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General

All manipulations were conducted with a standard Sch/enk tube under air atmosphere.
Unless otherwise noted, materials obtained from commercial suppliers were used
without further purification. The P(O)H compounds 2b-2k were prepared according
to a reported method.!"!

Flash column chromatography was carried out on silica gel (200-300 mesh). Thin

layer chromatography (TLC) was performed using silica gel 60 F;s4 plates.

'H NMR spectra were recorded on a Bruker AV-300 spectrometer or a Bruker AV-500
spectrometer at room temperature. Chemical shifts (in ppm) were referenced to
tetramethylsilane (6 = 0 ppm) in CDCl; as an internal standard. BC NMR spectra were
obtained by the same NMR spectrometer and were calibrated with CDCl; (6 = 77.00
ppm). *'P NMR spectra were recorded on a Bruker AV-300 spectrometer and using
85% H3PO, as external standard. Data for "H NMR are reported as follows: chemical
shifts (8 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet or unresolved, br s = broad singlet), coupling constant (Hz) and integration.
Data for °C NMR are reported in terms of chemical shift and multiplicity where
appropriate. Mass spectra were performed on an Aglient 6530 Q-TOF for HRMS. The
yields were determined on a METTLER TOLEDO ME 104 balance (accuracy: 0.1 mg).
Melting points (Mp) were determined on a SGW X-4B and are uncorrected.
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General procedure for visible-light-mediated oxidative cross-coupling of
thiols with P(O)H compounds (GP) :

Thiol 1 (0.6 mmol, 2.0 equiv), P(O)H compound 2 (0.3 mmol, 1.0 equiv), and Rose
Bengal (0.015 mmol, 0.05 equiv) were placed in a 10 mL Schlenk tube. Then DMF
(1.5 mL) was added. The reaction mixture was stirred and irradiated by 10 W blue
LEDs (450 nm) at room temperature under air atmosphere for 12 h. After the reaction
was completed monitored by TLC, H,O (10.0 mL) was added, and the mixture was
extracted by EtOAc (3x10.0 mL). The combined organic layer was dried over
anhydrous Na,SOy, filtered, and concentrated by rotary evaporation. The crude
reaction mixture was purified by flash column chromatography on silica gel to afford

the corresponding product.

Physical data of the compounds
S-p-tolyl diphenylphosphinothioate (3aa)”?!

Q
MeOS-E’—Ph
Ph

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3aa as white solid (77.1 mg, 79%). Mp: 106-108 °C; "H NMR (300 MHz,
CDCl;3) 6 7.88-7.81 (m, 4H), 7.52-7.40 (m, 6H), 7.35-7.28 (m, 2H), 7.00 (d, J = 8.1
Hz, 2H), 2.25 (s, 3H); ®C NMR (125 MHz, CDCl3) § 139.1 (d, J = 2.0 Hz), 135.3 (d,
J=3.8 Hz), 132.8 (d, J = 106.0 Hz), 132.2 (d, J = 2.0 Hz), 131.6 (d, J = 10.8 Hz),
129.9, 128.4 (d, J = 12.6 Hz), 122.3 (d, J = 5.9 Hz), 21.1; P NMR (121.5 MHz,
CDCl;) & 41.36; HRMS (ESI) calculated for C;oH;gOPS [M+H]" m/z 325.0810,
found 325.0817.

S-(4-ethylphenyl) diphenylphosphinothioate (3ba)

Q
Et@S-E—Ph
Ph
According to GP with 4-ethylbenzenethiol 1b (82.9 mg, 0.6 mmol, 2.0 equiv),
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diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ba as white solid (83.6 mg, 82%). Mp: 84-86 °C; '"H NMR (300 MHz,
CDCl3) 6 7.88-7.81 (m, 4H), 7.51-7.39 (m, 6H), 7.37-7.31 (m, 2H), 7.02 (d, J = 7.8
Hz, 2H), 2.54 (q, J = 7.6 Hz, 2H), 1.14 (t, J = 7.6 Hz, 3H); *C NMR (75 MHz,
CDCl3) 6 145.3 (d, J=2.2 Hz), 135.4 (d, J = 3.8 Hz), 132.7 (d, J = 106.1 Hz), 132.1
(d, J=2.8 Hz), 131.5 (d, J = 9.9 Hz), 128.7 (d, J = 1.7 Hz), 128.4 (d, J = 13.2 Hz),
122.4 (d, J = 5.6 Hz), 28.3, 15.1; P NMR (121.5 MHz, CDCls) & 41.49; HRMS
(ESI) calculated for CooH,0OPS [M+H]" m/z 339.0967, found 339.0973.

S-(4~(tert-butyl)phenyl) diphenylphosphinothioate (3ca)*!

Q
tBuOs-E—Ph

Ph
According to GP with 4-(tert-butyl)benzenethiol 1¢ (100.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ca as white solid (90.7 mg, 83%). Mp: 119-121 °C; "H NMR (500 MHz,
CDCl3) 6 7.86-7.82 (m, 4H), 7.49-7.46 (m, 2H), 7.43-7.39 (m, 4H), 7.36-7.33 (m, 2H),
7.23-7.18 (m, 2H), 1.23 (s, 9H); *C NMR (125 MHz, CDCl3) & 152.2 (d, J = 1.9 Hz),
135.1 (d, /=3.9 Hz), 132.7 (d, J = 105.9 Hz), 132.1 (d, J = 3.0 Hz), 131.5 (d, /=9.8
Hz), 128.4 (d, J = 12.6 Hz), 126.2, 122.3 (d, J = 4.8 Hz), 34.5, 31.0; *'P NMR (121.5
MHz, CDCl;) § 41.56; HRMS (ESI) calculated for C»H4,OPS [M+H]" m/z 367.1280,
found 367.1290.

