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General information

Unless otherwise noted, materials were obtained from commercial suppliers and used without
further purification. The instrument for electrolysis was dual display potentiostat (DJS-292B) (made
in China). The anodic electrode was graphite rod (¢ 6 mm) and cathodic electrode was platinum
plate (15 mmx>15 mm>0.3 mm). Thin layer chromatography (TLC) employed glass 0.25 mm silica
gel plates. Flash chromatography columns were packed with 200-300 mesh silica gel in petroleum
(boiling point was between 60-90 °C). Gradient flash chromatography was conducted eluting with
a continuous gradient from petroleum to the indicated solvent, and they were listed as
volume/volume ratios. NMR spectra were recorded on a Bruker spectrometer at 400 MHz ('"H
NMR), 101 MHz ('3C NMR), 376 MHz ('°F NMR). Chemical shifts were reported relative to
tetramethylsilane, chloroform-D (7.26 ppm for H, 77.16 ppm for 13C), respectively. And all 'H, 1*C
and "°F NMR data spectra were reported in delta (8) units, parts per million (ppm) downfield from
the internal standard. Coupling constants were reported in Hertz (Hz). LC-MS spectra were recorded

on AB SCIEX Triple TOF 5600*.
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Experimental procedure

General procedure for the preparation of 2a-2y:

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar, Tanshinone I1A
(0.3 mmol, 88.3 mg), diselenides 1 (0.3 mmol), "BusNBF4 (0.3 mmol, 98.9 mg), MeCN (7 mL) was
added. The bottle was equipped with graphite rod (¢ 6 mm, about 15 mm immersion depth in
solution) as the anode and platinum plate (15 mmx15 mmx0.3 mm) as the cathode. The reaction
mixture was stirred and electrolyzed at a constant current of 25 mA under Ar atmosphere at room
temperature for 8 h. After completion of the reaction, as indicated by TLC and LC-MS, the crude
mixture product was obtained by flash column chromatography on silica gel (petroleum ether: ethyl
acetate = 100: 1).

When we use diphenyl disulfide as the substrate, we slightly reduced the current to 15 mA to
mitigate the risk of electrochemical degradation in the reaction system.

General procedure for the preparation of 2z-2za:

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar, Tanshinone 1A
(0.3 mmol, 88.3 mg), KCI or KBr (3.0 mmol), MeCN/H>O (6/1 mL) was added. The bottle was
equipped with graphite rod (¢ 6 mm, about 15 mm immersion depth in solution) as the anode and
platinum plate (15 mmx15 mmx0.3 mm) as the cathode. The reaction mixture was stirred and
electrolyzed at a constant current of 15 mA under Ar atmosphere at room temperature for 10 h. After
completion of the reaction, as indicated by TLC and LC-MS, the crude mixture product was

obtained by flash column chromatography on silica gel (petroleum ether: ethyl acetate = 300: 1).
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Figure S1. The experimental setup for electrolysis. (A, B, C: The electrochemical reaction apparatus
used.)

Procedure for gram scale synthesis of 2a:
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In an oven-dried undivided beaker (100 mL) equipped with a stir bar, Tanshinone ITA (5.0 mmol,
1471.7 mg), 1,2-diphenyldiselane 1a (5.0 mmol, 1560.7 mg), "BusNBF4 (5.0 mmol, 1646.0 mg),
MeCN (130 mL) was added. The bottle was equipped with graphite rod (¢ 6 mm, about 15 mm
immersion depth in solution) as the anode and platinum plate (15 mmx15 mmx0.3 mm) as the
cathode. The reaction mixture was stirred and electrolyzed at a constant current of 25 mA under Ar
atmosphere at room temperature for 96 h, after completion of the reaction, as indicated by TLC and
LC-MS. The pure product 2a (yield 72%, red solid, 1.62 g) was obtained by flash column

chromatography on silica gel (petroleum ether: ethyl acetate = 100:1).
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Figure S2. The experimental setup for electrolysis. (A, B, C: The electrochemical reaction apparatus
used.)

General procedure for the preparation of 1:%

HO 20 mL DMSO
B—R + Selenium AgNO; (10 mol%) R\SéSeR
HO >
120°C, 12 h
5 mmol 3.0 equiv. 1

In a 25 mL schlenk flask was charged with substituted aryl boronic acid (5 mmol, 1.0 equiv.),
selenium (15 mmol, 3.0 equiv.) and AgNO3 (10 mol%), then 20 mL of dimethyl sulfoxide was added.
Stir the reaction mixture at 120 °C for 12 hours. After completion of the reaction, as indicated by
TLC. The contents cooled, dilute the reaction mixture with H>O (20 mL), the resulting mixture was
extracted with EtOAc (3x20 mL). Wash the combined organic phase with water and brine (30 mL).
Dry over anhydrous Na;SO4. After remove the solvent under reduced pressure, the residue was
purified by silica-gel column chromatography to give the products 1 (petroleum ether: ethyl acetate
=1000:1).

Procedure of antitumor activity of tanshinone derivatives:?
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A549 Cells (5 x 103 cells/well) cultured in 96-well plates were treated with Tanshinone IIA and
derivatives (10 uM) for 24 h. After adding 100 pL of CCK-8 mixture and culturing for another 1 h
and the absorbance at 450 nm was detected using a multilabel microplate reader (Vermont, Bio Tek,
USA). We found that compounds 2k, 2q, and 2w showed better effects than Tanshinone IIA at a

concentration of 10 uM.

Table 1 Viability of IIA, 2a-2za and 3a on A549 cells at a concentration of 10 uM.

