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General remarks

All chemicals were obtained from commercial suppliers and used without further
purification unless otherwise noted. All elution solvents were purchased from Shanghai
Titan Scientific Co., Ltd.. Seawater (35%o salinity, ~ 0.55 M chloride) was purchased
from Beijing Wanjia Shouhua Biotechnology Co., Ltd.. Natural seawater was collected
at Sanya Yazhou Bay (109.3534° E, 18.2990° N) with a calculated salinity of 33.26 %o.
'H NMR spectra were recorded on Bruker AVANCE spectrometers (400 MHz) in
CDCls, DMSO-ds, or CDsCN-d3 solution, 3C NMR were recorded on Bruker
AVANCE spectrometers (100 MHz and 125 MHz) in CDClz, DMSO-ds, or CD3CN-d3
solution, and *°F NMR were recorded on Bruker AVANCE spectrometers (376 MHz)
in CDCls solution. Data for *H NMR spectra were reported as follows: chemical shift
(0 ppm), multiplicity (br = broad, s = singlet, d = double, t = triplet, q = quartet, m =
multiplet), coupling constant in Hertz (Hz) and integration were referenced to the
residual solvent peak 7.26 ppm for CDCl3, 2.50 ppm for DMSO-ds, and 1.94 ppm for
CD3CN-ds. *C NMR spectra were referenced to the residual solvent peak 77.16 ppm
for CDCls, 39.52 ppm for DMSO-ds, and 1.32 ppm for CD3CN-ds. Mass spectra were
recorded on a Shimadzu GCMS-QP2010 Ultra and an HP 5989A mass selective
detector with helium (He) as the carrier gas. High resolution mass spectrometry (HR-
MS) was performed on a Bruker solarix XR instrument equipped with ParaCell ICR
cell using positive electrospray ionization (ESI*). Salinity of natural seawater was
measured on Autosal salinometer 8400B. The photoreactor and CSTR-photoreactor are

exclusively designed by hsly-Green Lab (Shanghai, China).



General procedure for the synthesis of thioethers

Thioethers 1b-f, li-l, 1qg, 1t-u, 1w, ly-z, laa, lac-ad, laf-ag, 3a-b and 5a-c were
purchased from Bide Pharmatech Co., Ltd., and used without further purification. Other
thioether models were prepared according to the reported literatures.?

(i) General procedure A for the synthesis of 1a, 1g, 1r, and 1v 2

X o 9 DCM, tt, 12 h o s
| =SMe - = e . | —SMe
H2N/© * o R)LH Z

1.2 equiv
R =Phor CF;

A 50 mL Schlenk bottle was charged with methylthioaniline (5.0 mmol), benzoic
anhydride or trifluoroacetic anhydride (6.0 mmol), and dichloromethane (15 mL). The
reaction mixture was stirred at room temperature for 12 hours, monitored by TLC until
the reaction was complete. The reaction mixture was diluted with dichloromethane (15
mL), washed with saturated NaCl (3*20 mL) for three times, dried with anhydrous
Na.SO4, and then concentrated in vacuum. The residual was purified by column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

yield the corresponding product.

(i) General procedure B for the synthesis of 1m, 1n, 1s and 1ab 3

B o SMe Pd(dppf)Cl, (4 mol%) BN SMe
i ik i
R ©/ + (HO),B @ KsPO, (3 equiv) Q{Z
) 1,4-dioxane (15 mL) R
1.2 equiv H,0 (5 equiv)

80°C,12h

A 50 ml Schlenk bottle was charged with bromobenzene (5.0 mmol), phenylboronic
acid (6.0 mmol), Pd(dppf)Cl2 (0.2 mmol, 4 mol%), and K3PO4 (15.0 mmol). After
evacuated/backfilled with nitrogen for three times, H20 (25.0 mmol) and 1,4-dioxane
(20 mL) was added via syringe. The reaction mixture was stirred at 80 <C for 12 hours,
and monitored by TLC until the reaction was complete. After cooling to room
temperature, the solvent was evaporated. The reaction mixture was diluted with ethyl
acetate (30 mL), washed with saturated NaCl (3*20 mL) for three times, dried with
anhydrous Na»SO4, and concentrated in vacuum. The residual was purified by column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

yield the corresponding product.