S-(4-methoxyphenyl) diphenylphosphinothioate (3da)”
O

MeOOs-'F}—Ph

Ph

According to GP with 4-methoxybenzenethiol 1d (84.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3da as white solid (88.0 mg, 86%). Mp: 132-134 °C; "H NMR (500 MHz,
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CDCl3) 6 7.86-7.82 (m, 4H), 7.50-7.47 (m, 2H), 7.44-7.42 (m, 4H), 7.36-7.28 (m, 2H),
6.74-6.68 (m, 2H), 3.71 (s, 3H); *C NMR (125 MHz, CDCl3) & 160.4 (d, J = 2.0 Hz),
136.9 (d, J=2.9 Hz), 132.7 (d, J = 105.0 Hz), 132.1 (d, J = 2.9 Hz), 131.5 (d,J=9.6
Hz), 128.4 (d, J = 12.6 Hz), 116.0 (d, J = 4.9 Hz), 114.7, 55.1; *'P NMR (121.5 MHz,
CDCl;3) & 41.39; HRMS (ESI) calculated for C;oH;3O,PS [M+H]" m/z 341.0760,
found 341.0757.

S-(4-acetamidophenyl) diphenylphosphinothioate (3ea)

Q
AcHNOs-Fg—Ph

Ph
According to GP with N-(4-mercaptophenyl)acetamide 1e (100.3 mg, 0.6 mmol, 2.0
equiv), diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal
(15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash
silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ea as white solid (80.4 mg, 73%). Mp: 157-159 °C; '"H NMR (500 MHz,
CDCl3) 6 9.87 (s, 1H), 7.85-7.80 (m, 4H), 7.55-7.52 (m, 2H), 7.49-7.41 (m, 6H), 7.20
(d, J= 8.0 Hz, 2H), 2.10 (s, 3H); *C NMR (125 MHz, CDCl3) & 169.5, 140.5, 136.3
(d, J=3.0 Hz), 132.6 (d, J=2.0 Hz), 132.1 (d, J = 105.6 Hz), 131.4 (d, J = 9.6 Hz),
128.7 (d, J = 13.6 Hz), 120.4, 117.9 (d, J = 5.9 Hz), 24.3; *'"P NMR (121.5 MHz,
CDCl3) & 42.80; HRMS (ESI) calculated for CoHoNO,PS [M+H]" m/z 368.0869,
found 368.0879.

S-m-tolyl diphenylphosphinothioate (3fa)”!

Me
Q
Orsgm
Ph

According to GP with 3-methylbenzenethiol 1f (74.5 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3fa as white solid (80.1 mg, 82%). Mp: 96-98 °C; "H NMR (300 MHz,
CDCl3) 6 7.88-7.81 (m, 4H), 7.52-7.39 (m, 6H), 7.26-7.22 (m, 2H), 7.09-7.04 (m, 2H),
2.20 (s, 3H); *C NMR (75 MHz, CDCls) 8 138.9 (d, J = 2.0 Hz), 136.0 (d, J = 3.8
Hz), 132.6 (d, J = 106.1 Hz), 132.3 (d, J = 3.8 Hz), 132.1 (d, /= 2.7 Hz), 131.5 (d, J
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=9.8 Hz), 129.7 (d, J= 1.7 Hz), 128.8 (d, J= 1.1 Hz), 128.4 (d, J = 13.2 Hz), 125.7
(d, J=5.0 Hz), 21.0; P NMR (121.5 MHz, CDCls) & 41.35; HRMS (ESI) calculated
for C1oH sOPS [M+H]" m/z 325.0810, found 325.0824.

S-(3-methoxyphenyl) diphenylphosphinothioate (3ga)[3 ]

MeQ
s
S-P-Ph
Ph
According to GP with 3-methoxybenzenethiol 1g (84.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ga as white solid (92.8 mg, 91%). Mp: 90-92 °C; 'H NMR (300 MHz,
CDCl3) 6 7.89-7.82 (m, 4H), 7.54-7.41 (m, 6H), 7.13-7.02 (m, 2H), 7.01-6.95 (m, 1H),
6.83-6.75 (m, 1H), 3.66 (s, 3H); *C NMR (75 MHz, CDCl3) & 159.6, 132.6 (d, J =
106.6 Hz), 132.3 (d, J=3.3 Hz), 131.6 (d, J=9.9 Hz), 129.7 (d, /= 1.7 Hz), 128.5 (d,
J=13.2 Hz), 127.5 (d, /= 4.4 Hz), 127.1 (d, J=4.4 Hz), 119.7 (d, /= 3.8 Hz), 115.7
(d, J=2.2 Hz), 55.2; *'P NMR (121.5 MHz, CDCl;) & 41.52; HRMS (ESI) calculated
for C19H,30,PS [M+H]" m/z 341.0760, found 341.0754.

S-o-tolyl diphenylphosphinothioate (3ha)

Me

Q
S-P-Ph

Ph

According to GP with 2-methylbenzenethiol 1h (74.5 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ha as white solid (58.1 mg, 60%). Mp: 70-72 °C; '"H NMR (300 MHz,
CDCl3) 6 7.85-7.78 (m, 4H), 7.52-7.39 (m, 7H), 7.18-7.11 (m, 2H), 7.02-6.98 (m, 1H),
2.34 (s, 3H); ®C NMR (125 MHz, CDCL3) & 142.8 (d, J = 3.9 Hz), 136.7 (d, J = 3.9
Hz), 132.8 (d, J = 106.0 Hz), 132.2 (d, J = 2.9 Hz), 131.4 (d, J = 10.6 Hz), 130.6,
129.2 (d, J = 2.0 Hz), 128.4 (d, J = 12.6 Hz), 126.4, 125.4 (d, J = 4.9 Hz), 21.3; *'P
NMR (121.5 MHz, CDCls) & 41.18; HRMS (ESI) calculated for CoH,;3OPS [M+H]"
m/z 325.0810, found 325.0818.
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S-(2-methoxyphenyl) diphenylphosphinothioate (3ia)™’

OMe
Q
S-P-Ph

Ph
According to GP with 2-methoxybenzenethiol 1i (84.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ia as white solid (56.0 mg, 55%). Mp: 65-67 °C; '"H NMR (300 MHz,
CDCls) 6 7.90-7.83 (m, 4H), 7.70-7.67 (m, 1H), 7.50-7.37 (m, 6H), 7.24-7.19 (m, 1H),
6.87-6.82 (m, 1H), 6.69 (d, J = 8.1 Hz, 1H), 3.61 (s, 3H); *C NMR (75 MHz, CDCls)
6 159.4 (d, J = 3.8 Hz), 137.5 (d, J = 3.9 Hz), 133.1 (d, J = 106.6 Hz), 132.0 (d, J =
3.3 Hz), 131.6 (d, /= 10.4 Hz), 130.6 (d, /=2.2 Hz), 128.2 (d, /= 12.7 Hz), 121.1 (d,
J=1.1Hz), 114.1 (d, J= 5.0 Hz), 111.1 (d, J = 2.2 Hz), 55.4; *'P NMR (121.5 MHz,
CDCl3) & 41.50; HRMS (ESI) calculated for C;oH;3O,PS [M+H]" m/z 341.0760,
found 341.0760.