Compound Viability Compound Viability
2a 6% 2p 11%
2b 9% 2q 51%
2¢ 12% 2r 3%
2d 13% 2s 0%
2e 0% 2t 0%
2f 12% 2u 30%
2g 3% 2v 6%
2h 0% 2w 65%
2i 0% 2x 30%
2j 17% 2y 27%
2k 41% 2z 18%
21 5% 2za 18%
2m 0% 3a 16%
2n 27% Tanshinone ITA 31%
20 9%

To further ascertain the antitumor activity of compounds 2k, 2q, and 2w, we assessed the impact of
varying concentrations on A549 cells. The findings revealed that compounds 2k (IC50=19.39 uM),
2q (ICs0=13.55 uM), and 2w (ICs0=6.03 uM) notably suppressed the proliferation of A549 cancer
cells in a dose-dependent and time-dependent manner. These compounds exhibited enhanced

antitumor activity relative to the parent compound, Tanshinone IIA (IC5¢=24.57 uM).
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Figure S3. Cells were treated with different concentrations of tanshinone I1A, 2k, 2q 2w for 24 h,

then assayed by CCK-8 method.

Mechanism research

In order to investigate the possible mechanism of this transformation, a series of control experiments
were carried out. When stoichiometric amounts of radical scavengers, such as 2,2,6,6-
tetramethylpiperidine-1-oxyl (TEMPO) or butylated hydroxytoluene (BHT) were introduced into
the reaction environment, the conversion was significantly reduced. The observation of adducts 4a
indicated that the reaction likely followed a radical mechanism, potentially involving selenium

radicals in the transformation.
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Figure S4. Free radical capture experiment (DPE-SePh)

General procedure for cyclic voltammetry (CV):

Cyclic voltammetry was performed in a three-electrode cell connected to a schlenk line under air at
room temperature. The working electrode was a glassy carbon electrode, the counter electrode a
platinum wire. The reference was an Ag/AgCl electrode submerged in saturated aqueous KCI
solution. 10 mL of CH3CN containing 0.01 M "BusNBF4 were poured into the electrochemical cell
in all experiments. The scan rate is 0.1 V/s, ranging from 0 V to 3.5 V. The peak potentials vs.
Ag/AgCl for used. Distinct anodic peaks for Tanshinone IIA was observed at potentials of 2.29 V.
Furthermore, the cyclic voltammetry curve of compound 1a in acetonitrile displayed two oxidation
peaks, located at 1.92 V and 2.82 V. These findings suggest that compound 1a undergoes preferential

oxidation at the anode within this electrochemical setup.
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Figure S5 Cyclic voltammetry

Detail descriptions for products

1,6,6-trimethyl-2-(phenylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2a).
(Red solid was obtained in 92% isolated yield, 124.7 mg). '"H NMR (400 MHz, CDCls) ¢ 7.58 (q,
2H, J;=8.0 Hz, J>=20.0 Hz), 7.37-7.36 (m, 2H), 7.27-7.22 (m, 3H), 3.16 (t, 2H, J= 8.0 Hz), 2.36
(s, 3H), 1.81-1.75 (m, 2H), 1.66-1.63 (m, 2H), 1.30 (s, 6H) ; '*C NMR (101 MHz, CDCl3) 6 183.07,
175.04, 163.98, 150.81, 144.63, 140.93, 133.52, 130.50, 130.47, 130.26, 129.58, 127.41, 126.85,
126.66, 120.81, 120.52, 37.80, 34.74, 31.84, 29.95, 19.11, 10.91.

HRMS (ESI) caled for CosH20s3Se: 451.0809 (M+H™), found: 451.0811.

1,6,6-trimethyl-2-(p-tolylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2b).
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(Red solid was obtained in 59% isolated yield, 82.1 mg). '"H NMR (400 MHz, CDCls) 6 7.52 (q, 2H,
Jr=8.0 Hz, J,=12.0 Hz), 7.22 (d, 2H, J = 8.0 Hz), 7.00 (d, 2H, J = 8.0 Hz), 3.10 (t, 2H, /= 8.0
Hz), 2.29 (s, 3H), 2.22 (s, 3H), 1.75-1.70 (m, 2H), 1.59-1.56 (m, 2H), 1.23 (s, 6H) ; '*C NMR (101
MHz, CDCls) 6 182.17, 174.11, 162.83, 149.69, 143.58, 140.42, 136.61, 132.47, 130.10, 129.31,
128.66, 125.90, 125.63, 125.45, 119.76, 119.49, 36.77, 33.69, 30.80, 28.91, 20.03, 18.07, 9.85.

HRMS (ESI) caled for Ca6H2403Se: 465.0965 (M+H™), found: 465.0954.

O
O
(b
SCANaY
2-((4-ethylphenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro|[1,2-b]furan-10,11-
dione (2¢). (Red solid was obtained in 33% isolated yield, 47.6 mg). "H NMR (400 MHz, CDCls)
07.62(q,2H, J;=8.0 Hz, J>=12.0 Hz), 7.32 (d, 2H, J= 8.0 Hz), 7.10 (d, 2H, J= 8.0 Hz), 3.18 (t,
2H, J= 8.0 Hz), 2.60 (q, 2H, J; = 8.0 Hz, J>, = 12.0 Hz), 2.37 (s, 3H), 1.81-1.78 (m, 2H), 1.67-1.64
(m, 2H), 1.30 (s, 6H), 1.20 (t, 3H, J = 8.0 Hz) ; *C NMR (101 MHz, CDCls) J 183.23, 175.16,
163.90, 150.73, 144.62, 143.97, 141.42, 133.51, 132.22, 131.12, 129.79, 129.19, 126.96, 126.77,
126.68, 120.82, 120.53, 37.81, 34.73, 31.84, 29.95, 28.45, 19.11, 15.45, 10.89.
HRMS (ESI) caled for C27H2603Se: 501.0941 (M+Na"), found: 501.0934.