(iii) General procedure C for the synthesis of 1x and 1ae *
REj’SH +  Alkyl—Br/l _ KeCOs (2equv) RIS S Al
P ) DMF (20 mL) -
1.2 equiv i, 24 h

A 50 ml Schlenk bottle was charged with phenylthiophenol (5.0 mmol), K.COs (10.0
mmol) and DMF (15 mL), then alkyl bromide/iodide (6.0 mmol) was added dropwise
while stirring at 0 °C. The reaction mixture was stirred at room temperature for 12 h,
monitored by TLC until the reaction was complete. The mixture was diluted with ethyl
acetate (100 mL), washed with saturated NaCl (3*100 mL) for three times, dried with
anhydrous Na>SOg4, and concentrated in vacuum. The residual was purified by column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

yield the corresponding product.

(iv) General procedure D for the synthesis of 1aj, 1ak and 1al ®

Cul (10 mol%)
SH N-methyl glycine ( 20 mol%)
2 g2
KOH (2.5 equiv) O/ \O R
1,4~ dloxane (10 mL)
1.2 equiv 100 °C, 24 h

A 50 ml Schlenk bottle was charged with phenylthiophenol (5.0 mmol), iodobenzene
(6.0 mmol), Cul (0.5 mmol, 10 mol%), N-methyl glycine (1.0 mmol, 20 mol%), KOH
(12.5 mmol) and 1,4-dioxane (10 mL). The reaction mixture was stirred at 100 <C for
24 h, monitored by TLC until the reaction was complete. After cooling to room
temperature, the solvent was evaporated. The reaction mixture was diluted with ethyl
acetate (30 mL), washed with saturated NaCl (3*20 mL) for three times, dried with
anhydrous Na»SOg4, and concentrated in vacuum. The residual was purified by column
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

yield the corresponding product.

Characterization data of the prepared thioethers

SMe
gy
F3C N
¥ H

2,2,2-Trifluoro-N-(4-(methylthio)phenyl)acetamide (1a): The title compound was

isolated (998.8 mg, 85%) as a light yellow solid after chromatography on silica gel
3



(PE/EA =50:1 to 5:1). 'H NMR (400 MHz, CDCl3): 6 8.03 (s, 1H), 7.49 (d, J = 8.8 Hz,
2H), 7.25 (d, J = 8.8 Hz, 2H), 2.48 (s, 3H). 3C NMR (100 MHz, CDCls): J 154.9 (q,
Jor = 37.1 Hz), 136.9, 132.4, 127.5, 121.2, 115.8 (q, Jcr = 286.8 Hz), 16.1. °F NMR
(376 MHz, CDCls): 6 -75.7. GC-MS (EI"): calcd for CgHgFsNOS [M]* 235.03, found
235.05.

SMe
i /©/
Ph)kN
H

N-(4-(Methylthio)phenyl)benzamide (1g): The title compound was isolated (911.3
mg, 75%) as a yellow solid after chromatography on silica gel (PE/EA =50:1 to 3:1).
IH NMR (400 MHz, DMSO-de): § 10.29 (s, 1H), 7.96 (d, J = 7.2 Hz, 2H), 7.77 (d, J =
8.4 Hz, 2H), 7.58 (t, J = 6.8 Hz, 1H), 7.52 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H),
2.47 (s, 3H). 3C NMR (100 MHz, DMSO-dg): ¢ 165.4, 136.7, 134.9, 132.3, 131.6,
128.4, 127.7, 126.9, 121.0, 15.5. GC-MS (EI*): calcd for C14H13NOS [M]* 243.07,
found 243.00.

