050, 1021, 883, 806, 784, 749, 663, 637, 619.

HRMS (ESI) calcd for C27H24F2N4NaO2 [M+Na]*: 497.1765. Found: 497.1763.

HPLC conditions: [Waters upc, SFC system] Chiralcel 1G-3 column (4.6 mm x 250 mm), CO2/EtOH, 80:20 v/v, flow
rate = 1.0 mL/min, A = 210 nm, 20 °C. tr (major) = 14.46 min, tr (Minor) = 17.08 min, ee = 94%. [a]3’ =-72.1 (c =
0.2, CHCla).

o 'Q
MeO

A\
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cis-7af, 26.1 mg, 50% yield, pale yellow foam. *H NMR (400 MHz, CDCls) 8.74 (d, J= 4.8 Hz, 2H), 7.88 (d, J = 2.4
Hz, 1H), 7.43 (d, J = 7.2 Hz, 1H), 7.32-7.21 (m, 5H), 7.19-7.10 (m, 2H), 6.85 (dd, J = 8.4, 2.4 Hz, 1H), 6.67 (d, J =
8.0 Hz, 2H), 6.61 (dd, J = 9.6, 2.4 Hz, 1H), 6.35 (s, 1H), 6.11 (dd, J = 9.6, 3.6 Hz, 1H), 5.41 (d, J = 8.8 Hz, 1H),
5.11 (dd, J = 8.8, 6.0 Hz, 1H), 4.82 (dt, J = 5.6, 2.8 Hz, 1H), 3.89 (s, 3H), 2.14 (s, 3H). The analytical data are in
accordance with those of the previous report.[2
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 70:30 v/v, flow rate = 1.0 mL/min,
A =254 nm, 25 °C. tr (major) = 12.31 min, tr (Minor) = 16.44 min, ee = 91%. [a]3’ = +39.9 (c = 0.5, CHCls).

NHBo :
Rt N NBOC (5 )-Co-4 (10 mol%), AGNTF, (20 moI%)R1_ :
N % Fe(OAc), (50 mol%) XN !

N\/\)'{' + Toluene, 70 °C, Ar, 48 h N>/\N
= )
1 6 trans-7

General procedure. A sealed tube with a magnetic stir bar was charged with (Sa)-Co-4 (7.6 mg, 0.010 mmol),
AgNTf2 (7.8 mg, 0.020 mmol), Fe(OAc)z (8.7 mg, 0.050 mmol), 1 (0.15 mmol), 6 (24.3 mg, 0.10 mmol) and toluene
(1.0 mL) under argon atmosphere. The mixture was stirred at 70 °C for 48 h. Afterwards, the mixture was cooled
to room temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture was
extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na:SO4 and
filtered. All the volatiles were evaporated under reduced pressure. The remaining residue was purified by column
chromatography on silica gel (hexanes/ethyl acetate = 10:1 to 6:1) to afford trans-7.

BocH N,’
0 .Y
N

)
trans-7aa, 23.2 mg, 53% yield, yellow oil. *H NMR (400 MHz, CDCls) d 8.82 (d, J = 4.8 Hz, 2H), 8.23 (d, J = 8.4
Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.30-7.25 (m, 1H), 7.23-7.18 (m, 3H), 7.15 (d, J = 7.6 Hz, 2H), 6.65 (d, J = 9.6
Hz, 1H), 6.47 (s, 1H), 6.11 (dd, J = 9.6, 4.4 Hz, 1H), 5.47 (d, J = 9.2 Hz, 1H), 5.24 (t, J = 7.2 Hz, 1H), 4.90 (t, J =
5.2 Hz, 1H), 1.35 (s, 9H). **C NMR (100 MHz, CDCls) & 158.5, 158.1, 155.2, 139.3, 137.4, 135.2, 132.5, 129.14,
129.09, 128.3, 128.1, 128.0, 127.9, 126.5, 123.1, 122.0, 120.3, 117.5, 114.0, 107.0, 79.3, 53.5, 40.2, 28.5.
IR (thin film): vmax (cm't) = 3041, 2974, 2928, 2246, 1704, 1562, 1489, 1452, 1423, 1346, 1259, 1158, 1054, 1016,
908, 859, 792, 728, 644, 530, 477.
HRMS (ESI) calcd for C27H2602NaNa [M+Na]*: 461.1953. Found: 461.1938.
HPLC conditions: Chiralcel AD-3 column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 0.7 mL/min, A
= 254 nm, 30 °C. tr (major) = 10.32 min, tr (Minor) = 16.41 min, ee = 82%. [a]3? = -167.9 (c = 0.5, CHCI3).

BocH N/’ .
Me l

N
N
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trans-7ab, 25.8 mg, 57% yield, yellow foam. *H NMR (400 MHz, CDCls) & 8.83 (d, J = 4.8 Hz, 2H), 8.03 (s, 1H),
7.31 (d, J = 8.0 Hz, 1H), 7.26-7.16 (m, 3H), 7.16-7.11 (m, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 9.6 Hz, 1H),
6.42 (s, 1H), 6.10 (dd, J = 9.6, 4.8 Hz, 1H), 5.49 (d, J = 9.2 Hz, 1H), 5.29-5.11 (m, 1H), 4.90-4.80 (m, 1H), 2.46 (s,
3H), 1.36 (s, 9H). **C NMR (100 MHz, CDCIls) d 158.4, 158.1, 155.2, 138.5, 137.7, 135.5, 135.2, 132.9, 132.5,
129.2,128.3,128.1, 127.9, 126.8, 126.5, 123.5, 119.9, 117.3, 113.9, 106.9, 79.2, 53.5, 40.1, 28.5, 22.2.

IR (thin film): vmax (cm't) = 2972, 2921, 1704, 1564, 1486, 1451, 1421, 1365, 1341, 1262, 1161, 1099, 1042, 1017,
909, 865, 806, 781, 761, 732, 698, 629, 597, 533, 489, 465, 438.

HRMS (ESI) calcd for C2sH2802NaNa [M+Na]*: 475.2110. Found: 475.2109.

HPLC conditions: Chiralcel AD-3 column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 0.7 mL/min, A
=230 nm, 30 °C. tr (major) = 14.63 min, tr (Minor) = 23.67 min, ee = 82%. [a]3? = -137.0 (c = 0.5, CHCI3).

BocHN
o O
O ) Q
N

)
trans-7ac, 27.4 mg, 53% vyield, yellow oil. *H NMR (400 MHz, CDCls) & 8.82 (d, J = 4.8 Hz, 2H), 8.12 (d, J = 8.8
Hz, 1H), 7.54 (s, 1H), 7.32-7.27 (m, 1H), 7.25-7.17 (m, 3H), 7.14 (d, J = 7.2 Hz, 1H), 6.66 (d, J = 9.6 Hz, 1H), 6.39
(s, 1H), 6.09 (dd, J = 9.6, 4.8 Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 5.25-5.12 (m, 1H), 4.91 (t, J = 5.2 Hz, 1H), 1.35 (s,
9H). 3C NMR (100 MHz, CDCIs) & 158.4, 157.8, 155.0, 140.5, 137.7, 134.7, 132.3, 130.6, 128.4, 128.3, 128.2,
128.1, 127.9, 126.5, 125.7, 122.7, 117.6, 115.5, 115.0, 106.1, 79.2, 53.2, 40.1, 28.3.
IR (thin film): vmax (cm™) = 3062, 2920, 2851, 2815, 1726, 1695, 1591, 1568, 1533, 1476, 1450, 1375, 1319, 1282,
1248, 1195, 1154, 1114, 1076, 1034, 1001, 960, 905, 859, 832, 784, 767, 721, 693, 672, 649, 628.
HRMS (ESI) calcd for C27H2502N4BrNa [M+Na]*: 539.1059. Found: 539.1049.
HPLC conditions: Chiralcel IG column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 0.7 mL/min, A =
254 nm, 30 °C. tr (major) = 17.88 min, tr (Minor) = 21.13 min, ee = 86%. [a]3’ = -169.6 (c = 0.8, CHCls).

Me BocHN,
oD i

N
trans-7ad, 24.9 mg, 55% yield, yellow oil. *H NMR (400 MHz, CDClz) & 8.82 (d, J = 4.8 Hz, 2H), 8.05 (d, J = 8.4
Hz, 1H), 7.28 (d, J = 9.6 Hz, 1H), 7.26-7.16 (m, 3H), 7.16-7.09 (m, 2H), 6.95 (d, J = 7.2 Hz, 1H), 6.64 (d, J = 9.6
Hz, 1H), 6.53 (s, 1H), 6.10 (dd, J = 9.6, 4.4 Hz, 1H), 5.55 (d, J = 9.2 Hz, 1H), 5.25 (t, J = 8.0 Hz, 1H), 4.89 (ddd, J
=6.6, 4.4, 1.6 Hz, 1H), 2.44 (s, 3H), 1.36 (s, 9H). °C NMR (100 MHz, CDCls) & 158.4, 158.2, 155.3, 138.8, 137.1,
135.4, 132.6, 129.7, 129.4, 128.7, 128.2, 128.0, 127.9, 127.6, 126.5, 123.1, 122.3, 117.5, 111.4, 105.3, 79.2, 53.7,
40.1, 28.5, 18.7.

IR (thin film): vmax (cm™) = 2969, 2922, 2854, 1699, 1564, 1488, 1424, 1364, 1345, 1245, 1157, 1089, 1072, 1043,
1015, 988, 907, 858, 802, 768, 728, 639.

HRMS (ESI) calcd for C2sH2802N4Na [M+Na]*: 475.2110. Found: 475.2105.