S-(4-hydroxyphenyl) diphenylphosphinothioate (3ja)
O

HOOS-#—Ph
Ph

According to GP with 4-mercaptophenol 1j (75.7 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ja as white solid (75.3 mg, 77%). Mp: 137-139 °C; "H NMR (300 MHz,
CDCl3) 6 9.62 (br s, 1H), 7.89-7.83 (m, 4H), 7.57-7.44 (m, 6H), 7.12-7.02 (m, 2H),
6.56-6.48 (m, 2H); *C NMR (75 MHz, CDCl3) & 159.1 (d, J = 2.3 Hz), 137.3 (d, J =
3.3 Hz), 132.1 (d, J = 106.1 Hz), 132.5 (d, J = 3.3 Hz), 131.6 (d, J = 10.4 Hz), 128.7
(d, J=12.6 Hz), 117.4 (d, J= 1.7 Hz), 112.1 (d, J = 5.5 Hz); *'P NMR (121.5 MHz,
CDCl3) & 43.12; HRMS (ESI) calculated for C;sH;40,PS [M+H]" m/z 327.0603,
found 327.0611.
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S-(4-aminophenyl) diphenylphosphinothioate (3ka)

@)

HzNOs-#}—Ph

Ph

According to GP with 4-aminobenzenethiol 1k (75.1 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ka as white solid (81.5 mg, 84%). Mp: 167-169 °C; '"H NMR (300 MHz,
CDCl;) 6 7.86-7.80 (m, 4H), 7.51-7.39 (m, 6H), 7.19-7.10 (m, 2H), 6.48-6.40 (m, 2H),
3.62 (brs, 2H); *C NMR (125 MHz, CDCl3) & 147.8, 136.9 (d, J = 2.9 Hz), 132.9 (d,
J=105.0 Hz), 132.0 (d, J = 3.0 Hz), 131.6 (d, J = 10.8 Hz), 128.4 (d, J = 12.6 Hz),
115.5, 111.9 (d, J = 4.9 Hz); *'P NMR (121.5 MHz, CDCls) & 41.36; HRMS (ESI)
calculated for C;sH;;NOPS [M+H]" m/z 326.0763, found 326.0760.

S-(4-fluorophenyl) diphenylphosphinothioate (3la)™*

Q
FOS-E’—Ph
Ph

According to GP with 4-fluorobenzenethiol 11 (76.9 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3la as white solid (56.8 mg, 58%). Mp: 93-95 °C; '"H NMR (300 MHz,
CDCls) § 7.87-7.80 (m, 4H), 7.54-7.38 (m, 8H), 6.92-6.86 (m, 2H); *C NMR (75
MHz, CDCls3) § 163.4 (dd, J = 248.4, 2.2 Hz), 137.3 (dd, J = 8.5, 3.6 Hz), 132.4 (d, J
=2.7Hz), 132.3 (d, J=106.1 Hz), 131.5 (d, /= 9.8 Hz), 128.5 (d, /= 13.2 Hz), 121.2
(dd, J=5.0, 3.3 Hz), 116.2 (d, J = 22.0 Hz); *'P NMR (121.5 MHz, CDCl;) & 41.66;
HRMS (ESI) calculated for CgH;sFOPS [M+H]+ m/z 329.0560, found 329.0561.

S-(4-chlorophenyl) diphenylphosphinothioate (3ma)®’!

According to GP with 4-chlorobenzenethiol 1m (87.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
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mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ma as white solid (40.9 mg, 40%). Mp: 95-97 °C; "H NMR (500 MHz,
CDCls) 6 7.86-7.82 (m, 4H), 7.54-7.51 (m, 2H), 7.47-7.43 (m, 4H), 7.40-7.35 (m, 2H),
7.19-7.14 (m, 2H); *C NMR (125 MHz, CDCl;) § 136.5 (d, J= 3.9 Hz), 135.5 (d, J =
2.0 Hz), 132.4 (d, J=2.9 Hz), 132.3 (d, /= 107.0 Hz), 131.6 (d, J = 10.8 Hz), 129.3,
128.6 (d, J = 13.6 Hz), 124.7 (d, J = 4.9 Hz); *'"P NMR (121.5 MHz, CDCl;) & 41.67;
HRMS (ESI) calculated for C;gH;5sCIOPS [M+H]" m/z 345.0264, found 345.0261.

S-(4-bromophenyl) diphenylphosphinothioate (3na)
O

BrOs-f?—Ph
Ph

According to GP with 4-bromobenzenethiol 1n (113.4 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3na as white solid (63.5 mg, 54%) (reaction time: 6 h). Mp: 93-95 °C; 'H
NMR (500 MHz, CDCls) 6 7.86-7.82 (m, 4H), 7.53-7.50 (m, 2H), 7.46-7.42 (m, 4H),
7.31 (s, 4H); *C NMR (125 MHz, CDCl;) & 136.7 (d, J = 2.9 Hz), 132.2 (d, J =
107.0 Hz), 132.4, 132.2, 131.5 (d, J = 10.8 Hz), 128.6 (d, J = 13.6 Hz), 125.4 (d, J =
4.9 Hz), 123.7 (d, J = 2.9 Hz); *'P NMR (121.5 MHz, CDCls) & 41.45; HRMS (ESI)
calculated for C;sH,sBrOPS [M+H] m/z 388.9759, found 388.9765.

