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1. General methods

Unless noted, all reactions were carried out under air and all commercial reagents
were without further purification. Reactions were monitored by thin layer
chromatography. Purification of reaction products was carried out by flash
chromatography on silica gel (200~300 mesh). "H NMR spectra were recorded at 500
MHz or 600 MHz, 3C NMR spectra were recorded at 125 MHz or 150 MHz, and in
CDCl; (containing 0.03% TMS) solutions. 'H NMR spectra were recorded with
tetramethylsilane (6= 0.00 ppm) as internal reference; '*C NMR spectra were
recorded with CDCIl; (6= 77.00 ppm) as internal reference. High-resolution mass
spectra were performed on a mass spectrometer with a TOF (for EI or ESI) or FT-ICR
(for MALDI) analyzer. Single crystal X-ray diffraction data was collected in Bruker
SMARTAPEX diffractiometers with molybdenum cathodes.

The crystal preparation and measurement methods of 2b as follows: Place 41.9 mg of
2b in a 50 ml round bottom flask, dissolve 2b with 2 mL of dichloromethane, then
add 6 mL of petroleum ether and shake well, seal the flask with a sealing film, pierce
a few holes, and let it stand still at room temperature until crystals precipitate out. The
crystal was carefully picked out from the solvent with a spatula, and observed under a

microscope to confirm that it was transparent for single crystal X-ray diffraction.

The crystal preparation and measurement methods of 3a as follows: Place 35.0 mg of
3a in a 50 ml round bottom flask, dissolve 3a with 2 mL of dichloromethane, then add
6 mL of petroleum ether and shake well, seal the flask with a sealing film, pierce a
few holes, and let it stand still at room temperature until crystals precipitate out. The
crystal was carefully picked out from the solvent with a spatula, and observed under a

microscope to confirm that it was transparent for single crystal X-ray diffraction.



2. Synthesis of materials 1!

R2
A i HO Ry
R i X N\ + é/R“ Cs,CO3 (2.0 eq.) R f X N\
1 U 17 R
Z>N 0 DMSO, 60°C, 1 h ~~~N o
R3 R3
A 1.0 mmol B 2.0 eq.

A mixture of A (1.0 mmol), B (2.0 mmol), Cs,CO; (2.0 equiv, 2.0 mmol, 651.6 mg), dimethyl
sulfoxide (DMSO) (5.0 ml) was added to a 25 ml sealed tube. The tube was stirred at 60 °C
(aluminium heating block) for 1h under air. After the reaction was completed as monitored by
thin-layer chromatography, water was then added to the reaction mixture, and the water layers
were extracted with ethyl acetate (10 mL x 3). The combined organic layers were washed with
brine, dried over anhydrous Na,SO,, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel with petroleum ether/ethyl acetate =
10/1 ~3/1 as the eluent or adding 5 mL of petroleum ether and 1 mL of ethyl acetate and stirring at
room temperature for 30 minutes before filtering afforded the 1.

ol )
Ph
N O

\
1r

ethyl 4-hydroxy-3-(5-methoxy-1-methyl-1H-indole-2-carbonyl)-2-phenylcyclohepta-1,3-
diene-1-carboxylate (1r). Yellow solid, obtained in 1 h and purified by chromatography on silica
gel (PE:EA=10:1); yield: 77%, 341.6 mg, m.p. 120-122 °C. 'H NMR (500 MHz, CDCl;) 3 16.56
(s, 1H), 7.00 — 6.94 (m, 2H), 6.92 — 6.85 (m, 6H), 6.68 (s, 1H), 3.94 (q, J = 7.0 Hz, 2H), 3.83 (s,
3H), 3.42 (s, 3H), 2.77 (s, 4H), 2.38 — 2.27 (m, 2H), 0.86 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz,
CDCl3) 6 192.5, 183.6, 170.3, 154.2, 145.5, 140.7, 134.8, 134.7, 130.4, 128.4, 127.0, 126.9, 126.5,
115.8, 114.3, 110.5, 109.4, 102.2, 60.6, 55.6, 34.7, 31.5, 31.1, 29.0, 13.5. HRMS (ESI) m/z:
[M+Na]* caled for C,;H,7NNaOs 468.1781, found 468.1770.

3. Synthesis of 2.

Selectfluor (2.0 eq.) R3

CHsCN,RT, N,

\ O R1 R2
1 0.1 mmol 2

1 (0.1 mmol) was added to a sealed tube under N,, following by the addition of MeCN (1 mL)
and Selectfluor (0.2 mmol, 70.9 mg). The tube was stirred at room temperature. After the reaction
was completed as monitored by thin-layer chromatography, the residue was purified by flash

chromatography on silica gel with petroleum ether/ethyl acetate = 5/1 ~3/1 as the eluent afforded
the 2.



ethyl 3',3'-difluoro-1'-methyl-3-oxo-4-phenyl-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carboxylate (2a). Yellow solid, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1); yield: 83%, 36.8 mg, m.p. 144-146 °C."H NMR (500 MHz, CDCl;) 8 7.40
—17.33 (m, 2H), 7.31 — 7.25 (m, 3H), 7.18 — 7.11 (m, 2H), 6.90 — 6.84 (m, 1H), 6.63 (d, J = 8.0 Hz,
1H), 3.96 — 3.86 (m, 2H), 3.03 — 2.83 (m, 2H), 2.79 — 2.65 (m, 4H), 2.61 — 2.51 (m, 1H), 2.33 —
2.24 (m, 2H), 0.86 (t,J= 7.5 Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 193.4, 190.7, 169.9, 150.8 (t,
J =64 Hz), 137.9, 137.0, 133.6, 133.1, 128.1, 127.8, 127.8, 123.8, 122.2 (dd, J = 257.4, 252.3
Hz), 119.9, 119.8 (t, J = 24.3 Hz), 115.9, 108.2, 100.9 (dd, J = 36.0, 20.6 Hz), 60.7, 30.3, 29.7,
28.7, 28.6, 13.5. 1F NMR(470 MHz, CDCI3): $ -98.60 (d, J = 250.3 Hz), -110.52 (d, J = 250.4
Hz). HRMS (ESI) m/z: [M+H]* caled for C,H,4F,NO4 452.1668, found 452.1672.

ethyl 3",3"-difluoro-4-(4-methoxyphenyl)-1'-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2b). Yellow solid, obtained in
1 h and purified by chromatography on silica gel (PE:EA=5:1); yield: 87%, 41.9 mg, m.p. 137-
139 °C.'"H NMR (500 MHz, CDCl;) & 7.42 — 7.34 (m, 2H), 7.08 (d, J = 9.0 Hz, 2H), 6.90 — 6.86
(m, 1H), 6.82 (d, J=9.0 Hz, 2H), 6.64 (d, J = 8.0 Hz, 1H), 4.00 — 3.92 (m, 2H), 3.79 (s, 3H), 3.02
—2.83 (m, 2H), 2.76 (s, 3H), 2.72 — 2.65 (m, 1H), 2.56 — 2.46 (m, 1H), 2.34 — 2.26 (m, 2H), 0.95 (t,
J=17.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 193.8, 190.7, 170.1, 159.4, 150.8 (J = 6.7 Hz),
136.9, 133.6, 132.2, 130.1, 129.5, 123.8, 122.2 (dd, J =256.9, 252.1 Hz), 119.9, 119.8 (t, J = 24.1
Hz), 116.0, 113.3, 108.2, 101.0 (dd, J = 35.5, 20.8 Hz), 60.7, 55.1, 30.0, 29.7, 29.4, 28.7, 13.7.
9F NMR(470 MHz, CDCI3): 8 -98.53 (d, J = 250.0 Hz), -110.64 (d, J = 249.6 Hz).HRMS (ESI)
m/z: [M+H]" calcd for Cy7H,6F,NOs 482.1774, found 482.1779.

ethyl 3',3'-difluoro-1'-methyl-3-oxo-4-(p-tolyl)-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carboxylate (2¢). Yellow solid, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1); yield: 80%, 37.3 mg, m.p. 128-130 °C.'H NMR (500 MHz, CDCl5) § 7.45
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~7.32 (m, 2H), 7.09 (d, J = 7.5 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.90 — 6.84 (m, 1H), 6.63 (d, J=
8.0 Hz, 1H), 3.99 — 3.89 (m, 2H), 3.01 — 2.84 (m, 2H), 2.75 (s, 3H), 2.71 — 2.65 (m, 1H), 2.58 —
2.48 (m, 1H), 2.34 — 2.24 (m, 5H), 0.91 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl3) 3 193.5,
190.7, 170.0, 150.8 (t, J = 6.5 Hz), 137.6, 137.1, 134.8, 133.6, 132.6, 128.5, 128.0, 123.8, 122.2
(dd, J=257.0,251.8 Hz) 119.9, 119.8 (t, /= 24.1 Hz), 116.0, 108.2, 100.9 (dd, J = 35.8, 20.9 Hz),
60.6, 30.1, 29.7, 29.0, 28.7, 21.3, 13.5. 'F NMR(470 MHz, CDCI3): § -98.71 (d, J = 250.0 Hz), -
11037 (d, J = 250.0 Hz).HRMS (ESI) m/z: [M+H]* caled for CrHagFaNO, 466.1824, found
466.1829.

