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1. General Information

All reactions were conducted under an atmosphere of carbon dioxided. Unless otherwise noted,
chemical reagents were purchased from commercial supplies (Accela, Acros Organics, Adamas-beta®,
Alfa Aesar, Aladdin, Bidepharmatech Energy Chemical, TCI Chemicals, Innochem, J&K Chemicals,
Laajoo, Leyan, Sigma-Aldrich, Sinocompound, and 3A Chemicals) and used directly without further
purification. The solvent DMF did not dry out the water. Flash chromatography was performed with
Sepaflash columns produced by Santai Technologies. Purification of products was performed by flash
chromatography (FC) using silica gel or preparative thin layer chromatography. ‘H and *C NMR
spectra were recorded on a Bruker AVANCE |1l spectrometer (400 MHz and 101 MHz, respectively).
The following abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet, d
= doublet, t = triplet, g = quartet, dd = doublet of doublet, td = triplet of doublet and m = multiplet. To
distinguish, some **C NMR chemical shifts retain two decimal places. High-resolution mass spectra
(HRMS) were obtained on an Impact Il UHR-TOF mass spectrometry equipped with an ESI source
from Bruker at Fujian Institute of Research on the Structure of Matter. The Blue LED strips (1 meter,
30W) were purchased from Prime LED Co., Ltd. (China). CO, gas (Purity: 99.995%) was purchased
from Linde. The staring materials 1 were synthesized following the known procedures’®!, and all the
products were identified by *H NMR, *C NMR and HRMS.

2. Experimental Section

2.1 General procedures for the reactions reported herein
(a) (3+2) annulation of 1,6-enynes

P Ar PC (1 mol %)
_ x/ PhSO,Na (50 mol%) .
W/\/ DMF, blue LEDs X p @
CO,, RT

1, X = CR'R? NR 2-60

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1 (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN or [Ir(ppy).(dtbbpy)]PFs (0.002 mmol, 1 mmol%) and DMF
(2 mL). The mixture was evacuated and back-filled with CO, for 3 times. The mixture was placed
under a 30 W blue LED (A= 465 nm, 7.5 cm away from the LEDSs, with cooling fan to keep the
reaction temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h or 40 h.
Upon completion of the reaction, all the solvents were removed under reduced pressure at high
temperature. The crude reaction mixture was diluted with EtOAc (5 mL) and filtered through a short
pad of Celite. The sealed tube and Celite pad were washed with an additional 25 mL of EtOAc. The
filtrate was concentrated in vacuo, and crude *H NMR spectrum was taken using coumarin as internal
standard. The resulting residue was purified by flash silica gel chromatography or preparative thin layer
chromatography using petroleum ether/EtOAc (20:1-5:1) as the eluent to give the desired products.

(b) One-pot two-step procedure for isomerization of the tetrahydrofluorenes

Ar 4CzIPN (1 mol %)
_ x/ PhSO,Na (50 mol %)  Fe(OTf)z (10 mol %) ‘
DMF, blue LEDs DCE, 60 °C, 6 h X @
CO,, RT, 16 h
1, X = C(COOMe),, NTs 61-69
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The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1 (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN or [Ir(ppy).(dtbbpy)]PFs (0.002 mmol, 1 mmol%) and DMF
(2 mL). The mixture was evacuated and back-filled with CO, for 3 times. The mixture was placed
under a 30 W blue LED (A= 465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the
reaction temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h or 40 h.
Upon completion of the reaction, all the solvents were removed under reduced pressure at high
temperature. The crude reaction mixture was diluted with EtOAc (5 mL) and filtered through a short
pad of Celite. The sealed tube and Celite pad were washed with an additional 25 mL of EtOAc. The
filtrate was concentrated in vacuo.

Then Fe(OTf); (0.02 mmol, 10 mol %) and DCE (2 mL) were added to the crud products, and the
mixture was stirred at 60 °C for 3 h (for products 61-66, 68, 69) or 6 h (for product 67) under Ar
atmosphere. Upon completion of the reaction, the crude reaction mixture was diluted with EtOAc (5
mL) and filtered through a short pad of Celite. The sealed tube and Celite pad were washed with an
additional 25 mL of EtOAc. The filtrate was concentrated in vacuo and crude *H NMR spectrum was
taken using coumarin as internal standard. The resulting residue was purified by flash silica gel
chromatography or preparative thin layer chromatography using petroleum ether/EtOAc (20:1-10:1) as
the eluent to give the desired products.

(c) co,facilitated addition of sulfonyl radicals to alkenes

4CzIPN (1 mol %) R?
R'—==—R? + RSO,Na —
DMF, blue LEDs R'" SO,R
CO,, RT, 16 h
72-79

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged alkyne substrates (0.2
mmol), PhSO,Na (0.4 mmol, 2.0 equiv), 4CzIPN (0.002 mmol, 1 mmol%) and DMF (2 mL). The
mixture was evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30 W
blue LED (An=465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction
temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h. Upon completion of
the reaction, all the solvents were removed under reduced pressure at high temperature. The crude
reaction mixture was diluted with EtOAc (5 mL) and filtered through a short pad of Celite. The sealed
tube and Celite pad were washed with an additional 25 mL of EtOAc. The filtrate was concentrated in
vacuo, and crude 'H NMR spectrum was taken using coumarin as internal standard. The resulting
residue was purified by flash silica gel chromatography or preparative thin layer chromatography using
petroleum ether/EtOAc (20:1-5:1) as the eluent to give the desired products72-79.

2.2 Characterization of products
dimethyl-7,9,9-trimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (2)

MeOOC '
Me
mesoe 3N

PC: 4CzIPN; Reaction time: 16 h; Yield: 57.7 mg, 88%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white

solid (m.p. = 70-71 <C).

'H NMR (400 MHz, CDCl3) & 7.18 (d, J = 8.1 Hz, 1H), 6.93 (s, 1H), 6.93 — 6.89 (m, 1H), 5.86 — 5.83

(m, 1H), 3.68 (s, 3H), 3.64 (s, 3H), 3.03 — 2.97 (m, 1H), 2.47 — 2.37 (m, 2H), 2.32 — 2.27 (m, 4H), 1.82
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(t, J = 12.5 Hz, 1H), 1.30 (s, 3H), 0.87 (s, 3H). *C NMR (101 MHz, CDCl;) & 173.0, 171.7, 154.3,
141.0, 138.0, 135.8, 127.7, 123.0, 120.2, 113.2, 54.1, 52.9, 52.9, 48.7, 44.4, 31.3, 28.7, 26.12, 26.08,
21.7. HRMS (m/z, ESI-TOF): Calcd for CxH,,0,Na* [M+Na'] 351.1567, found 351.1570.

dimethyl-7,9,9-trimethyl-4-(phenylsulfonyl)-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate
2”)

e~ e
SO,Ph
IH NMR (400 MHz, CDCls) & 8.05 (d, J = 8.1 Hz, 1H), 8.01 — 7.91 (m, 2H), 7.58 — 7.52 (m, 1H), 7.50
—7.46 (m, 2H), 7.03 (s, 1H), 6.9 (d, J = 8.3 Hz, 1H), 3.77 (s, 3H), 3.66 (s, 3H), 3.48 (dt, J = 18.3, 2.0
Hz, 1H), 2.84 (dd, J = 18.2, 3.4 Hz, 1H), 2.57 — 2.44 (m, 2H), 2.35 (s, 3H), 1.94 — 1.81 (m, 1H), 1.36 (s,
3H), 0.94 (s, 3H). *C NMR (101 MHz, CDCly) & 171.5, 170.5, 157.5, 151.5, 141.8, 141.3, 133.0,
131.3,129.0, 128.7, 127.5, 126.4, 126.3, 122.4, 53.8, 53.7, 53.2, 53.0, 44.2, 33.3, 27.4, 26.3, 25.4, 21.7.
HRMS (m/z, ESI-TOF): Calcd for CysH,50sSNa” [M+Na'] 491.1499, found 491.1501.

2,2-bis(methoxymethyl)-7,9,9-trimethyl-2,3,9,9a-tetrahydro-1H-fluorene (3)

MeOH,C .
Me
MeOH,C Q O

PC: 4CzIPN; Reaction time: 16 h; Yield: 43.2 mg, 72%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 15/1) as a yellow
oil.

'H NMR (400 MHz, CDCls) 6 7.26 (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 6.99 (d, J = 7.7 Hz, 1H), 5.90 (q,
J=3.0 Hz, 1H), 3.38 — 3.25 (m, 10H), 2.48 (dd, J = 7.7, 4.6 Hz, 1H), 2.35 (s, 3H), 2.15 — 1.98 (m, 2H),
1.83 (dd, J = 12.2, 5.0 Hz, 1H), 1.37 (s, 3H), 1.29 (t, J = 12.3 Hz, 1H), 0.90 (s, 3H). *C NMR (101
MHz, CDCly) 3 154.6, 140.9, 1374, 136.4, 127. 5, 123.0, 119.8, 114.9, 79.4, 74.0, 59.5, 59.4, 48.0,
44.2, 38.6, 30.9, 26.8, 26.1, 26.0, 21.7. HRMS (m/z, ESI-TOF): Calcd for CyH,s0,Na* [M+Na']
323.1982, found 323.1985.

(7,9,9-trimethyl-2,3,9,9a-tetrahydro-1H-fluorene-2,2-diyl)bis(methylene) diacetate (4)

AcOH,C '
Me
AcOH,C Q O

PC: 4CzIPN; Reaction time: 16 h; Yield: 54.1 mg, 76%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
oil.

'H NMR (400 MHz, CDCl3) & 7.27 — 7.23 (m, 1H), 7.02 (s, 1H), 7.00 (d, J = 7.7 Hz, 1H), 5.87 (q, J =
3.4 Hz, 1H), 4.13 — 3.99 (m, 4H), 2.50 — 2.44 (m, 1H), 2.35 (s, 3H), 2.16 — 2.11 (m, 2H), 2.10 (s, 3H),
2.06 (s, 3H), 1.85 (dd, J = 12.4, 5.1 Hz, 1H), 1.38 — 1.32 (m, 4H), 0.91 (s, 3H). *C NMR (101 MHz,
CDCl,) 6 171.2, 171.1, 154.3, 141.2, 137.8, 135.9, 127.6, 123.0, 119.9, 113.3, 69.6, 64.7, 47.6, 44.2,
36.8, 30.5, 26.8, 26.0, 25.9, 21.7, 21.0, 20.9. HRMS (m/z, ESI-TOF): Calcd for C,H,s0,Na*” [M+Na']
379.1880, found 379.1878.
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7,9,9-trimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (5)

TsN Me
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 57.3 mg, 78%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls;) 6 7.72 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 7.6 Hz,
1H), 7.00 (d, J = 7.3 Hz, 1H), 6.99 (s, 1H), 5.82 (g, J = 3.1 Hz, 1H), 4.25 (dt, J = 17.1, 3.5 Hz, 1H),
4.12 (dd, J = 11.0, 5.3 Hz, 1H), 3.40 (dt, J = 17.2, 3.2 Hz, 1H), 2.83 — 2.78 (m, 1H), 2.46 (t, J = 11.0
Hz, 1H), 2.42 (s, 3H), 2.35 (s, 3H), 1.42 (s, 3H), 0.87 (s, 3H). *C NMR (101 MHz, CDCl5) § 154.2,
143.6, 141.0, 138.8, 134.9, 134.2, 129.8, 128.0, 127.6, 123.1, 120.4, 110.9, 50.8, 45.2, 44.2, 44.1, 26.8,
26.3,21.8, 21.7. HRMS (m/z, ESI-TOF): Calcd for C»,H,6NO,S" [M+H"] 368.1679, found 368.1672.

7,9,9-trimethyl-2-(methylsulfonyl)-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (6)

PC: 4CzIPN; Reaction time: 40 h; Yield: 41.9 mg, 72%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 15/1) as a yellow
oil.

'H NMR (400 MHz, CDCl3) & 7.30 (d, J = 8.2 Hz, 1H), 7.04 (d, J = 6.8 Hz, 2H), 5.95 — 5.87 (m, 1H),
4.24 (dd, J = 17.6, 3.1 Hz, 1H), 4.09 (d, J = 6.3 Hz, 1H), 3.75 (d, J = 17.3 Hz, 1H), 2.87 (s, 3H), 2.85 —
2.77 (m, 2H), 2.37 (s, 3H), 1.44 (s, 3H), 0.96 (s, 3H). *C NMR (101 MHz, CDCls) & 154.0, 141.1,
138.9, 134.8, 128.0, 123.1, 120.3, 111.0, 50.7, 44.9, 44.1, 43.9, 35.8, 26.8, 26.2, 21.7. HRMS (m/z,
ESI-TOF): Calcd for C;5H,;NO,SNa* [M+Na"] 314.1185, found 314.1185.

2',2',7,9,9-pentamethyl-1,3,9,9a-tetrahydrospiro[fluorene-2,5'-[1,3]dioxane] (7)

PC: 4CzIPN; Reaction time: 16 h; Yield: 41.8 mg, 67%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls) & 7.26 (d, J = 8.3 Hz, 1H), 7.03 (s, 1H), 7.00 (d, J = 7.7 Hz, 1H), 5.93 —
5.90 (m, 1H), 3.77 (d, J = 11.6 Hz, 1H), 3.67 (d, J = 13.9 Hz, 3H), 2.53 — 2.41 (m, 2H), 2.35 (s, 3H),
2.01—1.90 (m, 2H), 1.47 (s, 3H), 1.45 (s, 3H), 1.38 (s, 3H), 1.21 (t, J = 12.2 Hz, 1H), 0.90 (s, 3H). ©*C
NMR (101 MHz, CDCl3) 8 154.4, 140.7, 137.6, 136.1, 127.5, 123.0, 119.9, 114.4, 98.3, 71.5, 66.9,
47.7,44.1, 32.6, 32.0, 28.0, 26.1, 25.9, 24.6, 23.1, 21.7. HRMS (m/z, ESI-TOF): Calcd for C,1H»00,"
[M+H"] 313.2162, found 313.2154.

dimethyl-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (8)

S6



MeOOC .
MeOOC Q O

PC: 4CzIPN; Reaction time: 16 h; Yield: 45.8 mg, 73%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCls) 8 7.30 (d, J = 7.1 Hz, 1H), 7.17 — 7.06 (m, 3H), 5.99 — 5.85 (m, 1H), 3.69
(s, 3H), 3.65 (s, 3H), 3.05 — 2.98 (m, 1H), 2.49 — 2.37 (m, 2H), 2.35 — 2.28 (m, 1H), 1.83 (t, J = 12,5
Hz, 1H), 1.32 (s, 3H), 0.88 (s, 3H). *C NMR (101 MHz, CDCl;) & 173.0, 171.7, 154.1, 141.1, 138.4,
128.1, 126.8, 122.4, 120.5, 114.3, 54.1, 52.94, 52.88, 48.5, 44.6, 31.4, 28.7, 26.2, 26.1. HRMS (m/z,
ESI-TOF): Calcd for CygH,30," [M+H"] 315.1591, found 315.1596.

9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (9)

TsN
Q%

PC: 4CzIPN; Reaction time: 16 h; Yield: 47.3 mg, 67%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 65-66 <C).

'H NMR (400 MHz, CDCls) & 7.65 (d, J = 8.1 Hz, 2H), 7.27 (dd, J = 10.7, 7.6 Hz, 3H), 7.19 — 7.09
(m, 3H), 5.82 (q, J = 3.1 Hz, 1H), 4.19 (dt, J = 17.2, 3.6 Hz, 1H), 4.06 (dd, J = 11.0, 5.3 Hz, 1H), 3.34
(dt, J = 17.3, 3.3 Hz, 1H), 2.80 — 2.71 (m, 1H), 2.40 (d, J = 11.0 Hz, 1H), 2.35 (s, 3H), 1.37 (s, 3H),
0.81 (s, 3H). *C NMR (101 MHz, CDCls) & 154.0, 143.6, 141.2, 129.9, 128.8, 127.6, 127.1, 122.5,
120.6, 112.0, 50.6, 45.2, 44.3, 44.2, 26.9, 26.3, 21.7. HRMS (m/z, ESI-TOF): Calcd for C,H,,NO,S*
[M+H"] 354.1522, found 354.1521.

dimethyl-9,9-dimethyl-7-phenyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (10)

MeOOC . Ph
MeOOC

PC: 4CzIPN; Reaction time: 16 h; Yield: 51.5 mg, 66%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 120-121 <C).