sMe
ST

4-(Methylthio)phenyl benzoate (1h):® A 50 ml Schlenk bottle was charged with 4-
methylthiophenol (5.0 mmol), 10% aqueous sodium hydroxide solution (10 mL). A
dichloromethane solution (10 mL) containing tetra-N-butylammonium iodide (0.5
mmol, 10 mol%) and benzoy! chloride (6.0 mmol) was then added slowly. The reaction
mixture was stirring at room temperature for 12 hours, and monitored by TLC until the
reaction was complete. The reaction mixture was diluted with dichloromethane (20 mL),
washed with saturated NaCl (3*20 mL) for three times, dried with anhydrous Na;SOs,
and concentrated in vacuum. The title compound was isolated (854.0 mg, 70%) as a
white solid after chromatography on silica gel (PE/EA = 50:1 to 5:1). *H NMR (400
MHz, CDCl3): 6 8.21 (d, J = 7.2 Hz, 2H), 7.65 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz,
2H ), 7.33 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.8 Hz, 2H), 2.51 (s, 3H). 3C NMR (100
MHz, CDCls): ¢ 165.3, 148.7, 135.8, 133.8, 130.3, 129.5, 128.7, 128.1, 122.3, 16.6.
GC-MS (EI*): caled for C14H1202S [M]* 244.06, found 244.05.
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(4'-Chloro-[1,1'-biphenyl]-4-yl)(methyl)sulfane (1m): The title compound was
isolated (830.7 mg, 71%) as a white solid after chromatography on silica gel (PE/EA =
50:1 to 10:1). *H NMR (400 MHz, CDCls): § 7.50-7.47 (m, 4H), 7.40 (d, J = 8.4 Hz,
2H), 7.32 (d, J = 8.4 Hz, 2H), 2.53 (s, 3H). 13C NMR (100 MHz, CDCls): 6 139.1, 138.3,
136.8,133.4,129.1, 128.2, 127.4, 127.1, 15.9. GC-MS (EI"): calcd for C13H1:CIS [M]*
234.03, found 233.95.

SMe
O

(2'-Chloro-[1,1'-biphenyl]-4-yl)(methyl)sulfane (1n): The title compound was
isolated (807.3 mg, 69%) as a light-green thick oil after chromatography on silica gel
(PE/EA =50:1 to 10:1). *H NMR (400 MHz, CDCls): 6 7.43-7.34 (m, 5H), 7.29 (d, J
= 7,6 Hz, 1H), 7.24-7.18 (m, 2H), 2.39 (s, 3H). 3C NMR (100 MHz, CDCls): § 139.7,
139.0, 137.2, 133.7, 130.8, 130.0, 128.5, 128.4, 125.4, 125.0, 16.1. HR-MS (ESI"):
calcd for C13H12CIS [M+H]* 235.0343, found 235.0340.

(4-(4-Chlorophenoxy)phenyl)(methyl)sulfane (10):” A 50 ml Schlenk bottle was
charged with 4-chlorophenol (5.0 mmol), 4-methylthiobromobenzene (6.0 mmol),
copper iodide (0.5 mmol, 10 mol%), 2-pyridinecarboxylic acid (0.5 mmol, 10 mol%),
and KzPO4 (10.0 mmol), which was then evacuated/backfilled with nitrogen for three
times followed by the addition of DMSO (20 mL) via syringe. The reaction mixture
was stirred at 120 <C for 48 h. After cooling to room temperature, the mixture was
diluted with ethyl acetate (100 mL), washed with saturated NaCl (3*100 mL) for three
times, dried with anhydrous Na>SOas, and then concentrated in vacuum. The title

compound was isolated (662.5 mg, 53%) as a white solid after chromatography on silica
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gel (PE/EA = 50:1 to 10:1). *H NMR (400 MHz, CDCls): 6 7.35-7.32 (m, 4H), 7.01-
6.97 (M, 4H), 2.54 (s, 3H). 3C NMR (100 MHz, CDCls): 5 156.1, 154.9, 133.1, 129.9,
129.2, 128.3, 119.9, 119.8, 17.1. GC-MS (EI*): calcd for C13H11CIOS [M]" 250.02,
found 250.00.