ethyl 3',3'-difluoro-1'-methyl-3-oxo-4-(m-tolyl)-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carboxylate (2d). Yellow solid, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1); yield: 82%, 38.4 mg, m.p. 123-125 °C.'H NMR (500 MHz, CDCls) 3 7.42
—17.33 (m, 2H), 7.20 — 7.15 (m, 1H), 7.08 (d, J= 8.0 Hz, 1H), 7.00 — 6.92 (m, 2H), 6.90 — 6.85 (m,
1H), 6.63 (d, J = 8.0 Hz, 1H), 4.00 — 3.87 (m, 2H), 3.00 — 2.83 (m, 2H), 2.75 (s, 3H), 2.71 — 2.63
(m, 1H), 2.58 — 2.50 (m, 1H), 2.35 — 2.23 (m, 5H), 0.88 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz,
CDCl3) 6 193.4, 190.8, 170.0, 150.7 (t, J = 6.6 Hz), 137.6, 137.1, 137.0, 133.6, 132.9, 128.9, 128.7,
127.7,125.2, 123.8, 122.2 (dd, J = 259.1, 252.3 Hz), 119.9, 119.8 (t, J = 24.0 Hz), 116.0, 108.2,
100.9 (dd, J = 35.8, 21.0 Hz), 60.6, 30.1, 29.7, 28.8, 28.6, 21.3, 13.5. '"F NMR(470 MHz,
CDCI3): 6 -98.64 (d, J = 250.5 Hz), -110.46 (d, J = 249.1 Hz). HRMS (ESI) m/z: [M+H]* calcd
for C,7HF2NO, 466.1824, found 466.1826.

ethyl 4-(4-ethylphenyl)-3',3"-difluoro-1'-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline]-5-carboxylate (2e). Yellow solid, obtained in
1 h and purified by chromatography on silica gel (PE:EA=5:1); yield: 86%, 41.6 mg, m.p. 127-
129 °C. 'H NMR (500 MHz, CDCl;) & 7.40 — 7.33 (m, 2H), 7.11 (d, J = 8.5 Hz, 2H), 7.06 (d, J =
8.0 Hz, 2H), 6.89 — 6.84 (m, 1H), 6.63 (d, J = 8.0 Hz, 1H), 3.93 (q, J = 7.5 Hz, 2H), 3.00 — 2.84
(m, 2H), 2.76 (s, 3H), 2.72 — 2.59 (m, 3H), 2.57 — 2.51 (m, 1H), 2.33 — 2.25 (m, 2H), 1.21 (t,J =
8.0 Hz, 3H), 0.86 (t, /= 7.0 Hz, 3H). *C NMR (125 MHz, CDCl;) $ 193.6, 190.7, 170.1, 150.8 (t,
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J =65 Hz), 143.9, 137.2, 135.0, 133.6, 132.7, 128.1, 127.3, 123.8, 122.2 (dd, J = 257.0, 252.1
Hz), 119.9, 119.8 (t, J = 24.1 Hz), 115.9, 108.2, 100.9 (dd, J = 35.8, 20.8 Hz), 60.6, 30.1, 29.7,
29.0, 28.7, 28.6, 15.4, 13.4. 1°F NMR(470 MHz, CDCI3): § -98.59 (d, J = 250.5 Hz), -110.47 (d, J
=250.0 Hz). HRMS (ESI) m/z: [M+H]* caled for CosHasF,NO, 480.1981, found 480.1983.

ethyl 4-(3-chlorophenyl)-3',3'-difluoro-1'-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline]-5-carboxylate (2f). Yellow solid, obtained in 1
h and purified by chromatography on silica gel (PE:EA=5:1); yield: 70%, 34.0 mg, m.p. 143-145
°C.'"H NMR (500 MHz, CDCl;) 4 7.41 — 7.34 (m, 2H), 7.29 — 7.19 (m, 2H), 7.17 — 7.13 (m, 1H),
7.06 — 7.02 (m, 1H), 6.91 — 6.86 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 3.95 (q, J = 7.0 Hz, 2H), 3.02 —
2.85 (m, 2H), 2.79 — 2.67 (m, 4H), 2.61 — 2.53 (m, 1H), 2.34 — 2.22 (m, 2H), 0.92 (t, /= 7.0 Hz,
3H). 3C NMR (125 MHz, CDCl;) 8 193.5, 190.8, 169.3, 150.7 (t, J = 6.3 Hz), 139.7, 135.4, 133.9,
133.6, 129.0, 128.4, 127.8, 126.4, 123.8, 122.2 (dd, J = 257.3, 252.3 Hz), 120.0, 119.7 (t, J = 24.0
Hz), 115.5, 108.2, 101.0 (dd, J = 35.6, 20.8 Hz), 60.8, 30.5, 29.7, 28.7, 28.1, 13.5. 1°F NMR(470
MHz, CDCI3): 6 -98.47 (d, J = 250.0 Hz), -110.34 (d, J = 250.5 Hz). HRMS (ESI) m/z: [M+H]*
caled for C,6Hp;CIF,NO, 486.1278, found 486.1281.

ethyl 4-(3-bromophenyl)-3',3'-difluoro-1'-methyl-3-0xo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2g). Brown solid, obtained in 1
h and purified by chromatography on silica gel (PE:EA=5:1); yield: 81%, 43.2 mg, m.p. 134-136
°C.'"H NMR (500 MHz, CDCl;) 8 7.43 — 7.33 (m, 3H), 7.31 (s, 1H), 7.18 — 7.13 (m, 1H), 7.09 (d,
J=8.0 Hz, 1H), 6.90 — 6.85 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 3.95 (q, J = 7.0 Hz, 2H), 3.02 —
2.85 (m, 2H), 2.75 (s, 3H), 2.72 — 2.65 (m, 1H), 2.61 — 2.52 (m, 1H), 2.31 — 2.22 (m, 2H), 0.92 (t,
J=17.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 193.5, 190.8, 169.2, 150.7 (t, J = 6.4 Hz), 139.9,
135.3, 134.0, 133.6, 131.2, 130.7, 129.2, 126.9, 123.8, 122.2 (dd, J = 257.4, 252.1 Hz), 121.7,
120.0, 119.7 (t, J = 24.1 Hz) 115.4, 108.2, 101.0 (dd, J = 35.9, 20.9 Hz), 60.9, 30.5, 29.7, 28.7,
28.1, 13.5. 9F NMR(470 MHz, CDCI3): 3 -98.47 (d, J = 250.0 Hz), -110.30 (d, J = 249.6 Hz).
HRMS (ESI) m/z: [M+H]" calcd for CysH,3BrF,NO, 530.0773, found 530.0778.



ethyl 4-(4-chlorophenyl)-3',3'-difluoro-1'-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2h). Yellow solid, obtained in
1 h and purified by chromatography on silica gel (PE:EA=5:1); yield: 80%, 38.5 mg, m.p. 158-
160 °C.'"H NMR (500 MHz, CDCl;) & 7.42 — 7.33 (m, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.09 (d, J =
8.5 Hz, 2H), 6.92 — 6.85 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 3.99 — 3.88 (m, 2H), 3.01 — 2.85 (m,
2H), 2.78 — 2.66 (m, 4H), 2.58 — 2.50 (m, 1H), 2.32 — 2.23 (m, 2H), 0.93 (t, J = 7.0 Hz, 3H). 13C
NMR (125 MHz, CDCl;) 6 193.6, 190.9, 169.5, 150.7 (t, J = 6.6 Hz), 136.5, 135.7, 133.8, 133.7,
133.7, 129.6, 128.0, 123.9, 122.3 (t, J = 257.4, 252.0 Hz), 120.0, 119.7 (t, J = 24.3 Hz), 115.6,
108.3, 101.1 (dd, J = 36.8, 20.0 Hz), 60.9, 30.5, 29.8, 28.7, 28.3, 13.6. '"F NMR(470 MHz,
CDCI3): 6 -98.43 (d, J=250.0 Hz), -110.43 (d, J = 249.6 Hz). HRMS (ESI) m/z: [M+Na]" calcd
for C,6H»,CIF,NNaO, 508.1098, found 508.1101.

ethyl 4-(4-bromophenyl)-3',3"-difluoro-1'"-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline|-5-carboxylate (2i). Yellow solid,
obtained in 1 h and purified by chromatography on silica gel (PE:EA=5:1); yield:
76%, 40.5 mg, m.p. 156-158 °C. '"H NMR (500 MHz, CDCl;) 8 7.44 — 7.33 (m, 4H),
7.03 (d, J= 8.5 Hz, 2H), 6.91 — 6.85 (m, 1H), 6.64 (d, /= 7.5 Hz, 1H), 3.99 — 3.88 (m,
2H), 3.03 — 2.85 (m, 2H), 2.78 — 2.66 (m, 4H), 2.59 — 2.51 (m, 1H), 2.32 — 2.23 (m,
2H), 0.92 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl;) 6 193.5, 190.9, 169.4,
150.7 (t, J = 6.5 Hz), 136.9, 135.7, 133.7, 133.6, 130.9, 129.8, 123.8, 122.2 (dd, J =
257.3, 251.9 Hz), 121.9, 120.0, 119.7 (t, J = 24.3 Hz), 115.5, 108.2, 101.0 (dd, J =
35.8, 20.8 Hz), 60.8, 30.5, 29.8, 28.7, 28.1, 13.5. '°F NMR(470 MHz, CDCI3): 5 -
98.44 (d, J = 250.0 Hz), -110.36 (d, J = 249.6 Hz). HRMS (ESI) m/z: [M+Na]" calcd
for C,¢H,,BrF;NNaO, 552.0592, found 552.0596.



ethyl 4-(4-cyanophenyl)-3',3"-difluoro-1'-methyl-3-oxo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2j). Yellow solid, obtained in 2
h and purified by chromatography on silica gel (PE:EA=4:1~3:1); yield: 76%, 35.8 mg, m.p. 160-
162 °C."H NMR (500 MHz, CDCl;) 3 7.59 (d, J= 8.5 Hz, 2H), 7.1 — 7.33 (m, 2H), 7.26 (d, J=8.5
Hz, 2H), 6.92 — 6.86 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 3.99 — 3.86 (m, 2H), 3.07 — 2.90 (m, 2H),
2.79 —2.71 (m, 4H), 2.64 — 2.54 (m, 1H), 2.30 — 2.23 (m, 2H), 0.90 (t, /= 7.0 Hz, 3H). 3C NMR
(125 MHz, CDCl;) 6 193.6, 191.0, 168.7, 150.6 (t, J = 6.5 Hz), 143.1, 135.0, 134.6, 133.7, 131.5,
129.0, 123.9, 122.2 (dd, J = 257.6, 252.0 Hz), 120.1, 119.5 (t, J = 23.8 Hz), 118.8, 115.0, 111.3,
108.2, 101.0 (dd, J = 35.9, 20.8 Hz), 60.9, 30.9, 29.8, 28.7, 27.1, 13.5. 9F NMR(470 MHz,
CDCI3): 6 -98.15 (d, J = 250.0 Hz), -110.39 (d, J = 249.1 Hz). HRMS (ESI) m/z: [M+H]* calcd
for C,7H3F,N,04 477.1620, found 477.1624.