'H NMR (400 MHz, CDCls) §7.61 (d, J = 6.9 Hz, 2H), 7.51 — 7.41 (m, 5H), 7.35 (t, J = 7.4 Hz, 1H),
6.06 (g, J = 3.6, 2.9 Hz, 1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.17 — 3.12 (m, 1H), 2.62 — 2.43 (m, 3H), 1.96
(t, J = 12.4 Hz, 1H), 1.48 (s, 3H), 1.03 (s, 3H). *C NMR (101 MHz, CDCl;) 6 172.9, 171.6, 154.8,
141.6, 141.3, 140.7, 137.6, 128.8, 127.3, 126.1, 121.2, 120.8, 114.6, 54.1, 53.0, 52.9, 48.8, 44.7, 31.4,
28.7, 26.2. HRMS (m/z, ESI-TOF): Calcd for CysH,0,Na* [M+Na'] 413.1723, found 413.1722.

9,9-dimethyl-7-phenyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (11)

TsN Ph
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 54.1 mg, 63%.
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The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 170-171 <C).

'H NMR (400 MHz, CDCl3) & 7.74 (d, J = 8.0 Hz, 2H), 7.57 (d, J = 7.2 Hz, 2H), 7.49 — 7.38 (m, 5H),
7.35-7.31 (m, 3H), 5.92 (g, J = 3.1 Hz, 1H), 4.29 (dt, J = 17.2, 3.5 Hz, 1H), 4.16 (dd, J = 11.0, 5.3 Hz,
1H), 3.43 (dt, J = 17.4, 3.1 Hz, 1H), 2.90 — 2.84 (m, 1H), 2.49 (t, J = 11.0 Hz, 1H), 2.42 (s, 3H), 1.49 (s,
3H), 0.93 (s, 3H). ®C NMR (101 MHz, CDCls) & 154.6, 143.6, 142.0, 141.3, 140.7, 136.7, 134.1,
129.9, 128.9, 127.6, 127.5, 127.2, 126.4, 121.3, 120.9, 112.2, 50.9, 45.3, 44.4, 44.2, 26.9, 26.3, 21.7.
HRMS (m/z, ESI-TOF): Calcd for C,;H,sNO,S™ [M+H'] 430.1835, found 430.1826.

dimethyl-7-(tert-butyl)-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (12)

MeOOC
Y\
MeOOC

PC: 4CzIPN; Reaction time: 16 h; Yield: 55.5 mg, 75%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 125-126 <C).

'H NMR (400 MHz, CDCls) § 7.31 (d, J = 8.7 Hz, 1H), 7.26 — 7.21 (m, 2H), 5.96 — 5.93 (m, 1H), 3.76
(s, 3H), 3.71 (s, 3H), 3.13 — 3.01 (m, 1H), 2.54 — 2.42 (m, 2H), 2.40 — 2.37 (m, 1H), 1.91 (t, J = 12.4
Hz, 1H), 1.41 (s, 3H), 1.32 (s, 9H), 0.96 (s, 3H). *C NMR (101 MHz, CDCl;) § 173.0, 171.6, 153.9,
151.4, 140.8, 135.7, 124.0, 119.9, 118.9, 113.4, 54.0, 52.9, 52.8, 48.7, 44.6, 35.0, 31.6, 31.3, 28.6, 26.1,
26.1. HRMS (m/z, ESI-TOF): Calcd for CpsH3;0," [M+H'] 371.2217, found 371.2219.

7-(tert-butyl)-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (13)

TsN t-Bu
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 63.8 mg, 78%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 98-99 ).

'H NMR (400 MHz, CDCls) § 7.73 (d, J = 8.2 Hz, 2H), 7.34 — 7.28 (m, 3H), 7.24 (dd, J = 8.0, 1.5 Hz,
1H), 7.20 (s, 1H), 5.84 (q, J = 2.8 Hz, 1H), 4.25 (dt, J = 17.0, 3.3 Hz, 1H), 4.13 (dd, J = 11.0, 5.3 Hz,
1H), 3.40 (dt, J = 17.0, 3.1 Hz, 1H), 2.83 — 2.80 (m, 1H), 2.49 — 2.42 (m, 4H), 1.45 (s, 3H), 1.31 (s,
9H), 0.88 (s, 3H). *C NMR (101 MHz, CDCl,) § 153.7, 152.2, 143.5, 140.8, 134.8, 134.0, 129.8,
127.5, 124.3, 120.0, 119.0, 111.0, 50.8, 45.1, 44.3, 44.1, 35.0, 31.5, 26.8, 26.3, 21.6. HRMS (m/z,
ESI-TOF): Calcd for CpsH3,NO,S™ [M+H"] 410.2148, found 410.2150.

6,8,9,9-tetramethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (14)

Me
TsN
Y

Me
PC: 4CzIPN; Reaction time: 16 h; Yield: 51.4 mg, 67%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 170-171 <C).
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'H NMR (400 MHz, CDCl;) & 7.65 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 6.96 (s, 1H), 6.74 (s,
1H), 5.75 (q, J = 3.1 Hz, 1H), 4.17 (dt, J = 17.1, 3.6 Hz, 1H), 4.02 (dd, J = 11.0, 5.3 Hz, 1H), 3.32 (dt,
J=17.0, 3.0 Hz, 1H), 2.77 — 2.63 (m, 1H), 2.38 (t, J = 10.9 Hz, 1H), 2.34 (s, 3H), 2.27 (s, 3H), 2.20 (s,
3H), 1.45 (s, 3H), 0.85 (s, 3H). *C NMR (101 MHz, CDCl,) & 147.6, 143.6, 141.1, 138.3, 136.9,
134.1, 134.0, 132.7, 129.8, 127.6, 118.9, 111.1, 51.2, 45.3, 45.2, 43.8, 27.0, 23.1, 21.7, 21.1, 19.3.
HRMS (m/z, ESI-TOF): Calcd for C,3H,;NO,SNa* [M+Na"] 404.1655, found 404.1648.

dimethyl-7-methoxy-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (15)

MeQOC . OMe
MeOOC

PC: 4CzIPN; Reaction time: 16 h; Yield: 53.0 mg, 77%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCl3) & 7.25 — 7.19 (m, 1H), 6.71 — 6.62 (m, 2H), 5.78 — 5.76 (m, 1H), 3.73 (s,
3H), 3.68 (s, 3H), 3.65 (s, 3H), 3.06 — 2.93 (m, 1H), 2.48 — 2.35 (m, 2H), 2.35 — 2.25 (m, 1H), 1.82 (t, J
=12.5 Hz, 1H), 1.30 (s, 3H), 0.88 (s, 3H). *C NMR (101 MHz, CDCl5) & 173.0, 171.7, 160.2, 155.9,
1405, 131.3, 121.4, 112.7, 112.1, 107.8, 55.5, 54.1, 52.9, 52.9, 48.8, 44.7, 31.3, 28.7, 26.04, 26.01.
HRMS (m/z, ESI-TOF): Calcd for CyH,,0sNa” [M+Na'] 367.1516, found 367.1515.

7-methoxy-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (16)

TN OMe
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 59.7 mg, 78%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCls) 6 7.72 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.5 Hz,
1H), 6.74 (dd, J = 8.3, 2.4 Hz, 1H), 6.71 (d, J = 2.3 Hz, 1H), 5.74 (q, J = 3.2 Hz, 1H), 4.23 (dt, J = 16.9,
3.5 Hz, 1H), 4.12 (dd, J = 10.9, 5.3 Hz, 1H), 3.80 (s, 3H), 3.39 (dt, J = 17.0, 3.4 Hz, 1H), 2.85 — 2.78
(m, 1H), 2.46 (t, J = 10.9 Hz, 1H), 2.42 (s, 3H), 1.42 (s, 3H), 0.88 (s, 3H). *C NMR (101 MHz,
CDCls) 8 160.7, 155.8, 143.6, 140.5, 134.1, 130.4, 129.8, 127.6, 121.5, 113.1, 109.7, 107.7, 55.5, 51.0,
45.1, 44.3,44.2, 26.7, 26.2, 21.6. HRMS (m/z, ESI-TOF): Calcd for C,,H,NO;S* [M+H"] 384.1628,
found 384.1621.

9,9-dimethyl-7-(methylthio)-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (17)

TsN SMe
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 43.0 mg, 54%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 127-128 <C).

'H NMR (400 MHz, CDCls) § 7.72 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz,
1H), 7.08 (d, J = 7.0 Hz, 1H), 7.07 (s, 1H),5.84 (q, J = 3.0 Hz, 1H), 4.25 (dt, J = 17.2, 3.6 Hz, 1H),
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4.12 (dd, J = 11.0, 5.3 Hz, 1H), 3.47 — 3.33 (m, 1H), 2.87 — 2.74 (m, 1H), 2.48 (s, 3H), 2.45 (t, J = 11.2
Hz, 1H), 2.42 (s, 3H),1.43 (s, 3H), 0.88 (s, 3H). *C NMR (101 MHz, CDCly) & 154.7, 143.6, 140.5,
139.1, 134.8, 134.1, 129.9, 127.6, 125.4, 120.9, 120.7, 111.5, 50.8, 45.2, 44.3, 44.1, 26.7, 26.2, 21.6,
16.2. HRMS (m/z, ESI-TOF): Calcd for C,H,sNO,S,* [M+H*] 400.1399, found 400.1396.

dimethyl-7-acetamido-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (18)

MeOOC . NHAC
MeOOC

PC: 4CzIPN; Reaction time: 16 h; Yield: 53.4 mg, 72%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 3/1) as a yellow
solid (m.p. = 181-182 <C).

'"H NMR (400 MHz, CDCl3) § 7.79 (s, 1H), 7.52 (d, J = 1.8 Hz, 1H), 7.32 — 7.20 (m, 2H), 5.91 (q, J =
3.0 Hz, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 3.14 — 3.03 (m, 1H), 2.52 — 2.46 (m, 2H), 2.41 — 2.31 (m, 1H),
2.17 (s, 3H), 1.90 (t, J = 12.5 Hz, 1H), 1.37 (s, 3H), 0.94 (s, 3H). *C NMR (101 MHz, CDCls) 5 172.9,
171.7, 168.5, 155.1, 140.5, 138.2, 134.5, 120.8, 118.7, 114.0, 113.4, 54.0, 52.9, 52.9, 48.7, 44.7, 31.3,
28.6, 26.03, 25.96, 24.7. HRMS (m/z, ESI-TOF): Calcd for CH,sNOs" [M+H"] 372.1805, found
372.1804.

N-(9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridin-7-yl)acetamide (19)

TsN NHAc
J

PC: 4CzIPN; Reaction time: 16 h; Yield: 66.4 mg, 81%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 3/1) as a yellow
solid (m.p. = 190-191 <C).

'H NMR (400 MHz, CDCls) & 7.80 (s, 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.40 (s, 1H), 7.25 (d, J = 8.0 Hz,
2H), 7.22 — 7.14 (m, 2H), 5.71 (q, J = 3.1 Hz, 1H), 4.15 (dt, J = 17.1, 3.5 Hz, 1H), 4.01 (dd, J = 11.0,
5.4 Hz, 1H), 3.31 (dt, J = 16.2, 2.7 Hz, 1H), 2.71 — 2.64 (m, 1H), 2.38 — 2.33 (m, 4H), 2.07 (s, 3H),
1.30 (s, 3H), 0.77 (s, 3H). *C NMR (101 MHz, CDCls) & 168.7, 154.9, 143.8, 140.5, 138.8, 133.8,
133.4, 129.9, 127.6, 121.0, 119.0, 114.0, 111.0, 50.8, 45.2, 44.4, 44.1, 26.6, 26.1, 24.7, 21.6. HRMS
(m/z, ESI-TOF): Calcd for Cy3H»;N,03S* [M+H"] 411.1737, found 411.1732.

dimethyl-7-fluoro-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (20)

MeOOC . .
oo 1)

PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 16 h; Yield: 35.2 mg, 53%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 80-81 <C).

'H NMR (400 MHz, CDCls) § 7.23 (dd, J = 8.2, 5.2 Hz, 1H), 6.82 — 6.76 (m, 2H), 5.86 — 5.84 (m, 1H),
3.69 (s, 3H), 3.66 (s, 3H), 3.07 — 2.95 (m, 1H), 2.47 — 2.37 (m, 2H), 2.35 — 2.29 (m, 1H), 1.82 (t, J =
12.4 Hz, 1H), 1.30 (s, 3H), 0.87 (s, 3H). *C NMR (101 MHz, CDCl,) 5 172.8, 171.6, 163.2 (d, J =
246.1 Hz), 156.4 (d, J = 7.2 Hz), 140.0, 134.3 (d, J = 2.5 Hz), 121.7 (d, J = 8.8 Hz), 114.0 (d, J = 21.2
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Hz), 113.9, 109.5 (d, J = 22.0 Hz), 53.9, 53.0, 52.9, 48.8, 44.8 (d, J = 1.9 Hz), 31.3, 28.6, 26.0, 25.9.
F NMR (376 MHz, CDCly) § -113.73. HRMS (m/z, ESI-TOF): Calcd for CyoH,1FO,Na* [M+Na']
355.1316, found 355.1324.

7-fluoro-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (21)

TsN F
7

PC: 4CzIPN; Reaction time: 16 h; Yield: 54.9 mg, 74%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 96-97 <C).

'H NMR (400 MHz, CDCls) & 7.65 (d, J = 8.2 Hz, 2H), 7.31 — 7.20 (m, 3H), 6.86 — 6.75 (m, 2H), 5.76
(9, J = 3.1 Hz, 1H), 4.17 (dt, J = 17.2, 3.6 Hz, 1H), 4.05 (dd, J = 11.0, 5.3 Hz, 1H), 3.32 (dt, J = 17.1,
3.4 Hz, 1H), 2.81 — 2.74 (m, 1H), 2.40 — 2.35 (m, 4H), 1.35 (s, 3H), 0.81 (s, 3H). *C NMR (101 MHz,
CDCIl3) 8 163.6 (d, J = 247.3 Hz), 156.4 (d, J = 7.2 Hz), 143.7, 140.0, 134.0, 133.5 (d, J = 2.5 Hz),
129.9,127.6,121.9 (d, J = 8.9 Hz), 114.4 (d, J = 23.2 Hz), 111.6 (d, J = 2.2 Hz), 109.7 (d, J = 22.1 Hz),
51.0,45.1,44.5(d, J=19Hz),44.1, 26.7, 26.1, 21.7. ¥F NMR (376 MHz, CDCls) 6 -112.50. HRMS
(m/z, ESI-TOF): Calcd for CyHxFNO,S™ [M+H™] 372.1428, found 372.1429.

dimethyl-7-chloro-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (22)

MeOOC . ol
oo 1)

PC: 4CzIPN; Reaction time: 16 h; Yield: 55.7 mg, 80%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 74-75 <C).

'H NMR (400 MHz, CDCls)  7.27 (d, J = 7.9 Hz, 1H), 7.20 — 7.09 (m, 2H), 6.04 — 5.93 (m, 1H), 3.77
(s, 3H), 3.73 (s, 3H), 3.12 — 3.05 (m, 1H), 2.56 — 2.44 (m, 2H), 2.41 — 2.36 (m, 1H), 1.88 (t, J = 12,5
Hz, 1H), 1.38 (s, 3H), 0.95 (s, 3H). *C NMR (101 MHz, CDCl,) §172.8, 171.6, 155.9, 140.0, 136.9,
133.6, 127.1, 122.9, 121.6, 115.0, 53.9, 53.0, 52.9, 48.6, 44.8, 31.3, 28.5, 25.97, 25.95. HRMS (m/z,
ESI-TOF): Calcd for CygH,,ClIO,Na” [M+Na'] 371.1021, found 371.1029.