o]

(0]
Iy

2-((4-(tert-butyl)phenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro|1,2-b]furan-
10,11-dione (2d). (Red solid was obtained in 32% isolated yield, 47.8 mg). '"H NMR (400 MHz,
CDCl) 0 7.63 (t, 2H, J= 8.0 Hz), 7.31 (q, 4H, J; = 8.0 Hz, J>= 16.0 Hz) , 3.18 (t, 2H, J = 8.0 Hz),
2.38 (s, 3H), 1.82-1.76 (m, 2H), 1.67-1.65 (m, 2H), 1.31 (s, 6H), 1.28 (s, 9H); 3C NMR (101 MHz,
CDCl3) 6 183.25,175.18, 163.93, 150.83, 150.74, 144.63, 141.29, 133.52, 130.65, 129.96, 128.86,
126.96, 126.74, 126.69, 120.83, 120.53, 37.81, 34.73, 34.57, 31.84, 31.21, 29.95, 19.11, 10.94.

HRMS (ESI) calcd for C29H3003Se: 529.1255 (M+Na*), found: 529.1267.
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2-((4-isopropylphenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro|[1,2-b]furan-
10,11-dione (2¢). (Red solid was obtained in 54% isolated yield, 79.8 mg). 'H NMR (400 MHz,
CDCls) 6 7.60 (q, 2H, J; = 8.0 Hz, J> = 12.0 Hz) ,7.32 (d, 2H, J= 8.0 Hz), 7.12 (d, 2H, J = 8.0 Hz),
3.17 (t,2H, J= 8.0 Hz), 2.90-2.80 (m, 1H), 2.37 (s, 3H), 1.80-1.77 (m, 2H), 1.67-1.64 (m, 2H), 1.30
(s, 6H), 1.21 (s, 3H), 1.20 (s, 3H); '3C NMR (101 MHz, CDCls) ¢ 183.18, 175.11, 163.87, 150.73,
148.58, 144.61, 141.39, 133.51, 131.06, 129.85, 127.78, 126.93, 126.91, 126.66, 120.81, 120.53,
37.81,34.73, 33.76, 31.84, 29.95, 23.87, 19.11, 10.93.

HRMS (ESI) caled for CosH2303Se: 493.1278 (M+H™), found: 493.1275.

o}
O
SCARS
OMe

2-((4-methoxyphenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b] furan-
10,11-dione (2f). (Red solid was obtained in 32% isolated yield, 33.3 mg). 'H NMR (400 MHz,
CDCls) ¢ 7.61 (q, 2H, J; = 8.0 Hz, J> = 12.0 Hz) ,7.44-7.40 (m, 2H), 6.83-6.79 (m, 2H), 3.77 (s,
3H), 3.17 (t, 2H, J = 8.0 Hz), 2.37 (s, 3H), 1.82-1.77 (m, 2H), 1.66-1.64 (m, 2H), 1.30 (s, 6H); *C
NMR (101 MHz, CDCl3) 0 183.24, 175.17, 163.69, 159.65, 150.66, 144.61, 142.09, 133.78, 133.51,
128.94, 126.98, 126.64, 120.76, 120.52, 119.93, 115.21, 55.35, 37.80, 34.72, 31.85, 29.95, 19.10,
10.90.

HRMS (ESI) caled for CosH2404Se: 481.0914 (M+H™), found: 481.0901.

(0]
(0]
gs
oealat
2-((3,5-dimethylphenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-

10,11-dione (2g). (Red solid was obtained in 33% isolated yield, 46.7 mg). '"H NMR (400 MHz,

CDCls) 6 7.62 (q, 2H, J; = 8.0 Hz, J, = 8.0 Hz) , 6.98 (s, 2H), 6.87 (s, 1H), 3.18 (t, 2H, J = 8.0 Hz),
S11



2.37 (s, 3H), 2.25 (s, 6H), 1.83-1.77 (m, 2H), 1.67-1.64 (m, 2H), 1.31 (s, 6H); 3C NMR (101 MHz,
CDCls) 6 183.25, 175.20, 163.99, 150.74, 144.64, 141.15, 139.31, 133.54, 130.14, 129.90, 129.31,
128.09, 126.97, 126.69, 120.86, 120.55, 37.81, 34.74, 31.85, 29.98, 21.28, 19.11, 10.97.

HRMS (ESI) caled for C27H2603Se: 479.1121 (M+H"), found: 479.1117.

0]

(0]
(I

2-((4-methoxyphenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-
10,11-dione (2h). (Red solid was obtained in 41% isolated yield, 59.7 mg). '"H NMR (400 MHz,
CDCls3) 6 7.50 (d, 1H, J= 8.0 Hz) ,7.35 (d, 1H, J = 8.0 Hz), 6.84 (s, 2H), 3.06 (t, 2H, J = 8.0 Hz),
2.50 (s, 6H), 2.21 (s, 3H), 2.16 (s, 3H), 1.72-1.66 (m, 2H), 1.57-1.54 (m, 2H), 1.20 (s, 6H); 1*C
NMR (101 MHz, CDCl3) 6 182.17, 174.00, 162.11, 149.30, 143.42, 141.65, 141.12, 138.17, 132.39,
127.98, 125.98, 125.70, 125.56, 125.35, 119.36, 119.33, 36.75, 33.62, 30.78, 28.84, 23.50, 19.90,
18.05, 9.65.

HRMS (ESI) calcd for C23H2303Se: 493.1278 (M+H™), found: 493.1265.