HPLC conditions: Chiralcel AD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 0.7 mL/min,
A =254 nm, 30 °C. tr (major) = 15.18 min, tr (Minor) = 20.53 min, ee = 77%. [a]3’ = -270.1 (c = 0.3, CHCls).

trans-7ae, 24.2 mg, 51% yield, yellow oil. *H NMR (400 MHz, CDCls) & 8.83 (d, J = 4.8 Hz, 2H), 8.25 (d, J = 8.4
Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.25-7.18 (m, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.13-7.08 (m, 1H), 6.95 (dd, J = 10.4,
7.6 Hz, 1H), 6.54 (d, J = 9.2 Hz, 1H), 6.49 (s, 1H), 6.13 (dd, J = 9.6, 4.4 Hz, 1H), 5.64 (d, J = 9.2 Hz, 1H), 5.20 (t,
J = 8.0 Hz, 1H), 4.84 (t, J = 5.6 Hz, 1H), 1.35 (s, 9H). *C NMR (100 MHz, CDCls) & 158.4, 157.9, 155.1, 149.78
(dd, J = 247.1, 13.0 Hz), 149.55 (dd, J = 247.1, 13.0 Hz), 138.5, 137.2, 132.2-132.1 (m), 130.0, 129.2-129.1 (m),
126.2, 123.2, 122.1, 120.3, 117.4, 117.0 (d, J = 18.0 Hz), 115.0 (d, J = 18.0 Hz), 114.0, 107.1, 79.5, 53.1, 39.5,
29.7, 28.3. °F NMR (376 MHz, CDCls) & -138.07 (d, J = 20.8 Hz), -139.89 (d, J = 20.8 Hz).
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IR (thin film): vmax (cmt) = 2963, 2924, 1703, 1565, 1505, 1455, 1427, 1390, 1367, 1347, 1308, 1260, 1164, 1098,
1049, 1020, 883, 802, 749, 698, 682, 665, 638, 619.

HRMS (ESI) calcd for C27H2aF2NaNaO2 [M+Na]*: 497.1765. Found: 497.1769.

HPLC conditions: [Waters upc, SFC system] Chiralcel 1G-3 column (4.6 mm x 250 mm), CO2/EtOH, 80:20 v/v, flow
rate = 1.0 mL/min, A = 210 nm, 20 °C. tr (major) = 13.58 min, tr (minor) = 18.45 min, ee = 63%. [a]3' = -168.4 (c =
0.2, CHClz).

TSHN4
0 Y
MeO N
N

.
trans-7af, 23.0 mg, 44% yield, pale foam. *H NMR (400 MHz, CDCl3) 5 8.89 (d, J = 4.8 Hz, 2H), 7.97 (d, J = 6.4
Hz, 1H), 7.73-7.61 (m, 2H), 7.28 (d, J = 4.8 Hz, 1H), 7.26-7.24 (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.13(d, J = 8.4
Hz, 1H), 7.10-7.04 (m, 1H), 6.83 (dd, J = 8.4, 2.4 Hz, 1H), 6.62 (d, J = 8.0 Hz, 2H), 6.50 (dd, J = 9.6, 2.4 Hz, 1H),
6.14 (s, 1H), 5.87 (dd, J = 9.6, 2.8 Hz, 1H), 4.77 (dd, J = 12.0, 6.4 Hz, 1H), 4.52 (dt, J = 12.0, 2.8 Hz, 1H), 3.89 (s,
3H), 2.14 (s, 3H). **C NMR (100 MHz, CDCIl3) & 158.8, 157.24, 157.15, 142.5, 139.2, 137.3, 137.1, 135.7, 132.8,
131.3, 129.0, 128.3, 128.0, 127.9, 127.4, 126.4, 126.2, 123.5, 120.8, 117.9, 111.2, 107.4, 98.3, 59.6, 56.0, 39.2,
21.7.
IR (thin film): vmax (cm™) = 3281, 2961, 2833, 2252, 1616, 1564, 1485, 1421, 1344, 1291, 1266, 1236, 1199, 1150,
1112, 1078, 1020, 953, 906, 807, 771, 727, 687, 659, 629, 580, 547, 522, 443.
HRMS (ESI) calcd for CaoH26N4NaOsS [M+Na]*: 545.1623. Found: 545.1615.
HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 70:30 v/v, flow rate = 1.0 mL/min,
A =254 nm, 25 °C. tr (major) = 12.61 min, tr (Minor) = 14.23 min, ee = 63%. [a]3’ = -45.9 (c = 0.2, CHCls).
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1.3 Gram-scale reaction and derivatization reactions

Gram-scale reaction

@E% o (R,)-Co-T (2.5 mol%) O \ 6

N NaOPiv (30 mol%) N Q !
"/ TFE:HFIP (viv = 3:1) ju :
\

7

N\\) 50 °C, Ar, 48 h N\\) 5
1a, 3.0 mmol 2a, 4.5 mmol cis-3aa, 989.4 mg,
97% vyield, 98% ee
dr =955

A 25 mL sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (60.1 mg, 0.075 mmol), NaOPiv-H20
(127.9 mg, 0.9 mmol), 1a (585.6 mg, 3.0 mmol), 2a (648.9 mg, 4.5 mmol), TFE (9.0 mL) and HFIP (3.0 mL) under
argon atmosphere. The mixture was stirred at 50 °C for 48 h. Then, the mixture was cooled to room temperature
and quenched by saturated NH4Cl agueous solution (50 mL). The resulting mixture was extracted with ethyl acetate
(3 x 30 mL). The combined organic phase was dried over anhydrous Na2SO4 and filtered. All the volatiles were
evaporated under reduced pressure. The remaining residue was purified by column chromatography on silica gel
(hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3aa in 97% yield and 98% ee (dr = 95:5).

Derivatization reactions

(a) Synthesis of compound 4

N N

y O PAIC, Hy, EA, N Q
_ =

J on rt, 24 h P

OH
NZTN N7 N
W W
cis-3aa, 0.2 mmol 4, 95% yield, 99% ee
99% ee

A 25 mL sealed tube with a magnetic stir bar was charged with cis-3aa (67.9 mg, 0.2 mmol), Pd/C (20.0 mg,
palladium on activated carbon, 10% Pd basis, 0.1 equiv) and EtOAc (2 mL) under argon atmosphere. Then, the
reaction mixture was exchanged with H2 atmosphere (1 atm) and stirred at rt for 24 h. After completion (monitored
by TLC), the crude reaction mixture was filtered with celite and washed with EtOAc. The solution was concentrated
by rotary evaporation. After that, the residue was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate = 8/1 to 4/1) to afford 4.

4, 64.9 mg, 95% yield, yellow oil. *H NMR (400 MHz, CDCls) & 8.78 (d, J = 4.8 Hz, 2H), 8.21 (d, J = 8.4 Hz, 1H),
7.59 (d, J = 7.2 Hz, 1H), 7.35 (d, J = 6.4 Hz, 1H), 7.26-7.14 (m, 6H), 6.69 (s, 1H), 5.01-4.88 (m, 1H), 4.18 (dt, J =
12.4,3.2 Hz, 1H), 3.13-2.86 (m, 2H), 2.49 (qd, J = 12.4, 5.6 Hz, 1H), 2.20-1.99 (m, 2H). 3C NMR (100 MHz, CDCls)
0 158.5, 158.3, 141.8, 137.6, 137.3, 136.8, 130.6, 129.2, 129.1, 128.1, 126.2, 123.3, 122.2, 120.3, 117.6, 113.8,
107.2, 69.0, 39.4, 29.5, 23.1.

IR (thin film): vmax (cm) = 2931, 1562, 1453, 1422, 1347, 1210, 1084, 1054, 952, 806, 740, 666, 640, 442.
HRMS (ESI) calcd for C22H100NsNa [M+Na]*: 364.1426. Found: 364.1423.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 24.11 min, tr (Major) = 30.97 min, ee > 99%. [a]3* = -506.5 (c = 1.0, CHCI3).
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(b) Synthesis of compound 5

Br + PhB(OH Ph
A (OH), N
O Pd,(dba)s, SPhos
i o, ~ 2 O
Na,CO
OH 2>~
@ Tol JEtOH/H,0 N)\{\l OH
=~ OMe N
cis-3ia, 0.1 mmol 5, 85% vyield, 99% ee
99% ee
PCy2
OMe
SPhos

A sealed tube was filled with argon. To this flask were added Pdzdbas (2.4 mg, 0.0025 mmol, 2.5 mol%), SPhos
(4.2 mg, 0.01 mmol, 10 mol%), cis-3ia (41.8 mg, 0.1 mmol, 1.0 equiv), PhB(OH)2z (24.4 mg, 0.2 mmol, 2.0 equiv),
Na2COs (5.3 mg, 0.05 mmol, 0.5 equiv) and toluene/EtOH/H20 (0.75 mL/0.25 mL/0.25 mL). The reaction was
sealed with Teflon plug and stirred at 80 °C for 6 h. After completion (monitored by TLC), the reaction was quenched
by saturated NH4Cl aqueous solution (15 mL), and then extracted with EtOAc (3 x 15 mL). The combined organic
fractions were dried over Na:SOu, filtered and concentrated by rotary evaporation. The residue was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 8/1 to 4/1) to afford 5.