S-naphthalen-2-yl diphenylphosphinothioate (30a)”

According to GP with naphthalene-2-thiol 10 (96.1 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 30a as white solid (70.1 mg, 65%). Mp: 108-110 °C; "H NMR (300 MHz,
CDCl3) 6 7.98 (s, 1H), 7.90-7.83 (m, 4H), 7.70-7.65 (m, 2H), 7.62 (d, /= 8.7 Hz, 1H),
7.49-7.35 (m, 9H); *C NMR (125 MHz, CDCl3) & 135.2 (d, J = 4.9 Hz), 133.4, 132.9,
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132.5 (d, J = 106.0 Hz), 132.2 (d, J = 1.9 Hz), 131.5 (d, J = 10.6 Hz), 131.4, 128.5,
128.4 (d, J = 12.6 Hz), 127.6, 127.4, 126.7, 126.3, 123.4 (d, J = 5.9 Hz); *'P NMR
(121.5 MHz, CDCls) & 41.63; HRMS (ESI) calculated for C»,H;sOPS [M+H]" m/z
361.0810, found 361.0819.

S-naphthalen-1-yl diphenylphosphinothioate (3pa)

o
O S-P-Ph
Ph

According to GP with naphthalene-1-thiol 1p (96.1 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3pa as white solid (55.8 mg, 52%). Mp: 100-102 °C; '"H NMR (300 MHz,
CDCl3) 6 8.39 (d, J = 8.1 Hz, 1H), 7.85-7.78 (m, 5H), 7.74-7.70 (m, 2H), 7.48-7.38
(m, 4H), 7.35-7.24 (m, 5H); ®C NMR (125 MHz, CDCl;) § 135.4 (d, J = 4.9 Hz),
134.9 (d, J=3.0 Hz), 134.0, 132.5 (d, J=106.0 Hz), 132.1 (d, J=2.9 Hz), 131.4 (d, J
=10.8 Hz), 129.9 (d, J=2.9 Hz), 128.3 (d, J = 13.6 Hz), 128.2, 126.6, 126.1, 125.9,
125.4, 123.6 (d, J = 5.9 Hz); *'P NMR (121.5 MHz, CDCl;) & 41.63; HRMS (ESI)
calculated for C,,HsOPS [MJrH]+ m/z 361.0810, found 361.0814.

S-phenyl diphenylphosphinothioate (3qa)[3 ]

Q
S-P-Ph

Ph
According to GP with benzenethiol 1q (66.1 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3qa as white solid (51.7 mg, 56%). Mp: 86-88 °C; '"H NMR (300 MHz,
CDCly) & 7.87-7.81 (m, 4H), 7.53-7.39 (m, 8H), 7.24-7.16 (m, 3H); *C NMR (125
MHz, CDCls) 6 135.3 (d, J = 3.9 Hz), 132.5 (d, /= 106.9 Hz), 132.3 (d, J = 2.9 Hz),
131.5 (d, J=9.8 Hz), 129.0, 128.9 (d, /= 2.0 Hz), 128.5 (d, J = 12.8 Hz), 126.1 (d, J
= 4.8 Hz); *'P NMR (121.5 MHz, CDCl;) & 41.79; HRMS (ESI) calculated for
CisH160PS [M+H]" m/z 311.0654, found 311.0650.
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S-propyl diphenylphosphinothioate (3ra)"’!

Me/\s-g-Ph
Ph

According to GP with propane-1-thiol 1r (46.0 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ra as colorless oil (37.8 mg, 46%). "H NMR (300 MHz, CDCls)  7.82-7.85
(m, 4H), 7.55-7.43 (m, 6H), 2.82-2.74 (m, 2H), 1.71-1.59 (m, 2H), 0.93 (t, /= 7.4 Hz,
3H); *C NMR (125 MHz, CDCl;) & 133.5 (d, J = 106.0 Hz), 132.1 (d, J = 2.9 Hz),
131.4 (d, J = 10.6 Hz), 128.5 (d, J = 12.6 Hz), 31.1 (d, J = 2.9 Hz), 24.0 (d, /= 4.9
Hz), 13.1; ¥P NMR (121.5 MHz, CDCl;) & 43.30; HRMS (ESI) calculated for
C,5H;sOPS [M+H]" m/z 277.0810, found 277.0817.

S-benzyl diphenylphosphinothioate (3sa)’!

Q
S-P-Ph
Ph

According to GP with phenylmethanethiol 1s (74.5 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3sa as white solid (48.5 mg, 50%). Mp: 83-85 °C; '"H NMR (300 MHz,
CDCl3) 6 7.90-7.83 (m, 4H), 7.53-7.41 (m, 6H), 7.23-7.14 (m, 5H), 4.02 (d, J = 9.3
Hz, 2H); *C NMR (125 MHz, CDCl;) § 136.8 (d, J = 4.9 Hz), 133.1 (d, J = 105.9
Hz), 132.2 (d, /= 2.9 Hz), 131.4 (d, /= 9.8 Hz), 128.9, 128.6, 128.5 (d, / = 4.9 Hz),
127.3, 33.1 (d, J = 2.0 Hz); *'"P NMR (121.5 MHz, CDCl;) & 42.83; HRMS (ESI)
calculated for C;oH;30PS [M+H]" m/z 325.0815, found 325.0810.

S-cyclohexyl diphenylphosphinothioate (3ta)
Q
S-P-Ph
Ph
According to GP with cyclohexanethiol 1t (69.7 mg, 0.6 mmol, 2.0 equiv),
diphenylphosphine oxide 2a (60.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
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mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ta as white solid (37.6 mg, 40%). Mp: 75-77 °C; '"H NMR (300 MHz,
CDCl3) 6 7.91-7.84 (m, 4H), 7.54-7.42 (m, 6H), 3.36-3.24 (m, 1H), 1.96-1.92 (m, 2H),
1.69-1.64 (m, 2H), 1.58-1.43 (m, 3H), 1.35-1.21 (m, 3H); *C NMR (75 MHz, CDCls)
6 134.2 (d, J=106.6 Hz), 132.0 (d, J = 2.8 Hz), 131.4 (d, J=10.5 Hz), 128.5 (d, J =
12.6 Hz), 44.4 (d, J = 2.2 Hz), 35.5 (d, J = 3.8 Hz), 25.7, 25.3; *'P NMR (121.5 MHz,
CDCls) & 41.97; HRMS (ESI) calculated for C;gH,,OPS [M+H]" m/z 317.1123,
found 317.1133.