ethyl 3',3'-difluoro-1'-methyl-4-(naphthalen-2-yl)-3-0xo-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline|-5-carboxylate (2Kk). Yellow solid,
obtained in 1 h and purified by chromatography on silica gel (PE:EA=5:1); yield:
82%, 41.7 mg, m.p. 136-138 °C. 'H NMR (500 MHz, CDCl;) 8 7.81 — 7.72 (m, 3H),
7.63 (s, 1H), 7.45 — 7.25 (m, 5H), 6.88 — 6.83 (m, 1H), 6.61 (d, J = 8.0 Hz, 1H), 3.91
—3.81 (m, 2H), 3.06 — 2.88 (m, 2H), 2.79 — 2.70 (m, 4H), 2.67 — 2.55 (m, 1H), 2.36 —
2.28 (m, 2H), 0.69 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl3) 8 193.5, 190.8,
169.9, 150.7 (t, J = 6.9 Hz), 136.8, 135.4, 133.6, 133.5, 133.0, 133.0, 128.1, 127.6,
127.3, 127.2, 126.3, 125.91, 125.87, 123.8, 122.2 (dd, J = 257.0, 252.0 Hz), 119.9,
119.7 (t, J = 24.0 Hz), 115.9, 108.2, 101.0 (dd, J = 35.9, 20.8 Hz), 60.7, 30.3, 29.8,
28.7, 13.4. "F NMR(470 MHz, CDCI3): 3 -98.50 (d, J = 250.0 Hz), -110.33 (d, J =
250.0 Hz). HRMS (ESI) m/z: [M+H]" caled for C;oHycF,NO4 502.1824, found
502.1827.



ethyl 3",3"-difluoro-1"-methyl-3-0xo-4-(thiophen-2-yl)-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (21). Yellow solid, obtained in 2
h and purified by chromatography on silica gel (PE:EA=5:1); yield: 70%, 32.3 mg, m.p. 123-125
°C. 'TH NMR (500 MHz, CDCl3) & 7.43 — 7.35 (m, 2H), 7.30 (d, J = 5.0 Hz, 1H),7.00 — 6.94 (m,
2H), 6.92 — 6.86 (m, 1H), 6.65 (d, J = 8.0 Hz, 1H), 4.05 (q, J = 7.0 Hz, 2H), 2.98 — 2.83 (m, 2H),
2.78 (s, 3H), 2.66 — 2.59 (m, 1H), 2.56 — 2.48 (m, 1H), 2.37 — 2.29 (m, 2H), 1.05 (t, /= 7.0 Hz,
3H). 3C NMR (125 MHz, CDCl;) § 193.6, 190.1, 169.7, 150.7 (t, J = 6.4 Hz), 139.1, 134.0, 133.6,
128.7, 127.6, 126.7, 126.5, 123.8, 122.2 (dd, J = 257.3, 252.1 Hz), 120.0, 119.8 (d, J = 24.3 Hz),
115.7, 108.2, 101.2 (dd, J = 35.9, 21.1 Hz), 61.0, 29.74, 29.69, 29.6, 28.7, 13.7. ''F NMR(470
MHz, CDCI3): 6 -98.37 (d, J = 250.0 Hz), -111.29 (d, J = 250.0 Hz). HRMS (ESI) m/z: [M+H]*
caled for C,4Hp,FoNO,4S 458.1232, found 458.1234.

ethyl  4-butyl-3',3'-difluoro-1"-methyl-3-0xo0-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carboxylate (2m). Yellow oil, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1); yield: 82%, 35.9 mg. 'H NMR (500 MHz, CDCls) 8 7.44 — 7.37 (m, 2H),
6.93 — 6.88 (m, 1H), 6.68 (d, /= 8.0 Hz, 1H), 4.24 (q, J= 7.0 Hz, 2H), 2.88 — 2.69 (m, 7H), 2.51 —
2.37 (m, 2H), 2.27 — 2.18 (m, 2H), 1.40 — 1.26 (m, 7H), 0.89 (t, J = 7.0 Hz, 3H). 3C NMR (125
MHz, CDCl5) 6 193.6, 191.4, 169.0, 150.8 (d, J=7.3 Hz), 141.2, 133.6, 130.5, 123.8, 122.2 (dd, J
=1257.4,252.0 Hz), 120.0, 119.9 (t, J=24.4 Hz), 116.2, 108.3, 101.0 (dd, J=35.9, 21.1 Hz), 60.6,
31.8,29.8,29.74, 29.67, 28.8, 28.6, 22.6, 14.2, 14.0. '°F NMR(470 MHz, CDCI3): 4 -98.23 (d, J =
251.0 Hz), -111.98 (d, J=250.0 Hz). HRMS (ESI) m/z: [M+H]" caled for C,4H,3F,NO, 432.1981,
found 432.1983.

methyl 3',3'-difluoro-1'-methyl-3-oxo-4-phenyl-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carboxylate (2n). Yellow solid, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1); yield: 83%, 36.6 mg, m.p. 150-152 °C."H NMR (500 MHz, CDCl;) 8 7.41
—17.26 (m, 5H), 7.18 — 7.11 (m, 2H), 6.91 — 6.85 (m, 1H), 6.63 (d, J = 8.0 Hz, 1H), 3.45 (s, 3H),
3.02 — 2.84 (m, 2H), 2.75 (s, 3H), 2.73 — 2.66 (m, 1H), 2.60 — 2.50 (m, 1H), 2.34 — 2.26 (m, 2H).
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3C NMR (125 MHz, CDCl;) 8 193.6, 190.6, 170.2, 150.7 (t, J = 6.4 Hz), 137.6, 137.4, 133.6,
132.7, 128.0, 128.0, 127.8, 123.8, 122.2 (dd, J = 256.9, 251.9 Hz), 119.9, 119.8 (t, J = 24.1 Hz),
115.9, 108.2, 101.0 (dd, J = 35.8, 20.9 Hz), 51.6, 30.1, 29.7, 28.9, 28.7. '’F NMR(470 MHz,
CDCI3): 6 -98.52 (d, J = 250.0 Hz), -110.67 (d, J = 249.6 Hz). HRMS (ESI) m/z: [M+H]" caled
for CpsHoFoNO4 438.1511, found 438.1514.

3",3"-difluoro-1"-methyl-3-o0xo-4-phenyl-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-2,2'-
indoline[-5-carbonitrile (20). Yellow solid, obtained in 1 h and purified by chromatography on
silica gel (PE:EA=5:1~3:1); yield: 78%, 31.5 mg, m.p. 170-172 °C. '"H NMR (500 MHz, CDCl;) §
7.47 — 7.34 (m, 7H), 6.93 — 6.87 (m, 1H), 6.65 (d, J = 8.0 Hz, 1H), 3.08 — 2.89 (m, 2H), 2.83 —
2.65 (m, 4H), 2.61 — 2.52 (m, 1H), 2.35 — 2.25 (m, 2H). 3C NMR (125 MHz, CDCl3) 4 193.9,
190.2, 150.6 (t, J = 6.8 Hz), 146.7, 135.6, 133.7, 129.5, 128.4, 128.3, 123.9, 122.2 (dd, J = 257.6,
252.4 Hz), 120.1, 120.0, 119.5 (t, J = 24.3 Hz), 114.8, 111.1, 108.3, 101.3 (dd, J = 35.9, 20.6 Hz),
31.3, 31.2, 28.7, 26.6. °F NMR(470 MHz, CDCI3): & -97.72 (d, J = 250.0 Hz), -110.63 (d, J =
250.0 Hz). HRMS (ESI) m/z: [M+Na]" calcd for C;4H;sF,N,NaO, 427.1229, found 427.1232.