SMe
M\/Ej
®s

o

Methyl(4-(methylsulfonyl)phenyl)sulfane (1p):® A 50 ml Schlenk bottle was charged
with 1-bromo-4-(methylsulfonyl)benzene (5.0 mmol), S-methylisothioureasulfate (6.0
mmol), cesium carbonate (12.5 mmol), dry DMSO (20 mL) via syringe under an
nitrogen atmosphere. The reaction mixture was stirred at 80 <C for 12 h, monitored by
TLC until the reaction was complete. After cooling to room temperature, the mixture
was diluted with ethyl acetate (100 mL), washed with saturated NaCl (3*100 mL) for
three times, dried with anhydrous Na>SO4, and then concentrated in vacuum. The title
compound was isolated (646.5 mg, 64%) as a light yellow solid after chromatography
on silica gel (PE/EA = 50:1 to 5:1). 'H NMR (400 MHz, CDCl3): 'H NMR (400 MHz,
CDCl3): 6 7.81 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 3.03 (s, 3H ), 2.52 (s, 3H).
13C NMR (100 MHz, CDCl3): § 147.3, 136.3, 127.8, 125.6, 44.8, 14.9. GC-MS (EI*):
calcd for CsH1002S, [M]* 202.01, found 202.05.

[1,1'-Biphenyl]-3-yl(methyl)sulfane (1r): The title compound was isolated (600.1
mg, 60%) as a yellow oil after chromatography on silica gel (PE/EA = 50:1 to 10:1).
IH NMR (400 MHz, CDCls): § 7.59-7.57 (m, 2H), 7.49-7.43 (m, 3H), 7.38-7.36 (m,
3H), 7.27-7.24 (m, 1H), 2.53 (s, 3H). 3C NMR (100 MHz, CDCls): ¢ 142.0, 140.9,
139.1, 129.3, 128.9, 127.6, 127.3, 125.4, 124.2, 16.0. GC-MS (EI™): calcd for C13H12S
[M]* 200.07, found 199.85.
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2,2,2-Trifluoro-N-(3-(methylthio)phenyl)acetamide (1s): The title compound was
isolated (928.3 mg, 79%) as a white solid after chromatography on silica gel (PE/EA =
50:1 to 5:1). 'H NMR (400 MHz, CDCl3): 6 8.24 (s, 1H), 7.51 (s, 1H), 7.31-7.28 (m,
2H), 7.13-7.10 (m, 1H), 2.48 (s, 3H). 3C NMR (100 MHz, CDCl3): 6 155.2 (q, JcF =
37.2 Hz), 140.5, 135.7, 129.6, 124.2, 118.1, 117.1, 115.8 (q, Jcr = 286.7 Hz), 15.5. 1°F
NMR (376 MHz, CDCla3): 6 -75.7. GC-MS (EI"): calcd for CoHsF3NOS [M]* 235.03,
found 234.85.

SMe

2,2,2-Trifluoro-N-(2-(methylthio)phenyl)acetamide (1v): The title compound was
isolated (998.8 mg, 85%) as a white solid after chromatography on silica gel (PE/EA =
50:1 to 5:1). *H NMR (400 MHz, CDCls): 6 9.26 (s, 1H), 8.30 (dd, J = 7.6 Hz, 1.2 Hz,
1H), 7.57 (dd, J = 8.0 Hz, 0.8 Hz, 1H), 7.39-7.35 (m, 1H), 7.20 (td, J = 7.6 Hz, 1.2 Hz,
1H), 2.41 (s, 3H). 3C NMR (100 MHz, CDCls): 6 154.8 (q, Jcr = 37.1 Hz), 136.1,
133.7,129.5, 126.7, 126.5, 120.8, 115.9 (q, Jcr = 287.0 Hz), 19.3. 1°F NMR (376 MHz,
CDCl3): ¢ -75.9. GC-MS (EI*): calcd for CoHsFsNOS [M]* 235.03, found 234.90.