S-p-tolyl di-p-tolylphosphinothioate (3ab)
Q
e o8-

Me

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
di-p-tolylphosphine oxide 2b (69.0 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ab as colorless oil (84.5 mg, 80%). "H NMR (300 MHz, CDCls)  7.75-7.68
(m, 4H), 7.33 (d, J = 7.5 Hz, 2H), 7.23-7.20 (m, 4H), 6.99 (d, J = 8.1 Hz, 2H), 2.35 (s,
6H), 2.23 (s, 3H); *C NMR (75 MHz, CDCls) & 142.6 (d, J = 2.8 Hz), 138.8 (d, J =
2.2 Hz), 135.1 (d, J=3.3 Hz), 131.5 (d, /= 11.0 Hz), 129.8 (d, /= 1.7 Hz), 129.1 (d,
J=13.7 Hz), 129.6 (d, /= 108.8 Hz), 122.7 (d, J= 5.6 Hz), 21.4 (d, J= 1.1 Hz), 21.0;
3P NMR (121.5 MHz, CDCls) & 42.01; HRMS (ESI) calculated for CyH,,OPS
[M+H]" m/z 353.1123, found 353.1132.

S-p-tolyl di-m-tolylphosphinothioate (3ac)

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
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di-m-tolylphosphine oxide 2¢ (69.0 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ac as white solid (87.4 mg, 83%). Mp: 59-61 °C; 'H NMR (300 MHz,
CDCl3) 6 7.69-7.59 (m, 4H), 7.34-7.26 (m, 6H), 7.00 (d, J = 7.8 Hz, 2H), 2.34 (s, 6H),
2.24 (s, 3H); ®C NMR (75 MHz, CDCl;) & 138.9 (d, J = 2.2 Hz), 1383 (d, J = 12.6
Hz), 135.2 (d, J = 3.8 Hz), 132.9 (d, J = 3.3 Hz), 132.5 (d, /= 105.5 Hz), 132.0 (d, J
=9.4 Hz), 129.8 (d, /= 1.7 Hz), 128.5 (d, /= 9.4 Hz), 128.2 (d, J = 13.7 Hz), 122.5
(d, J = 5.0 Hz), 21.2, 21.0; *'P NMR (121.5 MHz, CDCl;) & 42.00; HRMS (ESI)
calculated for C, H,,OPS [M+H]" m/z 353.1123, found 353.1117.

S-p-tolyl di-o-tolylphosphinothioate (3ad)
Me

ve—)-s-5 )
Me©

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
di-o-tolylphosphine oxide 2d (69.0 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3
mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica
gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ad as white solid (54.7 mg, 52%). Mp: 99-101 °C; "H NMR (300 MHz,
CDClL) 6 7.82 (d, J = 7.5 Hz, 1H), 7.77 (d, J = 7.5 Hz, 1H), 7.40-7.33 (m, 4H),
7.25-7.16 (m, 4H), 7.02 (d, J = 8.1 Hz, 2H), 2.40 (s, 6H), 2.26 (s, 3H); C NMR (75
MHz, CDCls) & 141.9 (d, J = 9.8 Hz), 139.0, 135.6 (d, /= 3.3 Hz), 132.7 (d, J=11.5
Hz), 132.1 (d, J = 2.8 Hz), 131.8 (d, J = 12.1 Hz), 131.6 (d, J = 101.6 Hz), 129.8,
125.4 (d, J = 13.2 Hz), 122.4 (d, J = 5.0 Hz), 21.3 (d, J = 3.8 Hz), 21.1; 'P NMR
(121.5 MHz, CDCls) & 43.77; HRMS (ESI) calculated for C;H,,OPS [M+H]" m/z
353.1123, found 353.1129.

S-p-tolyl bis(4-(tert-butyl)phenyl)phosphinothioate (3ae)

O

MeOs-ﬁ@tBu

tBu
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According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
bis(4-(tert-butyl)phenyl)phosphine oxide 2e (94.3 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3ae as white solid (45.6 mg, 35%). Mp: 120-122 °C; '"H NMR
(300 MHz, CDCl3) 6 7.80-7.73 (m, 4H), 7.45-7.42 (m, 4H), 7.35-7.28 (m, 2H), 6.98
(d, J = 7.8 Hz, 2H), 2.25 (s, 3H), 1.31 (s, 18H); *C NMR (75 MHz, CDCl;) & 155.6
(d, J=3.3 Hz), 138.8 (d, J = 2.2 Hz), 135.3 (d, /= 3.8 Hz), 131.5 (d, J = 10.4 Hz),
129.8 (d, J = 1.7 Hz), 129.7 (d, J = 108.2 Hz), 125.4 (d, J = 13.2 Hz), 122.9 (d, J =
5.0 Hz), 35.0, 31.0, 21.1; P NMR (121.5 MHz, CDCl;) & 41.53; HRMS (ESI)
calculated for C,7H34,0OPS [M+H]" m/z 437.2062, found 437.2063.

S-p-tolyl bis(4-fluorophenyl)phosphinothioate (3af)

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
bis(4-fluorophenyl)phosphine oxide 2f (71.5 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3af as colorless oil (60.2 mg, 56%). "H NMR (300 MHz, CDCls)
0 7.88-7.79 (m, 4H), 7.35-7.26 (m, 2H), 7.16-7.10 (m, 4H), 7.06-6.98 (m, 2H), 2.26 (s,
3H); *C NMR (75 MHz, CDCl3) & 165.2 (dd, J = 252.8, 3.3 Hz), 139.4 (d, J = 2.2
Hz), 135.2 (d, J = 3.8 Hz), 134.1 (dd, J = 11.8, 9.1 Hz), 130.0, 128.4 (dd, J = 110.4,
2.7 Hz), 121.8 (d, J = 5.0 Hz), 115.9 (dd, J = 21.4, 14.3 Hz), 21.1; P NMR (121.5
MHz, CDCls) 6 39.28; HRMS (ESI) calculated for C;9H;cF,OPS [MJrH]+ m/z
361.0622, found 361.0630.