7-chloro-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (23)

TN cl
Y

PC: 4CzIPN; Reaction time: 16 h; Yield: 51.1 mg, 66%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 81-82 T).

'H NMR (400 MHz, CDCls) § 7.72 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz,
1H), 7.17 — 7.15 (m, 2H), 5.88 (q, J = 3.2 Hz, 1H), 4.25 (dt, J = 17.3, 3.6 Hz, 1H), 4.12 (dd, J = 11.0,
5.3 Hz, 1H), 3.39 (dt, J = 17.3, 3.4 Hz, 1H), 2.85 — 2.80 (m, 1H), 2.47 — 2.41 (m, 4H), 1.43 (s, 3H),
0.88 (s, 3H). *C NMR (101 MHz, CDCls) & 155.7, 143.7, 140.1, 136.1, 134.4, 134.0, 129.9, 127.6,
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127.4,123.1, 121.7, 112.7, 50.8, 45.2, 44.5, 44.0, 26.7, 26.1, 21.7. HRMS (m/z, ESI-TOF): Calcd for
C,1H2,CINO,SNa* [M+Na'] 410.0952, found 410.0945.

dimethyl-7-bromo-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (24)

MeOOC .
Br
MeOOC

PC: 4CzIPN; Reaction time: 16 h; Yield: 56.4 mg, 72%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 92-93 <C).

'H NMR (400 MHz, CDCl;) 6 7.25 (d, J = 1.7 Hz, 1H), 7.21 (dd, J = 8.1, 1.8 Hz, 1H), 7.14 (d, J = 8.1
Hz, 1H), 5.94 — 5.91 (m, 1H), 3.69 (s, 3H), 3.66 (s, 3H), 3.03 — 2.97 (m, 1H), 2.47 — 2.36 (m, 2H), 2.36
—2.27 (m, 1H), 1.80 (t, J = 12.5 Hz, 1H), 1.30 (s, 3H), 0.87 (s, 3H). *C NMR (101 MHz, CDCl;) &
172.8,171.6, 156.2, 140.1, 137.4, 129.9, 125.9, 122.0, 121.8, 115.2, 53.9, 53.00, 52.96, 48.5, 44.9, 31.3,
28.5, 26.0. HRMS (m/z, ESI-TOF): Calcd for C1gH,;NaBrO,Na* [M+Na'] 415.0515, found 415.0517.

7-bromo-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (25)

TsN Br
Y4

PC: 4CzIPN; Reaction time: 16 h; Yield: 52.6 mg, 61%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 91-92 <C).

'H NMR (400 MHz, CDCl3) & 7.64 (d, J = 8.2 Hz, 2H), 7.29 — 7.21 (m, 4H), 7.14 (d, J = 8.5 Hz, 1H),
5.83 (q, J = 3.0 Hz, 1H), 4.17 (dt, J = 17.3, 3.6 Hz, 1H), 4.05 (dd, J = 11.0, 5.3 Hz, 1H), 3.31 (dt, J =
17.3, 3.5 Hz, 1H), 2.78 — 2.72 (m, 1H), 2.39 — 2.33 (m, 4H), 1.35 (s, 3H), 0.80 (s, 3H). *C NMR (101
MHz, CDCls) 3 156.0, 143.7, 140.1, 136.5, 134.0, 130.3, 129.9, 127.6, 126.0, 122.5, 122.0, 112.9, 50.7,
45.2, 445, 44.0, 26.7, 26.2, 21.7. HRMS (m/z, ESI-TOF): Calcd for C,;H,BrNO,SNa* [M+Na']
454.0447, found 454.0446.

dimethyl-7-iodo-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (26)

MeOOC ' |
MeOOC Q O

PC: 4CzIPN; Reaction time: 16 h; Yield: 64.2 mg, 73%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCly) & 7.45 (s, 1H), 7.41 (dd, J = 8.0, 1.6 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H),
5.94 — 5.92 (m, 1H), 3.69 (s, 3H), 3.65 (s, 3H), 3.03 — 2.96 (m, 1H), 2.48 — 2.35 (m, 2H), 2.31 — 2.26
(m, 1H), 1.80 (t, J = 12.5 Hz, 1H), 1.29 (s, 3H), 0.87 (s, 3H). *C NMR (101 MHz, CDCl5) & 172.7,
171.5, 156.4, 140.1, 138.0, 135.8, 131.9, 122.3, 115.4, 93.4, 53.9, 53.00, 52.96, 48.3, 44.8, 31.3, 28.4,
26.0. HRMS (m/z, ESI-TOF): Calcd for C19H,,10,Na* [M+Na'] 463.0377, found 463.0375.

7-i0do-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (27)
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PC: 4CzIPN; Reaction time: 16 h; Yield: 48.9 mg, 51%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 114-115 <C).

'H NMR (400 MHz, CDCl;) 6 7.74 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 7.4 Hz, 2H), 7.35 (d, J = 8.0 Hz,
2H), 7.12 (d, J = 8.4 Hz, 1H), 5.93 (g, J = 3.0 Hz, 1H), 4.27 (dt, J = 17.3, 3.6 Hz, 1H), 4.14 (dd, J =
11.0, 5.4 Hz, 1H), 3.41 (dt, J = 17.4, 3.3 Hz, 1H), 2.86 — 2.79 (m, 1H), 2.48 — 2.42 (m, 4H), 1.43 (s,
3H), 0.89 (s, 3H). *C NMR (101 MHz, CDCl;) § 156.1, 143.7, 140.2, 137.1, 136.1, 134.0, 132.0,
129.9, 127.6, 122.3, 113.1, 94.2, 50.5, 45.2, 44.4, 43.9, 26.7, 26.2, 21.7. HRMS (m/z, ESI-TOF):
Calcd for CyH,3INO,S™ [M+H"] 480.0489, found 480.0484.

dimethyl-9,9-dimethyl-7-(trifluoromethyl)-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate

(28)

PC: 4CzIPN; Reaction time: 40 h; Yield: 46.6 mg, 61%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 92-93 <C).

'H NMR (400 MHz, CDCl3) § 7.38 — 7.34 (m, 3H), 6.06 — 6.04 (m, 1H), 3.70 (s, 3H), 3.66 (s, 3H),
3.05 (dt, J = 18.5, 3.8 Hz, 1H), 2.49 — 2.40 (m, 2H), 2.38 — 2.31 (m, 1H), 1.83 (t, J = 12.4 Hz, 1H), 1.35
(s, 3H), 0.90 (s, 3H). *C NMR (101 MHz, CDCls) 5 172.7, 171.5, 154.6, 141.9 (d, J = 1.6 Hz), 140.1,
130.0 (q, J = 31.9 Hz), 124.6 (q, J = 273.2 Hz), 124.1 (q, J = 3.8 Hz), 120.7, 119.5 (q, J = 3.9 Hz),
117.2, 53.9, 53.0, 53.0, 48.6, 44.8, 31.4, 28.5, 26.01, 25.99. °F NMR (376 MHz, CDCl;) & -61.95.
HRMS (m/z, ESI-TOF): Calcd for CyH,,F;0," [M+H] 383.1465, found 383.1468.

9,9-dimethyl-2-tosyl-7-(trifluoromethyl)-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (29)

TsN CF3
Y4

PC: 4CzIPN; Reaction time: 40 h; Yield: 53.9 mg, 64%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 138-139 <C).

'H NMR (400 MHz, CDCl3) & 7.69 — 7.61 (m, 2H), 7.35 (d, J = 7.9 Hz, 3H), 7.26 (d, J = 8.0 Hz, 2H),
5.95 (q, J = 3.1 Hz, 1H), 4.22 (dt, J = 17.5, 3.7 Hz, 1H), 4.08 (dd, J = 11.0, 5.4 Hz, 1H), 3.34 (dt, J =
17.6, 3.4 Hz, 1H), 2.85 — 2.72 (m, 1H), 2.39 (d, J = 11.0 Hz, 1H), 2.35 (s, 3H), 1.39 (s, 3H), 0.82 (s,
3H). *C NMR (101 MHz, CDCI;) & 154.4, 143.8, 140.9 (d, J = 1.5 Hz), 140.0, 133.9, 130.7 (q, J =
31.9 Hz), 129.9, 127.6, 124.38 (q, J = 3.8 Hz), 124.37 (q, J = 273.3 Hz), 120.9, 119.6 (q, J = 3.9 H2),
114.8, 50.7, 45.2, 44.5, 44.0, 26.6, 26.2, 21.6. '°F NMR (376 MHz, CDCls) & -62.04. HRMS (m/z,
ESI-TOF): Calcd for Cx,H,3FsNO,S* [M+H'] 422.1396, found 422.1395.

7-ethyl 2,2-dimethyl-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (30)
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MeOOC ' COOE
MeOOC

PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 16 h; Yield: 47.1 mg, 61%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 15/1) as a yellow
solid (m.p. = 90-91 <C).

'H NMR (400 MHz, CDCls) & 7.84 — 7.77 (m, 2H), 7.32 (d, J = 8.5 Hz, 1H), 6.07 — 6.04 (m, 1H), 4.29
(9, J=7.1 Hz, 2H), 3.70 (s, 3H), 3.66 (s, 3H), 3.08 — 3.01 (m, 1H), 2.50 — 2.39 (m, 2H), 2.39 — 2.29 (m,
1H), 1.83 (t, J = 12.5 Hz, 1H), 1.36 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H), 0.89 (s, 3H). *C NMR (101 MHz,
CDCly) 8 172.7, 171.5, 166.9, 154.2, 142.9, 140.5, 130.0, 128.6, 123.8, 120.2, 117.3, 61.0, 53.9, 53.00,
52.97, 48.5, 44.6, 315, 28.5, 26.1, 26.0, 14.5. HRMS (m/z, ESI-TOF): Calcd for CyHys0OsNa”
[M+Na"] 409.1622, found 409.1625.

ethyl (S)-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine-7-carboxylate (31)

TsN COOEt
Y

PC: 4CzIPN; Reaction time: 40 h; Yield: 53.6 mg, 63%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 15/1) as a yellow
solid (m.p. = 132-133 <C).

'H NMR (400 MHz, CDCls) 6 7.90 (d, J = 7.9 Hz, 1H), 7.87 (s, 1H), 7.73 (d, J = 8.1 Hz, 2H), 7.40 (d,
J=7.9Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 6.03 (g, J = 3.1 Hz, 1H), 4.37 (q, J = 7.1 Hz, 2H), 4.30 (dt, J
=17.5, 3.6 Hz, 1H), 4.16 (dd, J = 11.0, 5.3 Hz, 1H), 3.43 (dt, J = 17.7, 3.3 Hz, 1H), 2.89 — 2.84 (m,
1H), 2.46 (t, J = 10.9 Hz, 1H), 2.43 (s, 3H), 1.48 (s, 3H), 1.39 (t, J = 7.1 Hz, 3H), 0.90 (s, 3H). **C
NMR (101 MHz, CDCly) 8 166.6, 154.0, 143.7, 141.9, 140.4, 133.9, 130.7, 129.9, 128.8, 127.6, 123.9,
120.3, 114.8, 61.1, 50.7, 45.2, 44.3, 44.0, 26.8, 26.1, 21.6, 14.5. HRMS (m/z, ESI-TOF): Calcd for
CxH,;NO,SNa* [M+Na'] 448.1553, found 448.1554.

dimethyl-9,9-dimethyl-7-(trifluoromethoxy)-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate

(32)

PC: 4CzIPN; Reaction time: 40 h; Yield: 61.3 mg, 77%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a white
solid (m.p. = 60-61 <C).

'H NMR (400 MHz, CDCls) § 7.28 (d, J = 9.0 Hz, 1H), 6.99 — 6.90 (m, 2H), 5.94 — 5.92 (m, 1H), 3.69
(s, 3H), 3.66 (s, 3H), 3.05 — 2.99 (m, 1H), 2.49 — 2.38 (m, 2H), 2.38 — 2.29 (m, 1H), 1.82 (t, J =124
Hz, 1H), 1.32 (s, 3H), 0.88 (s, 3H). **C NMR (101 MHz, CDCl5) 6 172.8, 171.5, 156.0, 149.3 (g, J =
1.9 Hz), 139.8, 137.1, 121.5, 120.6 (g, J = 257.7 Hz), 119.8, 115.4, 115.4, 53.9, 53.00, 52.96, 48.7,
44.9, 31.3, 28.5, 25.95, 25.91. *F NMR (376 MHz, CDCl;) & -57.81. HRMS (m/z, ESI-TOF): Calcd
for CyH,,F305" [M+H™] 399.1414, found 399.1412.

9,9-dimethyl-2-tosyl-7-(trifluoromethoxy)-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (33)
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PC: 4CzIPN; Reaction time: 40 h; Yield: 54.2 mg, 62%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 100-101 <C).

'H NMR (400 MHz, CDCl;) § 7.65 (d, J = 8.2 Hz, 2H), 7.27 (dd, J = 8.2, 4.0 Hz, 3H), 7.00 — 6.90 (m,
2H), 5.83 (g, J = 3.0 Hz, 1H), 4.19 (dt, J = 17.3, 3.6 Hz, 1H), 4.06 (dd, J = 11.0, 5.3 Hz, 1H), 3.32 (dt,
J=17.3,4.1 Hz, 1H), 2.82 — 2.75 (m, 1H), 2.40 — 2.35 (m, 4H), 1.36 (s, 3H), 0.81 (s, 3H). *C NMR
(101 MHz, CDCls) 6 155.9, 149.7 (g, J = 1.9 Hz), 143.8, 139.9, 136.2, 134.0, 129.9, 127.6, 121.7,
120.6 (g, J = 258.1 Hz),120.0, 115.5, 113.0, 50.9, 45.1, 44.5, 44.0, 26.6, 26.1, 21.7. "*F NMR (376
MHz, CDCl;) § -57.77. HRMS (m/z, ESI-TOF): Calcd for CyH,3FsNO3S™ [M+H™] 438.1345, found
438.1347.

dimethyl-7-cyano-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (34)

MeOQOC . oN
MeOOC

PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 16 h; Yield: 43.4 mg, 64%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 98-99 <C).

'H NMR (400 MHz, CDCls)  7.41 — 7.38 (m, 2H), 7.35 (d, J = 8.2 Hz, 1H), 6.11 — 6.09 (m, 1H), 3.71
(s, 3H), 3.67 (s, 3H), 3.12 — 3.01 (m, 1H), 2.50 — 2.40 (m, 2H), 2.37 — 2.30 (m, 1H), 1.81 (t, J = 12,5
Hz, 1H), 1.34 (s, 3H), 0.89 (s, 3H). *C NMR (101 MHz, CDClg) & 172.5, 171.4, 154.8, 142.9, 139.9,
131.1, 126.5, 121.2, 119.6, 118.8, 111.1, 53.8, 53.10, 53.06, 48.3, 44.9, 31.5, 28.4, 26.0, 25.9. HRMS
(m/z, ESI-TOF): Calcd for CyH,,NO,Na* [M+Na'] 362.1363, found 362.1370.

9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine-7-carbonitrile (35)

TsN CN
Y

PC: 4CzIPN; Reaction time: 40 h; Yield: 43.8 mg, 58%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 109-110 <C).