5, 35.2 mg, 85% yield, pale yellow foam. *H NMR (400 MHz, CDCls) & 8.88 (d, J = 4.8 Hz, 2H), 8.19 (d, J = 8.8 Hz,
1H), 7.64 (d, J = 1.6 Hz, 1H), 7.60 (dt, J = 6.4, 1.2 Hz, 2H), 7.54-7.49 (m, 1H), 7.46 (dd, J = 8.8, 2.0 Hz, 1H), 7.41
(t, J=7.8 Hz, 2H), 7.33-7.27 (m, 4H), 7.22-7.18 (m, 1H), 6.68 (dd, J = 9.6, 1.6 Hz, 1H), 6.49 (s, 1H), 6.05 (dd, J =
9.6, 5.2 Hz, 1H), 5.65-5.57 (m, 1H), 5.41 (d, J = 7.2 Hz, 1H), 4.74 (ddd, J = 7.2, 5.2, 1.6 Hz, 1H). 3C NMR (100
MHz, CDCI3) & 158.4, 157.3, 142.0, 137.2, 136.6, 136.3, 135.5, 132.0, 129.6, 128.8, 128.6, 128.3, 127.9, 127.6,
127.3, 126.6, 125.9, 125.9, 122.7, 118.7, 117.6, 114.1, 109.4, 70.6, 38.8.

IR (thin film): vmax (cm1) = 3240, 1602, 1571, 1421, 1345, 1180.21, 1086, 1024, 791, 759, 695, 637, 579.

HRMS (ESI) calcd for C2sH210NsNa [M+Na]*: 438.1582. Found: 438.1586.

HPLC conditions: Chiralcel OD-H column (4.6 mm x 250 mm), hexane/i-PrOH, 80:20 v/v, flow rate = 1 mL/min, A
= 254 nm, 25 °C. tr (minor) = 15.21 min, tr (Major) = 25.83 min, ee > 99%. [a]33 = +229.83 (c = 1.0, CHCls).

(c) Attempts to remove the pyrimidine group of the ARO products.

HO
%
m"'" £ oM > O N\ QQ (1)
>

DMSO/CH,OH )\

N J—N
N \\) 60 °C, 10 h N\\)
cis-3aa, 98% ee 85% vyield
N7 N
HO >=N
% o%
NS e + EtONa
N » A\ I
)\ DMSO/CH;0H N )
/4 N o H
N\\) 60 °C, 10 h
4 >99% ee 8, 70% yield, > 99% ee

Eqg.1: A 10 mL sealed tube with a magnetic stir bar was charged with cis-3aa (33.9 mg, 0.1 mmol), NaOEt (20.4
mg, 0.3 mmol), MeOH (0.1 mL) and DMSO (0.3 mL). Then the reaction was sealed with Teflon plug and stirred at
60 °C for 10 h. After completion (monitored by TLC), the reaction was quenched by saturated NH4Cl agueous
solution (15 mL), and then extracted with EtOAc (3 x 15 mL). The combined organic fractions were dried over
Naz2S0s, filtered and concentrated by rotary evaporation. The residue was purified by column chromatography on
silica gel (petroleum ether/ethyl acetate = 20/1 to 10/1) to afford the aromatization product in 85% vyield (27.3 mg).
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'H NMR (400 MHz, CDClz) 8 8.67 (d, J = 4.8 Hz, 2H), 8.23 (d, J = 8.4 Hz, 1H), 7.96-7.89 (m, 1H), 7.86-7.78 (m,
2H), 7.74 (d, J = 8.4 Hz, 1H), 7.71 (d, J = 7.6 Hz, 1H)., 7.54-7.45 (m, 2H), 7.38-7.30 (m, 2H), 7.28-7.26 (m, 1H),
7.13 (t, J = 4.8 Hz, 1H), 6.95 (s, 1H). The analytical data are in accordance with those of the previous report.[13!

Eq.2: A 10 mL sealed tube with a magnetic stir bar was charged with 4 (34.1 mg, 0.1 mmol), NaOEt (20.4 mg, 0.3
mmol), MeOH (0.1 mL) and DMSO (0.3 mL). Then the reaction was sealed with Teflon plug and stirred at 60 °C
for 10 h. After completion (monitored by TLC), the reaction was quenched by saturated NH4Cl aqueous solution
(15 mL), and then extracted with EtOAc (3 x 15 mL). The combined organic fractions were dried over Na2SOa,
filtered and concentrated by rotary evaporation. The residue was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 15/1 to 6/1) to afford 8 in 70% yield (23.9 mg, pale foam).[*4

'H NMR (400 MHz, CDCIs) & 8.68 (s, 1H), 8.42 (d, J = 4.8 Hz, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.49 (d, J = 7.6 Hz,
1H), 7.31-7.26 (m, 1H), 7.25-7.18 (m, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.11-6.96 (m, 2H), 6.81 (t, J = 4.8 Hz, 1H), 6.67
(d, 3 =3.2 Hz, 1H), 6.35 (d, J = 2.0 Hz, 1H), 3.54 (dt, J = 12.4, 3.2 Hz, 1H), 3.16 (ddd, J = 17.2, 6.4, 3.2 Hz, 1H),
3.03 (ddd, J = 17.2, 10.8, 6.4 Hz, 1H), 2.75 (qd, J = 12.4, 6.4 Hz, 1H), 2.22-2.12 (m, 1H). *C NMR (100 MHz,
CDCls) 6 165.0, 159.3, 140.1, 137.1, 136.3, 134.8, 130.3, 129.3, 128.8, 128.1, 126.1, 121.2, 120.1, 119.5, 115.2,
110.8, 100.6, 74.9, 39.1, 28.8, 24.1.

IR (thin film): vmax (cmt) = 2961, 2924, 2852, 1572, 1456, 1416, 1309, 1041, 958, 800, 749, 693, 653, 636.
HRMS (ESI) calcd for C22H19N3sNaO [M+Na]*: 364.1426. Found: 364.1420.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 90:10 v/v, flow rate = 1 mL/min, A
=254 nm, 25 °C. tr (minor) = 10.82 min, tr (Major) = 12.80 min, ee > 99%. [a]3’ = -70.64 (c = 0.5, CHCls).
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1.4 Mechanistic experiments

(a) Deuterium-labeling experiments

H/D

3
N . N_—HD
N —— CpCovsCpCo —> N

. o

N\\) [Conditions 2-D  3-D  7-D |

= A: >95% 95% 95% =

1a 1a'-D
B: 83% 44% <5%

Conditions A: Cp*Co(CO)l,, CsOAc, TFE-D;, 50 °C;
B: (R,)-Co-7, NaOPiv, TFE-D5/HFIP-D, (v/v = 3:1), 50 °C.

Conditions A (racemic reaction):

A 10 mL sealed tube with a magnetic stir bar was charged with Cp*Co(CO)I2 (1.2 mg, 0.0025 mmol), CsOAc (3.0
mg, 0.015 mmol), 1a (10.0 mg, 0.05 mmol), TFE-Ds (0.3 mL) under argon atmosphere. The resulting mixture was
stirred at 50 °C for 18 h. Then, the mixture was cooled to room temperature and diluted with EtOAc (25 mL), and
filtered through a celite pad. The filter cake was washed with EtOAc (30 mL) and the combined filtrate was washed
with H20 and brine. The organic layer was dried over Na2SOs, filtered and concentrated. The deuterated ratio was

calculated based on *H NMR analysis of the crude mixture.
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Supplementary Fig. 1 'H NMR spectrum for deuterium—labeling experiment
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Conditions B (enantioselective reaction):

To a 10 mL sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (2.4 mg, 0.0025 mmol), NaOPiv-H20
(2.2 mg, 0.015 mmol), 1a (10.0 mg, 0.05 mmol), TFE-D3 (0.3 mL) and HFIP-D2 (0.1 mL) under argon atmosphere.
The resulting mixture was stirred at 50 °C for 18 h. Then, the mixture was cooled to room temperature and diluted
with EtOAc (25 mL), and filtered through a celite pad. The filter cake was washed with EtOAc (30 mL) and the
combined filtrate was washed with H20 and brine. The organic layer was dried over NazSOa, filtered and
concentrated. The deuterated ratio was calculated based on *H NMR analysis of the crude mixture.
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Supplementary Fig. 2 'H NMR spectrum for deuterium—labeling experiment
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(b) Intermolecular kinetic isotope effect of 2-pyrimidyl indole

Racemic reaction:

7N o)

N
2 ) Cp*Co(CO)l, A\ 6
or + /L N
CsOAc, TFE, 50 °C
- oy o
N 2a NQ trans-3aa

O

To a 10 mL sealed tube with a magnetic stir bar was charged with Cp*Co(CO)I2 (2.4 mg, 0.005 mmol), CsOAc (5.8
mg, 0.03 mmol), 1a or 1a-D (19.5 mg, 0.10 mmol), 2a (21.6 mg, 0.15 mmol) and TFE (0.5 mL) under argon
atmosphere. The resulting mixture was stirred at 50 °C. For each 30 min, 50 uL of the reaction mixture was
transferred to a short pad of silica gel and washed with ethyl acetate. The solvent was evaporated, and analyzed
by H NMR using dibromomethane as an internal standard. The KIE value (kn/kp) was calculated to be 1.3 based
on the initial reaction rates.

Initial rate of the reaction of 1a with 2a
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Supplementary Fig. 3 Initial rate of the reaction of 1a with 2a
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Enantioselective reaction:

Ne X o0
— m (R,)-Co-7, NaOPiv N Q
or + // )\
2

TFE/HFIP (v/v = 3:1), 50 °C N OH

C A
N 2a = cis-3aa

To a 10 mL sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (4.0 mg, 0.005 mmol), NaOPiv-H20
(4.4 mg, 0.03 mmol), 1a or 1a-D (19.5 mg, 0.10 mmol), 2a (21.6 mg, 0.15 mmol), TFE (0.3 mL) and HFIP (0.1 mL)
under argon atmosphere. The resulting mixture was stirred at 50 °C. For each 30 min, 50 pL of the reaction mixture
was transferred to a short pad of silica gel and washed with ethyl acetate. The solvent was evaporated, and
analyzed by 'H NMR using dibromomethane as an internal standard. The KIE value (kn/kp) was calculated to be
1.1 based on the initial reaction rates.