S-p-tolyl bis(4-chlorophenyl)phosphinothioate (3ag)
Q
o8 o

Cl
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According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
bis(4-chlorophenyl)phosphine oxide 2g (81.3 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3ag as white solid (73.0 mg, 62%). Mp: 109-111 °C; '"H NMR
(300 MHz, CDCl3) 6 7.79-7.72 (m, 4H), 7.44-7.40 (m, 4H), 7.35-7.27 (m, 2H), 7.03
(d, J=17.8 Hz, 2H), 2.27 (s, 3H); *C NMR (75 MHz, CDCl3)  139.5 (d, J = 2.7 Hz),
139.1 (d, /=3.9 Hz), 135.2 (d, /= 3.9 Hz), 132.9 (d, /= 11.6 Hz), 130.9 (d, /= 108.2
Hz), 130.1 (d, J = 1.7 Hz), 128.9 (d, J = 13.7 Hz), 121.5 (d, J = 5.0 Hz), 21.1; *'P
NMR (121.5 MHz, CDCl;) 6 39.13; HRMS (ESI) calculated for C;9H;cC1,OPS
[M+H]" m/z 393.0031, found 393.0035.

S-p-tolyl bis(4-bromophenyl)phosphinothioate (3ah)

Br

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
bis(4-bromophenyl)phosphine oxide 2h (108.0 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3ah as white solid (60.5 mg, 42%). Mp: 132-134 °C; '"H NMR
(300 MHz, CDCl3) 6 7.71-7.64 (m, 4H), 7.61-7.57 (m, 4H), 7.35-7.27 (m, 2H), 7.04
(d, J=7.8 Hz, 2H), 2.28 (s, 3H); *C NMR (75 MHz, CDCl3) § 139.6 (d, J = 2.2 Hz),
135.3 (d, J = 3.8 Hz), 133.0 (d, J = 11.0 Hz), 131.9 (d, J = 13.1 Hz), 131.4 (d, J =
107.7 Hz), 130.2 (d, J = 1.7 Hz), 127.8 (d, J= 3.9 Hz), 121.4 (d, J = 5.5 Hz), 21.1; *'P
NMR (121.5 MHz, CDCl;) & 39.50; HRMS (ESI) calculated for C;oH;sBr,OPS
[M+H]" m/z 480.9021, found 480.9025.

S-p-tolyl di([1,1'-biphenyl]-4-yl)phosphinothioate (3ai)

O

o3

Ph
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According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
di([1,1'-biphenyl]-4-yl)phosphine oxide 2i (106.3 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3ai as white solid (102.0 mg, 71%). Mp: 125-127 °C; '"H NMR
(300 MHz, CDCl3) & 7.98-7.91 (m, 4H), 7.69-7.65 (m, 4H), 7.60-7.58 (m, 4H),
7.47-7.37 (m, 8H), 7.02 (d, J = 7.8 Hz, 2H), 2.25 (s, 3H); *C NMR (75 MHz, CDCl)
0 145.0 (d, J= 2.8 Hz), 139.7, 139.1 (d, /= 1.7 Hz), 135.3 (d, /= 3.8 Hz), 132.1 (d, J
=10.4 Hz), 130.6, 130.0, 128.9, 128.2, 127.2, 127.1 (d, J=12.6 Hz), 122.4 (d, J = 5.0
Hz), 21.1; P NMR (121.5 MHz, CDCL) & 41.09; HRMS (ESI) calculated for
C31Ho6OPS [M+H]" m/z 477.1436, found 477.1427.

S-p-tolyl di(naphthalen-2-yl)phosphinothioate (3aj)

v s (40
OO

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
di(naphthalen-2-yl)phosphine oxide 2j (90.7 mg, 0.3 mmol, 1.0 equiv), and Rose
Bengal (15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified
by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford
the desired product 3aj as colorless oil (69.8 mg, 55%). '"H NMR (300 MHz, CDCls)
0 8.48 (s, 1H), 8.43 (s, 1H), 7.90-7.82 (m, 8H), 7.59-7.49 (m, 4H), 7.41-7.35 (m, 2H),
6.95 (d, J= 8.1 Hz, 2H), 2.18 (s, 3H); ®C NMR (75 MHz, CDCl3) & 139.1 (d, J= 1.7
Hz), 135.3 (d, J = 3.8 Hz), 134.8 (d, / = 2.2 Hz), 133.9 (d, /= 9.3 Hz), 132.4 (d, J =
14.3 Hz), 129.9 (d, J= 1.1 Hz), 129.8 (d, J = 107.2 Hz), 129.0, 128.32, 128.30 (d, J =
13.2 Hz), 127.7, 126.9, 126.2 (d, J = 11.6 Hz), 122.2 (d, J = 4.9 Hz), 21.0; *'P NMR
(121.5 MHz, CDCl;) 6 41.53; HRMS (ESI) calculated for C,7H,,OPS [MJrH]+ m/z
425.1123, found 425.1132.
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S-p-tolyl butyl(phenyl)phosphinothioate (3ak)

e )-s-b-")
1

Me

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv),
butyl(phenyl)phosphine oxide 2k (54.7 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal
(15.3 mg, 0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash
silica gel column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired
product 3ak as colorless oil (61.9 mg, 68%). "H NMR (300 MHz, CDCl3)  7.78-7.71
(m, 2H), 7.52-7.39 (m, 3H), 7.35-7.28 (m, 2H), 7.04 (d, /= 7.8 Hz, 2H), 2.28 (s, 3H),
2.23-2.04 (m, 2H), 1.69-1.45 (m, 2H), 1.41-1.28 (m, 2H), 0.85 (d, J = 7.2 Hz, 2H);
3C NMR (75 MHz, CDCls) 6 139.0 (d, J = 2.2 Hz), 135.3 (d, J= 3.3 Hz), 132.4 (d, J
=98.3 Hz), 131.9 (d, J = 2.8 Hz), 131.1 (d, J=9.9 Hz), 129.9 (d, J = 1.7 Hz), 128.3
(d, J =12.7 Hz), 122.2 (d, J = 5.5 Hz), 32.7 (d, J = 71.0 Hz), 24.2 (d, J = 4.4 Hz),
23.6 (d, J = 15.9 Hz), 21.0, 13.4; *'P NMR (121.5 MHz, CDCl;) & 45.29; HRMS
(ESI) calculated for C,7H,,0PS [M+H]" m/z 305.1123, found 305.1117.