5-acetyl-3',3'-difluoro-1'-methyl-4-phenyl-7,8-dihydrospiro[cyclohepta[b]furan-2,2"-indolin|-
3(6H)-one (2p). Yellow solid, obtained in 1.5 h and purified by chromatography on silica gel
(PE:EA=5:1); yield: 73%, 30.6 mg, m.p. 130-132 °C. 'H NMR (500 MHz, CDCls) § 7.43 — 7.30
(m, 5H), 7.17 (d, J = 7.0 Hz, 2H), 6.91 — 6.85 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 3.01 — 2.84 (m,
2H), 2.79 — 2.67 (m, 4H), 2.53 — 2.45 (m, 1H), 2.33 — 2.15 (m, 2H), 1.76 (s, 3H). 3C NMR (125
MHz, CDCly) 6 205.4, 193.7, 190.8, 150.7 (t, J = 6.6 Hz), 142.5, 137.3, 136.3, 133.6, 129.0, 128.9,
128.4, 123.8, 122.2 (dd, J = 257.0, 251.8 Hz), 119.9, 119.6 (d, J = 24.3 Hz), 115.9, 108.2, 101.1
(dd, J=35.9, 20.8 Hz), 30.9, 30.2, 29.8, 29.1, 28.7. '°F NMR(470 MHz, CDCI3): 4 -98.39 (d, J =
248.2 Hz), -110.54 (d, J = 247.2 Hz). HRMS (ESI) m/z: [M+H]* calcd for C,sH,,F,NO; 422.1562,
found 422.1559.
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ethyl 3'3'-difluoro-1',6'-dimethyl-3-oxo-4-phenyl-3,6,7,8-tetrahydrospiro[cyclohepta[b]furan-
2,2"-indoline]-5-carboxylate (2q). Yellow solid, obtained in 2 h and purified by chromatography
on silica gel (PE:EA=5:1); yield: 76%, 35.2 mg, m.p. 130-132 °C. 'H NMR (500 MHz, CDCl3) &
7.31 = 7.23 (m, 4H), 7.18 — 7.10 (m, 2H), 6.68 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 3.97 — 3.84 (m,
2H), 3.00 — 2.82 (m, 2H), 2.82 — 2.65 (m, 4H), 2.60 — 2.50 (m, 1H), 2.37 — 2.21 (m, 5H), 0.85 (t, J
= 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl3) 8 193.4, 190.8, 169.9, 151.0 (t, J = 7.4 Hz), 144.4,
137.9, 137.1, 133.0, 128.1, 127.83, 127.75, 127.7, 123.5, 122.2 (dd, J = 256.3, 251.8 Hz), 120.7,
117.1 (t,J=24.4 Hz), 108.9, 101.3 (dd, J = 36.1, 21.0 Hz), 60.7, 30.2, 29.7, 28.7, 28.6, 22.1, 13.5.
19F NMR(470 MHz, CDCI3): § -97.96 (d, J = 249.6 Hz), -109.99 (d, J = 248.2 Hz). HRMS (ESI)
m/z: [M+H]* caled for C,7H,6F,NO, 466.1824, found 466.1828.

ethyl 3", 3"-difluoro-5"-methoxy-1'-methyl-3-oxo-4-phenyl-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2r). Yellow solid, obtained in
1.5 h and purified by chromatography on silica gel (PE:EA=5:1-3:1); yield: 55%, 26.6 mg, m.p.
150-152 °C. "H NMR (500 MHz, CDCl;) § 7.31 — 7.25 (m, 3H), 7.17 — 7.11 (m, 2H), 6.99 — 6.93
(m, 2H), 6.57 (d, J = 8.5 Hz, 1H), 3.96 — 3.86 (m, 2H), 3.76 (s, 3H), 3.01 — 2.85 (m, 2H), 2.75 —
2.65 (m, 4H), 2.60 — 2.53 (m, 1H), 2.34 — 2.26 (m, 2H), 0.86 (t, J = 7.0 Hz, 3H). 3C NMR (125
MHz, CDCl3) 6 193.5, 190.6, 169.9, 154.0, 144.7 (t, J = 6.8 Hz), 137.9, 137.2, 133.0, 128.1, 127.9,
127.8, 120.5, 119.8, 115.9, 109.3, 109.2, 60.7, 56.0, 30.2, 29.7, 29.1, 28.8, 13.5. 'F NMR(470
MHz, CDCI3): 6 -99.72 (d, J = 250.0 Hz), -111.08 (d, J = 250.0 Hz). HRMS (ESI) m/z: [M+Na]*
calcd for Cp7H,5F,NNaOs 504.1593, found 504.1593.

ethyl "-chloro-3',3"-difluoro-1'"-methyl-3-oxo-4-phenyl-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2s). Yellow solid, obtained in
2 h and purified by chromatography on silica gel (PE:EA=5:1); yield: 82%, 40.0 mg, m.p. 158-
160 °C."H NMR (500 MHz, CDCl3) 4 7.30 — 7.26 (m, 4H), 7.16 — 7.10 (m, 2H), 6.84 (dd, J = 8.0,
2.0 Hz, 1H), 6.61 (s, 1H), 3.96 — 3.86 (m, 2H), 3.04 — 2.86 (m, 2H), 2.76 — 2.66 (m, 4H), 2.59 —
2.51 (m, 1H), 2.33 — 2.25 (m, 2H), 0.85 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl;) § 193.4,
190.5, 169.8, 151.8 (t, J = 6.0 Hz), 139.8, 137.8, 136.6, 133.4, 128.1, 127.9, 127.8, 124.8, 121.4
(dd, J=257.0,252.0 Hz), 119.9, 118.3 (t, J=24.8 Hz), 115.8, 108.7, 100.5 (dd. J = 35.8, 20.6 Hz),
60.7, 30.4, 29.7, 28.7, 28.4, 13.5. ''F NMR(470 MHz, CDCI3): § -98.83 (d, J = 250.0 Hz), -
109.11 (d, J = 251.5 Hz). HRMS (ESI) m/z: [M+H]" calcd for CsH,3CIF,NO,4 486.1278, found
486.1276.
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ethyl 3',3"-difluoro-1'"-methyl-3-oxo-4-phenyl-6'-(trifluoromethyl)-3,6,7,8-
tetrahydrospiro[cyclohepta[b]furan-2,2'-indoline[-5-carboxylate (2t). Yellow solid, obtained in
1.5 h and purified by chromatography on silica gel (PE:EA=5:1); yield: 79%, 40.6 mg, m.p. 158-
160 °C.'H NMR (500 MHz, CDCl;) 8 7.47 (d, J = 8.0 Hz, 1H), 7.33 — 7.27 (m, 3H), 7.18 — 7.11
(m, 3H), 6.82 (s, 1H), 3.97 — 3.86 (m, 2H), 3.04 — 2.88 (m, 2H), 2.79 (s, 3H), 2.75 — 2.68 (m, 1H),
2.61 —2.52 (m, 1H), 2.35 — 2.25 (m, 2H), 0.86 (t, J= 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) §
193.5, 190.3, 169.8, 151.0 (t, J = 6.8 Hz), 137.7, 136.5, 135.8, 135.6, 133.5, 128.1, 127.9, 127.8,
124.4, 123.1, 122.4, 121.2 (dd, J = 258.0, 252.8 Hz), 116.8, 115.9, 104.8 (q, J = 4.1 Hz), 60.7,
30.4, 29.7, 28.7, 28.3, 13.5. 'F NMR(470 MHz, CDCI3): $ -63.17, -100.41 (d, J = 253.3 Hz), -
110.08 (d, J = 253.9 Hz). HRMS (ESI) m/z: [M+Na]" caled for C,7H,,FsNNaO,4 542.1361, found
542.1361.

4. Synthesis of 3.

TBHP, Cu(OTH),
DCE, 60°C

/

RZ 3 O

1 (0.2 mmol), Cu(OTY), (3.6 mg, 0.01 mmol) and DCE (4 mL) were placed in an schlenk tube,
then TBHP (5~6M in decane, 80 uL, 0.4 mmol) were added under N,. After the completion of the
addition, the reaction mixture was allowed to react at 60 °C (aluminium heating block). After the
reaction was completed as monitored by thin-layer chromatography, the reaction system was
concentrated. The residue was purified by flash chromatography on silica gel with petroleum
ether/ethyl acetate = 5/1 ~3/1 as the eluent afforded the 3.

O CO,Et
N I 0
Ho o

3a

ethyl (6aR* 11R*11aS8%)-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,11-

epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3a). Yellow solid, obtained in 9 h and purified

by chromatography on silica gel (PE:EA=3:1); yield: 79%, 65.4 mg, m.p. 260-262 °C.'"H NMR

(500 MHz, CDCl;) 6 10.19 (s, 1H), 7.51 (d, J = 8.5 Hz, 3H), 7.41 — 7.11 (m, 5H), 7.07 — 7.01 (m,

1H), 4.06 — 3.98 (m, 1H), 3.94 — 3.86 (m, 1H), 3.49 — 3.41 (m, 1H), 2.97 — 2.89 (m, 1H), 2.61 —
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2.50 (m, 1H), 2.47 — 2.40 (m, 1H), 1.83 — 1.75 (m, 1H), 1.31 — 1.20 (m, 1H), 0.91 (t, J= 7.0 Hz,
3H). *C NMR (125 MHz, CDCl5) 8 207.3, 185.7, 171.4, 144.0, 143.9, 138.0, 135.6, 129.1, 128.2,
127.4, 125.7, 122.2, 121.9, 121.4, 114.1, 94.9, 88.9, 62.1, 59.0, 41.9, 33.8, 18.3, 13.6. HRMS
(ESIT) m/z: [M+Na]* caled for C,5H,1NNaOs 438.1312, found 438.1308.

O CO,Et
NoLoo
3b

ethyl (6aR*,11R*11a8*)-6,7-dioxo-11a-(p-tolyl)-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3b). Yellow solid, obtained in 9 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 81%, 69.8 mg, m.p. 263-265 °C. 'H NMR
(500 MHz, CDCl3) 6 10.16 (s, 1H), 7.66 — 7.35 (m, 3H), 7.34 — 7.26 (m, 2H), 7.14 (d, J = 7.5 Hz,
2H), 7.07 — 7.01 (m, 1H), 4.06 — 3.97 (m, 1H), 3.93 — 3.85 (m, 1H), 3.49 — 3.40 (m, 1H), 2.95 —
2.87 (m, 1H), 2.59 — 2.49 (m, 1H), 2.47 — 2.39 (m, 1H), 2.28 (s, 3H), 1.82 — 1.74 (m, 1H), 1.37 —
1.24 (m, 1H), 0.90 (t, /= 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 207.4, 185.8, 171.4, 144.2,
144.0, 138.0, 137.1, 132.5, 129.8, 128.1, 125.5, 122.3, 121.9, 121.3, 114.1, 94.9, 88.9, 62.0, 58.9,
42.0,33.8,21.0, 18.4, 13.6. HRMS (ESI) m/z: [M+Na]* caled for CyH;NNaOs 452.1468, found

452.1462.
Et

O CO,Et
noLoo
3c

ethyl (6aR*,11R* 11aS*)-11a-(4-ethylphenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3c). Yellow solid, obtained in 10 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 73%, 64.5 mg, m.p. 247-249 °C. '"H NMR
(500 MHz, CDCl3) 6 10.40 (s, 1H), 7.63 — 7.38 (m, 3H), 7.35 — 7.21 (m, 2H), 7.20 — 7.10 (m, 2H),
7.08 — 6.98 (m, 1H), 4.07 — 3.96 (m, 1H), 3.94 — 3.84 (m, 1H), 3.44 (t,J=13.5 Hz, 1H),2.92 (d, J
= 15.0 Hz, 1H), 2.63 — 2.48 (m, 3H), 2.44 (d, J = 13.5 Hz, 1H), 1.84 — 1.73 (m, 1H), 1.33 — 1.24
(m, 1H), 1.18 (t, J = 7.5 Hz, 3H), 0.91 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl;) & 207.5,
185.8, 171.4, 144.2, 144.1, 143.3, 138.0, 132.6, 128.5, 128.1, 125.5, 122.3, 121.8, 121.2, 114.1,
94.9, 88.9, 62.0, 58.9, 42.0, 33.8, 28.3, 18.3, 15.1, 13.5. HRMS (ESI) m/z: [M+Na]* calcd for
C,7H,5sNNaOs 466.1625, found 466.1621.