Initial rate of the reaction of 1a with 2a
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Supplementary Fig. 5 Initial rate of the reaction of 1a with 2a
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Supplementary Fig. 6 Initial rate of the reaction of 1a-D with 2a
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(c) °C KIE Determination
Reference reaction

A sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (20.0 mg, 0.025 mmol), NaOPiv-H20 (44.0 mg,
0.3 mmol), 1a (195.2 mg, 1.0 mmol), 2 (259.6 mg, 1.5 mmol), TFE (3.0 mL) and HFIP (1.0 mL) under argon
atmosphere. The mixture was stirred at 50 °C for 25 h. Then, the mixture was cooled to room temperature and
quenched by saturated NH4Cl aqueous solution (50 mL). The resulting mixture was extracted with ethyl acetate (3
x 25 mL). The combined organic phase was dried over anhydrous Na:SO4 and filtered. All the volatiles were
evaporated under reduced pressure. The remaining residue was purified by column chromatography on silica gel
(hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3aa (310.8 mg, 91% vyield). A sample of cis-3aa (150 mg) was
subjected to quantitative *C NMR analysis.

Low conversion reaction procedure

A sealed tube with a magnetic stir bar was charged with (Ra)-Co-7 (60.1 mg, 0.075 mmol), NaOPiv-H20 (127.9 mg,
0.9 mmol), 1a (585.6 mg, 3.0 mmol), 2a (648.9 mg, 4.5 mmol), TFE (9.0 mL) and HFIP (3.0 mL) under argon
atmosphere. The mixture was stirred at 50 °C. Then, the mixture was cooled to room temperature and quenched
by saturated NH4Cl aqueous solution (50 mL). The resulting mixture was extracted with ethyl acetate (3 x 25 mL).
The combined organic phase was dried over anhydrous Na2SQO4 and filtered. All the volatiles were evaporated
under reduced pressure. Two parallel experiments were performed at the conversions (of 1a) of 25% (for 2.3 h)
and 12% (for 1.0 h) monitored by 'H NMR. The remaining residues were purified by column chromatography on
silica gel (hexanes/ethyl acetate = 8:1 to 4:1) to afford cis-3aa. The samples of cis-3aa (120 mg) were subjected to
quantitative '3C NMR analysis.

NMR Measurements

Pure samples of cis-3aa were individually analyzed by '3C NMR spectroscopy, following the protocol of Singleton.
The ®C NMR spectra were acquired on a Bruker Avance |l 600 MHz spectrometer (150 MHz, CDCIs) at 28 °C with
inverse-gated decoupling and calibrated 211/9 pulses, collecting a total of 512k points. T1 values were determined
prior to the acquisitions, and delays of 120 s (120 s > 5 x T1) were utilized between pulses. Five independent
acquisitions were obtained for each sample (~19 h acquisition time). Each spectrum was manually integrated three
times with a Oth order baseline correction and phase correction.

Results

Carbon-13 KIEs (Kp) were determined from the analysis of the spectra of cis-3aa via quantitative measurements
of 13C peak intensities obtained from peak deconvolution and were calculated using the formulal®l shown below.
In(1—-F)

Rp
in(1-# (7))
Where F represents the fractional conversion of starting material to product and R represents the carbon peak

intensity ratios of the target carbon versus the reference carbon peak (C4 in all cases). Rp is the peak ratio for cis-
3aa at low conversion and Ro is the peak ratio for the fully converted cis-3aa.

p =

HO
C1=38.3 ppm
@ C2 =128.7 ppm
5 C3 =127.6 ppm
N % C4 =132.0 ppm
C5=136.4 ppm
7N

N~
) oisaa
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Supplementary Table 1. 3C Kinetic isotope effects sample 1. 25% conversion (F = 0.25)

Entry Carbon Ro Rp RrIR 3C KIE
1 3 104.5221 102.4338 0.9800205 1.023(5)
2 2 103.3009 102.4946 0.9921946 1.009(2)
3 1 100.4979 100.5780 1.0007970 0.999(1)
4 5 102.8170 102.6153 0.9980383 1.002(3)
5 4 100.0000 100.0000 1 1.000

Supplementary Table 2. 3C Kinetic isotope Effects sample 2. 12% conversion (F = 0.12)

Entry Carbon Ro Rp RrIRo BC KIE
1 3 104.5221 101.9446 0.9753401 1.027(0)
2 2 103.3009 101.8309 0.9857697 1.015(4)
3 1 100.4979 100.1539 0.9965770 1.003(7)
4 5 102.8170 102.6600 0.9984730 1.001(7)
5 4 100.0000 100.0000 1 1.000

Supplementary Table 3. '3C Kinetic isotope effects average of the 2 samples.

1.002(0)

1.000 (assumed)

\ 1.012(3) 1.025(3)
N7 ';l cis-3aa
S
Entry Carbon KIE 1 KIE 2 Average
1 3 1.023(5) 1.027(0) 1.025(3)
2 2 1.009(2) 1.015(4) 1.012(3)
3 1 0.999(1) 1.003(7) 1.001(4)
4 5 1.002(3) 1.001(7) 1.002(0)
5 4 1.000 1.000 1.000
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1.5 Control experiment

(a) Rh-based catalysts are not effective in the current ARO reactions of 7-oxabenzonorbornadienes

The reactions between 7-oxabenzonorbornadiene and indole were conducted under the optimized conditions of
Li's work (Conditions 1 and 2. Ref. Angew. Chem. Int. Ed. 2019, 58, 322-326). Cis-3aa was not detected, and la
and 2a were recovered. Besides, under our optimized conditions, when the Cp*Co was replaced by Cp*Rh
(Conditions 3), the reaction did not occur either. These results demonstrated that the cobalt catalysts exhibit unique
reactivity for ARO of 7-oxabenzonorbornadiene.

|
0 l j HO,
\ o )
N+ Y [coRh] 7 @
\ N

DG Conditions I\I)G
1a DG = /S,N 2a cis-3aa
NN ND
— 1a and 2a were recovered.
1 2 3

[Cp*Rh] (2.5 mol%) [Cp*Rh] (2.5 mol%) [Cp*Rh] (2.5 mol%)
AgSbFg (10 mol%) AgSbFg (10 mol%) NaOPiv (30 mol%)
Ag,SOy (1.5 equiv) AgOAc (2.0 equiv) TFE/HFIP (v/v = 3:1)
Toluene, 60 °C, 14 h Toluene, 60 °C, 14 h 50 °C, 18 h

Conditions 1: A 10 mL sealed tube with a magnetic stir bar was charged with 1a (78.1 mg, 0.40 mmol), 2a (28.8
mg, 0.20 mmol), [Cp*Rh] (7.6 mg, 0.005 mmol), AgSbFs (6.9 mg, 0.020 mmol), Ag2SO4 (93.5 mg, 0.30 mmol),
toluene (4.0 mL) under argon atmosphere. The resulting mixture was stirred at 60 °C for 14 h. Then, the mixture
was cooled to room temperature and diluted with EtOAc (25 mL), and filtered through a celite pad. The filter cake
was washed with EtOAc (30 mL) and the combined filtrate was washed with H20 and brine. The organic layer was
dried over Na2SO0s, filtered and concentrated. Then the crude mixture was subjected to *H NMR analysis. 1a and
2a were recovered by column chromatography on silica gel (petroleum ether/ethyl acetate = 50/1 to 20/1).

Conditions 2: A 10 mL sealed tube with a magnetic stir bar was charged with 1a (58.6 mg, 0.30 mmol), 2a (28.8
mg, 0.20 mmol), [Cp*Rh] (7.6 mg, 0.005 mmol), AgSbFs (6.9 mg, 0.020 mmol), AgOAc (66.8 mg, 0.40 mmol),
toluene (4.0 mL) under argon atmosphere. The resulting mixture was stirred at 60 °C for 14 h. Then, the mixture
was cooled to room temperature and diluted with EtOAc (25 mL), and filtered through a celite pad. The filter cake
was washed with EtOAc (30 mL) and the combined filtrate was washed with H2O and brine. The organic layer was
dried over Na2SOy, filtered and concentrated. TLC indicated that no reaction occurred.

Conditions 3: A sealed tube with a magnetic stir bar was charged with 1a (19.5 mg, 0.1 mmol), 2a (21.6 mg, 0.15
mmol), [Cp*Rh] (3.8 mg, 0.0025 mmol), NaOPiv-H20 (4.4 mg, 0.030 mmol), TFE (0.3 mL) and HFIP (0.1 mL) under
argon atmosphere. The mixture was stirred at 50 °C for 18 h. Afterwards, the mixture was cooled to room
temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture was extracted with
ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous NaSOas and filtered. TLC
indicated that no reaction occurred.
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(b) No post-coupling interconversion exits between the cis- and trans-products

The model reactions yielding cis-3aa and trans-3aa were conducted respectively (Supplementary Scheme 1a).
Then the cis-3aa and trans-3aa were isolated in high yields with good diastereoselectivity (cis-3aa, 98% yield, 95:5
dr; trans-3aa, 95% vyield, 90:10 dr). After that, cis-3aa or trans-3aa was tested under the conditions of trans
(conditions A) or cis (conditions B), respectively. In both cases, 3aa was mainly recovered with no change of their
dr ratios (Supplementary Scheme 1b and Figure S7).