'H NMR (400 MHz, CDCl3) & 7.65 (d, J = 8.3 Hz, 2H), 7.43 — 7.38 (m, 2H), 7.35 (d, J = 7.8 Hz, 1H),
7.27 (d, J = 8.0 Hz, 2H), 6.01 — 5.99 (m, 1H), 4.23 (dt, J = 17.8, 3.6 Hz, 1H), 4.08 (dd, J = 11.1, 5.4 Hz,
1H), 3.34 (dt, J = 17.8, 3.2 Hz, 1H), 2.84 — 2.73 (m, 1H), 2.39 — 2.33 (m, 4H), 1.39 (s, 3H), 0.82 (s,
3H). ®C NMR (101 MHz, CDCl3) & 154.6, 143.9, 141.9, 139.8, 133.8, 131.3, 129.9, 127.6, 126.6,
121.3,119.3, 116.3, 111.8, 50.5, 45.2, 44.5, 43.9, 26.6, 26.1, 21.7. HRMS (m/z, ESI-TOF): Calcd for
CxH,,N,0,SNa* [M+Na'] 401.1294, found 401.1297.

dimethyl-7-acetyl-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (36)
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PC: 4CzIPN; Reaction time: 40 h; Yield: 34.2 mg, 48%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a white
solid (m.p. = 126-127 <C).

'H NMR (400 MHz, CDCls) 8 7.79 — 7.69 (m, 2H), 7.35 (d, J = 8.0 Hz, 1H), 6.10 — 6.07 (m, 1H), 3.70
(s, 3H), 3.67 (s, 3H), 3.09 — 3.02 (m, 1H), 2.53 (s, 3H), 2.49 — 2.40 (m, 2H), 2.39 — 2.30 (m, 1H), 1.83
(t, J = 12.5 Hz, 1H), 1.37 (s, 3H), 0.90 (s, 3H). *C NMR (101 MHz, CDCls) & 198.1, 172.7, 171.5,
154.5, 143.2, 140.4, 137.0, 127.9, 122.3, 120.4, 117.8, 53.9, 53.04, 53.01, 48.6, 44.7, 31.5, 28.53, 26.9,
26.10, 26.06. HRMS (m/z, ESI-TOF): Calcd for Cy;H,505" [M+H"] 357.1697, found 357.1692.

1-(9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridin-7-yl)ethan-1-one (37)

(6]
TsN
Y/ Me

PC: 4CzIPN; Reaction time: 40 h; Yield: 40.3 mg, 51%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 108-109 <C).

'H NMR (400 MHz, CDCls) 6 7.81 (d, J = 7.5 Hz, 2H), 7.73 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 8.1 Hz,
1H), 7.35 (d, J = 8.0 Hz, 2H), 6.06 (d, J = 3.0 Hz, 1H), 4.30 (dt, J = 17.6, 3.3 Hz, 1H), 4.16 (dd, J =
11.0, 5.3 Hz, 1H), 3.42 (dt, J = 17.6, 3.1 Hz, 1H), 2.91 — 2.81 (m, 1H), 2.60 (s, 3H), 2.48 — 2.43 (m,
4H), 1.49 (s, 3H), 0.90 (s, 3H). *C NMR (101 MHz, CDCl3) & 197.8, 154.3, 143.7, 142.1, 140.2,
137.5, 133.7, 129.8, 128.0, 127.5, 122.4, 120.5, 115.2, 50.7, 45.2, 44.2, 44.0, 26.9, 26.7, 26.1, 21.6.
HRMS (m/z, ESI-TOF): Calcd for Cy3H,sNO,;S™ [M+H'] 396.1628, found 396.1626.

9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine-7-carbaldehyde (38)

TN CHO
Y

PC: 4CzIPN; Reaction time: 40 h; Yield: 28.2 mg, 37%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 89-90 ).

'H NMR (400 MHz, CDCl;) § 9.97 (s, 1H), 7.74 — 7.71 (m, 4H), 7.50 (d, J = 8.3 Hz, 1H), 7.35 (d, J =
8.0 Hz, 2H), 6.11 (q, J = 2.8 Hz, 1H), 4.31 (dt, J = 17.7, 3.5 Hz, 1H), 4.17 (dd, J = 11.0, 5.4 Hz, 1H),
3.43 (dt, J = 17.8, 3.3 Hz, 1H), 2.96 — 2.84 (m, 1H), 2.48 — 2.44 (m, 4H), 1.50 (s, 3H), 0.91 (s, 3H). **C
NMR (101 MHz, CDCls) 6 191.9, 154.7, 143.8, 143.5, 140.2, 136.8, 133.7, 130.0, 129.9, 127.5, 123.3,
121.0, 116.0, 50.6, 45.2, 44.2, 43.9, 26.7, 26.1, 21.6. HRMS (m/z, ESI-TOF): Calcd for C,H,NO,S*
[M+H"] 328.1471, found 328.1472.

dimethyl-5,9,9-trimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (39)
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PC: 4CzIPN; Reaction time: 16 h; Yield: 38.0 mg, 58%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 85-86 <C).
'H NMR (400 MHz, CDCls) 8 7.10 — 6.96 (m, 2H), 6.90 (d, J = 7.1 Hz, 1H), 5.95 — 5.93 (m, 1H), 3.69
(s, 3H), 3.65 (s, 3H), 3.11 — 3.04 (m, 1H), 2.48 — 2.43 (m, 1H), 2.42 — 2.39 (m, 1H), 2.36 (s, 3H), 2.33
—2.27 (m, 1H), 1.84 (t, J = 12.5 Hz, 1H), 1.30 (s, 3H), 0.89 (s, 3H). *C NMR (101 MHz, CDCl;) &
173.1, 171.6, 154.8, 141.3, 136.4, 133.7, 128.9, 127.5, 119.8, 117.8, 53.7, 53.0, 52.9, 48.8, 44.2, 31.9,
28.7, 26.11, 26.05, 20.9. HRMS (m/z, ESI-TOF): Calcd for CyH,,04Na” [M+Na"] 351.1567, found
351.1575.

dimethyl-5-fluoro-9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (40)

b O
P

PC: 4CzIPN; Reaction time: 16 h; Yield: 41.8 mg, 63%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.
'"H NMR (400 MHz, CDCls) § 7.17 — 7.12 (m, 1H), 6.98 (d, J = 7.5 Hz, 1H), 6.90 — 6.81 (m, 1H), 6.27
—6.18 (m, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 3.18 — 3.10 (m, 1H), 2.55 — 2.45 (m, 2H), 2.43 — 2.39 (m,
1H), 1.90 (t, J = 12.4 Hz, 1H), 1.39 (s, 3H), 0.96 (s, 3H). *C NMR (101 MHz, CDCl3) § 172.8, 171.5,
158.6 (d, J = 251.8 Hz), 157.2 (d, J = 4.6 Hz), 137.2 (d, J = 3.2 Hz), 129.0 (d, J = 7.3 Hz), 125.3 (d, J =
14,5 Hz), 119.2 (d, J = 6.4 Hz), 117.9 (d, J = 3.3 Hz), 113.6 (d, J = 20.1 Hz), 53.6, 52.90, 52.86, 48.4,
451 (d, J = 1.5 Hz), 31.4, 28.4, 25.9. ®F NMR (376 MHz, CDCl;) & -118.61. HRMS (m/z,
ESI-TOF): Calcd for CygH,,FO," [M+H"] 333.1497, found 333.1504.

5,9,9-trimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (41)

TsN
Y

Me
PC: 4CzIPN; Reaction time: 40 h; Yield: 16.9 mg, 23%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls;) & 7.66 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.13 (t, J = 7.7 Hz,
1H), 6.96 (d, J = 7.8 Hz, 1H), 6.92 (d, J = 7.5 Hz, 1H), 6.32 (q, J = 3.1 Hz, 1H), 4.27 (dt, J = 17.3, 3.6
Hz, 1H), 4.03 (dd, J = 11.0, 5.3 Hz, 1H), 3.32 (dt, J = 17.2, 3.3 Hz, 1H), 2.78 — 2.73 (m, 1H), 2.42 (s,
3H), 2.39 — 2.36 (m, 4H), 1.34 (s, 3H), 0.82 (s, 3H). *C NMR (101 MHz, CDCl;) § 155.3, 143.7,
134.0, 134.9, 134.0, 129.9, 128.7, 127.7, 123.1, 118.6, 117.4, 50.8, 45.4, 44.1, 44.0, 26.8, 26.2, 21.7,
15.2. HRMS (m/z, ESI-TOF): Calcd for C,,H,sNO,SNa* [M+Na*] 390.1498, found 390.1510.

5-fluoro-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (42)
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PC: 4CzIPN; Reaction time: 40 h; Yield: 32.6 mg, 44%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCIg) § 7.65 (d, J = 7.9 Hz, 2H), 7.27 (d, J = 7.9 Hz, 2H), 7.11 (td, J = 7.7, 5.0
Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.79 (t, J = 9.0 Hz, 1H), 6.05 (q, J = 3.3 Hz, 1H), 4.22 (dt, J = 18.5,
3.5 Hz, 1H), 4.06 (dd, J = 11.0, 5.3 Hz, 1H), 3.33 (dt, J = 17.4, 3.4 Hz, 1H), 2.80 — 2.73 (m, 1H), 2.40
(t, J = 11.0 Hz, 1H), 2.36 (s, 3H), 1.37 (s, 3H), 0.82 (s, 3H). *C NMR (101 MHz, CDCls) & 158.6 (d,
J=252.1Hz), 157.0 (d, J = 4.3 Hz), 143.7, 137.2 (d, J = 3.0 Hz), 134.0, 129.89, 129.88 (d, J = 7.4 Hz),
127.6, 124.7 (d, J = 14.6 Hz), 118.1 (d, J = 3.4 Hz), 116.8 (d, J = 6.2 Hz), 113.9 (d, J = 19.9 Hz), 50.7,
45.2,44.9 (d, J = 1.6 Hz), 44.0, 26.7, 26.2, 21.7. *F NMR (376 MHz, CDCls) 5 -118.43. HRMS (m/z,
ESI-TOF): Calcd for CyH,sFNO,S* [M+H'] 372.1428, found 372.1432.

dimethyl-8,9,9-trimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2-dicarboxylate (43)

MeOOC Me
Meooc>*wIe : &A:ggcc = 04
PC: 4CzIPN; Reaction time: 16 h; Yield: 43.3 mg, 66%.

The products were isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
white oil (m.p. = 114-115 <C).

'H NMR (400 MHz, CDCI3) § 7.18 — 7.14 (m, 1H), 7.00 (q, J = 7.7 Hz, 1H), 6.88 (d, J = 7.4 Hz, 1H),
5.90 — 5.87 (m, 1H), 3.69 (s, 3H), 3.64 (s, 3H), 3.06 — 2.96 (m, 1H), 2.45 — 2.38 (m, 2H), 2.33 — 2.24
(m, 4H), 1.82 (t, J = 12.4 Hz, 1H), 1.36 (s, 3H), 0.90 (s, 3H). *C NMR (101 MHz, CDCl;) & 173.0,
171.6, 150.5, 141.1, 139.0, 134.1, 131.0, 129.0, 126.9, 122.1, 121.0, 118.3, 114.0, 113.7, 54.2, 52.91,
52.85, 48.82, 48.75, 45.8, 31.5, 31.4, 28.7, 28.2, 26.4, 26.3, 26.1, 22.8, 19.6. HRMS (m/z, ESI-TOF):
Calcd for CyHp504" [M+H'] 329.1747, found 329.1745.

8,9,9-trimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (44)

Me
TsN . = .
Y N =0.4:1
Me /

PC: 4CzIPN; Reaction time: 16 h; Yield: 48.4 mg, 66%.

The products were isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
yellow solid (m.p. = 152-153 <C).

'H NMR (400 MHz, CDCl3) & 7.65 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.18 — 7.08 (m, 1H),
7.04 - 6.87 (m, 2H), 5.78 (q, J = 3.0 Hz, 1H), 4.17 (dt, J = 17.1, 3.6 Hz, 1H), 4.03 (dd, J = 11.1, 5.3 Hz,
1H), 3.36 — 3.29 (m, 1H), 2.75 — 2.68 (m, 1H), 2.41 — 2.34 (m, 4H), 2.31, 2.25 (s, 3H), 1.47, 1.34 (s,
3H), 0.86, 0.79 (s, 3H). *C NMR (101 MHz, CDCl;) & 151.2, 150.3, 143.6, 141.14, 141.08, 138.1,
137.6, 136.8, 134.2, 134.1, 131.7, 129.8, 129.7, 127.6, 127.2, 122.2, 121.0, 118.4, 111.6, 111.4, 51.0,
50.8, 45.6, 45.3, 45.2, 44.2, 43.9, 43.8, 26.94, 26.92, 26.3, 23.0, 21.6, 21.4, 19.4. HRMS (m/z,
ESI-TOF): Calcd for C,,H,sNO,S™ [M+H"] 368.1679, found 368.1684.
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8-methoxy-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (45)

OMe
TsN
Y

PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 16 h; Yield: 36.0 mg, 47%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCl3) 8 7.64 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 7.9 Hz, 2H), 7.08 (t, J = 7.8 Hz,
1H), 6.89 (d, J = 7.6 Hz, 1H), 6.65 (d, J = 8.1 Hz, 1H), 5.77 (q, J = 3.2 Hz, 1H), 4.17 (dt, J = 17.2, 3.5
Hz, 1H), 4.03 (dd, J = 11.0, 5.3 Hz, 1H), 3.73 (s, 3H), 3.38 — 3.27 (m, 1H), 2.78 — 2.65 (m, 1H), 2.40 —
2.35 (m, 4H), 1.48 (s, 3H), 0.89 (s, 3H). *C NMR (101 MHz, CDCly) § 157.0, 143.6, 141.7, 139.8,
139.5, 134.1, 129.8, 128.6, 127.6, 112.9, 111.9, 110.8, 55.2, 50.8, 45.2, 45.0, 43.9, 26.9, 22.8, 21.7.
HRMS (m/z, ESI-TOF): Calcd for C»,H,6NO5S*™ [M+H"] 384.1628, found 384.1629.

6-methoxy-9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (45)

TsN S Z Z
/

OMe
PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 16 h; Yield: 10.7 mg, 14%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.
'H NMR (400 MHz, CDCls) § 7.65 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 8.3 Hz,
1H), 6.79 (d, J = 2.4 Hz, 1H), 6.74 (dd, J = 8.3, 2.4 Hz, 1H), 5.80 (q, J = 3.1 Hz, 1H), 4.19 (dt, J = 17.2,
3.6 Hz, 1H), 4.05 (dd, J = 11.0, 5.3 Hz, 1H), 3.72 (s, 3H), 3.34 (dt, J = 17.3, 3.2 Hz, 1H), 2.79 — 2.72
(m, 1H), 2.37 (d, J = 8.5 Hz, 4H), 1.34 (s, 3H), 0.79 (s, 3H). *C NMR (101 MHz, CDCl;) & 159.2,
146.4, 143.7,141.2, 138.8, 134.1, 129.9, 127.6, 123.3, 115.6, 112.1, 104.9, 55.6, 51.1, 45.2, 44.2, 43.7,
27.1,26.4, 21.7. HRMS (m/z, ESI-TOF): Calcd for C»,H,sNO5S" [M+H"] 384.1628, found 384.1623.

9,9-dimethyl-2-tosyl-6-(trifluoromethyl)-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine (46)

CF3
TsN =
: = 1:0.06
7 TsN
Y

CF,4
PC: 4CzIPN; Reaction time: 40 h; Yield: 44.6 mg, 53%.

The products were isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
yellow solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCls) 6 7.66 (d, J = 8.3 Hz, 2H), 7.52 (s, 1H), 7.42 (d, J = 8.3 Hz, 1H), 7.27 (d,
J=8.0 Hz, 2H), 7.20 (d, J = 8.4 Hz, 1H), 5.93 (q, J = 3.1 Hz, 1H), 4.22 (dt, J = 17.5, 3.7 Hz, 1H), 4.08
(dd, J = 11.0, 5.4 Hz, 1H), 3.40 — 3.30 (m, 1H), 2.83 — 2.76 (m, 1H), 2.42 — 2.34 (m, 4H), 1.39 (s, 3H),
0.82 (s, 3H). *C NMR (101 MHz, CDCls) & 157.5, 143.8, 140.0, 138.2, 134.0, 129.9, 128.5 (q, J =
220.5 Hz), 127.6, 125.7 (q, J = 4.2 Hz), 123.0, 117.7 (q, = 4.1 Hz), 114.2, 50.7, 45.2, 44.5, 44.0, 26.6,
26.0, 21.7. F NMR (376 MHz, CDCl;) & -62.16. HRMS (m/z, ESI-TOF): Calcd for
CxH,,FsNO,SNa* [M+Na'] 444.1216, found 444.1219.