O
(6]
(b
(T O
1,6,6-trimethyl-2-(m-tolylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2i).
(Red solid was obtained in 42% isolated yield, 58.1 mg). "H NMR (400 MHz, CDCls) 6 7.54 (q, 2H,
J1=8.0 Hz, J> = 16.0 Hz), 7.13-7.06 (m, 2H), 7.03 (d, 1H, J= 8.0 Hz), 6.98-6.94 (m, 1H), 3.12 (4,
2H, J=8.0 Hz), 2.39 (s, 3H), 2.28 (s, 3H), 1.74-1.71 (m, 2H), 1.60-1.57 (m, 2H), 1.23 (s, 6H) ; 13C
NMR (101 MHz, CDCl3) 6 182.16, 174.09, 163.23, 149.80, 143.64, 139.03, 136.53, 132.51, 130.32,
129.74, 129.53, 129.10, 126.35, 126.02, 125.87, 125.65, 119.79, 119.54, 36.77, 33.71, 30.80, 28.92,
20.68, 18.07, 9.82.
HRMS (ESI) caled for Ca6H2403Se: 465.0965 (M+H™), found: 465.0962.
(0]
(0]
(b
oo s
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1,6,6-trimethyl-2-(o-tolylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2j).
(Red solid was obtained in 33% isolated yield, 46.0 mg). '"H NMR (400 MHz, CDCls) § 7.54 (q, 2H,
J1=8.0 Hz, J>=12.0 Hz), 7.12 (s, 1H), 7.08-7.04 (m, 2H), 6.99-6.96 (m, 1H), 3.11 (t, 2H, J = 8.0
Hz), 2.30 (s, 3H), 2.22 (s, 3H), 1.75-1.70 (m, 2H), 1.59-1.57 (m, 2H), 1.23 (s, 6H) ; 3C NMR (101
MHz, CDCl3) ¢ 182.15, 174.11, 162.95, 149.74, 143.60, 140.01, 138.48, 132.49, 130.00, 129.13,
128.33, 127.25, 126.57, 126.51, 125.88, 125.65, 119.79, 119.50, 36.77, 33.70, 30.80, 28.91, 20.35,
18.06, 9.88.

HRMS (ESI) caled for Ca6H2403Se: 465.0965 (M+H™), found: 465.0956.

(0]
O
SCANs
F

2-((4-fluorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2Kk). (Red solid was obtained in 77% isolated yield, 107.8 mg). '"H NMR (400 MHz, CDCls)
07.53(q, 2H, J; = 8.0 Hz, J> = 20.0 Hz), 7.35-7.30 (m, 2H), 6.89 (t, 2H, J= 8.0 Hz), 3.09 (t, 2H, J
= 8.0 Hz), 2.29 (s, 3H), 1.74-1.69 (m, 2H), 1.59-1.56 (m, 2H), 1.22 (s, 6H) ; 3C NMR (101 MHz,
CDCl3) 0 181.98,173.99, 162.89, 161.49 (d, J=249.47 Hz), 149.84, 143.64, 140.06, 132.49, 132.22
(d, J=8.08 Hz), 128.79, 125.75, 125.63, 123.60, 123.57, 119.72, 115.72 (d, J = 22.2 Hz), 36.74,
33.70, 30.79, 28.90, 18.04, 9.83. 'F NMR (376 MHz, CDCls) & -113.77.

HRMS (ESI) caled for C2sH2103FSe: 469.0714 (M+HY), found: 469.0713.

(0]
O
SCRRS
Cl

2-((4-chlorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2I). (Red solid was obtained in 91% isolated yield, 131.5 mg). "H NMR (400 MHz, CDCls)
07.55(q, 2H, J;=8.0 Hz, J> = 16.0 Hz), 7.25-7.22 (m, 2H), 7.18-7.14 (m, 2H), 3.11 (t, 2H, J= 8.0
Hz), 2.30 (s, 3H), 1.74-1.70 (m, 2H), 1.60-1.58 (m, 2H), 1.24 (s, 6H) ; 3C NMR (101 MHz, CDCl;)
0 182.04, 174.06, 163.13, 149.96, 143.72, 139.39, 132.73, 132.53, 130.91, 129.41, 128.69, 127.50,
125.73,125.71, 119.80, 119.44, 36.75, 33.73, 30.80, 28.93, 18.06, 9.85.

HRMS (ESI) calcd for C2sH2103ClSe: 485.0416 (M+H™), found: 485.0417.
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(0]
[e)
sonlls
Br

2-((4-bromophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2m). (Red solid was obtained in 79% isolated yield, 125.5 mg). '"H NMR (400 MHz, CDCls)
07.55(q,2H, J;=8.0 Hz, J> = 16.0 Hz), 7.25-7.22 (m, 2H), 7.18-7.14 (m, 2H), 3.11 (t, 2H, J= 8.0
Hz), 2.30 (s, 3H), 1.74-1.70 (m, 2H), 1.60-1.58 (m, 2H), 1.24 (s, 6H) ; '*C NMR (101 MHz, CDCl3)
0 182.01, 174.04, 163.15, 149.97, 143.72, 139.23, 132.53, 131.60, 131.29, 131.08, 131.01, 129.51,
128.27,125.71, 119.80, 119.43, 36.75, 33.73, 30.80, 28.93, 18.05, 9.85.

HRMS (ESI) calcd for C25H2103BrSe: 528.9911 (M+HY), found: 528.9904.