HO,
R@ CondmonsB @n..
A@ Conditions A Co 7, NaOPiv N

TFE/HFlP 50°C,18h
Cp Co(CO)l,, CsOAc 7N

TFE, 50 °C, 18h N\\)\\
/S* \\)\ 1 pes 3
10G6= ) 2a N\_) cis-3aa
: 1 -
NZR rans-3aa — 98% yield, 95:5 dr

95% yield, 90:10 dr

HO, HO
©E> ' Conditions A ©E\>,... ©E\> ' Conditions B ©E\>,m
N N Co 7, NaOPiv N
/

Cp Co(CO)l,, CsOAc
TFE, 50 °C, 10 h TFE/HF\P 50°C,12h

>N P
\\) \ @
< <) - -
is-3aa. 95:5 d cis-3aa trans-3aa, 90:10 dr trans-3aa
cis-3aa, 95:5 dr 95% recovery, 95:5 dr 96% recovery, 90:10 dr

Supplementary Scheme 1. Control experiments, shown that no post-coupling interconversion exits between the
cis- and trans-products. Conditions A: Cp*Co(Co)l2 (0.005 mmol), CsOAc (0.03 mmol) in TFE (0.5 mL) at 50 °C for
10 h. Conditions B: (Ra)-Co-7 (0.005 mmol), NaOPiv-H20 (0.03 mmol) in TFE (0.3 mL) and HFIP (0.1 mL) at 50 °C
for 12 h.

Investigation of cis-3aa under Conditions A (Supplementary Scheme 1b, left): A sealed tube with a magnetic stir
bar was charged with cis-3aa (34.0 mg, 0.10 mmol), Cp"Co(Co)l2 (2.4 mg, 0.005 mmol), CsOAc (5.8 mg, 0.03
mmol), TFE (0.5 mL) under argon atmosphere. The mixture was stirred at 50 °C for 10 h. Afterwards, the mixture
was cooled to room temperature and quenched by saturated NH4Cl aqueous solution (20 mL). The resulting mixture
was extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried over anhydrous Na2SO4 and
filtered. Then the crude mixture was subjected to 'H NMR analysis. And cis-3aa was recovered by column
chromatography on silica gel (petroleum ether/ethyl acetate = 4/1).

Investigation of trans-3aa under Conditions B (Supplementary Scheme 1b, right): A sealed tube with a magnetic
stir bar was charged with trans-3aa (34.1 mg, 0.10 mmol), (Ra)-Co-7 (4.0 mg, 0.005 mmol), NaOPiv-H20 (4.4 mg,
0.03 mmol), TFE (0.3 mL) and HFIP (0.1 mL) under argon atmosphere. The mixture was stirred at 50 °C for 12 h.
Afterwards, the mixture was cooled to room temperature and quenched by saturated NH4Cl aqueous solution (20
mL). The resulting mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic phase was dried
over anhydrous Na2SO4 and filtered. Then the crude mixture was subjected to 'H NMR analysis. And trans-3aa
was recovered by column chromatography on silica gel (petroleum ether/ethyl acetate = 4/1).
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Supplementary Fig. 7 TH NMR spectra of the crude mixtures (control experiments). Conditions A: Cp*Co(Co)l2
(0.005 mmol), CsOAc (0.03 mmol) in TFE (0.5 mL) at 50 °C for 10 h. Conditions B: (Ra)-Co-7 (0.005 mmol),
NaOPiv-H20 (0.03 mmol) in TFE (0.3 mL) and HFIP (0.1 mL) at 50 °C for 12 h.
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1.6 X-Ray crystal structures

(a) X-ray crystal structure of trans-3da

Supplementary Fig. 8 The X-ray crystal structure of enantiopure trans-3da with thermal ellipsoids at the 30%

probability level (CCDC: 2164324).

Supplementary Table 4. Crystal data and structure refinement for mj21175_0m.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Absorption correction

Max. and min. transmission

Refinement method

mj21175_0m

C23 H1I9N3 O

353.41

173.01 K

1.34139 A

Monoclinic

Cl2cc1

a=26.557(3) A a=90°.
b = 7.0049(9) A B = 107.253(7)°.
c=20.726(3) A y = 90°.
3682.0(8) A3

8

1.275 Mg/m3

0.405 mm-1

1488

0.05 x 0.03 x 0.01 mm3

3.886 to 55.119°.

-32<=h<=32, -8<=k<=7, -25<=I<=20
15700

3519 [R(int) = 0.0893]

99.9 %

Semi-empirical from equivalents
0.7508 and 0.3677

Full-matrix least-squares on F2
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Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

3519/0/ 246

1.066

R1 =0.0841, wR2 = 0.2277
R1 =0.1280, wR2 = 0.2665
n/a

0.505 and -0.278 e.A-3
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(b) X-ray crystal structure of enantiopure cis-3da

Supplementary Fig. 9 The X-ray crystal structure of enantiopure cis-3da with thermal ellipsoids at the 30%
probability level (CCDC: 2164323).

Supplementary Table 5. Crystal data and structure refinement for mj21150_0m.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

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

mj21150_0m

C23 H1I9N3 O

35341

173.01 K

1.34139 A

Orthorhombic

P212124

a=17.0927(2) A a=90°.
b =13.5847(3) A B =90°.
c = 18.5402(5) A y = 90°.
1786.39(8) A3

4

1.314 Mg/m3

0.418 mm-!

744

0.1 x 0.08 x 0.05 mm3

5.025 to 55.035°.

-8<=h<=7, -16<=k<=16, -22<=|<=22
20323

3404 [R(int) = 0.0540]

99.4 %

Semi-empirical from equivalents
0.7508 and 0.5671

Full-matrix least-squares on F2
3404 /0 /246

1.052

R1 = 0.0304, wR2 = 0.0760
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R indices (all data) R1 =0.0315, wR2 = 0.0769

Absolute structure parameter 0.06(12)
Extinction coefficient n/a
Largest diff. peak and hole 0.122 and -0.152 e.A3
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(c) X-ray crystal structure of enantiopure trans-7ab’

BocHN‘ TsHNi
A O (1) HCI (4M in dioxane) A O
Q rt., overnight
Me N > Me N
N N

N\/\) (2) DMAP, Et3N, TsCl, DCM N\/\)

trans-Tab, > 99% ee trans-7Tab' (CCDC: 2208797)
88% yield over two steps
>99% ee

Conditions 1: A 4 mL vial with a magnetic stir bar was charged with trans-7ab (49.2 mg, 95:5 dr, >99% ee, 0.11
mmol) and HCI (2.0 mL, 4 mol/L in dioxane). The resulting mixture was stirred at room temperature for overnight.
The reaction mixture was quenched by saturated Na.COs aqueous solution (30 mL). The resulting mixture was
extracted with DCM (3 x 15 mL). The combined organic phase was dried over anhydrous Na2SOa, filtered and
concentrated, giving the amine as white solid used in the next step without further purification.

Conditions 2: A 10 mL round-bottomed flask with a magnetic stir bar was charged with aforementioned amine (35.2
mg), p-toluenesulfonyl chloride (TsCl, 22.9 mg, 0.12 mmol), EtsN (83 pL, 0.60 mmol), DMAP (12.0 mg, 0.10 mmol)
and DCM (2.0 mL). The resulting mixture was stirred at room temperature for 12 h. After the reaction was complete,
the solvent was removed by a rotary evaporator. The residue was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate = 8/1 to 4/1) to afford trans-7ab’ (45.6 mg, 88% yield over two steps).

trans-7ab’, white solid. *H NMR (400 MHz, CDClz) & 8.89 (d, J = 4.8 Hz, 2H), 8.06 (d, J = 6.4 Hz, 1H), 7.83 (s, 1H),
7.72 (d, J =7.2 Hz, 1H), 7.28 (t, J = 5.2 Hz, 2H), 7.26-7.23 (m, 1H), 7.19 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.0 Hz,
1H), 7.10-7.04 (m, 1H), 6.99 (d, J = 8.0 Hz, 1H), 6.57 (d, J = 8.0 Hz, 2H), 6.50 (dd, J = 9.6, 2.4 Hz, 1H), 6.16 (s,
1H), 5.88 (dd, J = 9.6, 2.8 Hz, 1H), 4.78 (dd, J = 12.0, 6.4 Hz, 1H), 4.49 (dt, J = 12.0, 2.8 Hz, 1H), 2.50 (s, 3H),
2.12 (s, 3H). **C NMR (100 MHz, CDCls) & 158.8, 157.1, 142.4, 139.6, 137.2, 136.7, 135.7, 133.1, 132.9, 131.2,
129.0, 128.3, 128.0, 127.97, 127.3, 127.1, 126.3, 126.1, 123.8, 120.1, 117.9, 113.4, 107.4, 59.7, 39.1, 22.2, 21.7.
IR (thin film): vmax (cmt) = 2955, 2919, 2850, 1732, 1645, 1564, 1486, 1425, 1379, 1332, 1261, 1185, 1155, 1118,
1092, 1021, 955, 915, 872, 809, 758, 725, 697, 663.

HRMS (ESI) calcd for C3oH2602N4sSNa [M+Na]*: 529.1674. Found: 529.1663.

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 70:30 v/v, flow rate = 1.0 mL/min,
A =254 nm, 25 °C. tr (major) = 10.35 min, tr (Minor) = 14.45 min, ee > 99%. [a]33 = -97.1 (c = 0.1, CHCls).

Supplementary Fig. 10 The X-ray crystal structure of enantiopure trans-7ab’ with thermal ellipsoids at the 30%
probability level (CCDC: 2208797).