9,9-dimethyl-7-tosyl-7,8,8a,9-tetrahydro-6H-[1,3]dioxolo[4',5":5,6]indeno[2,1-c]pyridine (47)
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PC: 4CzIPN; Reaction time: 16 h; Yield: 59.6 mg, 75%.

The products were isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a
yellow solid (m.p. = 151-152 <C).

'H NMR (400 MHz, CDCl;) 6 7.64 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 6.69 (s, 1H), 6.56 (s,
1H), 5.85 (d, J = 8.5 Hz, 2H), 5.60 (q, J = 3.1 Hz, 1H), 4.15 (dt, J = 17.0, 3.6 Hz, 1H), 4.02 (dd, J =
10.9, 5.3 Hz, 1H), 3.30 (dt, J = 17.0, 3.2 Hz, 1H), 2.77 — 2.71 (m, 1H), 2.39 — 2.33 (m, 4H), 1.30 (s,
3H), 0.78 (s, 3H). *C NMR (101 MHz, CDCl,) & 148.7, 148.4, 147.3, 143.6, 140.8, 134.0, 131.1,
129.8, 127.6, 109.7, 103.0, 101.4, 100.7, 51.1, 45.1, 44.2, 44.1, 27.0, 26.3, 21.7. HRMS (m/z,
ESI-TOF): Calcd for C,,H,3NO,SNa* [M+Na*] 420.1240, found 420.1243.

12,12-dimethyl-2-tosyl-1,2,3,7,12,12a-hexahydropyrido[3’,4":4,5]cyclopenta[1,2-c]carbazole (48)

S

'O NH
PC: 4CzIPN; Reaction time: 40 h; Yield: 56.6 mg, 64%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a yellow
solid (m.p. = 269-271 <C).
'H NMR (400 MHz, DMSO-dg) & 11.59 (s, 1H), 8.17 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 7.9 Hz, 2H),
7.56 — 7.36 (m, 6H), 7.21 (t, J = 7.6 Hz, 1H), 5.82 (s, 1H), 4.29 — 4.07 (m, 2H), 3.34 (s, 1H), 2.84 —
2.71 (m, 1H), 2.48 (t, J = 11.0 Hz, 1H), 2.38 (s, 3H), 1.80 (s, 3H), 1.21 (s, 3H). *C NMR (101 MHz,
DMSO-dg) 8 147.7, 144.0, 142.0, 141.7, 140.6, 133.8, 130.4, 129.1, 127.8, 125.6, 124.3, 120.8, 119.3,
118.9, 117.9, 111.8, 111.1, 108.8, 51.9, 45.4, 45.3, 44.3, 27.5, 22.4, 21.5. HRMS (m/z, ESI-TOF):
Calcd for Co;H,6N,0,SNa* [M+Na'] 465.1607, found 465.1612.

10,10-dimethyl-8-tosyl-1,7,8,9,9a,10-hexahydropyrido[3',4':4,5]cyclopenta[1,2-g]indole (49)
HN
|

TsN
Y

PC: 4CzIPN; Reaction time: 40 h; Yield: 32.9 mg, 42%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a
brownness solid (m.p. = 118-119 <TC).

'H NMR (400 MHz, CDCls) & 8.37 (s, 1H), 7.74 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.26 —
7.20 (m, 3H), 6.63 (s, 1H), 5.74 (q, J = 2.9 Hz, 1H), 4.27 (dt, J = 16.8, 3.3 Hz, 1H), 4.17 (dd, J = 10.8,
5.2 Hz, 1H), 3.43 (dt, J = 16.7, 3.1 Hz, 1H), 2.93 — 2.89 (m, 1H), 2.54 (t, J = 11.0 Hz, 1H), 2.42 (s, 3H),
1.68 (s, 3H), 1.07 (s, 3H). **C NMR (101 MHz, CDCl5) & 145.4, 143.5, 142.3, 136.9, 134.0, 129.7,
129.2, 127.6, 124.5, 122.9, 114.8, 110.5, 108.4, 100.8, 51.0, 45.3, 45.2, 44.0, 27.3, 24.3, 21.6. HRMS
(m/z, ESI-TOF): Calcd for Cp3HuN,0,SNa’” [M+Na'] 415.1451, found 415.1451.

9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-cyclopenta[1,2-c:4,3-c']dipyridine (50)
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PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 40 h; Yield: 36.8 mg, 52%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a
brownness paste.

'H NMR (400 MHz, CDCls) 6 8.42 (s, 1H), 8.37 (d, J = 5.1 Hz, 1H), 7.65 (d, J = 8.3 Hz, 2H), 7.27 (d,
J =8.0 Hz, 2H), 7.16 (d, J = 4.9 Hz, 1H), 6.06 (q, J = 3.0 Hz, 1H), 4.23 (dt, J = 17.8, 3.6 Hz, 1H), 4.08
(dd, J=11.1, 5.4 Hz, 1H), 3.40 — 3.30 (m, 1H), 2.80 — 2.73 (m, 1H), 2.39 — 2.33 (m, 4H), 1.44 (s, 3H),
0.86 (s, 3H). *C NMR (101 MHz, CDCls) & 148.3, 148.2, 145.3, 145.0, 143.9, 139.7, 133.8, 129.9,
127.6, 117.3, 115.1, 50.5, 45.2, 43.9, 43.6, 26.7, 26.2, 21.7. HRMS (m/z, ESI-TOF): Calcd for
CoH23N,0,S" [M+H™] 355.1475, found 355.1482.

dimethyl-4,4-dimethyl-4,4a,5,7-tetrahydro-6H-indeno[1,2-b]thiophene-6,6-dicarboxylate (51)

MeOOC
MeOOC /N
S

PC: 4CzIPN; Reaction time: 16 h; Yield: 42.2 mg, 66%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
brownness oil.

'H NMR (400 MHz, CDCl3) & 7.10 (d, J = 4.9 Hz, 1H), 6.73 (d, J = 4.9 Hz, 1H), 5.55 (dt, J = 4.7, 2.9
Hz, 1H), 3.68 (s, 3H), 3.67 (s, 3H), 2.99 (dt, J = 19.3, 3.4 Hz, 1H), 2.60 (dtt, J = 11.2, 4.7, 2.6 Hz, 1H),
2.44 —2.34 (m, 2H), 1.89 (t, J = 12.8 Hz, 1H), 1.28 (s, 3H), 0.93 (s, 3H). *C NMR (101 MHz, CDCl5)
8 172.8, 171.7, 159.5, 139.3, 137.3, 128.4, 120.7, 112.0, 53.9, 53.0, 52.9, 43.1, 31.0, 28.8, 26.8, 25.3.
HRMS (m/z, ESI-TOF): Calcd for C;7H,00,SNa” [M+Na'] 343.0975, found 343.0977.

4,4-dimethyl-6-tosyl-4a,5,6,7-tetrahydro-4H-thieno[2',3":3,4]cyclopenta[1,2-c]pyridine (52)

TsN ) /S\
PC: 4CzIPN; Reaction time: 16 h; Yield: 40.2 mg, 56%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
solid (m.p. = 88-89 <TC).
'H NMR (400 MHz, CDCI3)s 7.74 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 4.9 Hz,
1H), 6.81 (d, J = 4.9 Hz, 1H), 5.54 (q, J = 3.1 Hz, 1H), 4.25 (dt, J = 17.1, 3.4 Hz, 1H), 4.11 (dd, J =
11.0, 5.1 Hz, 1H), 3.40 (dt, J = 17.1, 3.3 Hz, 1H), 3.16 — 3.09 (m, 1H), 2.55 (t, J = 11.1 Hz, 1H), 2.45
(s, 3H), 1.43 (s, 3H), 0.96 (s, 3H). *C NMR (101 MHz, CDCl3) & 159.9, 143.7, 138.4, 137.1, 134.1,
129.9, 129.5, 127.6, 120.7, 109.5, 55.0, 44.8, 44.0, 42.7, 27.5, 25.5, 21.7. HRMS (m/z, ESI-TOF):
Calcd for CygH,;NO,S,Na* [M+Na'] 382.0906, found 382.0912.

8,8-dimethyl-6-tosyl-6,7,7a,8-tetrahydro-5H-thieno[3',2':3,4]cyclopenta[1,2-c]pyridine (53)

)]

TsN /
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PC: 4CzIPN; Reaction time: 16 h; Yield: 41.6 mg, 58%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
brownness oil.

'H NMR (400 MHz, CDCls;) 6 7.71 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 5.0 Hz,
1H), 6.86 (d, J = 5.0 Hz, 1H), 5.54 (q, J = 2.8 Hz, 1H), 4.22 (dt, J = 16.8, 3.2 Hz, 1H), 4.08 (dd, J =
10.9, 5.2 Hz, 1H), 3.36 (dt, J = 16.8, 3.1 Hz, 1H), 3.16 — 3.10 (m, 1H), 2.52 (t, J = 11.1 Hz, 1H), 2.43
(s, 3H), 1.46 (s, 3H), 1.01 (s, 3H). *C NMR (101 MHz, CDCls) & 158.2, 143.6, 142.0, 137.3, 134.0,
129.8, 128.6, 127.5, 118.7, 109.3, 54.8, 44.7, 44.1, 43.9, 28.4, 26.5, 21.6. HRMS (m/z, ESI-TOF):
Calcd for CygH2,NO,S," [M+H™] 360.1086, found 360.1088.

9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridin-7-yl
4-(N,N-dipropylsulfamoyl)benzoate (55)

o} #
1\ —N
TsN\%/o %6 L
(o]

PC: [Ir(ppy).(dtbbpy)](PFs); Reaction time: 40 h; Yield: 42.0 mg, 33%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a yellow
solid (m.p. = 95-96 <C).

'H NMR (400 MHz, CDCls) § 8.31 (d, J = 8.5 Hz, 2H), 7.95 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 8.3 Hz,
2H), 7.42 (d, J = 8.8 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.08 — 7.01 (m, 2H), 5.91 (q, J = 2.9 Hz, 1H),
4.28 (dt, J = 17.2, 3.5 Hz, 1H), 4.15 (dd, J = 11.0, 5.3 Hz, 1H), 3.45 — 3.39 (m, 1H), 3.13 (dd, J = 8.7,
6.6 Hz, 4H), 2.90 — 2.85 (m, 1H), 2.46 (d, J = 14.8 Hz, 4H), 1.60 — 1.54 (m, 4H), 1.45 (s, 3H), 0.94 —
0.86 (m, 9H). *C NMR (101 MHz, CDCls) & 164.0, 155.6, 151.1, 145.0, 143.7, 140.0, 135.6, 133.9,
132.8, 130.8, 129.8, 127.5, 127.2, 121.4, 120.4, 115.8, 112.4, 50.7, 49.9, 45.1, 44.4, 44.0, 26.6, 26.1,
21.9, 21.6, 11.2. HRMS (m/z, ESI-TOF): Calcd for C34H.1N,06S, [M+H'] 637.2401, found 637.2404.

7-((3aS,5S,6R,6aS)-5-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]
dioxol-6-yl) 2,2-dimethyl 9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (56)

Ao
O
o
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PC: 4CzIPN; Reaction time: 16 h; Yield: 78.2 mg, 65%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a yellow
solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCly) 6 7.77 (dd, J = 7.4, 2.2 Hz, 2H), 7.39 — 7.30 (m, 1H), 6.09 (g, J = 3.1 Hz,
1H), 5.89 (t, J = 3.2 Hz, 1H), 5.42 (t, J = 3.0 Hz, 1H), 4.57 (dd, J = 3.7, 1.8 Hz, 1H), 4.32 — 4.25 (m,
2H), 4.07 — 4.01 (m, 2H), 3.70 (s, 3H), 3.66 (s, 3H), 3.05 (dt, J = 18.6, 3.8 Hz, 1H), 2.53 — 2.39 (m,
2H), 2.39 — 2.26 (m, 1H), 1.88 — 1.77 (m, 1H), 1.49 (s, 3H), 1.36 (d, J = 1.6 Hz, 3H), 1.34 (s, 3H), 1.25
(s, 3H), 1.19 (d, J = 1.5 Hz, 3H), 0.89 (d, J = 3.7 Hz, 3H). *C NMR (101 MHz, CDCls) 5 172.6, 165.5,
154.4, 143.6, 140.3, 128.7, 124.1, 120.4, 117.9, 112.4, 109.4, 105.2, 83.5, 80.1, 76.7, 76.7, 72.7, 67.3,
53.9, 53.00, 52.97, 48.5, 48.5, 44.6, 31.5, 28.5, 26.9, 26.8, 26.3, 26.10, 26.05, 25.3. HRMS (m/z,
ESI-TOF): Calcd for C3,H400:.Na" [M+Na'] 623.2463, found 623.2454.
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(3aS,5S,6R,6aS)-5-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dio
xol-6-yl 9,9-dimethyl-2-tosyl-2,3,9,9a-tetrahydro-1H-indeno[2,1-c]pyridine-7-carboxylate (57)

PC: 4CzIPN; Reaction time: 16 h; Yield: 96.0 mg, 75%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a
luminous yellow solid (m.p. = 125-126 <C).

'H NMR (400 MHz, CDCI;) & 7.86 (t, J = 6.0 Hz, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 7.9 Hz,
1H), 7.35 (d, J = 8.1 Hz, 2H), 6.07 (d, J = 2.9 Hz, 1H), 5.96 (d, J = 3.6 Hz, 1H), 5.49 (dd, J = 5.1, 2.1
Hz, 1H), 4.64 — 4.62 (m, 1H), 4.40 — 4.26 (m, 3H), 4.20 — 4.06 (m, 3H), 3.50 — 3.36 (m, 1H), 2.89 —
2.85 (m, 1H), 2.48 — 2.43 (m, 4H), 1.56 (s, 3H), 1.48 (s, 3H), 1.42 (s, 3H), 1.32 (s, 3H), 1.27 (s, 3H),
0.90 (d, J = 3.7 Hz, 3H). *C NMR (101 MHz, CDCls) & 165.2, 154.2, 143.7, 142.5, 140.2, 133.8 (d, J
= 3.1 Hz), 129.8, 129.6 (d, J = 4.1 Hz), 128.9, 127.5, 124.1 (d, J = 2.5 Hz), 120.5, 115.4, 112.4, 109.4,
105.1, 83.4,79.9 (d, J = 3.0 Hz), 76.7 (d, J = 6.5 Hz), 72.6, 67.2, 50.6 (d, J = 4.0 Hz), 45.2, 44.2, 43.9,
26.8, 26.7, 26.7 (d, J = 4.0 Hz), 26.2, 26.1 (d, J = 7.6 Hz), 25.2, 21.6. HRMS (m/z, ESI-TOF): Calcd
for C34H4NOgSNa* [M+Na'] 662.2394, found 662.2398.