O CO,Et
e
N
" 340 °
ethyl (6aR*,11R* 11aS8*)-6,7-dioxo-11a-(m-tolyl)-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3d). Yellow solid, obtained in 9 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 70%, 60.2 mg, m.p. 260-262 °C. 'H NMR
(500 MHz, CDCl3) 6 10.11 (s, 1H), 7.55 — 7.46 (m, 2H), 7.44 — 7.23 (m, 3H), 7.22 — 6.90 (m, 3H),
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4.06 —3.96 (m, 1H), 3.94 — 3.83 (m, 1H), 3.48 — 3.40 (m, 1H), 2.97 — 2.88 (m, 1H), 2.58 — 2.48 (m,
1H), 2.47 — 2.40 (m, 1H), 2.28 (s, 3H), 1.83 — 1.74 (m, 1H), 1.34 — 1.26 (m, 1H), 0.91 (t, J = 7.0
Hz, 3H). 3C NMR (125 MHz, CDCl;) § 207.3, 185.8, 171.4, 144.1, 143.9, 138.9, 138.0, 135.5,
128.9, 128.2, 128.2, 126.3, 122.6, 122.3, 121.9, 121.4, 114.0, 94.9, 89.0, 62.0, 59.0, 41.9, 33.9,
21.5, 18.3, 13.6. HRMS (ESI) m/z: [M+Na]" caled for CagH,sNNaOs 452.1468, found 452.1471.

MeQ

O CO,Et
N I [e]
H o

3e

ethyl  (6aR* 11R*11aS*)-11a-(4-methoxyphenyl)-6,7-dioxo0-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3e). Brown solid, obtained in 10 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 76%, 67.6 mg, m.p. 217-219 °C. '"H NMR
(600 MHz, CDCl5) 6 10.17 (s, 1H), 7.75 — 7.18 (m, 5H), 7.08 — 7.02 (m, 1H), 6.96 — 6.78 (m, 2H),
4.06 — 3.97 (m, 1H), 3.93 — 3.85 (m, 1H), 3.75 (s, 3H), 3.49 — 3.40 (m, 1H), 2.94 — 2.85 (m, 1H),
2.58 —2.50 (m, 1H), 2.47 - 2.39 (m, 1H), 1.84 — 1.74 (m, 1H), 1.37 — 1.22 (m, 1H), 0.91 (t,J="7.2
Hz, 3H). 3C NMR (125 MHz, CDCl;) 8 207.5, 185.7, 171.4, 158.7, 144.4, 143.9, 137.9, 128.2,
127.4,126.9, 122.3, 121.9, 121.4, 114.5, 114.0, 94.8, 88.8, 62.0, 58.6, 55.2, 42.0, 33.9, 18.3, 13.6.
HRMS (ESI) m/z: [M+Na]* caled for CoH3NNaOg 468.1418, found 468.1410.

OMe

O CO,Et
N '
N o}

3f ©

ethyl  (6aR* 11R* 11aS*)-11a-(3-methoxyphenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3f). Yellow solid, obtained in 17 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 53%, 47.1 mg, m.p. 248-250 °C. 'H NMR
(600 MHz, CDCls5) 6 10.09 (s, 1H), 7.59 — 7.47 (m, 2H), 7.42 — 7.22 (m, 3H), 7.21 — 6.87 (m, 2H),
6.80 — 6.73 (m, 1H), 4.06 — 3.98 (m, 1H), 3.93 — 3.87 (m, 1H), 3.75 (s, 3H), 3.49 — 3.40 (m, 1H),
2.97 —2.88 (m, 1H), 2.58 —2.41 (m, 2H), 1.84 — 1.76 (m, 1H), 1.38 — 1.25 (m, 1H), 0.92 (t,J=7.2
Hz, 3H). 3C NMR (150 MHz, CDCls) 4 207.5, 185.6, 171.3, 159.9, 143.9, 143.7, 138.1, 137.0,
130.2, 128.2, 122.3, 121.9, 121.4, 117.9, 114.0, 94.8, 89.0, 62.1, 59.1, 55.2, 42.0, 34.0, 18.4, 13.6.
HRMS (ESI) m/z: [M+Na]* caled for CosHp3NNaOg 468.1418, found 468.1422.

F

O CO,Et
N l o}
H o

3g

ethyl (6aR*,11R*,11aS*)-11a-(4-fluorophenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3g). Yellow solid, obtained in 9 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 75%, 65.5 mg, m.p. 235-237 °C. 'H NMR
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(500 MHz, CDCl;) 6 10.28 (s, 1H), 7.74 — 7.12 (m, 5H), 7.09 — 6.86 (m, 3H), 4.07 — 3.86 (m, 2H),
3.52-3.42 (m, 1H), 2.94 - 2.85 (m, 1H), 2.62 — 2.52 (m, 1H), 2.49 —2.41 (m, 1H), 1.86 — 1.78 (m,
1H), 1.32 — 1.18 (m, 1H), 0.90 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 207.3, 185.5,
171.4,161.8 (d, J = 246.5 Hz), 144.0, 143.7, 138.0, 131.4 (d, J = 3.5 Hz), 128.3, 127.6 (d, J=7.8
Hz), 122.0, 121.8, 121.5, 116.2 (d, J = 21.4 Hz), 114.2, 94.8, 88.7, 62.2, 58.6, 41.9, 33.8, 18.3,
13.6. HRMS (ESI) m/z: [M+H]" caled for CysH, FNOs 434.1398, found 434.1391.

Cl

O CO,Et
NoYoo
3h

ethyl (6aR*,11R*,11aS*)-11a-(4-chlorophenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3h). Yellow solid, obtained in 17 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 62%, 56.3 mg, m.p. 250-252 °C.'"H NMR
(500 MHz, CDCl3) 8 1041 (s, 1H), 7.64 — 7.14 (m, 7H), 7.12 — 7.02 (m, 1H), 4.07 — 3.86 (m, 2H),
3.52 — 3.41 (m, 1H), 2.93 — 2.83 (m, 1H), 2.62 — 2.40 (m, 2H), 1.88 — 1.78 (m, 1H), 1.30 — 1.19 (m,
1H), 0.91 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCls) § 207.2, 185.4, 171.3, 144.0, 143.4, 138.0,
134.2, 133.6, 129.4, 128.3, 127.2, 122.0, 121.7, 121.5, 114.2, 94.7, 88.7, 62.2, 58.6, 41.8, 33.7, 18.4,
13.6. HRMS (ESI) m/z: [M+H]* calcd for C,5sH,;CINOs 450.1103, found 450.1108.

NC

O CO,Et
N I 0
Hob

3i

ethyl (6aR*,11R*,11aS*)-11a-(4-cyanophenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3i). Yellow solid, obtained in 17 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 71%, 62.9 mg, m.p. 278-280 °C.'"H NMR
(600 MHz, CDCl3) 8 10.34 (s, 1H), 7.88 — 7.28 (m, 7H), 7.12 — 7.04 (m, 1H), 4.07 — 3.85 (m, 2H),
3.53 - 3.41 (m, 1H), 2.87 (d, J = 15.0 Hz, 1H), 2.66 — 2.55 (m, 1H), 2.46 (d, J = 13.8 Hz, 1H), 1.91 -
1.82 (m, 1H), 1.20 — 1.09 (m, 1H), 0.91 (t, J = 7.2 Hz, 3H). 3C NMR (150 MHz, CDCl;) § 207.0,
185.0, 171.1, 143.9, 142.3, 141.0, 138.2, 132.9, 128.5, 126.6, 121.8, 121.7, 121.6, 118.1, 114.3, 111.6,
94.6, 88.7, 62.4, 589, 41.7, 33.6, 18.4, 13.6. HRMS (ESI) m/z: [M+Na]* calcd for CpcH,oN,;NaOs
463.1264, found 463.1266.

Cl

O CO,Et
A
H 5 O
ethyl (6aR*,11R*,11aS*)-11a-(3-chlorophenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-

epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3j). Brown solid, obtained in 12 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 65%, 58.8 mg, m.p. 274-276 °C.'"H NMR
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(600 MHz, CDCl3) 6 9.47 (s, 1H), 7.62 — 7.16 (m, 7H), 7.13 — 7.07 (m, 1H), 4.06 — 3.98 (m, 1H),
3.95-3.87 (m, 1H), 3.49 — 3.41 (m, 1H), 2.93 — 2.85 (m, 1H), 2.61 — 2.52 (m, 1H), 2.49 —2.43 (m,
1H), 1.88 — 1.81 (m, 1H), 1.32 — 1.21 (m, 1H), 0.93 (t, J = 7.2 Hz, 3H). '3C NMR (125 MHz,
CDCl;) 6 207.0, 185.3, 171.1, 143.8, 143.2, 138.1, 137.6, 135.1, 130.5, 128.4, 127.9, 125.9, 124.0,
122.1, 121.8, 121.7, 114.0, 94.6, 88.8, 62.2, 58.6, 41.8, 33.7, 18.4, 13.6. HRMS (ESI) m/z:
[M+Na]* caled for C,5H0CINNaOs 472.0922, found 472.0927.