Supplementary Table 6. Crystal data and structure refinement for mj22376_0m.
Identification code mj22376_0m
Empirical formula C30H26 N4 O2 S
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Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

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

R indices (all data)

Absolute structure parameter

Extinction coefficient

506.61
213.00 K
1.34139 A
Monoclinic
P1211

a=10.7690(3) A a= 90°.
b=12.6152(3) A b= 118.946(2)°.
c=11.0758(3) A g =90°.

1316.71(6) A3

2

1.278 Mg/m3

0.888 mm-1

532

0.07 x 0.07 x 0.05 mm3
4.090 to 55.015°.

-12<=h<=13, -15<=k<=15, -13<=I<=13

19336

4984 [R(int) = 0.0595]

99.7 %

Semi-empirical from equivalents
0.7508 and 0.5495

Full-matrix least-squares on F2
4984 /1 /336

1.042

R1 = 0.0506, wR2 = 0.1222
R1 =0.0756, wR2 = 0.1360
0.044(13)

n/a

Largest diff. peak and hole 0.639 and -0.376 e.A-3
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1.7 Absolute configuration of cis-7

(a) Reported results (Ref. [12], Angew. Chem. Int. Ed. 2019, 58, 322-326).

NTs

JO R
Meo” > %
DG
:ﬁ_N
pG= )N

N

(R,)-Rh (2.5 mol%)
AgSbFg (10 mol%)

TsHN
W O0-C
MeQO

Ag,SO, (1.5 equiv)
DCT, 60 °C, 14 h

72% yleld, 95/5 eur.

(Ra)-Rh

(CCDC 1872385)

In Ref. [12], HPLC conditions: Chiralcel AD—H, hexane/i-PrOH, 70:30 v/v, flow rate = 1.0 mL/min, A = 254 nm,
40 °C. tr (minor) = 10.43 min, tr (Major) = 12.73 min, ee = 90%. [a]Z’ = -98.07 (c = 0.2, CH2Cl).

(b) Conditions in this work for the synthesis of cis-7gb.

)-Co-4 (10 mol%) TsHN
AngFG (20 mol%)
MeO A@ n(OAC), (50 mol%) O N
TFE, 80 °C, 48 h TrE. 80 °C, 481 M0
N\_)

cis-7gb, 27.2 mg, 52% vyield, pale yellow foam. *H NMR (400 MHz, CDClz) 8.74 (d, J=4.8 Hz, 2H), 7.88 (d, J = 2.4
Hz, 1H), 7.43 (d, J = 7.2 Hz, 1H), 7.32-7.21 (m, 5H), 7.19-7.10 (m, 2H), 6.85 (dd, J = 8.4, 2.4 Hz, 1H), 6.67 (d, J =
8.0 Hz, 2H), 6.61 (dd, J = 9.6, 2.4 Hz, 1H), 6.35 (s, 1H), 6.11 (dd, J = 9.6, 3.6 Hz, 1H), 5.41 (d, J = 8.8 Hz, 1H),
5.11 (dd, J = 8.8, 6.0 Hz, 1H), 4.82 (dt, J = 5.6, 2.8 Hz, 1H), 3.89 (s, 3H), 2.14 (s, 3H). The analytical data is in
accordance with the previous report.[2

HPLC conditions: Chiralcel AD—H column (4.6 mm x 250 mm), hexane/i-PrOH, 70:30 v/v, flow rate = 1.0 mL/min,

A =254 nm, 25 °C. tr (major) = 12.31 min, tr (Minor) = 16.44 min, ee = 91%. [a]3® = +97.5 (¢ = 0.2, CH2Cl).

1g DG= c:s-7gb, 52% yield

91% ee, 18:1 dr
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1.8 Computational calculations

Computational methods.

All the computational works were performed with Gaussian16® or ORCA 4.1.0 packages.® DFT calculations were
carried out using the B3LYP-D3(BJ) functional® including the D3 version of Grimme’s empirical dispersion
correction with Becke—Johnson damping.[”l The def2-SVP basis setsl® were applied for all atoms. Optimizations
were conducted without any constraint in gas phase. Frequency analyses were carried out to confirm each structure
being a minimum (no imaginary frequency) or a transition state (only one imaginary frequency). Single-point
calculations with RI-PWPB95-D3(BJ) method and def2-TZVPP basis sets (with auxiliary basis sets def2-
TZVPP/CP and def2/JK0) were performed using the geometries obtained at the B3LYP-D3(BJ)/def2-SVP level of
theory. The calculated structures were visualized with VMD 1.9.3.[11]

Reaction pathway involving chiral CpCo catalyst. The reaction of N-pyrimidinylindole (1a) and 7-
oxabenzonorbornadiene (2a) catalyzed by the chiral CpCo complex with pivalate anion was considered (Figure
S12). The cationic Co-complex with 1a was set as zero-point of the potential energy surface (INT-0, 0.0 kcal/mol).
In this complex, 1a was coordinated to the Co center with the nitrogen atom of the pyrimidine moiety. The indole
C-H cleavage proceeded via a well-recognized six-membered-ring concerted metallation deprotonation (CMD)
transition state TS-1 (8.8 kcal/mol). The Co—C bond formation [B(Co-C) = 2.03 A] and the concomitant proton
transfer to the ligated pivalate anion [B(C1-H) = 1.24 A and B(O2-H) = 1.41 A] gave rise to the cyclometallated
intermediate INT-1 (-3.9 kcal/mol). Then, the pivalic acid was replaced by 2a, leading to intermediate INT-2 (0.5
kcal/mol) in which a hydrogen bond was formed between the pivalic acid and the oxygen atom of 2a. Subsequently,
the migratory insertion of the Co—C bond into the olefin moiety of 2a proceeded via transition state TS-2 (6.4
kcal/mol), which vyielded intermediate INT-3 (2.6 kcal/mol). The following B-oxygen elimination was the
enantioselectivity and diastereoselectivity-determining step of the whole reaction. Among the transition states
leading to all possible isomers (Figure S12), the one corresponding to the generation of (1S,2R)-cis-3aa was
energetically the most favorable [TS-cis-SR, 13.7 kcal/mol, named as TS-cis-SR in the main text], which well
reproduced the predominate formation of this isomer experimentally. Notably, its energy was much higher than
those of TS-1 and TS-2, thus making the previous C—H cleavage and olefin insertion steps reversible, which was
consistent with the deuterium-labelling experiment. Meanwhile, this C=C and Co—-O bond-formation process was
highly exergonic, leading to INT-4 with rather low energy (-22.1 kcal/mol) and the irreversibly established of the
chirality of product. On the contrary, the transition state leading to the opposite enantiomer (1R,2S)-cis-3aa was
also located [TS-3-cis-RS, 21.8 kcal/mol, named as TS-cis-RS in the main text], whose energy was much higher
than that of TS-3-cis-SR by 8.1 kcal/mol. Stronger steric repulsion was observed for TS-3-cis-RS, which was
exemplified by short H-H distances (less than 2.20 A) between 7-oxabenzonorbornadiene and the tert-butyl group
of the catalyst. On the other hand, the energies of the transition states for the formation of the other
diastereoisomers of the products (trans-3aa) are even higher [TS-3-trans-RR, 21.5 kcal/mol and TS-3-trans-SS,
22.3 kcal/mol]. Higher degree of charge separation was observed in these two transition states compared with
those in TS-cis-SR and TS-3-cis-RS because the Co-O interaction was absence in TS-3-trans-RR and TS-3-
trans-SS.
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Supplementary Fig. 11 The profile of the alternative reaction pathway involving chiral CpCo catalyst calculated at
the PWPB95-D3(BJ)/def2-TZVPP (SMD, TFE)//B3LYP-D3(BJ)/def2-SVP (gas) level of theory. The relative Gibbs
free energies (AGso) are in kcal/mol. The distances of forming/cleaving bonds are in A.

TS-3-cis-SR TS-3-cis-RS
13.7 kcal/mol 21.8 kcal/mol

TS-3-trans-RR TS-3-trans-SS
21.5 kcal/mol 22.3 kcal/mol

Supplementary Fig. 12 Optimized structures of key (3-oxygen elimination transition states. Calculated at the
PWPB95-D3(BJ)/def2-TZVPP (SMD, TFE)//B3LYP-D3(BJ)/def2-SVP (gas) level of theory. The cyclopentadienyl
ligands are presented in the van der Waals model. The cobalt center and the substrates are shown in the ball-and-
stick model. The relative Gibbs free energies (AGsa) are represented in kcal/mol. The bond distances are presented

in A.

Reaction pathway involving Cp*Co(CO)I, as the catalyst. When Cp*Co(CO)Il2 was employed as the catalyst,
racemic trans-3aa became the major product (10:90 trans/cis, entryl in Table 1 in the main text). The energy profile
for the reaction between la and 2a catalyzed by the Cp*Co catalyst was considered (Figure S13). Starting from
complex INT-0°(0.0 kcal/mol), the C—H activation of 1a proceeded via transition state TS-1' (12.8 kcal/mol) in which
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an acetate anion worked as the internal base [B(C1-H) = 1.24 A and B(O1-H) = 1.39 A], leading to cyclometallated
complex INT-1" (2.6 kcal/mol). The formed acetic acid was next replaced by 2a via endo- or exo-coordination to
yield intermediates INT-2'-trans (10.5 kcal/mol) or INT-2'-cis (-1.4 kcal/mol). In both cases, a hydrogen bond was
formed between the acetic acid and 2a. Migratory insertion of C—Co bond into the olefin moiety of 2a proceeded
via transition states TS-2'-trans (19.3 kcal/mol) or TS-2'-cis (8.8 kcal/mol) in which the Co center was located in
the opposite or the same side of the oxygen bridge in 2a. It should be mentioned that the Cp* ligand is sterically
less hindered compared with the chiral Cp ligand used in the enantioselective reaction. Thus, an additional acetate
anion could coordinate to the Co center in the following anti-3-oxygen elimination transition state [TS-3'-trans, 19.4
kcal/mol, named as TS-trans-rac in the main text] from intermediate INT-4'-trans (2.2 kcal/mol). This stabilizing
effect made TS-3'-trans energetically more favorable than the transition state of cis-B-oxygen elimination [TS-3'-
cis, 22.6 kcal/mol, named as TS-cis-rac in the main text]. Finally, trans-3aa was released from intermediate INT-
5'-trans (-5.5 kcal/mol).