7-((3S,8S,9S,10R,13S,14S,17R)-17-acetyl-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetrad
ecahydro-1H-cyclopenta[a]phenanthren-3-yl) 2,2-dimethyl
9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (58)

Me0OC
MeOOC . 0 o
& Ql Qi S
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HH
PC: 4CzIPN; Reaction time: 40 h; Yield: 70.8 mg, 54%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 3/1) as a yellow
paste.
'"H NMR (400 MHz, CDCls) § 7.92 — 7.83 (m, 2H), 7.39 (d, J = 7.9 Hz, 1H), 6.17 — 6.08 (m, 1H), 5.42
(d, J=5.0 Hz, 1H), 4.90 — 4.82 (m, 1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.16 — 3.08 (m, 1H), 2.57 — 2.46 (m,
5H), 2.44 — 2.37 (m, 1H), 2.23 — 2.17 (m, 1H), 2.14 (s, 3H), 2.08 — 1.99 (m, 3H), 1.97 — 1.86 (m, 2H),
1.79 — 1.65 (m, 4H), 1.52 — 1.47 (m, 2H), 1.44 (s, 3H), 1.28 — 1.18 (m, 6H), 1.08 (s, 3H), 0.97 (s, 3H),
0.64 (s, 3H). *C NMR (101 MHz, CDCl3) § 209.6, 172.6, 171.5, 154.1, 142.8, 140.4, 139.8, 130.3,
128.5, 123.7, 122.4, 120.1, 117.1, 63.7, 56.9, 53.9, 52.9, 49.9, 48.5, 44.5, 44.0, 38.8, 38.2, 37.1, 36.7,
31.9, 31.8, 31.6, 31.4, 285, 27.9, 26.0, 25.9, 24.5, 22.9, 21.1, 19.4, 13.2. HRMS (m/z, ESI-TOF):
Calcd for C4,Hs,0/Na” [M+Na'] 679.3605, found 679.3605.

2,2-dimethy!l

7-(((5S,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4" 5'-d]pyran-5-yl)
methyl) 9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (59)
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PC: 4CzIPN; Reaction time: 40 h; Yield: 74.5 mg, 62%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 5/1) as a yellow
solid (m.p. = 102-103 <C).

'H NMR (400 MHz, CDCls) & 7.94 — 7.86 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 6.15 — 6.12 (m, 1H), 5.57
(dd, J=5.0, 1.7 Hz, 1H), 4.66 (dd, J = 7.9, 2.4 Hz, 1H), 4.54 — 4.50 (m, 1H), 4.46 — 4.39 (m, 1H), 4.38
—4.31 (m, 2H), 4.21 — 4.18 (m, 1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.15 — 3.09 (m, 1H), 2.58 — 2.46 (m,
2H), 2.46 — 2.36 (m, 1H), 1.90 (t, J = 12.5 Hz, 1H), 1.52 (s, 3H), 1.48 (s, 3H), 1.43 (s, 3H), 1.36 (s, 3H),
1.34 (s, 3H), 0.96 (s, 3H). *C NMR (101 MHz, CDCls) & 172.6, 171.5, 166.6, 154.1, 143.0, 140.4,
129.5, 128.7, 124.0, 120.2, 117.3, 109.7, 108.9, 96.3, 71.2, 70.7, 70.6, 66.2, 63.91, 63.88, 53.8, 52.93,
52.91, 48.4, 44.5, 31.4, 284, 26.1, 26.0, 25.9, 25.0, 24.5. HRMS (m/z, ESI-TOF): Calcd for
CaHa0013Na" [M+Na'] 623.2463, found 623.2455.

7-((3R,55,8R,95,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)hexadecahydro-1
H-cyclopenta[a]phenanthren-3-yl) 2,2-dimethyl
9,9-dimethyl-1,3,9,9a-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (60)

MeOOC,
MeOOC ’.O o)
o H“hg

PC: 4CzIPN; Reaction time: 40 h; Yield: 61.3 mg, 42%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 94-95 <C).

'H NMR (400 MHz, CDCl3) & 7.91 — 7.82 (m, 2H), 7.38 (d, J = 7.8 Hz, 1H), 6.12 (dt, J = 4.4, 2.9 Hz,
1H), 5.00 — 4.85 (m, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 3.12 (d, J = 18.4 Hz, 1H), 2.55 — 2.47 (m, 2H),
2.44 — 2.36 (m, 1H), 1.99 — 1.87 (m, 3H), 1.84 — 1.75 (m, 2H), 1.73 — 1.64 (m, 4H), 1.61 — 1.46 (m,
5H), 1.43 (s, 3H), 1.37 — 1.23 (m, 9H), 1.17 — 1.05 (m, 7H), 1.04 — 1.00 (m, 2H), 0.97 (s, 3H), 0.91 (d,
J = 6.5 Hz, 3H), 0.87 (d, J = 2.0 Hz, 6H), 0.86 (d, J = 1.8 Hz, 3H), 0.66 (s, 3H). *C NMR (101 MHz,
CDCly) 8 172.6, 171.5, 166.3, 154.0, 142.7, 140.4, 130.4, 128.5, 123.7, 120.1, 117.0, 74.3, 56.4, 56.3,
54.2,53.8,52.91, 52.89, 48.5, 44.7, 445, 42.6, 40.0, 39.5, 36.8, 36.2, 35.8, 35.6, 35.5, 34.2, 32.0, 31.4,
28.7, 28.5, 28.3, 28.0, 27.6, 26.0, 25.9, 24.2, 23.9, 22.9, 22.6, 21.3, 18.7, 12.4, 12.1. HRMS (m/z,
ESI-TOF): Calcd for C47HggONa * [M+Na'] 751.4908, found 751.4910.

H

dimethyl 7,9,9-trimethyl-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate (61)

MeOOC ‘
Me
MeOOC . O

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 53.1 mg, 81%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.
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'H NMR (400 MHz, CDCly) 8 7.05 (s, 1H), 6.95 (d, J = 1.1 Hz, 2H), 3.64 (s, 6H), 2.71 (t, J = 2.3 Hz,
2H), 2.45 — 2.40 (m, 2H), 2.31 (s, 3H), 2.28 (t, J = 6.3 Hz, 2H), 1.14 (s, 6H). °C NMR (101 MHz,
CDCly) § 172.1, 153.9, 145.9, 140.0, 134.3, 131.2, 127.1, 122.2, 117.9, 54.3, 52.8, 48.8, 28.4, 28.0,
23.7, 21.7, 19.7. HRMS (m/z, ESI-TOF): Calcd for CyH»O,Na* [M+Na'] 351.1567, found
351.1569.

dimethyl 9,9-dimethyl-7-phenyl-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate (62)

MeOOC ‘ Ph
MeOOC

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 49.1 mg, 63%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls) 6 7.61 (dd, J = 8.3, 1.3 Hz, 2H), 7.53 (s, 1H), 7.49 — 7.39 (m, 3H), 7.35 —
7.29 (m, 1H), 7.21 (d, J = 7.7 Hz, 1H), 3.73 (s, 6H), 2.83 (d, J = 2.3 Hz, 2H), 2.57 — 2.53 (m, 2H), 2.38
(t, J = 6.4 Hz, 2H), 1.28 (s, 6H). *C NMR (101 MHz, CDCI3) & 171.9, 154.2, 147.5, 142.0, 141.8,
137.9, 131.1, 128.7, 127.2, 126.8, 125.6, 120.1, 118.3, 54.2, 52.8, 49.1, 28.2, 28.1, 23.6, 19.6. HRMS
(m/z, ESI-TOF): Calcd for CpsH,50.Na* [M+Na'] 413.1723, found 413.1725.

dimethyl 7-methoxy-9,9-dimethyl-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate (63)

MeOOC ‘ OMe
MeOOC

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 42.0 mg, 61%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
brownness oil.

'H NMR (400 MHz, CDCls) 6 6.96 (d, J = 8.1 Hz, 1H), 6.83 (d, J = 2.3 Hz, 1H), 6.68 (dd, J = 8.2, 2.4
Hz, 1H), 3.75 (s, 3H), 3.64 (s, 6H), 2.71 (s, 1H), 2.45 — 2.38 (m, 2H), 2.27 (t, J = 6.4 Hz, 2H), 1.14 (s,
6H). *C NMR (101 MHz, CDCl,) § 172.1, 158.0, 155.6, 144.8, 135.8, 130.9, 118.4, 111.0, 108.6,
55.7, 54.3, 52.8, 49.0, 28.3, 28.0, 23.8, 19.7. HRMS (m/z, ESI-TOF): Calcd for CyH,,0OsNa*
[M+Na"] 367.1516, found 367.1517.

dimethyl 9,9-dimethyl-7-(trifluoromethoxy)-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate

(64)
MeOOC
MeOOC OCFs

PC: 4CzIPN; Reaction time: 40 h; then Fe(OTf); (10 mol %), 3 h. Yield: 49.3 mg, 62%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls) & 7.16 — 7.13 (m, 1H), 7.12 — 7.05 (m, 2H), 3.73 (s, 6H), 2.80 (t, J = 2.2
Hz, 2H), 2.52 — 2.48 (m, 2H), 2.36 (t, J = 6.3 Hz, 2H), 1.23 (s, 6H). *C NMR (101 MHz, CDCl;) &
171.8, 155.4, 148.1, 147.0, 141.1, 130.5, 121.9, 119.3, 118.5, 114.8, 54.0, 52.8, 49.2, 28.1, 28.0, 23.3,
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19.5. F NMR (376 MHz, CDCly) & -57.91. HRMS (m/z, ESI-TOF): Calcd for CyH,iFs0sNa*
[M+Na'] 421.1233, found 421.1232.

dimethyl 7-acetamido-9,9-dimethyl-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate (65)

MeQOC ‘ NHAG
MeOOC

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 48.1 mg, 65%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 3/1) as a yellow
solid (m.p. = 156-157 <C).

'H NMR (400 MHz, CDCl3) & 7.51 (d, J = 2.0 Hz, 2H), 7.21 — 7.16 (m, 1H), 6.96 (d, J = 7.9 Hz, 1H),
3.64 (s, 6H), 2.71 (s, 2H), 2.43 — 2.39 (m, 2H), 2.27 (t, J = 6.3 Hz, 2H), 2.09 (s, 3H), 1.13 (s, 6H). **C
NMR (101 MHz, CDCls) 6 172.0, 168.4, 154.6, 146.6, 139.0, 135.2, 130.9, 118.3, 118.2, 113.9, 54.2,
52.8, 49.1, 28.2, 28.1, 24.7, 23.6, 19.6. HRMS (m/z, ESI-TOF): Calcd for C,;H,sNOs" [M+H']
372.1805, found 372.1806.

dimethyl 7-chloro-9,9-dimethyl-1,3,4,9-tetrahydro-2H-fluorene-2,2-dicarboxylate (66)

MeOOC ' cl
oo ST

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 46.5 mg, 67%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCly) & 7.26 (s, 1H), 7.19 (dd, J = 7.9, 1.9 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H),
3.73 (s, 6H), 2.78 (t, J = 2.2 Hz, 2H), 2.50 — 2.46 (m, 2H), 2.35 (t, J = 6.3 Hz, 2H), 1.22 (s, 6H). °C
NMR (101 MHz, CDCly) § 171.8, 155.3, 147.4, 140.9, 130.7, 130.6, 126.4, 121.8, 118.9, 54.0, 52.8,
49.1, 28.1, 27.9, 23.4, 19.5. HRMS (m/z, ESI-TOF): Calcd for CysH,;CIO,Na" [M+Na'] 371.1021,
found 371.10109.

7-ethyl 2,2-dimethyl 9,9-dimethyl-1,3,4,9-tetrahydro-2H-fluorene-2,2,7-tricarboxylate (67)

MeOOC ‘ COOEt
MeOOC

PC: [Ir(ppy).(dtbbpy)](PF¢); Reaction time: 16 h; then Fe(OTf); (10 mol %), 6 h. Yield: 32.3 mg, 42%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 15/1) as a yellow
solid (m.p. = 69-70 <C).

'H NMR (400 MHz, CDCl3) § 7.96 — 7.91 (m, 2H), 7.13 (d, J = 8.4 Hz, 1H), 4.35 (g, J = 7.1 Hz, 2H),
3.70 (s, 6H), 2.79 (t, J = 2.2 Hz, 2H), 2.52 — 2.48 (m, 2H), 2.34 (t, J = 6.3 Hz, 2H), 1.37 (t, J = 7.1 Hz,
3H), 1.23 (s, 6H). *C NMR (101 MHz, CDCl;) § 171.8, 167.5, 153.5, 151.2, 147.2, 131.2, 128.9,
126.6, 122.1, 117.8, 60.9, 54.0, 52.9, 49.2, 28.2, 28.1, 23.3, 19.5, 14.5. HRMS (m/z, ESI-TOF): Calcd
for C»,H,;06" [M+H'] 387.1802, found 387.1803.

dimethyl 4,4-dimethyl-4,5,7,8-tetrahydro-6H-indeno[1,2-b]thiophene-6,6-dicarboxylate (68)
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MeOOC
MeOOC \
S

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 18.0 mg, 28%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a
brownness oil.

'H NMR (400 MHz, CDCls) § 7.01 (d, J = 4.8 Hz, 1H), 6.88 (dd, J = 4.8, 1.4 Hz, 1H), 3.65 (s, 6H),
2.70 (d, J = 2.9 Hz, 2H), 2.49 — 2.39 (m, 2H), 2.25 (t, J = 6.5 Hz, 2H), 1.13 (s, 6H). *C NMR (101
MHz, CDCly) 6 171.9, 156.9, 147.3, 142.5, 128.5, 123.8, 120.3, 53.9, 52.8, 47.5, 28.22, 28.18, 23.0,
20.9. HRMS (m/z, ESI-TOF): Calcd for Cy7;H20,S* [M+H'] 321.1155, found 321.1151.

7-methoxy-9,9-dimethyl-2-tosyl-2,3,4,9-tetrahydro-1H-indeno[2,1-c]pyridine (69)

PC: 4CzIPN; Reaction time: 16 h; then Fe(OTf); (10 mol %), 3 h. Yield: 38.6 mg, 44%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 20/1) as a yellow
oil.

'H NMR (400 MHz, CDCls) 6 7.65 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.1 Hz,
1H), 6.81 (d, J = 2.3 Hz, 1H), 6.68 (dd, J = 8.2, 2.4 Hz, 1H), 3.78 (t, J = 2.5 Hz, 2H), 3.74 (s, 3H), 3.30
(t, J = 5.7 Hz, 2H), 2.48 — 2.44 (m, 2H), 2.34 (s, 3H), 1.13 (s, 6H). *C NMR (101 MHz, CDCl3) 5
158.3, 155.3, 143.7, 142.3, 134.7, 134.03 130.7, 129.8, 127.7, 118.8, 111.1, 108.5, 55.7, 48.6, 43.3,
43.0, 24.4, 22.5, 21.7. HRMS (m/z, ESI-TOF): Calcd for C,,H,sNOsSNa* [M+Na'] 406.1447, found

406.1442.
L2
'S
g Ph
Yield: 30.7 mg, 63%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a white
solid (m.p. = 73-74 <C).

'H NMR (400 MHz, CDCl5) § 7.68 — 7.57 (m, 2H), 7.48 — 7.42 (m, 1H), 7.33 (t, J = 7.8 Hz, 2H), 7.29
—7.16 (m, 5H), 6.56 (s, 1H), 5.89 (s, 1H). *C NMR (101 MHz, CDCl5) § 151.0, 138.7, 133.4, 132.5,
129.4,129.2, 128.9, 128.4, 128.3, 125.9.

NMR spectroscopic data was in good agreement with the literature.s%

(1-(phenylsulfonyl)vinyl)benzene (72)

1-methyl-4-((1-phenylvinyl)sulfonyl)benzene (73)

Yield: 28.3 mg, 55%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 62-63 <C).
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'H NMR (400 MHz, CDCls) 6 7.49 (d, J = 7.9 Hz, 2H), 7.29 — 7.23 (m, 3H), 7.19 (dd, J = 9.0, 6.2 Hz,
2H), 7.12 (d, J = 7.9 Hz, 2H), 6.53 (s, LH), 5.85 (s, 1H), 2.29 (s, 3H). *C NMR (101 MHz, CDCl,) 5
151.1, 144.4,135.8, 132.6, 129.6, 129.3, 129.1, 128.4, 128.3, 125.6, 21.6.

NMR spectroscopic data was in good agreement with the literature. 5

1-chloro-4-((1-phenylvinyl)sulfonyl)benzene (74)

Yield: 21.2 mg, 38%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 90-91 <C).