Br

O CO,Et
AL
H

3k ©

ethyl (6aR*,11R*,11aS*)-11a-(3-bromophenyl)-6,7-dioxo-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3k). Brown solid, obtained in 17 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 59%, 58.3 mg, m.p. 276-278 °C.'"H NMR
(500 MHz, CDCl3) 6 9.48 (s, 1H), 7.53 — 7.45 (m, 2H), 7.42 — 7.18 (m, 5H), 7.13 — 7.07 (m, 1H),
4.07 - 3.98 (m, 1H), 3.95 — 3.87 (m, 1H), 3.49 — 3.41 (m, 1H), 2.93 — 2.84 (m, 1H), 2.61 — 2.51 (m,
1H), 2.50 — 2.43 (m, 1H), 1.90 — 1.79 (m, 1H), 1.31 — 1.21 (m, 1H), 0.93 (t, J = 7.0 Hz, 3H). 13C
NMR (125 MHz, CDCl;) & 207.0, 184.9, 171.1, 143.5, 143.0, 138.1, 137.9, 130.8, 130.7, 128.8,
128.3, 1244, 123.2, 122.2, 121.9, 121.8, 113.9, 94.5, 88.8, 62.2, 58.5, 41.8, 33.7, 18.4, 13.6.
HRMS (ESI) m/z: [M+Na]* calcd for CysHpgBrNNaOs 516.0417, found 516.0417.

ethyl (6aR*,11R*,11aS*)-5-methyl-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (31). Yellow solid, obtained in 10 h and purified
by chromatography on silica gel (PE:EA=5:1~3:1); yield: 63%, 50.6 mg, m.p. 218-220 °C.'H
NMR (500 MHz, CDCl;) 6 7.51 (d, J = 8.0 Hz, 2H), 7.38 — 7.11 (m, 6H), 7.07 — 7.02 (m, 1H),
4.06 — 3.84 (m, 5H), 3.47 — 3.37 (m, 1H), 2.91 — 2.84 (m, 1H), 2.56 — 2.47 (m, 1H), 2.43 - 2.36 (m,
1H), 1.81 — 1.71 (m, 1H), 1.29 — 1.19 (m, 1H), 0.95 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz,
CDCl;) 6 207.3, 185.4, 171.3, 144.7, 141.5, 138.2, 135.9, 129.0, 127.5, 127.3, 125.6, 122.5, 121.7,
121.0, 111.1, 94.9, 89.0, 61.9, 58.6, 41.9, 33.9, 30.4, 18.3, 13.6. HRMS (ESI) m/z: [M+Na]* calcd
for CpsH3sNNaOs 452.1468, found 452.1471.

O CO,Et
o) D
N
/ 5 ©

3m

17



ethyl (6aR*,11R*11aS*)-5-methyl-6,7-dioxo-11a-phenyl-3-(trifluoromethyl)-6,7,8,9,10,11a-
hexahydro-6a,11-epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3m). Yellow solid, obtained in
9 h and purified by chromatography on silica gel (PE:EA=3:1); yield: 80%, 80.4 mg, m.p. 150-
152 °C.'"H NMR (500 MHz, CDCl;) & 7.65 (d, J = 5.0 Hz, 3H), 7.42 — 7.23 (m, 5H), 4.10 — 3.91
(m, 5H), 3.48 — 3.40 (m, 1H), 2.92 — 2.85 (m, 1H), 2.60 — 2.51 (m, 1H), 2.47 — 2.40 (m, 1H), 1.84
—1.75 (m, 1H), 1.31 — 1.21 (m, 1H), 1.01 (t, J = 7.0 Hz, 3H). '3C NMR (125 MHz, CDCl;) é
206.9, 185.6, 171.2, 143.3, 140.8, 140.0, 135.5, 129.2, 129.0 (q, J = 32.1 Hz), 127.6, 125.6, 124.1
(q,J=270.6 Hz), 123.7, 123.3, 117.5 (q, J= 3.4 Hz), 108.9 (q, J = 4.5 Hz), 94.5, 89.2, 62.0, 58.5,
41.8, 33.9, 30.6, 18.3, 13.7.HRMS (ESI) m/z: [M+Na]* calcd for C,7H,,F;NNaOs 520.1342 found
520.1347.

Q™
N I o]
H %
3n

methyl (6aR*,11R* 11aS8*)-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,l11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3n). Yellow solid, obtained in 9 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 66%, 52.8 mg, m.p. 273-275 °C.'"H NMR
(500 MHz, CDCl3) 6 10.16 (s, 1H), 7.63 — 7.17 (m, 8H), 7.08 — 7.02 (m, 1H), 3.53 (s, 3H), 3.49 —
3.41 (m, 1H), 2.96 — 2.88 (m, 1H), 2.61 —2.51 (m, 1H), 2.47 — 2.40 (m, 1H), 1.84 — 1.74 (m, 1H),
1.32-1.20 (m, 1H). *C NMR (125 MHz, CDCl5) 6 207.3, 185.5, 171.7, 144.0, 143.8, 138.0, 135.6,
129.1, 128.2, 127.5, 125.6, 122.0, 121.7, 121.4, 114.2, 94.9, 89.1, 59.0, 52.8, 41.9, 33.8, 18.3. HRMS
(ESI) m/z: [M+Na]* caled for C,4HoNNaOs 424.1155 found 424.1157.

O CO,Et
N .

H. % o
30

ethyl (6aR*,11R*,11aS*)-2-methyl-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (30). Brown solid, obtained in 11 h and purified
by chromatography on silica gel (PE:EA=3:1); yield: 63%, 54.5 mg, m.p. 295-297 °C.'"H NMR
(500 MHz, CDCl5) 4 10.01 (s, 1H), 7.62 — 7.29 (m, 4H), 7.28 — 7.15 (m, 3H), 7.14 (d, J = 8.5 Hz, 1H),
4.09 - 3.99 (m, 1H), 3.95 — 3.86 (m, 1H), 3.48 — 3.39 (m, 1H), 2.95 — 2.88 (m, 1H), 2.58 — 2.49 (m,
1H), 2.46 — 2.38 (m, 1H), 2.32 (s, 3H), 1.82 — 1.73 (m, 1H), 1.30 — 1.18 (m, 1H), 0.95 (t, J = 7.0 Hz,
3H). 3C NMR (125 MHz, CDCl;) & 207.4, 185.5, 171.3, 143.2, 142.4, 138.1, 135.7, 130.7, 130.2,
129.1, 127.4, 125.7, 122.1, 121.2, 113.7, 94.9, 88.9, 62.0, 59.0, 42.0, 33.9, 21.4, 18.3, 13.6. HRMS
(ESIT) m/z: [M+Na]* caled for C,sH,3NNaOs 452.1468 found 452.1470.

CO,Et
cl
Howoo
3p

ethyl (6aR*,11R*11aS*)-2-chloro-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,l11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3p). Yellow solid, obtained in 16 h and purified
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by chromatography on silica gel (PE:EA=3:1); yield: 55%, 49.5 mg, m.p. 283-285 °C. 'H NMR
(500 MHz, DMSO) 6 12.61 (s, 1H), 7.67 — 7.13 (m, 8H), 4.05 — 3.97 (m, 1H), 3.90 — 3.81 (m, 1H),
3.33-3.27 (m, 1H), 2.83 — 2.75 (m, 1H), 2.49 — 2.42 (m, 1H), 2.29 —2.21 (m, 1H), 1.82 — 1.74 (m,
1H), 1.28 — 1.21 (m, 1H), 0.96 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, DMSO) § 207.5, 185.5,
171.0, 142.5, 141.7, 139.6, 136.0, 129.8, 128.2, 128.1, 126.0, 125.7, 122.4, 120.7, 116.6, 94.3,
89.2, 62.1, 58.5, 42.0, 33.7, 18.4, 13.9. HRMS (ESI) m/z: [M+Na]" calcd for C,5H,0CINNaOs
472.0922 found 472.0925.

5.1 mmol Scales and Synthetic Transformations of 2a and 31.

Selectfluor (2.0 eq.)

CH4CN,RT, N,
\'o bl COoEt

2a, 77%

1a (1.0 mmol, 415.5 mg) was added to a sealed tube under N,, following by the addition of
MeCN (10 mL) and Selectfluor (2.0 mmol, 708.5 mg). The tube was stirred at room temperature.
After the reaction was completed as monitored by thin-layer chromatography, water was then
added to the reaction mixture, and the water layers were extracted with ethyl acetate (50mL x 3).
The combined organic layers were dried over anhydrous Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel with petroleum
ether/ethyl acetate = 5/1 as the eluent afforded the 2a (77%, 346.6 mg).

TBHP (2.0 eq.),
Cu(OTf), (5 mol %)

DCE, 60°C, 10 h

O
1a (1 mmol) 31, 44%

1a (1.0 mmol, 415.5 mg), Cu(OTf), (0.05 mmol, 18.6 mg) and DCE (20 mL) were placed in an
schlenk tube, then TBHP (5~6 M in decane, 400 ulL, 2 mmol) were added under N,. After the
completion of the addition, the reaction mixture was allowed to react at 60 °C (in the oil bath).
After the reaction was completed as monitored by thin-layer chromatography, the reaction system
was concentrated. The residue was purified by flash chromatography on silica gel with petroleum
ether/ethyl acetate = 5/1 as the eluent afforded the 2a (187.2 mg, 44%).
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TfOH (3.0 eq.)