B (C1-C2)=1.46 £ Gan

N in keal/mol
Me Me\;ﬁ?z”’e B (Co-C1)=1.98 \/”
™
0’( B (Co-C3)=2.02

-Co, B (C2-C3)=1.43

A B (C1-C2)=2.06 TS-3'cis
N 1
Me

° B (Co-C1)=2.00
B (Co-03)=2.02
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e
© N /:\ B (Co-C1)=2.06 '1;;”"5 OYME M \S#Me
- - Me Me ~
/L )*N/ ::g;:Hig © O 2 A do 020 B (Co-C1)=204
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0 Me Me B (C1-C2)=2.05 : J INT-5'-trans
Me Me- Me 55 p
Me. Me Lo INT-2'-cis Me Q
Me- Me Mo O Nj\\ 1.4 Me Me Q NN
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W OH ---Co—0._0
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Me H
J )
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Supplementary Fig. 13 The profile of the alternative reaction pathway involving Cp*Co(CO)I2 catalyst calculated
at the PWPB95-D3(BJ)/def2-TZVPP (SMD, TFE)//B3LYP-D3(BJ)/def2-SVP (gas) level of theory. The relative
Gibbs free energies (AGsa) are in kcal/mol. The distances of forming/cleaving bonds are in A.
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1.9 Copies of NMR spectra

Supplementary Fig. 14 'H NMR Spectrum of trans-3aa
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Supplementary Fig. 15 13C NMR Spectrum of trans-3aa
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Supplementary Fig. 16 'H NMR Spectrum of cis-3aa
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Supplementary Fig. 17 3C NMR Spectrum of cis-3aa
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Supplementary Fig. 18 H NMR Spectrum of cis-3ba
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Supplementary Fig. 19 '3C NMR Spectrum of cis-3ba
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Supplementary Fig. 20 'H NMR Spectrum of cis-3ca
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Supplementary Fig. 21 3C NMR Spectrum of cis-3ca
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Supplementary Fig. 22 'H NMR Spectrum of cis-3da
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Supplementary Fig. 23 13C NMR Spectrum of cis-3da
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Supplementary Fig. 24 'H NMR Spectrum of cis-3ea
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Supplementary Fig. 25 3C NMR Spectrum of cis-3ea
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Supplementary Fig. 26 'H NMR Spectrum of cis-3fa
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Supplementary Fig. 27 13C NMR Spectrum of cis-3fa
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Supplementary Fig. 28 'H NMR Spectrum of cis-3ga
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Supplementary Fig. 29 13C NMR Spectrum of cis-3ga
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Supplementary Fig. 30 'H NMR Spectrum of cis-3ha
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Supplementary Fig. 31 13C NMR Spectrum of cis-3ha
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Supplementary Fig. 32 'H NMR Spectrum of cis-3ia
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Supplementary Fig. 33 13C NMR Spectrum of cis-3ia
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Supplementary Fig. 34 'H NMR Spectrum of cis-3ja
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Supplementary Fig. 35 3C NMR Spectrum of cis-3ja
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Supplementary Fig. 36 'H NMR Spectrum of cis-3ka
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Supplementary Fig. 37 13C NMR Spectrum of cis-3ka
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Supplementary Fig. 38 'H NMR Spectrum of cis-3la
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Supplementary Fig. 39 13C NMR Spectrum of cis-3la
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Supplementary Fig. 40 °F NMR Spectrum of cis-3la
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Supplementary Fig. 41 'H NMR Spectrum of cis-3ma
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Supplementary Fig. 42 13C NMR Spectrum of cis-3ma
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Supplementary Fig. 43 1°F NMR Spectrum of cis-3ma
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Supplementary Fig. 44 'H NMR Spectrum of cis-3na
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Supplementary Fig. 45 13C NMR Spectrum of cis-3na
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Supplementary Fig. 46 H NMR Spectrum of cis-30a
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Supplementary Fig. 47 13C NMR Spectrum of cis-30a
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Supplementary Fig. 48 H NMR Spectrum of cis-3pa
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Supplementary Fig. 49 13C NMR Spectrum of cis-3pa
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Supplementary Fig. 50 'H NMR Spectrum of cis-3ga
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Supplementary Fig. 51 13C NMR Spectrum of cis-3ga
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Supplementary Fig. 52 'H NMR Spectrum of cis-3ra
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Supplementary Fig. 53 13C NMR Spectrum of cis-3ra

E i
§ A
E i
B
§ i
E i
< 156,405
= | 153.800
S - 153.673
5 - 153,640
& 1 146,400
~ - <:145. 182
= 137,162
= iy 136,878
o — 136.061
- 1 132.143
5 —- 129,020
o 128.842
S - 128,302
ga’ —- 128,000
= 127,985
CR 126,392
126,255
- 123,308
122,329
o 120,456
113,379
o S 108772
= 70,428
@
e
£ - L 39,226
g .
o
E -
= =
i
L
hoooo® o e @ o@m = o o n o mom m oo
2 s 3 35 & 2 2 g8 =2 2 =2 2 8 =2 g

S80



10000

—-142.01

3000

700D

=50 00

=40 00

=3000

~2000

1000

1000

Supplementary Fig. 54 °F NMR Spectrum of cis-3ra

U | LU L R B B BN B AN B N DL RN BN BN AL RN B SR RN B LA L EENLA B L BN B SR R
40 20 0 -20 -40 -50 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260
f1 (ppm)

S81



Supplementary Fig. 55 'H NMR Spectrum of cis-3sa
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Supplementary Fig. 56 13C NMR Spectrum of cis-3sa
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Supplementary Fig. 57 'H NMR Spectrum of cis-3ta
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Supplementary Fig. 58 13C NMR Spectrum of cis-3ta
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Supplementary Fig. 59 'H NMR Spectrum of cis-3ua
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Supplementary Fig. 60 13C NMR Spectrum of cis-3ua
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Supplementary Fig. 61 'H NMR Spectrum of cis-3va
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Supplementary Fig. 62 3C NMR Spectrum of cis-3va
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Supplementary Fig. 63 'H NMR Spectrum of cis-3wa
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Supplementary Fig. 64 13C NMR Spectrum of cis-3wa
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Supplementary Fig. 65 'H NMR Spectrum of cis-3ab
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Supplementary Fig. 66 13C NMR Spectrum of cis-3ab
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Supplementary Fig. 67 'H NMR Spectrum of cis-3ac
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Supplementary Fig. 68 13C NMR Spectrum of cis-3ac
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Supplementary Fig. 69 'H NMR Spectrum of cis-3ad
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Supplementary Fig. 70 13C NMR Spectrum of cis-3ad
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Supplementary Fig. 71 °*F NMR Spectrum of cis-3ad

zy-03-102-1-F19. 10. fid

_~-138.56
~-141.24

,
-40

T
-60

T
-80

T
-100
f1 (ppm)

,
-120

-140

,
-160

T
-180

200

T
-220

T
-240

-2

60

-2

T
80

S98



Supplementary Fig. 72 'H NMR Spectrum of cis-3ae
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Supplementary Fig. 73 13C NMR Spectrum of cis-3ae
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Supplementary Fig. 74 'H NMR Spectrum of cis-3af
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Supplementary Fig. 75 3C NMR Spectrum of cis-3af

§‘
2" i
%_ 3
gl 1
- b
5 - i ~ <158.37
- 158.14
= = 15122
@ | 14978
_ 139.54
&7 — 5137.41
. £129.25
2 —- 128.99
L —125.05
i 12329
o E 122.52
o= — 122.21
gs . 121.19
= ‘ 120.30
S 117.50
. * 114.13
S : 111.42
1 111.32
R ' 108.98
E _~62.69
2 ; [36:58
— 56.37
= - —41.45
v | 2 - —56.58
- g - —56.37
= 8
B S S N
o S o S =] 2
& ° 8 3z 9z 8 % £ & 5 & 28 @ g8 8 2

S102



Supplementary Fig. 76 'H NMR Spectrum of cis-3ag

2.
=
=N
=
©
[d=]
= 878
. {876
- — <a38
o
=
7.63
- — 7.63
. S 7.62
- | — 7.61
= — 7.31
o 7.29
in 7.29
o | 103 - 332
2 .
7.27
o 7.26
o107 - 7.24
5211005 - — 1%
- | 7.18
o 7.17
- 7.17
- 7.16
. 7.16
n 7.08
7.06
o 7.03
7.01
- 308 6.91
[ - ‘ o
e 6.87
. 6.14
tn 6.14
. 6.13
- 6,12
6,11
e 6.11
5,26
= L 5,25
| 5.24
L 4,92
o 4,92
0 491
= 12,37
I T T T T T T T 7 T T T -2'35
o S @ = 5 & 5 @ @ 5 5 & o &
=] =1 =] (=1 =] =] =] =1 [=] =]