2-((3-fluorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2n). (Red solid was obtained in 44% isolated yield, 61.9 mg). '"H NMR (400 MHz, CDCls)
07.62(q,2H, J; =8.0 Hz, J>=16.0 Hz), 7.25-7.20 (m, 1H), 7.11 (d, 1H, J= 8.0 Hz), 7.04-7.01 (m,
1H), 6.95-6.90 (m, 1H), 3.18 (t, 2H, J= 8.0 Hz), 2.37 (s, 3H), 1.81-1.78 (m, 2H), 1.67-1.64 (m, 2H),
1.31 (s, 6H) ; 3*C NMR (101 MHz, CDCl5) § 182.93, 174.98, 162.99 (d, J = 254.52 Hz), 151.03,
144.74, 140.00, 133.56, 132.32 (d, J = 7.07 Hz), 130.98, 130.85 130.76, 126.72, 125.65, 125.62,
120.85,120.46, 117.12 (d,J=23.23 Hz), 114.42 (d,J=21.21 Hz), 37.78, 34.76, 31.83, 29.96, 19.09,
10.89. F NMR (376 MHz, CDCls) & -110.80.

HRMS (ESI) calcd for C25H21O3FSe: 469.0714 (M+H™), found: 469.0710.

(0]

O
Crs
(0]
O O

2-((3-chlorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-

dione (20). (Red solid was obtained in 25% isolated yield, 36.8 mg). "H NMR (400 MHz, CDCl3)

§7.62(q, 2H, J, = 8.0 Hz, J, = 12.0 Hz), 7.32 (d, 1H, J = 4.0 Hz), 7.24-7.16 (m, 3H), 3.19 (t, 2H, J
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= 8.0 Hz), 2.38 (s, 3H), 1.83-1.78 (m, 2H), 1.67-1.65 (m, 2H), 1.31 (s, 6H) ; '3C NMR (101 MHz,
CDCls) 6 183.03, 175.08, 164.29, 151.04, 144.75, 139.95, 135.30, 133.57, 132.11, 130.97, 130.54,
129.95, 128.26, 127.61, 126.78, 126.74, 120.88, 120.48, 37.79, 34.77, 31.84, 29.97, 19.09, 10.92.

HRMS (ESI) caled for C25H2103ClISe: 485.0416 (M+H™), found: 485.0417.

2-((3-bromophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2p). (Red solid was obtained in 29% isolated yield, 45.8 mg). '"H NMR (400 MHz, CDCls)
07.62 (q,2H,J; =8.0 Hz, J, = 12.0 Hz), 7.49 (d, 1H, J = 8.0 Hz), 7.37 (d, 1H, J = 8.0 Hz), 7.28-
7.25 (m, 1H), 7.12 (t, 1H, J = 8.0 Hz), 3.18 (t, 2H, J = 8.0 Hz), 2.38 (s, 3H), 1.83-1.78 (m, 2H),
1.67-1.64 (m, 2H), 1.31 (s, 6H) ; 3*C NMR (101 MHz, CDCl;) § 183.00, 175.04, 164.28, 151.04,
144.75, 139.98, 133.58, 132.77, 132.40, 130.94, 130.87, 130.51, 128.77, 126.75, 126.72, 123.41,
120.88, 120.47, 37.79, 34.76, 31.84, 29.97, 19.09, 10.94.

HRMS (ESI) caled for C25H2103BrSe: 528.9911 (M+HY), found: 528.9907.

2-((2-fluorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2q). (Red solid was obtained in 41% isolated yield, 57.0 mg). '"H NMR (400 MHz, CDCls)
07.61(q,2H,J;=8.0 Hz, J> = 16.0 Hz), 7.24-7.20 (m, 1H), 7.15-7.11 (m, 1H), 7.06 (t, 1H, J= 8.0
Hz), 7.01 (t, 1H, J=8.0 Hz), 3.18 (t, 2H, /= 8.0 Hz), 2.37 (s, 3H), 1.81-1.78 (m, 2H), 1.67-1.64 (m,
2H), 1.31 (s, 6H) ; *C NMR (101 MHz, CDCls) 6 182.98, 174.97, 164.34, 160.32 (d, J = 245.43
Hz), 150.98, 144.69, 141.31, 138.58, 133.56, 131.80, 129.36 (d, J = 7.07 Hz), 126.74, 125.23,
125.20, 120.85, 120.23, 117.37 (d, J = 22.22 Hz), 115.85 (d, J = 22.22 Hz), 37.78, 34.75, 31.84,
29.95, 19.09, 10.86. 'F NMR (376 MHz, CDCls) § -105.75.

HRMS (ESI) calcd for C2sH2103FSe: 469.0714 (M+HY), found: 469.0710.
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(0]

o
\SeCI

2-((2-chlorophenyl)selanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2r). (Red solid was obtained in 21% isolated yield, 30.5 mg). "H NMR (400 MHz, CDCls)
07.65(q,2H, J; =8.0 Hz, J> = 12.0 Hz), 7.35 (d, 1H, J=8.0 Hz), 7.16 (t, 1H, J= 8.0 Hz), 7.08 (t,
1H, J= 8.0 Hz), 6.87 (d, 1H, J = 8.0 Hz) 3.20 (t, 2H, J = 8.0 Hz), 2.37 (s, 3H), 1.82-1.79 (m, 2H),
1.68-1.65 (m, 2H), 1.31 (s, 6H) ; 3C NMR (101 MHz, CDCI3) ¢ 183.06, 175.07, 164.79, 151.14,
144.79, 139.11, 133.62, 132.59, 132.45, 131.79, 129.80, 129.10, 127.87, 127.77, 126.79, 126.73,
120.95, 120.55, 37.79, 34.79, 31.84, 29.98, 19.10, 10.87.

HRMS (ESI) caled for C2sH2103ClSe: 485.0416 (M+H™), found: 485.0398.