DCE, RT,3h

2a 0.1 mmol

2a (45.1 mg, 0.1 mmol), DCE (1 mL) and TfOH (27 uL, 0.3mmol) were placed in a schlenk tube,
then the reaction mixture was allowed to react at room temperature for 3 hours. After the reaction
was completed as monitored by thin-layer chromatography, the residue was purified by flash
chromatography on silica gel with petroleum ether/ethyl acetate = 5/1 as the eluent afforded the 5.

3",3"-difluoro-1"-methyl-5,6-dihydro-1H-spiro[benzo[2,3]azuleno[5,4-b]furan-2,2"-indoline|-
1,7(4H)-dione (5). Orange solid, obtained in 3 h and purified by chromatography on silica gel
(PE:EA=5:1); yield: 43%, 17.1 mg, m.p. 190-192 °C. 'H NMR (500 MHz, CDCl;) 4 7.63 (d, J =
7.5 Hz, 1H), 7.47 — 7.39 (m, 3H), 7.36 — 7.32 (m, 1H), 7.19 — 7.14 (m, 1H), 6.97 — 6.92 (m, 1H),
6.72 (d, J = 8.0 Hz, 1H), 3.09 — 2.92 (m, 2H), 2.83 (s, 3H), 2.79 — 2.72 (m, 1H), 2.61 — 2.52 (m,
1H), 2.11 —2.02 (m, 2H). 3C NMR (125 MHz, CDCl3) 4 196.3, 195.6, 191.2, 150.7 (t, J = 7.0 Hz),
143.5, 143.2, 134.2, 133.8, 131.1, 128.2, 127.7 (dd, J = 66.3, 48.4 Hz), 124.6, 124.0, 122.3 (dd, J
=258.3,251.9 Hz), 122.2, 120.2, 119.6 (t,J = 24.1 Hz), 111.8, 108.4, 101.3, 33.0, 28.7, 23.3,22.2.
19F NMR(470 MHz, CDCI3): 8 -97.00 (d, J = 250.0 Hz), -111.13 (d, J = 250.0 Hz). HRMS (ESI)
m/z: [M+H]* caled for C,4H sF,NO; 406.1249, found 406.1251.

KOH (4.0 eq.)

MeOH:H,0=1:0.5, 100°C, 4h

31 0.1 mmol

In a 10 mL dry high-pressure sealed reaction tube, 31 (0.1 mmol, 42.9 mg) and KOH (22.4 mg, 0.4
mmol) were dissolved in MeOH/H,O (1.0 mL:0.5 mL), and heated to reflux for 4 h. Then, the
solvent was removed under reduced pressure, the resultant residue was dissolved in H,O, acidified
to pH = 1 with 2M HCI, and filtered to afford 6 as a brown solid (36.5 mg, 91%).
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(6aR*,11R* 11aS*)-5-methyl-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,11-
epoxyazuleno[2,1-bJindole-11(5H)-carboxylic acid (6). Brown solid, obtained in 4 h; yield: 91%,
36.5mg, m.p. 279-281 °C. 'H NMR (500 MHz, DMSO) & 7.61 — 7.21 (m, 8H), 7.12 — 7.04 (m,
1H), 3.94 (s, 1H), 3.36 — 3.28 (m, 1H), 2.81 — 2.71 (m, 1H), 2.48 — 2.40 (m, 1H), 2.29 — 2.20 (m,
1H), 1.80 — 1.69 (m, 1H), 1.06 — 0.94 (m, 1H). 13C NMR (125 MHz, DMS0) § 207.9, 186.0, 172.8,
145.0, 142.3, 137.9, 136.6, 129.5, 128.1, 127.7, 126.0, 122.8, 121.6, 121.6, 112.6, 94.6, 89.0, 58 .4,
42.1, 33.8, 30.8, 18.5. HRMS (ESI) m/z: [M+Na]* caled for C,sH;yNNaOs 424.1155, found
424.1152.

6. Control Experiment and a Possible Radical Pathway for
Formation of 2a .

BHT (2.0 eq.) F

Selectfluor (2.0 eq.) O 0 O
__ Selectfluor (2.0 eq.)
CH3CN,RT, Ny, 1h N
‘o pil  COoEt
1a, 0.1 mmol 2a, 44%

1a (0.1 mmol) was added to a sealed tube under N, following by the addition of MeCN (1 mL),
BHT (0.2 mmol, 44.1mg) and Selectfluor (0.2 mmol, 70.9 mg). The tube was stirred at room
temperature for 1 hour. After the reaction was completed as monitored by thin-layer
chromatography, the residue was purified by flash chromatography on silica gel with petroleum
ether/ethyl acetate = 5/1 as the eluent afforded the 2a in 44% yield.

Ph

ph (20eq) [
E e}
Selectfluor (2.0 eq.) O O
CH3CN,RT, Ny, 1h N\
O pp CO,Et
1a, 0.1 mmol 2a, 65%

1a (0.1 mmol) was added to a sealed tube under N, following by the addition of MeCN (1 mL),
1,1-diphenylethylene (0.2 mmol, 35 ulL) and Selectfluor (0.2 mmol, 70.9 mg). The tube was
stirred at room temperature for 1 hour. After the reaction was completed as monitored by thin-
layer chromatography, the residue was purified by flash chromatography on silica gel with
petroleum ether/ethyl acetate = 5/1 as the eluent afforded the 2a in 65% yield.

:f(zO eq.) FE

t o}
Selectfluor (2.0 eq.) O O
CH3CN,RT, Np, 1h N

1a, 0.1 mmol 2a, 54%

1a (0.1 mmol) was added to a sealed tube under N, following by the addition of MeCN (1 mL),
(1-cyclopropylvinyl)benzene (0.2 mmol, 28.8 mg) and Selectfluor (0.2 mmol, 70.9 mg). The tube

was stirred at room temperature for 1 hour. After the reaction was completed as monitored by
thin-layer chromatography, the residue was purified by flash chromatography on silica gel with
petroleum ether/ethyl acetate = 5/1 as the eluent afforded the 2a in 54% yield.

Possible Radical Pathway for Formation of 2a:
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pathway b:

CO2Et  |onic

Selectfluor

1a F +./>
\/> N-
N> Initiation BF,
OGN BRg 4,55-@@ :
By I\~ al

cl 5 SET

A possible radical mechanism was also proposed for this reaction.? Firstly, the ionic process
forms the imine intermediate I, which then yields the fluoroindole derivative II. Next, II reacts
with Selectfluor to generate carbocation intermediate IV by single-electron transfer. Finally,

intramolecular cyclization of IV affords 2a.

O CO,Et
BHT (3.0 eq.) Q I
N o]

standard conditions

" 0%0
1a’ (80.3 mg, 0.2 mmol), Cu(OTf); (3.6 mg, 0.01 mmol), BHT (132.2 mg, 0.6 mmol) and DCE (4
mL) were placed in a schlenk tube, then TBHP (5~6 M in decane, 80 uL, 0.4 mmol) were added

under N,. After the completion of the addition, the reaction mixture was allowed to react at 60 °C

(aluminium heating block) for 9 hours.

TBHP (2.0 eq.)
Cu(OTf), (0.05 eq.)

DCE, 60°C, 8 h, N,

|
detected by ESI- MS ¢

3h, 50%

1h (43.6 mg, 0.1 mmol), Cu(OTf), (1.8 mg, 0.005 mmol) and DCE (2 mL) were placed in an
schlenk tube, then TBHP (5~6 M in decane, 40 ulL, 0.2 mmol) were added under N,. After the
completion of the addition, the reaction mixture was allowed to react at 60 °C (aluminium heating
block) for 8 hours. Water was then added to the reaction mixture, and the water layers were
extracted with DCM (20mL x 3). The combined organic layers were dried over anhydrous Na,SOy,
filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel with petroleum ether/ethyl acetate = 3/1 as the eluent afforded the 2h
(22.6 mg, 50%).
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1h (43.6 mg, 0.1 mmol), Cu(OTf), (1.8 mg, 0.005 mmol) and DCE (2 mL) were placed in an
schlenk tube, then TBHP (5~6 M in decane, 40 ulL, 0.2 mmol) were added under N,. After the
completion of the addition, the reaction mixture was allowed to react at 60 °C (aluminium heating
block) for 8 hours. Water was then added to the reaction mixture, and the water layers were
extracted with DCM (20mL x 3). The combined organic layers were dried over anhydrous Na,SOy,
filtered, and concentrated under reduced pressure. The residue was detected by ESI-MS.

WZK-gyzjt-c-f #576 RT: 2.57 AV:1 NL: 7.24E7
T: FTMS + p ESIFull ms [100.0000-750.0000]

1004 546.16577

Relative Abundance
o
g

548.16199
547.16901

549.16565

LB B M M M et et M e B et e g MM At et M R M M
541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556

TBHP (2.0 eq.)
CuBr, (0.05 eq.)
N

DCE, 60°C, 5 h, Air

2a, 22% 4a, 58%
1a (80.3 mg, 0.2 mmol), CuBr; (2.2 mg, 0.01 mmol) and DCE (4 mL) were placed in an schlenk
tube, then TBHP (5~6 M in decane, 80 uL, 0.4 mmol) were added under Air. After the completion
of the addition, the reaction mixture was allowed to react at 60 °C (aluminium heating block) for 5

hours. After the reaction was completed as monitored by thin-layer chromatography, the reaction

system was concentrated. The residue was purified by flash chromatography on silica gel with
petroleum ether/ethyl acetate = 3/1 as the eluent afforded the 2a (18.4 mg, 22%) and 4a (56.7 mg,
58%).

ethyl 1-(tert-butylperoxy)-3-(1H-indole-2-carbonyl)-4-oxo-2-phenylcyclohept-2-ene-1-
carboxylate (4a). White solid, obtained in 5 h and purified by chromatography on silica gel
(PE:EA=5:1~3:1); yield: 58%, 56.7 mg, m.p. 160-162 °C. '"H NMR (500 MHz, CDCl;) & 8.82 (s,
1H), 7.64 (d, J = 8.0 Hz, 1H), 7.35 — 7.24 (m, 2H), 7.19 — 7.00 (m, 7H), 3.73 (q, J = 7.0 Hz, 2H),
2.95 —2.84 (m, 1H), 2.72 — 2.53 (m, 3H), 2.44 — 2.33 (m, 1H), 2.26 — 2.16 (m, 1H), 1.30 (s, 9H),
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0.88 (t, J= 7.0 Hz, 3H). '3C NMR (125 MHz, CDCl;)  201.2, 184.8, 169.7, 145.1, 142.1, 137.6,
1354, 135.2, 128.5, 128.2, 127.6, 127.4, 126.6, 123.3, 120.8, 113.1, 112.1, 90.0, 81.3, 61.2, 39.6,
28.5, 26.7, 19.5, 13.4. HRMS (ESI) m/z: [M+Na]" caled for C,yH3;NNaOg 512.2044 found
512.0247.