S103



Supplementary Fig. 77 13C NMR Spectrum of cis-3ag
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Supplementary Fig. 78 'H NMR Spectrum of cis-3ah
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Supplementary Fig. 79 13C NMR Spectrum of cis-3ah
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Supplementary Fig. 80 'H NMR Spectrum of cis-3ai
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Supplementary Fig. 81 13C NMR Spectrum of cis-3ai
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Supplementary Fig. 82 1D-nosey NMR Spectra for cis-3ai
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Supplementary Fig. 83 'H NMR Spectrum of cis-3ai’
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Supplementary Fig. 84 13C NMR Spectrum of cis-3ai’
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Supplementary Fig. 85 1D-nosey NMR Spectra for cis-3ai’
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Supplementary Fig. 86 'H NMR Spectrum of cis-7aa
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Supplementary Fig. 87 13C NMR Spectrum of cis-7aa
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Supplementary Fig. 88 TH NMR Spectrum of cis-7ab
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Supplementary Fig. 89 13C NMR Spectrum of cis-7ab
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Supplementary Fig. 90 'H NMR Spectrum of cis-7ac
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Supplementary Fig. 91 13C NMR Spectrum of cis-7ac
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Supplementary Fig. 92 'H NMR Spectrum of cis-7ad
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Supplementary Fig. 93 13C NMR Spectrum of cis-7ad
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Supplementary Fig. 94 'H NMR Spectrum of cis-7ae
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Supplementary Fig. 95 13C NMR Spectrum of cis-7ae

(mdd) 11

0ET 0ET 0% 13 08T OLT 08T 06T (1 [1] S | A 0EE
i i i i L i [ i i i i [

01l
1

aog

1
158,48
158,28
155,23,
151, 1%
151,05,
{150.95
150,92
148,65
148,57
148,52

148.44
137.70
137.16
132,40
132,35
132,32
131.22
129,90
129,85
12581
128,98

126,20
5]23.3?
412218

-

B ST
—

120,16
117.52
115,99
L115.81
F115.34
F115.17

F114.43
L107.55

—75.77

—50.95

—37.89
29.85
528.30

0001

0002~

0008~

000F+

S122

[

0009+

0001

0008~

0006~



Supplementary Fig. 96 1°F NMR Spectrum of cis-7ae
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Supplementary Fig. 97 'H NMR Spectrum of cis-7af
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Supplementary Fig. 98 'H NMR Spectrum of trans-7aa.
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Supplementary Fig. 99 13C NMR Spectrum of trans-7aa
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Supplementary Fig. 100 'H NMR Spectrum of trans-7ab
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Supplementary Fig. 101 3C NMR Spectrum of trans-7ab
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Supplementary Fig. 102 'H NMR Spectrum of trans-7ab‘*
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Supplementary Fig. 103 3C NMR Spectrum of trans-7ab‘
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Supplementary Fig. 104 'H NMR Spectrum of trans-7ac

ey o
5 ()
.
= X =z Z
@ e
e . 8,83
200 b—- — {532
. .
8.13
@ | 1049 == <g11
’ .
7.54
<] M0 L — 7.29
w119 25
3":”% . = 7.27
=103 :
= 7.26
o | 1114 = S 7.24
e 1,041 - — ;%;
1.03 . -
o I : 721
o 7.20
o | 7.15
gm IDD—I = o, 7-14
V_u. 10041 E ~ 7.13
= 105 — 6.67
- | 6.65
o 6,39
. 6.11
=] L6, 10
6,09
n 6.08
5,37
o 5,35
5.21
o 5,20
o 5,18
. 4,92
& L4.91
~ L4.89
“ 0044 —
:_
s
(=]
o L
4
Lo ° 2 03 8 &£ 2 g 2 & 8 =2 £ g oL o& o &0o05 5
§ = = = = = = = = = § § § g § § § §

S131



Supplementary Fig. 105 3C NMR Spectrum of trans-7ac
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Supplementary Fig. 106 'H NMR Spectrum of trans-7ad
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Supplementary Fig. 107 3C NMR Spectrum of trans-7ad
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Supplementary Fig. 108 'H NMR Spectrum of trans-7ae
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Supplementary Fig. 109 3C NMR Spectrum of trans-7ae
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Supplementary Fig. 110 ®F NMR Spectrum of trans-7ae
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Supplementary Fig. 111 *H NMR Spectrum of trans-7af
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Supplementary Fig. 112 3C NMR Spectrum of trans-7af
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Supplementary Fig. 113 'H NMR Spectrum of 4
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Supplementary Fig. 114 3C NMR Spectrum of 4
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Supplementary Fig. 115 'H NMR Spectrum of 5
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Supplementary Fig. 116 3C NMR Spectrum of 5

[

N
E_
g_
g_
E_
E_
Z S -158.42
B 157,27
b - 141,98
[137.18
- - 136.57
= _ 136.28
. - 135,54
= — 131,99
= 129.63
o - 128,75
“‘ —- 128.63
e — 128.26
=S —- 127.92
) 127.57
S 127.27
126,56
o | 1125.94
- 125,91
i ! 122,71
Ch 118,72
! L117.60
2 - — 1114.08
“109.43
2 70.59
2 - i
B
£ - | . 38,82
g— -
g_
Ch ]
(=N F
I k-
L
L 2 8 =2 & @ 2 2 g © =2 Z B Z ¥ 5 5
g (=1 (=1 (=1 = = (=1 (=1 (=1 (=1 g g g g g g g

S143



Supplementary Fig. 117 'H NMR Spectrum of 8
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Supplementary Fig

. 118 'H NMR Spectrum of 8
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1.10 Copies of HPLC chromatograms

Supplementary Fig. 119 HPLC analysis of cis-3aa

0
N

2-pyr\n OH
3aa
0.25-
0.20]
' 2
N © ~
0.157 S 2
1 by o
- ] -
< 0.10]
0.05—: Eg) %
o ™~
0.0 :
0.00 2.00 400 600 8.00 1000 1200 1400 1600 1800 2000 2200  24.00
Minutes
RT Area | % Area| Height
1112.528 | 164511 1.70| 7621
2(16.383 [ 4669008 | 48.33|121259
3[17.839| 167370 1.73 4703
4119.737 [ 4659366 | 48.23 | 106898
1.407
J (s
4 (o]
1.20 @©
] (o]
1.007
_, 0.80
<
0.60
0.401
1 & o r~
0207 o ¢ 3
] ~ ° &
OOD 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
0.00 2.00 4.00 5.00 8.00 10.00  12.00 1400  16.00  18.00  20.00 2200  24.00
Minutes
RT Area % Area| Height
11]12.557 | 1789953 3.67 76744
2116.492 239879 0.49 6756
3117.897 401542 0.82 10984
4119.893 146301329 95.01| 1049900

S146




Supplementary Fig. 120 HPLC analysis of cis-3ba
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Supplementary Fig. 121 HPLC analysis of cis-3ca
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Supplementary Fig. 122 HPLC analysis of cis-3da
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Supplementary Fig. 123 HPLC analysis of cis-3ea
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Supplementary Fig. 124 HPLC analysis of cis-3fa
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Supplementary Fig. 125 HPLC analysis of cis-3ga
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Supplementary Fig. 126 HPLC analysis of cis-3ha
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Supplementary Fig. 127 HPLC analysis of cis-3ia
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Supplementary Fig. 128 HPLC analysis of cis-3ja
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Supplementary Fig. 129 HPLC analysis of cis-3ka
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Supplementary Fig. 130 HPLC analysis of cis-3la
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Supplementary Fig. 131 HPLC analysis of cis-3ma
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Supplementary Fig. 132 HPLC analysis of cis-3na
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Supplementary Fig. 133 HPLC analysis of cis-30a
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Supplementary Fig. 134 HPLC analysis of cis-3pa
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Supplementary Fig. 135 HPLC analysis of cis-3qa
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Supplementary Fig. 136 HPLC analysis of cis-3ra
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Supplementary Fig. 137 HPLC analysis of cis-3sa
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Supplementary Fig. 138 HPLC analysis of cis-3ta
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Supplementary Fig. 139 HPLC analysis of cis-3ua
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Supplementary Fig. 140 HPLC analysis of cis-3va
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Supplementary Fig. 141 HPLC analysis of cis-3wa
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Supplementary Fig. 142 HPLC analysis of cis-3ab
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Supplementary Fig. 143 HPLC analysis of cis-3ac
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Supplementary Fig. 144 HPLC analysis of cis-3ad
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Supplementary Fig. 145 HPLC analysis of cis-3ae
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Supplementary Fig. 146 HPLC analysis of cis-3af
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Supplementary Fig. 147 HPLC analysis of cis-3ag
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Supplementary Fig. 148 HPLC analysis of cis-3ah
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Supplementary Fig. 149 HPLC analysis of cis-3ali
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Supplementary Fig. 150 HPLC analysis of cis-3ai
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Supplementary Fig. 151 HPLC analysis of cis-7aa
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Supplementary Fig. 152 HPLC analysis of cis-7ab
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Supplementary Fig. 153 HPLC analysis of cis-7ac
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Supplementary Fig. 154 HPLC analysis of cis-7ad
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Supplementary Fig. 155 HPLC analysis of cis-7ae
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Supplementary Fig. 156 HPLC analysis of cis-7af
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Supplementary Fig. 157 HPLC analysis of trans-7aa
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Supplementary Fig. 158 HPLC analysis of trans-7ab
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Supplementary Fig. 159 HPLC analysis of trans-7ab“
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Supplementary Fig. 160 HPLC analysis of trans-7ac
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Supplementary Fig. 161 HPLC analysis of trans-7ad
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Supplementary Fig. 162 HPLC analysis of trans-7ae
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Supplementary Fig. 163 HPLC analysis of trans-7af
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Supplementary Fig. 164 HPLC analysis of 4
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Supplementary Fig. 165 HPLC analysis of 5
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Supplementary Fig. 166 HPLC analysis of 8
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