(0]
O
SCRRS
CN

4-((1,6,6-trimethyl-10,11-diox0-6,7,8,9,10,11-hexahydrophenanthro[1,2-b]furan-2-yl)selanyl)
benzonitrile (2s). (Red solid was obtained in 30% isolated yield, 42.7 mg). '"H NMR (400 MHz,
CDCl3) 6 7.63 (q, 2H, J; = 8.0 Hz, J,=20.0 Hz), 7.51 (d, 2H, J=12.0 Hz), 7.36 (d, 2H, J= 8.0 Hz),
3.20 (t, 2H, J= 8.0 Hz), 2.38 (s, 3H), 1.84-1.78 (m, 2H), 1.68-1.65 (m, 2H), 1.32 (s, 6H) ; *C NMR
(101 MHz, CDCls) 6 182.84, 174.97, 164.69, 151.36, 144.92, 138.53, 138.35, 133.63, 132.85,
132.06, 129.46, 126.82, 126.52, 120.90, 120.44, 118.38, 110.69, 37.75, 34.81, 31.84, 29.99, 19.07,
10.89.

HRMS (ESI) caled for C26H21NOSe: 476.0761 (M+H™), found: 476.0759.

(0]
O
SOARS
CF;

1,6,6-trimethyl-2-((4-(trifluoromethyl)phenyl)selanyl)-6,7,8,9-tetrahydrophenanthro[1,2-
b]furan-10,11-dione (2t). (Red solid was obtained in 46% isolated yield, 71.1 mg). "H NMR (400

MHz, CDCLs) 6 7.63 (q, 2H, J; = 12.0 Hz, J, = 16.0 Hz), 7.50 (d, 2H, J = 8.0 Hz), 7.41 (d, 2H, J =
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8.0 Hz), 3.19 (t, 2H, J = 8.0 Hz), 2.38 (s, 3H), 1.83-1.79 (m, 2H), 1.68-1.65 (m, 2H), 1.31 (s, 6H) ;
13C NMR (101 MHz, CDCls) § 182.91, 174.99, 164.45, 151.18, 144.82, 139.34, 135.91, 133.59,
131.45, 129.67, 129.44 (q, J; = 32.3 Hz, J, = 65.6 Hz), 126.77, 126.63, 126.32 (q, J; = 4.0 Hz, J, =
8.1 Hz), 123.90 (q, J, = 272.7 Hz, J, = 546.4 Hz), 120.87, 120.46, 37.76, 34.78, 31.83,29.97, 19.08,
10.90. '9F NMR (376 MHz, CDCL) & -62.69.

HRMS (ESI) caled for Co¢H2103F3Se: 519.0683 (M+H"), found: 519.0677.

o)
©)
seakad

1,6,6-trimethyl-2-(naphthalen-2-ylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-
dione (2u). (Red solid was obtained in 67% isolated yield, 100.5 mg). '"H NMR (400 MHz, CDCls)
0 7.85 (s, 1H), 7.76-7.74 (m, 1H), 7.70 (d, 2H, J = 8.0 Hz), 7.60-7.57 (m, 2H), 7.47-7.43 (m, 2H),
7.40 (d, 1H, J-8.0 Hz), 3.16 (t, 2H, J= 8.0 Hz), 2.40 (s, 3H), 1.79-1.76 (m, 2H), 1.65-1.62 (m, 2H),
1.29 (s, 6H) ; *C NMR (101 MHz, CDCls) 6 183.06, 175.06, 164.03, 150.81, 144.62, 141.30,140.92,
133.94, 133.50, 132.35, 130.31, 129.43, 129.15, 127.92, 127.83, 127.71, 127.31, 126.84, 126.79,
126.66, 126.35, 120.82, 37.80, 34.73, 31.83, 29.95, 19.10, 10.95.

HRMS (ESI) caled for C29H2403Se: 501.0966 (M+H™), found: 501.0967.

(0]
(0]
b
(0]
T Oy
o

2-(benzo|[d][1,3]dioxol-5-ylselanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]
furan-10,11-dione (2v). (Red solid was obtained in 33% isolated yield, 48.3 mg). '"H NMR (400
MHz, CDCl3) 6 7.62 (q, 2H, J; = 8.0 Hz, J> = 8.0 Hz), 6.98 (dd, 1H, J; =4.0 Hz, J> = 8.0 Hz), 6.92
(s, 1H), 6.72 (d, 1H, J= 8.0 Hz), 5.94 (s, 2H), 3.17 (t, 2H, J = 8.0 Hz), 2.37 (s, 3H), 1.81-1.78 (m,
2H), 1.67-1.64 (m, 2H), 1.30 (s, 6H) ; *CNMR (101 MHz, CDCl3) 6 183.06, 175.06, 164.03, 150.81,
144.62, 141.30, 140.92, 133.94, 133.50, 132.35, 130.31, 129.43, 129.15, 127.92, 127.83, 127.71,
127.31, 126.84, 126.79, 126.66, 126.35, 120.82, 37.80, 34.73, 31.83, 29.95, 19.10, 10.95.

HRMS (ESI) caled for Ca6H2,05Se: 495.0707 (M+H™), found: 495.0708.
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1,6,6-trimethyl-2-(methylselanyl)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2w).
(Red solid was obtained in 59% isolated yield, 68.3 mg). '"H NMR (400 MHz, CDCls) 6 7.54 (q, 2H,
J1=8.0 Hz, J> = 16.0 Hz), 3.10 (t, 2H, J = 8.0 Hz), 2.23 (d, 6H, J = 8.0 Hz), 1.73-1.70 (m, 2H),
1.60-1.57 (m, 2H), 1.24 (s, 6H) ; 13C NMR (101 MHz, CDCls) J 183.28, 175.11, 163.40, 150.47,
144.56, 141.65, 133.48, 127.49, 127.04, 126.48, 120.53, 120.24, 37.82, 34.70, 31.84, 29.93, 19.11,
10.70,9.17.