O CO,Et

0,/Bu TBHP (2.0 eq.)

CO,Et Cu(OTf), (0.05 eq.) Q o
N I o
H oo

DCE, 60°C, 9 h, N,

4a 2a, 81%

4a (23.5 mg, 0.05 mmol), Cu(OTf), (0.9 mg, 0.0025 mmol) and DCE (1 mL) were placed in an
schlenk tube, then TBHP (5~6 M in decane, 20 ulL, 0.1 mmol) were added under N,. After the
completion of the addition, the reaction mixture was allowed to react at 60 °C (aluminium heating
block) for 9 hours. After the reaction was completed as monitored by thin-layer chromatography,
the reaction system was concentrated. The residue was purified by flash chromatography on silica
gel with petroleum ether/ethyl acetate = 4/1~3/1 as the eluent afforded the 2a (16.9 mg, 81%).
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'H NMR (500 MHz, CDCl5)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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'H NMR (500 MHz, CDCl5)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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1F NMR (470 MHz, CDCls)
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'H NMR (500 MHz, CDCl5)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, CDCl;)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)

(ppm)

58

<

-

0000 |-
568°0
606'0
£26'0
0911 _] Lo
GILL PPSEL
L6171 £2L'GL—
vzl 1ze8L”
282'L —————ko0e |-
00€'L T =|be Legz
6921 z'L DA
. . £08'€e
VLT ==|¥860 | VS IT N
eTre
oSt Y e VN
15527 oﬂm
esedf #A_H( Lok 2.8'8G ~
N O_\ #0029 —
185 __lyes0
209z |f = 660
8062 —ldes0 SpL9L
8E6C z 00022
tvi Sz
Svr'e ]
2IpE | €06'88
198°¢ | S06'%6 —
Bm.ﬁ _
L6e] : peL Ly
mNm.m_ Le ~ QzZZ 1z A
£66°¢ - SbelzL
mmm.w; 652°22)
hvo.v; AN Cvu.uov
Loy _ m\mc._v 080°8Z1 ~
= 05921
802 L _Met G88-r
. . LY9ZEL
250°L 6°C . Vs
eyl | ¥96°LEL
o124 eeeevl T
oz ] £50° vl
gz | Z9L vl ?
Sm.ﬁ o -
9Le'L =<
S -
G612
e ] L (@) m 6L 1L —
-1 N lo
1252 o = Q
66€°0L — O -—iF880 HZ Py
O i =
o)
™ IS\ i
— 28%'202 —
= N
ZT DMA
-+ R N
L &)
@

Et




'H NMR (500 MHz, CDCl5)
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'H NMR (600 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (600 MHz, CDCl5)
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'H NMR (600 MHz, CDCl5)

0000
91601
82670 |
0v670 |
Gez'l |
SSZ'1A
¥8Z'1 |
9z8'L |
GegL |
2581 |
0981
Cldda
Stz
02
81T
0£5°Z
PG 2
G552
9952
9152
185

5182
€882
Smi
606'C

LZve ]
£eve ]
0sv'e |
9ste |
zive ]
6.v'c ]
£68°€ |
506°€
16'e

—

_— o T

€z6°¢
ge6'e
g66°¢
100
610
520
1€0°Y
880°Z
LoL°L ]
Ve
veTL
ommi
29z,
19EL
09€°L
zieL
Yov'L
8L
062

05,
6916

CO,Et

=4

1

00'€
=Gz'L
m@r. L

160
oL
~86°0
=160

/8670

=860

8'0

(ppm)

£1

3C NMR (125 MHz, CDCl;)

18G°€L —

86€°8L —

leLee —

oLtV —

ovL9L
000°2Z V

$GZT 1L

196 —
cLovilL 1
169°12l

(ppm)

\yNw.FNF;
QNF.NN—)

f1

S8 €T

121

BE6°62

88T~
sLv'8zl

130

12232
vrogeL /[
£v9L€L

140

Z0178€L

15

tOTEY

b
vwh,mv—g

160

€ELLLL —

17(

cLe’ssl —

CO,Et

200

0¥0°L0C —

{

| —
—

410

/
<

T
220

230

40

65



'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, CDCl5)
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'H NMR (500 MHz, DMSO)

0000 —
¥6°0
8660
¢.6°0
ceet
el
652’

— =

o
©
~
-

S

o
~
~
-

.

ey ey

062'}
008’}

Svz'Z
6522 ]
9/22 1
9822 1
8EY'Z
052 1
1872 |
v122 1
z8LZ ]
5082 |
€182

682°¢ |
96z°¢
11€°€
vee's
1£8°€
1s8°€
LEERS
€/8°€
€66°€
100t
vL0Y
820t
10€°L
vee 'L
mmmi
8Ge' L

LiEL

9/€L

18V°L

8612

915,

LocL —

CO,Et

Cl

ZL1

660

(ppm)

1

3C NMR (125 MHz, DMSO)

006 €l —

28e'8L —

8€L°€e
00G'6€ Y

999°6€ |

SE86E

000°0% 7

prewRT v
9t o1

rEC oY
L0S 0¥

68024

22989 V_

9ct'c9

691768 —
8LE¥6 —

89G°9L1L )
869021

(ppm)

1

6lveel

012521
0/6°G21 N

v8078Cl
861'821

18L'6¢C)
£$0°9¢l

665°6EL \w

f

BZ9 TVl

SpZelt

S00°LLL —

€Lv'G8L —

916,02 —

—

71



'H NMR (500 MHz, CDCl5)
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1F NMR (470 MHz, CDCls)
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3C NMR (125 MHz, DMSO)
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3C NMR (125 MHz, CDCl;)
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9. X-ray crystallography of compounds 2b and 3a.

ethyl 3',3"-difluoro-4-(4-methoxyphenyl)-1'-methyl-3-oxo-3,6,7,8-

tetrahydrospiro[cyclohepta[b]furan-2,2"-indoline[-5-carboxylate(2b, CCDC-

2470198)

(Ortep ellipsoids are depicted at the 50% level)

Table S1. Crystal data and structure refinement for 2b

Identification code 2b

Empirical formula C27 25 F2 N O5

Formula weight 481 48

Temperature 170.00 K

Wavelength 134139 A

Crystal system Orthorhombic

Space group Pbca

Unit cell dimensions a=15.5048(4) A o= 90°.
b=11.27183) A B=90°.
¢ =26.0625(7) A v =90°.

Volume 4554.9(2) A3

Z 8

Density (calculated) 1.404 Mg/m?

Absorption coefficient 0.574 mm!

F(000) 2016

Crystal size

0.17x 0.17 x 0.05 mm?

Theta range for data collection

3.855 to 54.985°.

Index ranges

-18<=h<=18, -12<=k<=13, -31<=I<=31

Reflections collected

48118
I flecti
ndependent reflections 4331 [R(int) = 0.0734]
Completeness to theta = 25.242° 99.9 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.7508 and 0.4501

Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

4331/0/319

Goodness-of-fit on F2

1.037
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Final R indices [[>2sigma(])]

R1=10.0482, wR2 = 0.1299

R indices (all data)

R1=10.0559, wR2 = 0.1364

Extinction coefficient

n/a

Largest diff. peak and hole

0.527 and -0.344 e.A
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ethyl (6aR*,11R*,11aS%)-6,7-dioxo-11a-phenyl-6,7,8,9,10,11a-hexahydro-6a,11-

epoxyazuleno[2,1-bJindole-11(5H)-carboxylate (3a, CCDC- 2345023 )

(Ortep ellipsoids are depicted at the 50% level)

O CO,Et
N I o]
H o

3a

Table S1. Crystal data and structure refinement for 3a

Identification code 3a
Empirical formula
p CysHy 1 NOs

Formula weight 415.43
Temperature 2132 K
Wavelength 0.71073 A
Crystal 1 iclini

rystal system Triclinic
Space group P-l

Unit cell dimensions

a=9.7714(6) A 0= 92.277(2)°.
b=10.13178) A  B=105.477(2)°.
c=12.1808(9) A  y=116.798(2)°.

Volume

1019.25(13) A3
Z 2
Density (calculated) 1.354 Mg/m3
Absorption coefficient 0.095 mm-!
F(000) 436

Crystal size

0.190 x 0.140 x 0.110 mm3

Theta range for data collection

2.620 to 25.999°.

Index ranges

-12<=h<=12, -12<=k<=12, -14<=1<=15

Reflections collected

13860
Independent reflections 3978 [R(int) = 0.0594]
Completeness to theta = 25.242° 99.4 %

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.7456 and 0.5490

Refinement method

Full-matrix least-squares on F?

Data / restraints / parameters

3978 /34 /301

Goodness-of-fit on F2

1.038

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

R1=0.0472, wR2 =0.1057

R indices (all data)

R1=0.0647, wR2=0.1176

Extinction coefficient

0.043(5)

Largest diff. peak and hole

0.249 and -0.220 e.A"3
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