'H NMR (400 MHz, CDCls) 6 7.53 (d, J = 8.2 Hz, 2H), 7.33 — 7.19 (m, 7H), 6.57 (s, 1H), 5.91 (s, 1H).
BC NMR (101 MHz, CDCl3) 8 150.7, 140.1, 137.3, 132.2, 129.8, 129.6, 129.2, 129.2, 128.4, 126.4.
NMR spectroscopic data was in good agreement with the literature. 5%

2-(1-(phenylsulfonyl)vinyl)benzonitrile (75)

CN
2
'S
Yield: 31.2 mg, 58%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 8/1) as a yellow
solid (m.p. = 116-117 <C).

'H NMR (400 MHz, CDCl5) § 7.74 (dd, J = 7.9, 1.2 Hz, 1H), 7.68 — 7.62 (m, 2H), 7.62 — 7.55 (m, 2H),
7.52 (dd, J = 7.8, 1.6 Hz, 1H), 7.48 — 7.39 (m, 3H), 6.91 (s, 1H), 6.12 (s, 1H). *C NMR (101 MHz,
CDCl,) 6 147.2, 137.6, 135.6, 134.2, 133.1, 132.4, 131.2, 129.9, 129.6, 129.3, 128.8, 116.5, 113.5.
NMR spectroscopic data was in good agreement with the literature. %]

ethyl 3-phenyl-2-(phenylsulfonyl)acrylate (76), ethyl 3-phenyl-3-(phenylsulfonyl)acrylate (77)

COOEt PhO,S
SO,Ph . COOEt
76 77

Yield: 55.4 mg, 88%. (76, 55%; 77, 33%. The yields of 76 and 77 were determined by *H NMR of the
mixed products, and the NMR data of the mixture are provided.)

The products were isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a
white paste.

'H NMR (400 MHz, CDCls) 6 8.00 — 7.90 (m, 3H), 7.66 — 7.50 (m, 5H), 7.46 — 7.35 (m, 7H), 7.22 (dd,
J=8.6,1.1 Hz, 1H), 7.00 (dt, J = 8.4, 1.2 Hz, 1H), 4.20 (qd, J = 7.1, 1.0 Hz, 2H), 4.00 (qd, J = 7.1, 1.0
Hz, 1H), 1.13 (td, J = 7.1, 1.0 Hz, 3H), 1.01 (td, J = 7.1, 1.0 Hz, 2H). *C NMR (101 MHz, CDCls) 5
163.9, 163.2, 154.5, 143.9, 140.0, 137.1, 134.9, 134.1, 133.8, 131.62, 131.58, 130.1, 129.8, 129.7,
129.6, 129.2, 129.13, 129.06, 128.9, 128.6, 128.0, 127.3, 62.51, 61.47, 13.8, 13.7.

NMR spectroscopic data was in good agreement with the literature.’*
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(E)-3-phenyl-1-(2-phenyl-1H-indol-1-yl)-3-(phenylsulfonyl)prop-2-en-1-one (78)

Ph
_—— o}
N Ph

S0,Ph

Yield: 81.3 mg, 88%.

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 175-176 <C).

'"H NMR (400 MHz, CDCls) § 8.11 (dd, J = 8.1, 1.1 Hz, 1H), 7.59 — 7.55 (m, 3H), 7.52 — 7.48 (m, 1H),
7.46 — 7.40 (m, 3H), 7.34 — 7.28 (m, 4H), 7.26 — 7.19 (m, 2H), 7.16 — 7.11 (m, 1H), 7.09 (s, 1H), 7.07 —
6.98 (m, 4H), 6.51 (s, 1H). *C NMR (101 MHz, CDCl,) & 164.6, 149.1, 139.1, 137.6, 137.1, 133.9,
133.0, 131.0, 129.6, 129.4, 129.34, 129.29, 129.25, 129.1, 128.9, 128.8, 127.9, 125.3, 124.3, 120.6,
115.2, 111.6. HRMS (m/z, ESI-TOF): Caled for CyH,;NOs;SNa* [M+Na'] 486.1134, found
486.1131.

(E)-3-phenyl-1-(2-phenyl-1H-indol-1-yl)-3-tosylprop-2-en-1-one (79)

B N—<_<Ph
Ts

Yield: 71.4 mg, 75%.
The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 165-166 <C).
'H NMR (400 MHz, CDCl5) & 8.09 (dd, J = 8.1, 1.1 Hz, 1H), 7.59 — 7.53 (m, 3H), 7.47 — 7.39 (m, 3H),
7.25 — 7.20 (m, 2H), 7.19 — 7.08 (m, 5H), 7.06 — 6.98 (m, 5H), 6.50 (s, 1H), 2.35 (s, 3H). *C NMR
(101 MHz, CDCls) & 164.7, 149.4, 145.0, 139.1, 137.6, 134.1, 133.0, 130.61 129.5, 129.3, 129.3,
129.2, 129.1, 128.9, 128.8, 127.8, 125.2, 124.2, 120.5, 115.2, 111.5, 21.8. HRMS (m/z, ESI-TOF):
Calcd for CgoH,3NO3;SNa* [M+Na'] 500.1291, found 500.1292.

2.3 Gram-scale experiments

Me
4CZIPN (1 mol %)
P PhSO,Na (50 mol %) « Me
YVX Z DMF, blue LEDs 7

CO,, RT, 24 h

5 mmol 2, X = C(COOMe),, 1.2136 g, 74%
5, X = NTs, 1.3028g, 71%

The oven-dried Schlenk tube (250 mL) containing a stirring bar was charged with 1,6-enynes (5
mmol), PhSO,Na (2.5 mmol, 50 mol %), 4CzIPN (1 mmol%) and anhydrous DMF (50 mL). N, gas in
a balloon was bubbled into the mixture under stirring for 10 min through a needle and the tube was
then evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30 W blue LED
(Amax = 465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction temperature at
25~30 °C) light source and stirred at ambient temperature for 24 h. Upon completion of the reaction, all
the solvents were removed under reduced pressure at high temperature. The crude reaction mixture was
diluted with EtOAc (25 mL) and filtered through a short pad of Celite. The sealed tube and Celite pad
were washed with an additional 125 mL of EtOAc. The filtrate was concentrated in vacuo, and crude
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'H NMR spectrum was taken using coumarin as internal standard. The resulting residue was purified by
flash silica gel chromatography using petroleum ether/EtOAc (15:1) as the eluent to give the desired
products.

2.4 Further transformation of products

1) NaOH, EtOH/H,0
M flux, 97% yield
e00C ' Me — TR ITAVIE iooc ‘ Me
MeOOC 2) DMSO, 160 °C, 2 h
2

70, 68%

To a mixture of 1.50 mL of 6 M NaOH aq (9 mmol) and 5 mL of ethanol was added 1.0 mmol 2

under air and the mixture was heated to reflux for 15 h. After cooled to room temperature, the resulting
mixture was neutralized by adding a 6 M solution of HCI and extracted three times with EtOAc.
Combined organic portions were quickly dried over MgSO,, filtered, and concentrated to obtain the
dicarboxylic acid (0.97 mmol, 97% yield), which was used for the next step without further purification.
The dicarboxylic acid (0.5 mmol) was heated at 160 <C for 2.0 h in DMSO (3 mL) to obtain isomerized
monocarboxylic acid 70 in 68% yield. The product was isolated by flash column chromatography
(petroleum ether/EtOAc = 5/1, 1% HOAC) as a brownness solid (m.p. = 85-86 <C).
'H NMR (400 MHz, CDCl3) & 7.13 (s, 1H), 7.07 — 7.02 (m, 2H), 2.85 — 2.74 (m, 1H), 2.62 — 2.54 (m,
1H), 2.53 — 2.40 (m, 3H), 2.39 (s, 3H), 2.28 — 2.21 (m, 1H), 1.96 — 1.86 (m, 1H), 1.21 (s, 6H). **C
NMR (101 MHz, CDCls) 6 182.4, 154.0, 147.1, 140.3, 134.2, 131.8, 127.0, 122.2, 117.8, 48.7, 40.0,
25.4, 24.1, 24.0, 23.9, 21.7, 21.3. HRMS (m/z, ESI-TOF): Calcd for C;;H140, [M-H"] 255.1391,
found 255.1390.

Pd-C (5 mol %)
MeOOC. ' H, (closed) MeOOC
Me ——————— Me
MeOOC ' O MeOH, 40 °C MeOOC

overnight
2 71, 96% (dr = 10:1)

The mixture of 2 (0.3 mmol), 10 % Pd-C (5 mol %) were dissolved in MeOH (5 mL), and the

mixture was evacuated and back-filled with H, for 3 times. Then, the reaction mixture was vigorously
stirred and heated to 40 <C under H, atmosphere for 18 h. Upon completion of the reaction, the reaction
mixture was filtered through a short pad of Celite. The reaction tube and Celite pad were washed with
an additional 25 mL of ethyl acetate. After all the solvents were removed under reduced pressure, the
resulting residue was purified by preparative thin layer chromatography using petroleum ether/ethyl
acetate (20:1) as the eluent to give the desired product 71 in 96% vyield as a white solid (m.p. =
120-121 <T).
'H NMR (400 MHz, CDCls) § 6.99 (d, J = 1.1 Hz, 2H), 6.92 (s, 1H), 3.78 (s, 3H), 3.61 (s, 3H), 3.41 —
3.31 (m, 1H), 2.33 (s, 3H), 2.33 — 2.03 (m, 4H), 1.87 — 1.77 (m, 1H), 1.59 (td, J = 13.6, 3.9 Hz, 1H),
1.27 (s, 3H), 1.16 (s, 3H). *C NMR (101 MHz, CDCl3) & 173.1, 171.7, 151.6, 139.7, 136.3, 127.3,
123.4, 122.3, 54.6, 52.7, 52.5, 48.0, 45.8, 38.9, 30.0, 28.4, 26.5, 22.0, 21.6, 21.5. HRMS (m/z,
ESI-TOF): Calcd for CyHo604Na" [M+Na'] 353.1723, found 353.1725.
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2.5 General photoredox reaction setup

2.6 Unsuccessful examples

Unsuccessful examples:

Me Me
E_E T
= ©\/\/S\/©/
- Z AN

E = COOMe

Me Ph



3. Mechanistic studies

3.1 Stern-Volmer fluorescence quenching experiments

Fluorescence quenching experiments were measured on a Hitachi F7000 Spectrofluorophotometer.
DMF was degassed by N, bubbling for 30 minutes before using. The complex [Ir(ppy).(dtbbpy)]PFe
was excited at 465 nm and the emission spectrum Amax = 540 nm was recorded. In a typical
experiment, 2.0 mL (5.0 x 10° M) solution of [Ir(ppy).(dtbbpy)]PFs in DMF was added into the 4.0
mL quartz cuvette (d = 1 cm) and covered with Teflon cap. Then the emission spectrum of the solution
was collected at each addition. A stock solution of 1a (0.5 mmol) or PhSO,Na (0.5 mmol) in 1 mL of
DMF was prepared (0.5 M). Then, different amounts of these stock solutions were added to a solution
of the photocatalyst [Ir(ppy),(dtbbpy)]PFg in DMF (5.0 x 10”° M), respectively.

As shown, a significant decrease of [Ir(ppy).(dtbbpy)]PFs luminescence was observed, suggesting
that the mechanism might operate via a photo-redox cycle consisting of a reductive quenching
with PhSO,Na.

— 0 equiv

5 equiv
15 equiv
— 25 equiv
50 equiv
75 equiv
—— 125 equiv

1600001 1a

~ 1200004

80000

Intensity (a.u

40000+

500 600 700 800
Wavelength (nm)

Figure S1. Fluorescence of [Ir(ppy).(dtbbpy)]PFs (50 uM) with 1a (0-0.00667M) in DMF.

T T T T 1
0.000 0.002 0.004 0.006 0.008
1a

Figure S2. Stern-Volmer quenching plot of 1a.
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PhSO,Na
160000+ —0 equiv
5 equiv

— 10 equiv
25 equiv
50 equiv
75 equiv
—1258qUiV

)

> 120000+

80000+

Intensity (a.u

40000+

S0 600 700 800
Wavelength (nm)

Figure S3. Fluorescence of [Ir(ppy).(dtbbpy)]PFs (50 M) with PhSO,Na (0-0.00667M) in DMF.

T T T T 1
0.000 0.002 0.004 0.006 0.008
PhSO_Na

Figure S4. Stern-Volmerquenching plot of PhSO,Na.

3.2 Control experiments with radical scavengers

4CzIPN (1 mol %)

Me  phso,Na (50 mol %)
EE TEMPO (0.5 equiv) MeOOC '
- _— Me
_ Z DMF, blue LEDs MeOOC Q O

CO,, RT, 16 h
1a, E = COOMe §2% of 12 was romained

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1a (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%), TEMPO (0.1 mmol, 0.5 equiv) and
DMF (2 mL). N, gas in a balloon was bubbled into the mixture under stirring for 10 min through a
needle and the tube was then evacuated and back-filled with CO, for 3 times. The mixture was placed
under a 30 W blue LED (Amax = 465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the
reaction temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h. Upon
completion of the reaction, all the solvents were removed under reduced pressure at high temperature.
The crude reaction mixture was diluted with EtOAc (5 mL) and filtered through a short pad of Celite.
The sealed tube and Celite pad were washed with an additional 25 mL of EtOAc. The filtrate was
concentrated in vacuo, and crude *H NMR spectrum was taken using coumarin as internal standard.
The result was detected by *H NMR spectrum.

S33



[Ir(ppy)2(dtbbpy)I(PFe) (1 mol %)
ethene-1,1-diyldibenzene (1 equiv) MeOOC Me SO,Ph
1a MeOOC z
PhSO;,Na (50 mol %)
DMF, blue LEDs

CO,, RT, 16 h 2, 15% 80, 32%
75% of 1a was recycled Yield was determined by PhSO,Na

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1 (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), [Ir(ppy).(dtbbpy)]PFs (0.002 mmol, 1 mmol%),
ethene-1,1-diyldibenzene (0.2 mmol, 1 equiv) and DMF (2 mL). N, gas in a balloon was bubbled into
the mixture under stirring for 10 min through a needle and the tube was then evacuated and back-filled
with CO, for 3 times. The mixture was placed under a 30 W blue LED (Ay=465 nm, 7.5 cm away
from the LEDs, with cooling fan to keep the reaction temperature at 25~30 °C) light source and stirred
at ambient temperature for 16 h. Upon completion of the reaction, all the solvents were removed under
reduced pressure at high temperature. The crude reaction mixture was diluted with EtOAc (5 mL) and
filtered through a short pad of Celite. The sealed tube and Celite pad were washed with an additional
25 mL of EtOAc. The filtrate was concentrated in vacuo, and crude *H NMR spectrum was taken using
coumarinas internal standard. The resulting residue was purified by flash silica gel chromatography to
give the desired products (2 and 80).

(2-(phenylsulfonyl)ethane-1,1-diyl)dibenzene (80)

The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a white
solid (m.p. = 164-165 <C).

'H NMR (400 MHz, CDCl;) & 7.62 — 7.53 (m, 2H), 7.44 — 7.38 (m, 1H), 7.27 (t, J = 7.8 Hz, 2H), 7.18
—6.99 (m, 10H), 4.56 (t, J = 7.1 Hz, 1H), 3.85 (d, J = 7.1 Hz, 2H). *C NMR (101 MHz, CDCls) &
141.5, 139.8, 133.4, 129.0, 128.9, 128.1, 127.7, 127.1, 61.6, 46.3. HRMS (m/z, ESI-TOF): Calcd for
CyH150,SNa’ [M+Na'] 345.0920, found 345.0923.