HRMS (ESI) calcd for C20H2003Se: 389.0652 (M+H™), found: 389.0653.

0O

O,
ool

2-(ethylselanyl)-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione  (2x).
(Red solid was obtained in 87% isolated yield, 104.3 mg). '"H NMR (400 MHz, CDCls) é 7.63 (q,
2H, J;=8.0Hz,J.=12.0 Hz), 3.18 (t,2H, J= 8.0 Hz), 2.84 (q, 2H, J; = 8.0 Hz, J> = 16.0 Hz), 2.33
(s, 3H), 1.83-1.77 (m, 2H), 1.67-1.64 (m, 2H), 1.44 (t, 3H, J= 8.0 Hz), 1.31 (s, 6H) ; *C NMR (101
MHz, CDCls) 6 183.37, 175.19, 163.62, 150.51, 144.57, 141.17, 133.49, 128.92, 127.09, 126.54,
120.61, 120.50, 37.83, 34.71, 31.85,29.94, 23.33, 19.11, 16.10, 10.90.

HRMS (ESI) calcd for C21H203Se: 403.0808 (M+H™), found: 403.0810.

0O

(U7 D

1,6,6-trimethyl-2-(phenylthio)-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione  (2y).
(Red solid was obtained in 36% isolated yield, 43.1 mg). '"H NMR (400 MHz, CDCls) 6 7.55 (q, 2H,
J1=8.0 Hz, J> = 20.0 Hz), 7.21-7.19 (m, 2H), 7.16-7.12 (m, 3H), 3.12 (t, 2H, J = 8.0 Hz), 2.31 (s,
3H), 1.75-1.69 (m, 2H), 1.60-1.57 (m, 2H), 1.23 (s, 6H) ; 3C NMR (101 MHz, CDCls) J 182.04,

174.10, 162.12, 149.97, 143.68, 143.01, 133.77, 132.52, 128.67, 128.34, 126.74, 125.87, 125.83,
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125.77, 119.89, 119.61, 36.76, 33.73, 30.80, 28.93, 18.06, 9.24.

HRMS (ESI) calcd for CosH2,03S: 403.1362 (M+H™), found: 403.1372.

O
|/ Cl

O
2-chloro-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2z). (Red
solid was obtained in 41% isolated yield, 40.1 mg). '"H NMR (400 MHz, CDCl;) 6 7.63 (d, 1H, J
8.0 Hz), 7.51 (d, 1H, J 8.0 Hz), 3.16 (t, 2H, J = 8.0 Hz), 2.22 (s, 3H), 1.83-1.77 (m, 2H), 1.67-1.64
(m, 2H), 1.31 (s, 6H) ; 3C NMR (101 MHz, CDCI3) J 182.61, 174.80, 159.62, 150.60, 144.91,
137.10, 133.61, 126.54, 126.36, 120.64, 120.18, 115.83, 37.77, 34.72, 31.81, 29.98, 19.06, 8.60.

HRMS (ESI) caled for C19H;7C103: 329.0939 (M+H™), found: 329.0942.

(0]
|/ Br

o}
2-bromo-1,6,6-trimethyl-6,7,8,9-tetrahydrophenanthro[1,2-b]furan-10,11-dione (2za). (Red
solid was obtained in 65% isolated yield, 72.2 mg). '"H NMR (400 MHz, CDCl3) 6 7.55 (d, 1H, J =
8.0 Hz), 7.43 (d, 1H, J=12.0 Hz), 3.09 (t, 2H, J = 8.0 Hz), 2.13 (s, 3H), 1.74-1.71 (m, 2H), 1.60-
1.57 (m, 2H), 1.24 (s, 6H) ; *C NMR (101 MHz, CDCls) J 182.64, 174.66, 161.79, 150.65, 144.88,
133.61, 126.62, 126.30, 124.80, 120.76, 120.48, 120.28, 37.77, 34.73, 31.82, 29.98, 19.07, 9.49.

HRMS (ESI) caled for C19H17BrOs: 373.0434 (M+H™), found: 373.0437.

(0]
XSO

Ho-N
0

(E)-10-(hydroxyimino)-1,6,6-trimethyl-2-(phenylselanyl)-7,8,9,10-tetrahydrophenanthro|1,2-
b]furan-11(6H)-one (3a). (Red solid was obtained in 69% isolated yield, 160.8 mg). '"H NMR (400
MHz, CDCl3) ¢ 7.56 (d, 1H, J = 8.0 Hz), 7.46 (d, 1H, J = 8.0 Hz), 7.23 (d, 2H, J = 8.0 Hz), 7.13-
7.10 (m, 3H), 3.16 (t, 2H, J= 8.0 Hz), 2.25 (s, 3H), 1.72-1.69 (m, 2H), 1.57-1.55 (m, 2H), 1.22 (s,

6H) ; 1*C NMR (101 MHz, CDCls) § 185.54, 151.27, 147.43, 144.56, 143.50, 140.26, 134.83,
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131.30,130.07, 129.46, 128.77, 128.65, 127.02, 125.36, 119.29, 117.31, 37.79, 34.66, 31.93, 30.96,
19.39, 12.54.