0O-ethyl S-p-tolyl phenylphosphonothioate (3al)
O

MeOs-l'?'
OEt

According to GP with 4-methylbenzenethiol 1a (74.5 mg, 0.6 mmol, 2.0 equiv), ethyl
phenylphosphinate 21 (51.0 mg, 0.3 mmol, 1.0 equiv), and Rose Bengal (15.3 mg,
0.015 mmol, 0.05 equiv). The crude reaction mixture was purified by flash silica gel
column chromatography (petroleum ether/EtOAc = 3/1) to afford the desired product
3al as colorless oil (21.1 mg, 30%) (reaction time: 36 h). "H NMR (300 MHz, CDCl;)
o 7.70-7.62 (m, 2H), 7.51-7.46 (m, 1H), 7.39-7.33 (m, 2H), 7.18-7.15 (m, 2H),
7.02-6.99 (m, 2H), 4.40-4.26 (m, 2H), 2.28 (s, 3H), 1.39 (d, J = 7.2 Hz, 3H); *C
NMR (75 MHz, CDCl3) 6 139.1 (d, J = 3.3 Hz), 1354 (d, J=4.4 Hz), 132.3 (d, J =
3.3 Hz), 131.7 (d, J = 148.9 Hz), 131.4 (d, J = 10.4 Hz), 129.9 (d, J = 2.3 Hz), 128.1
(d, /J=14.8 Hz), 122.8 (d, /= 5.6 Hz), 62.3 (d, /= 7.1 Hz), 21.1, 16.3 (d, J = 6.6 Hz);
3P NMR (121.5 MHz, CDCl3) & 41.91; HRMS (ESI) calculated for C;sH;s0,PS
[M+H]" m/z 293.0760, found 293.0754.
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Lager scale experiment

P 0 Rose Bengal (5 mol %) 0
MeOS*{H + HrP-Ph , - Me@S-E’—Ph
"""" Ph DMF, rt, air Ph
1a 2a 10 W blue LEDs 3aa

5.0 mmol 68% vyield 11149

4-Methylbenzenethiol 1a (1.24 g, 10.0 mmol, 2.0 equiv), diphenylphosphine oxide 2a
(1.01g, 5.0 mmol, 1.0 equiv), and Rose Bengal (254 mg, 0.25 mmol, 0.05 equiv) were
placed in a 100 mL round bottom flask. Then DMF (25.0 mL) was added. The
reaction mixture was stirred and irradiated by 10 W blue LEDs (450 nm) at room
temperature under air atmosphere for 12 h. After the reaction was completed
monitored by TLC, H,O (50.0 mL) was added, and the mixture was extracted by
EtOAc (3x50.0 mL). The combined organic layer was dried over anhydrous Na,;SOy,
filtered, and concentrated by rotary evaporation. The crude reaction mixture was
purified by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to
afford the desired product 3aa (1.11 g, 68%).

Mechanistic studies

(o)
SH v pn Rose BengaII(S mol %) SV\Ph
[ j DMF, rt, air, 12 h
Me 10 W blue LEDs ~ Me
1a 4 5
standard conditions: 40%

without Rose Bengal: trace

4-Methylbenzenethiol 1a (62.1 mg, 0.50 mmol, 1.0 equiv), styrene 4 (208.3 mg, 2.0
mmol, 4.0 equiv), and Rose Bengal (25.4 mg, 0.025 mmol, 0.05 equiv) were placed in
a 10 mL Schlenk tube. Then DMF (1.5 mL) was added. The reaction mixture was
stirred and irradiated by 10 W blue LEDs (450 nm) at room temperature under air
atmosphere for 12 h. After the reaction was completed monitored by TLC, H,O (10.0
mL) was added, and the mixture was extracted by EtOAc (3x10.0 mL). The combined
organic layer was dried over anhydrous Na,SQOy, filtered, and concentrated by rotary
evaporation. The crude reaction mixture was purified by flash silica gel column
chromatography (petroleum ether) to afford the product 5 as colorless oil (45.7 mg,
40%). "H NMR (300 MHz, CDCl;) & 7.30-7.26 (m, 4H), 7.22-7.16 (m, 3H), 7.14-7.06

S18



(m, 2H), 3.12 (t, J = 8.0 Hz, 2H), 2.89 (t, J = 8.0 Hz, 2H), 2.32 (s, 3H); *C NMR
(125 MHz, CDCls) & 140.3, 136.2, 132.5, 130.2, 129.7, 128.48, 128.45, 126.4, 35.83,
35.77, 21.0; HRMS (ESI) calculated for C;sH;;S [MJrH]+ m/z 229.1045, found
229.1047. Analytical data are in agreement with those reported in the literature.!” In
addition, when the reaction was conducted in the absence of Rose Bengal, only traces

of 5 were detected.

Me Me
0 Rose Bengal (5 mol %) O
Ph-P-H _ ~ Ph-P-O-N
Ph DMF, rt, air, 12 h Ph
) 10 W blue LEDs 5 ME Me
a TEMPO (2.0 equiv)

Diphenylphosphine oxide 2a (60.9 mg, 0.30 mmol, 1.0 equiv), TEMPO (93.1 mg,
0.60 mmol, 2.0 equiv), and Rose Bengal (15.8 mg, 0.015 mmol, 0.05 equiv) were
placed in a 10 mL Schlenk tube. Then DMF (1.5 mL) was added. The reaction mixture
was stirred and irradiated by 10 W blue LEDs (450 nm) at room temperature under air
atmosphere for 12 h. High-resolution mass spectra analysis of this reaction mixture
showed that TEMPO-trapped product 6 was formed. This result indicated that
P-centered radicals are generated from diphenylphosphine oxide in the current

reaction conditions.