3.3 Reaction with radical clock

4CzIPN (1 mol %)

©/ PhSOzNa (50 mol %) MeOOC ' " SO,Ph
e
" DWF blueLEDs  MeOOC Q /[/\/@

CO,, RT, 16 h
73, 1.0 equiv 2 trace 82, 7%

yield was determined by PhSO,Na

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1 (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%), 73 (0.2 mmol, 1 equiv) and DMF (2
mL). N, gas in a balloon was bubbled into the mixture under stirring for 10 min through a needle and
the tube was then evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30
W blue LED (Ang=465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction
temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h. Upon completion of
the reaction, all the solvents were removed under reduced pressure at high temperature. The crude
reaction mixture was diluted with EtOAc (5 mL) and filtered through a short pad of Celite. The sealed
tube and Celite pad were washed with an additional 25 mL of EtOAc. The filtrate was concentrated in
vacuo, and crude '"H NMR spectrum was taken using coumarin as internal standard. The resulting
residue was purified by flash silica gel chromatography to give the desired product 82.
4-(4-phenyl-5-(phenylsulfonyl)pent-3-en-1-yl)-1,1'-biphenyl (82)
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The product was isolated by flash column chromatography (petroleum ether/EtOAc = 10/1) as a yellow
solid (m.p. = 105-106 <C).

'H NMR (400 MHz, CDCls) 8 7.77 — 7.69 (m, 2H), 7.62 — 7.56 (m, 2H), 7.53 (d, J = 8.1 Hz, 2H), 7.49
(d, J=7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.38 — 7.32 (m, 3H), 7.23 (s, 1H), 7.21 — 7.10 (m, 5H),
6.04 (t, J = 7.4 Hz, 1H), 4.28 (s, 2H), 2.74 (t, J = 7.6 Hz, 2H), 2.47 (q, J = 7.5 Hz, 2H), 2.17 (s, 1H).
3C NMR (101 MHz, CDCl;) & 141.0, 140.8, 140.3, 139.1, 139.0, 137.5, 133.5, 129.0, 128.9, 128.8,
128.6, 128.5, 128.3, 127.3, 127.2, 127.0, 126.4, 57.7, 34.8, 31.2. HRMS (m/z, ESI-TOF): Calcd for
CaoH260,SNa" [M+Na'] 461.1546, found 461.1544.

3.4 Investigation of using ds-1g

D

D D 4CzIPN (1 mol %) E P
PhSO,Na (50 mol %) ' D
e e # 2
= D DMF, blue LEDs
~ D CO,, RT, 16 h ke g D
ds-1g, E = COOMe dy-8, 63%

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with ds-1g (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%) and DMF (2 mL). N, gas in a
balloon was bubbled into the mixture under stirring for 10 min through a needle and the tube was then
evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30 W blue LED (A
=465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction temperature at 25~30 °C)
light source and stirred at ambient temperature for 16 h. Upon completion of the reaction, all the
solvents were removed under reduced pressure at high temperature. The crude reaction mixture was
diluted with EtOAc (5 mL) and filtered through a short pad of Celite. The sealed tube and Celite pad
were washed with an additional 25 mL of EtOAc. The filtrate was concentrated in vacuo, and crude *H
NMR spectrum was taken using coumarinas internal standard. The resulting residue was purified by
preparative thin layer chromatography using petroleum ether/EtOAc (20:1) as the eluent to give the
desired product d,-8 in 63% yield.
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3.5 Isotope-labelling studies

R 4CzZIPN (1 mol %)
PhSO,Na (50 mol %) N R
pZ -
X = DMF, D,0 (10 equiv) Y
W/V blue LEDs, CO,, RT, 16 h

d-8, X = C(COOMe),, R = H, 68% (75% D)
d-5, X = NTs, R = Me, 73% (74% D)

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1,6-enynes (0.2
mmol), PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%), D,O (2 mmol, 10 equiv)
and DMF (2 mL). N, gas in a balloon was bubbled into the mixture under stirring for 10 min through a
needle and the tube was then evacuated and back-filled with CO, for 3 times. The mixture was placed
under a 30 W blue LED (Anax = 465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the
reaction temperature at 25~30 °C) light source and stirred at ambient temperature for 16 h. Upon
completion of the reaction, all the solvents were removed under reduced pressure at high temperature.
The crude reaction mixture was diluted with EtOAc (5 mL) and filtered through a short pad of Celite.
The sealed tube and Celite pad were washed with an additional 25 mL of EtOAc. The filtrate was
concentrated in vacuo, and crude *H NMR spectrum was taken using coumarin as internal standard.
The resulting residue was purified by preparative thin layer chromatography using petroleum
ether/EtOACc (20:1 or 15:1) as the eluent to give the desired products d-8 or d-5.
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1a Me
d;-DMF, blue LEDs MeOOC

CO,, RT, 16 h
2,81%

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 1a (0.2 mmol),
PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%) and d,-DMF (1.4 mL). N, gas in a
balloon was bubbled into the mixture under stirring for 10 min through a needle and the tube was then
evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30 W blue LED
(Amax=465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction temperature at 25~30
°C) light source and stirred at ambient temperature for 16 h. Upon completion of the reaction, all the
solvents were removed under reduced pressure at high temperature. The crude reaction mixture was
diluted with EtOAc (5 mL) and filtered through a short pad of Celite. The sealed tube and Celite pad
were washed with an additional 25 mL of EtOAc. The filtrate was concentrated in vacuo, and crude *H
NMR spectrum was taken using coumarin as internal standard. The resulting residue was purified by
preparative thin layer chromatography using petroleum ether/EtOAc (20:1) as the eluent to give the
desired product 2.

3.6 Investigation of using 2
4CzIPN (1 mol %)

MeOOC ' Me Worw/oPhSO,Na (50 mol%)  MeOOC
MeOOC MeOOG Q O Me
DMF, blue LEDs

SO,Ph CO,, RT, 16 h
2 2, N.D.

The oven-dried Schlenk tube (38 mL) containing a stirring bar was charged with 2* (0.1 mmol), w or
w/o PhSO,Na (0.05 mmol, 50 mol%), 4CzIPN (0.001 mmol, 1 mmol%) and DMF (1 mL). N, gas in a
balloon was bubbled into the mixture under stirring for 10 min through a needle and the tube was then

evacuated and back-filled with CO, for 3 times. The mixture was placed under a 30 W blue LED (Apq
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= 465 nm, 7.5 cm away from the LEDs, with cooling fan to keep the reaction temperature at 25~30 °C)
light source and stirred at ambient temperature for 16 h. Upon completion of the reaction, all the
solvents were removed under reduced pressure at high temperature. The crude reaction mixture was
diluted with EtOAc (5 mL) and filtered through a short pad of Celite. The sealed tube and Celite pad
were washed with an additional 25 mL of EtOAc. The filtrate was concentrated in vacuo, and crude *H
NMR spectrum was taken using coumarin as internal standard. The result was detected by crud H
NMR spectrum.

3.7 Light On-Off Experiment

4CzIPN (1 mol %)

Me PhSO,Na (50 mol %)
1,3,5- trimethoxybenzene (1.0 equiv
Ts _ ! ( quiv) TN Me
%N = DMF, blue LEDs Y

CO; (closed), RT, 16 h

5
Light on-off experiment following the standard procedure: the reaction of 1,6-enyne (73.4 mg, 0.2
mmol, 1.0 equiv), PhSO,Na (0.1 mmol, 50 mol%), 4CzIPN (0.002 mmol, 1 mmol%),
1,3,5-trimethoxybenzene (33.6 mg, 0.2 mmol, 1.0 equiv) and DMF (2 mL) was evacuated and
back-filled with CO, for 3 times and stirred at ambient temperature. Yield was determined by 'H NMR
of the crude mixture using 1,3,5- trimethoxybenzene as internal standard.

60

Reaction Yield (%)

Reaction Time (h)

Figure S5. Light on-off experiment. The blue area indicates the blue LED irradiation, while the grey area
indicates the dark treatment. The x axis is the reaction time, and the y axis is the reaction yield of 5.
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'H NMR Spectrum of 2 (CDCl; as solvent, 400 MHz)
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'H NMR Spectrum of 2a’ (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 3 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 4 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 5 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 6 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 7 (CDCls as solvent, 400 MHz)

06'0
8L’
Vz
sz
8¢’
st
e
z6
6"
6"
16
86"
6617
geT
sv'z

o'z

1T

1T

8’z

6z

6z

99'e~
69'¢ /f
@hm\

6.'€

Rl i

06'G
16°G
16°G
26°S
26'G
€6°9

66'9

_\ONV
€0°L
seLT
NNB\

gyz-SA-61-7-1

v60°E

0L
10°¢
— £

c6'C

Feoz

=l0'€

Fgoz

¥lo'e
01

160
WFD._‘
~90'L

fl (ppm)

B¢ {*H} NMR Spectrum of 7 (CDCl; as solvent, 101 MHz)

19° FN/
eLez
B‘vN%
z6'sT
8092
8622 A
66° EN
85°2¢
vLvy —
892y —

1699~
LG 1L
v2°91 N
5022
18227

92'86 —

sevil
18611 ~
6622 ~
AN

€L9EL ~
z9° 281~
L9°07L 7

6€VSL —

gyz—sa—61-7

120

100

L}

130

140

150

160

170

180

a0

l (ppm)

S46



'H NMR Spectrum of 8 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 9 (CDCls as solvent, 400 MHz)

90801
L9E'T
6vET
1977 ]
88€°C 1
91¥'T |
Tl
0£LT |
SELT
VLT
0SL'T
19L°T
1LL°T
oow.J

e

pIgs
€TEE
6VE°€
%mjk

o TT—

99¢€°¢
SO
850t
LY
S80°t
96TY
IR%
VLT
6611
80Tt
LITY
L08'S
SI8'S
€28's
1€8°S
60T°L
PIT'L
6TT'L
SP1°L A
ZSTL
991°L
181°L #
SvTL

YR
€LTL
16T°L 1
1%9°L 1
z99°L”

g e

=

TsN

e

11'e
01
£66°0

i

790°1
Reor

B¢
Yore

#00°C

9.0

9.5

£1 (ppm)

B¢ {*H} NMR Spectrum of 9 (CDCl; as solvent, 101 MHz)

SS9 1T~
TLTIT~,
868977

CLU'VY
VLT VY
vol'sy
£€9°0¢ /

1¥8°9L
of.hnw
6LV LL

83:
%m.oﬁ /
L0STT1
SLOLTI

619°LT1 /
T6L°8T1
658°6T1 —
001v€1
sisLer”,
or1r1
1€9°€p1

€56°€51 —

Ty

TsN

10

20 10

30

60

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S48



'H NMR Spectrum of 10 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 11 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 12 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 13 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 14 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 15 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 16 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 17 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 18 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 19 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 20 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 21 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 22 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 23 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 24 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 25 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 26 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 27 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 28 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 29 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 30 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 31 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 32 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 33 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 35 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 36 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 37 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 38 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 39 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 40 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 41 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 42 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 43 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 44 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 45 (CDCl;as solvent, 400 MHz)
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(CDCl;as solvent, 400 MHz)

'H NMR Spectrum of 45’
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'H NMR Spectrum of 46 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 47 (CDCl;as solvent, 400 MHz)

SLL'OY
v0€1 1
1€€C
6v€'T
65€°C
98€T |
1Le ;
61,7

STLT]
NMZ;
0bL'TH

LYL'TH
€SL°TH
09L°C1
89L°T
eLT e
18T°¢ |
68C°€ |
SIE€N
YTEE
TEETEN
966°€
600t
¥2Z0't
LEOY
€Ty
(4387
11
S9T'Y
VLY
€81y
165°S
66S°S
L09'S
S19°¢
£v8'S
¥98°S
1959 ~
$69'9—

T T—

e 2 e

—_——

SYTL~
€9rL”
1€9°L~
159'L7

0.23:1

TsN

TsN

L

T_E s

i

Fire

Feez

Fov

Fe60

F66°0

196°0
Foot

Foo't

Fet

860
Fe670

o'l

£1 (ppm)

B¢ {*H} NMR Spectrum of 47 (CDCl, as solvent, 101 MHz)

1S9 1T~
TST9T
6£0°LT

S8s'ey
th.mvw

S0y

0S¥y
0S0°Sy
m:.mv\

8LO'IS

€V8'9L
091°LL W
SLY'LL

mmc.ooﬁ
mmm;oﬁ
88¢'101
L10°€0T —
619°LOT ~
LTL60T 7
1657011 \
SPSEll
919°LT1 /
cegocl AN
ocrier ~
9€0 Vel —
Y8 ovl
068011
665 eV \
979°¢vl
veeLyl
Yoe 8Vl
cee 8yl
90L™8¥1

0.23:1

TsN

\\lo

L] “

TsN

110

170

£1 (ppm)

S87



'H NMR Spectrum of 48 (DMSO-d; as solvent, 400 MHz)
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'H NMR Spectrum of 49 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 50 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 51 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 52 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 53 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 55 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 57 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 58 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 59 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 60 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 61 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 63 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 64 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 65 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 66 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 67 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 68 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 69 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 70 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 72 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 73 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 74 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 75 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 76 and 77 (CDCls as solvent, 400 MHz)
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'H NMR Spectrum of 78 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 79 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 80 (CDCl;as solvent, 400 MHz)
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'H NMR Spectrum of 82 (CDCl;as solvent, 400 MHz)
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5. X-Ray Crystallographic Spectrum of 8, 31 and 79

Crystallographic spectrum of product 8 (CCDC number: 2203604)

MeOOC '
MeOOC Q O

Table S1. Crystal data and structure refinement for GY Z2.

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 = 66.58<
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)

Largest diff. peak and hole

gyz2
C19H2204

314.37

153(2) K

1.54178 A

Monoclinic

C2/c

a=23.0076(2) A =90<
b = 7.76760(10) A =99.8830(10)<
c=18.0741(2) A =90<°
3182.16(6) A3

8

1.312 Mg/m?3

0.739 mm-!

1344

0.1x0.1x0.1 mm?3

3.90t0 66.58<

-27<=h<=27, -9<=k<=3, -21<=I<=20
8524

2777 [R(int) = 0.0230]

98.8 %

Semi-empirical from equivalents

1 and 0.50432

Full-matrix least-squares on F2
277710/208

1.104

R1=0.0421, wR2 =0.1104
R1=0.0446, wR2 = 0.1145

0.287 and -0.286 e.A3
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Crystallographic spectrum of product 31 (CCDC number: 2203603)

TsN COOEt
Y

Table S2. Crystal data and structure refinement for GYZ1.

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 = 66.60°
Max. and min. transmission
Refinement method

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

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

Largest diff. peak and hole

gyzl
C24H27NO4S

425.53

153(2) K

1.54178 A

Monoclinic

P2(1)/n

a=5.42480(10) A =90°,
b =30.6105(6) A =94.7720(10)°.
c=12.8838(2) A =90°.
2132.01(7) A3

4

1.326 Mg/m?3

1.601 mm-!

904

0.2x0.1x0.1 mm?3

2.89 t0 66.60<

-6<=h<=6, -35<=k<=35, -11<=I<=15
10342

3654 [R(int) = 0.0445]

96.7 %

1 and 0.03312

Full-matrix least-squares on F2
3654/0/271

1.120

R1=0.0583, wR2 = 0.1855
R1=0.0689, wR2 = 0.2147

0.704 and -0.941 e. A3
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Crystallographic spectrum of product 79 (CCDC number: 2249062)

Table S3. Crystal data and structure refinement for Gao.

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 = 28.29°
Absorption correction
Refinement method

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

Final R indices [1>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

gao

C30 H23N 03 S

47755

173(2) K

0.71073 A

Triclinic

P-1

a=18.3269(8) A o= 69.743(4)<
b=11.8421(12) A B=74.537(4)<
c=13.6257(14) A y=81.231(4)°
1212.2(2) A3

2

1.308 Mg/m?3

0.166 mm-1

500

0.2x0.1x0.1 mm3

2.54 10 28.29<

-11<=h<=11, -15<=k<=15, -18<=I<=18
49873

6013 [R(int) = 0.1690]

99.8 %

None

Full-matrix least-squares on F2

6013/0/316

1.257

R1=0.0687, wR2 = 0.1731

R1 = 0.1450, wR2 = 0.2314

0.369 and -0.581 e. A3
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https://www.ccdc.cam.ac.uk/mystructures/viewinaccessstructures/cd874005-9cc3-ed11-96b9-00505695f620
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