HRMS (ESI) calcd for C25sH23NOsSe: 465.0960 (M+H™), found: 465.0962.
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Copies of 'H NMR, C NMR, “F NMR and HRMS spectra
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HRMS(ESI) of compound 2a
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3C NMR (101 MHz, CDCls) of compound 2b
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"H NMR (400 MHz, CDCl5) of compound 2¢
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HRMS(ESI) of compound 2¢
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BC NMR (101 MHz, CDCls
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"H NMR (400 MHz, CDCl5) of compound 2e
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3C NMR (101 MHz, CDCls) of compound 2f
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"H NMR (400 MHz, CDCl;) of compound 2g
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3C NMR (101 MHz, CDCIs) of compound 2h
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'"H NMR (400 MHz, CDCl5) of compound 2i
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HRMS(ESI) of compound 2i
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3C NMR (101 MHz, CDCls) of compound 2j
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"H NMR (400 MHz, CDCl3) of compound 2k
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9F NMR (376 MHz, CDCls) of compound 2k
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"H NMR (400 MHz, CDCl3) of compound 21
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HRMS(ESI) of compound 21

Intensity

"H NMR (400 MHz, CDCls) of compound 2m

26e5
2585
24e5
23e5
22e5
21eb
2.0e5
19e5
1.8e5
17e5
1.6e5
15e5
14e5
1.3e5
12e5
1.1e5
1.0e5
9.0e4
8.0e4
7.0e4
6.0ed
5.0e4
4.0ed
3.0e4
20e4
1.De:

0.0e0

Cl

HRMS (ESI) calcd for 485.0416 (M+H*)

481.0442
I

483.0430

482 0452
484.0452

485.0417

487.0406

4860454

488 0436

|

476 477

7.58
7.56
7.54
7.52
7.31
7.30
7.29
717
7.16
7.15
7.14

478

479

480

481

432 483 484
Mass/Charge, Da

3.13
3.1
3.09
—2.29
1.74

B
-

1.73

1.72
1.71
1.60

486

1.59
1.58
1.57
1.23

1.97<
1.98=
6.08<

487

|

483

489

7.0 6.5

~12.004

o [1.99,
1.95¢

8.0

6.0

55

5.0

T
4.5

40 35 30 25

1 (ppm)

S39



3C NMR (101 MHz, CDCls) of compound 2m
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"H NMR (400 MHz, CDCl5) of compound 2n
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YF NMR (376 MHz, CDCls) of compound 2n
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"H NMR (400 MHz, CDCl;) of compound 20
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HRMS(ESI) of compound 20

4850417
4 5ed
4 0ed
Cl
3.5ed
HRMS (ESI) calcd for 485.0416 (M+H*)
3.0ed
- 487.0404
T s 483 0380
20ed
e 486.0449
4820430
1004 481.0380 484.0401
488.0436
S0y 489.0420
00e0 Lo a . JL 1 Al . . . L L - o L
477 478 479 480 481 482 483 484 485 486 487 488 489 490
Mass/Charge. Da
"H NMR (400 MHz, CDCls) of compound 2p
LONDDODODONOULOWLITNO o o~ VMO ANT—TODMDWONOLW T —
C3oRBRIBNRRIIT R Se= AINRBREROEEQ N
NNNNNNNNNNNNNNKN © oo PN
e — ~J— | =
Se
Br
oo ¥R Iy 3 B o
QoQox Qe < S o x9
N ™ v «— — N ™ N~ 0
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

1 (ppm)

S44



3C NMR (101 MHz, CDCls) of compound 2p
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"H NMR (400 MHz, CDCl5) of compound 2q
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YF NMR (376 MHz, CDCls) of compound 2q

—-105.75

-30 -50 70 90 | 110 = 130 |
1 (ppm)

HRMS(ESI) of compound 2q

Intansity

50001

45004

4000+

35001

30004

2500+

2000+

15001

10004

500 -

=)

. 4

n

HRMS (ESI) calcd for 469.0714 (M+H*)

467.0650

465.0638

466.0733

463.0619  464.0604
I

N S

T T T T
-150 -170

468.0685

L.

T T T T
-190 -210 -230

469.0710

470.0747

471.0721

_n Ja

T
-2!

|

459

460

461

462 463 464 465 466

S47

467 468 469
Mass/Charge, Da

470 471

472



"H NMR (400 MHz, CDCl5) of compound 2r
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HRMS(ESI) of compound 2r
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3C NMR (101 MHz, CDCls) of compound 2s
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"H NMR (400 MHz, CDCl;) of compound 2t
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9F NMR (376 MHz, CDCIs) of compound 2t
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"H NMR (400 MHz, CDCl5) of compound 2u
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HRMS(ESI) of compound 2u
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3C NMR (101 MHz, CDCls) of compound 2v
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"H NMR (400 MHz, CDCl3) of compound 2w
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HRMS(ESI) of compound 2w
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"H NMR (400 MHz, CDCls) of compound 2x
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3C NMR (101 MHz, CDCls) of compound 2x
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'"H NMR (400 MHz, CDCl;) of compound 2y
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HRMS(ESI) of compound 2y
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3C NMR (101 MHz, CDCls) of compound 2z
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"H NMR (400 MHz, CDCl5) of compound 2za

(4202

mv.hV
vS'LT
wm.h\

Br

“00'9
/661
/861

=16'¢c

Ho¢

1 (ppm)

13C NMR (101 MHz, CDCls) of compound 2za

676 —
1061 —
86'62\
z8°'LE—
eLveE "]
12°1€

8z'0zl
8v'0zl
9s0zL~
08'vzL T
om.om%
z99z1
Loeel
88 vl —
690G} —

617191 —

99Vl —

928l —

00 190 180 170 160 150 140 130 120 110

20 210 200

1 (ppm)

S62



HRMS(ESI) of compound 2za
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3C NMR (101 MHz, CDCls) of compound 3a
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