%10 5 +ESI Scan (0.204 min) Frag=120.0V +.d
1.2 Me_Me 360.2086
1.11 0
Ph-P=-0-N
Ly Ph
0.91 Me Me
0.8 6
07| HRMS: (M+H")
0.6 calcd: 358.1930

found: 358.1929
05 358.1929

04, ([C21 H28 N O2 P]+H)+

0.3 361.2115 364.1809
0.2

0.1
0b— ‘\“H ‘\‘\‘\H‘ . “m”\‘ | ‘ R P \H““M\\ ‘ L

355 356 357 358 350 360 361 362 363 364 365 366 367
Counts vs. Mass-to-Charge (m/z)
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Me

SH Rose Bengal (5 mol %) s /©/

" O DMF, tt, air, 12 h Q S

€ 10 W blue LEDs Me
1a 7 (82%)

4-Methylbenzenethiol 1a (37.9 mg, 0.30 mmol, 1.0 equiv), and Rose Bengal (15.6 mg,
0.015 mmol, 0.05 equiv) were placed in a 10 mL Schlenk tube. Then DMF (1.5 mL)
was added. The reaction mixture was stirred and irradiated by 10 W blue LEDs (450
nm) at room temperature under air atmosphere for 12 h. After the reaction was
completed monitored by TLC, H,O (10.0 mL) was added, and the mixture was
extracted by EtOAc (3x10.0 mL). The combined organic layer was dried over
anhydrous Na,SOy, filtered, and concentrated by rotary evaporation. The crude
reaction mixture was purified by flash silica gel column chromatography (petroleum
ether) to afford the product 7 as white solid (30.2 mg, 82%). '"H NMR (300 MHz,
CDCly) & 7.41-7.35 (m, 4H), 7.12-7.05 (m, 4H), 2.31 (s, 6H); °C NMR (125 MHz,
CDCl3) 6 137.4, 134.0, 129.8, 128.6, 21.0; Analytical data are in agreement with those

reported in the literature.

Ph DMF, rt, air, 12 h
10 W blue LEDs
7 2a 3aa (84%)

Me
s /©/ O Rose Bengal (5 mol %) Q
/©/ 5 + H=P-Ph - Me@S-E’—Ph
Me

1,2-Di-p-tolyldisulfane 7 (148.0 mg, 0.60 mmol, 2.0 equiv), diphenylphosphine oxide
2a (60.7 mg, 0.30 mmol, 1.0 equiv), and Rose Bengal (15.4 mg, 0.015 mmol, 0.05
equiv) were placed in a 10 mL Schlenk tube. Then DMF (1.5 mL) was added. The
reaction mixture was stirred and irradiated by 10 W blue LEDs (450 nm) at room
temperature under air atmosphere for 12 h. After the reaction was completed
monitored by TLC, H,O (10.0 mL) was added, and the mixture was extracted by
EtOAc (3x10.0 mL). The combined organic layer was dried over anhydrous Na,;SOy,
filtered, and concentrated by rotary evaporation. The crude reaction mixture was
purified by flash silica gel column chromatography (petroleum ether/EtOAc = 3/1) to
afford the desired product 3aa (81.7 mg, 84%).

520



Control experiments

Ph solvent, rt, air, 12 h Ph
10 W blue LEDs
7 2a Jaa

Me
S /©/ 0O Rose Bengal (5 mol %) Q
e e Oon
Me

Entry Photocatalyst Visible light Solvent Atmosphere  Yield (%)

1 yes yes DMF air 84
2 no yes DMF air 86
3 yes no DMF air 82
4 yes yes DMF N, 82
5 no no DMF N, 83

The above control experiments showed that the formation of 3aa starting from 7 and

2a did not require any help of photocatalyst, visible light, or O.

Me
OOO Rose Bengal (5 mol %) O’O Me
DMF, t, air, 12 h + 8
Me 10 W blue LEDs Me
8 9
standard conditions: 78% 0%
without visible light: 0% 97% recovered

9,10-Dimethylanthracene (62.1 mg, 0.30 mmol, 1.0 equiv) and Rose Bengal (15.4 mg,
0.015 mmol, 0.05 equiv) were placed in a 10 mL Schlenk tube. Then DMF (1.5 mL)
was added. The reaction mixture was stirred and irradiated by 10 W blue LEDs (450
nm) at room temperature under air atmosphere for 12 h. After the reaction was
completed monitored by TLC, H,O (10.0 mL) was added, and the mixture was
extracted by EtOAc (3x10.0 mL). The combined organic layer was dried over
anhydrous Na,SO,, filtered, and concentrated by rotary evaporation. The crude
reaction mixture was purified by flash silica gel column chromatography (petroleum
ether/EtOAc = 40/1) to afford the endoperoxide product 9 as white solid (55.8 mg,
78%). "H NMR (300 MHz, CDCls) & 7.38-7.34 (m, 4H), 7.28-7.23 (m, 4H), 2.12 (s,
6H); *C NMR (75 MHz, CDCl3) & 140.8, 127.3, 120.6, 79.4, 13.6; HRMS (ESI)
calculated for Ci¢H;s0, [M+H]" m/z 239.1067, found 239.1071. Analytical data are in
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agreement with those reported in the literature.’ In addition, the product 9 were not

observed in the dark.

o) Rose Bengal (5 mol %) Q
MeOS-H + H-P-Ph e MeOs-Fg—Ph
Ph 1OW b LED ™

1a 2a ue S 3aa (0%)

DABCO (2.0 equiv)

4-Methylbenzenethiol 1a (74.7 mg, 0.60 mmol, 2.0 equiv), diphenylphosphine oxide
2a (61.2 mg, 0.30 mmol, 1.0 equiv), 1,4-diazabicyclo[2.2.2]octane (DABCO) (67.5
mg, 0.60 mmol, 2.0 equiv), and Rose Bengal (15.5 mg, 0.015 mmol, 0.05 equiv) were
placed in a 10 mL Schlenk tube. Then DMF (1.5 mL) was added. The reaction mixture
was stirred and irradiated by 10 W blue LEDs (450 nm) at room temperature under air

atmosphere for 12 h. The formation of 3aa was completely suppressed.
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