Cl
F

(2-Chloro-4-fluorophenyl)(methyl)sulfane (1x): The title compound was isolated
(660.0 mg, 75%) as a colorless oil after chromatography on silica gel (PE/EA =50:1 to
10:1). *H NMR (400 MHz, CDCls): § 7.19-7.13 (m, 2H), 7.01-6.96 (m, 1H), 2.46 (s,
3H). 13C NMR (100 MHz, CDCls): 6 160.5 (d, Jcr = 248.6 Hz), 133.3 (d, Jcr = 10.2
Hz), 133.0 (d, Jcr = 3.6 Hz), 127.9 (d, Jcr = 8.1 Hz), 117.3 (dt, Jcr = 25.0 Hz, 4.2 Hz),
114.7 (d, Jcr = 21.4 Hz), 16.1. '°F NMR (376 MHz, CDCls): ¢ -116.3. GC-MS (EI*):
calcd for C7HsCIFS [M]* 175.99, found 175.95.
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4,4'-Bis(methylthio)-1,1'-biphenyl (1ab): The title compound was isolated (787.2 mg,
64%) as a white solid after chromatography on silica gel (PE/EA = 50:1 to 10:1). 'H
NMR (400 MHz, CDCl3): § 7.50 (d, J = 8.8 Hz, 4H), 7.32 (d, J = 8.8 Hz, 4H), 2.52 (s,
6H). 1*C NMR (100 MHz, CDCl): ¢ 137.7, 137.5, 127.3, 127.1, 16.1. GC-MS (EI*):
calcd for C14H14S, [M]" 246.05, found 246.00.

o

Ethyl 2,2-dimethyl-3-(4-(methylthio)phenyl)propanoate (lac):* A 50 ml Schlenk
bottle was charged with 4-methylthiophenol (5.0 mmol), ethyl 2-bromoisobutyrate (6.0
mmol), potassium carbonate (12.5 mmol) and acetonitrile (10 mL). The reaction
mixture was stirring at 100 °C for 24 hours, and monitored by TLC until the reaction
was complete. The reaction mixture was diluted with dichloromethane (20 mL), washed
with saturated NaCl (3*20 mL) for three times, dried with anhydrous Na,SOs, and
concentrated in vacuum. The title compound was isolated (832.0 mg, 66%) as a yellow
oil after chromatography on silica gel (PE/EA = 50:1 to 10:1). *H NMR (400 MHz,
CDCl3): § 7.17 (d, J = 8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 4.22 (q, J = 7.2 Hz, 2H),
2.43 (s, 3H), 1.57 (s, 6H), 1.25 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl): &
174.3,153.8, 131.0, 129.0, 120.1, 79.4, 61.6, 25.4, 17.4, 14.2. GC-MS (EI"): calcd for
C13H1803S [M]* 254.10, found 254.10.

o
Cl

(4-Chlorophenyl)(4-fluorobutyl)sulfane (laf): The title compound was isolated
(544.8 mg, 50%) as a colorless oil after chromatography on silica gel (PE/EA =50:1 to
10:1). 'H NMR (400 MHz, CDCla): 6 7.26 (s, 4H), 4.52 (t, J = 5.6 Hz, 1H), 4.40 (t, J =
5.6 Hz, 1H), 2.95 (t, J = 7.2 Hz, 2H), 1.90-1.83 (m 1H), 1.80-1.73 (m, 3H). 13C NMR
(100 MHz, CDCls): 6 135.0, 132.1, 130.8, 129.2, 83.6 (d, Jcr = 165.3 Hz), 33.7, 29.5
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(d, Jcr = 19.8 Hz), 25.1 (d, Jcr = 4.9 Hz). **F NMR (376 MHz, CDCls): 6 -218.7. GC-
MS (EI™): calcd for C10H12CIFS [M]" 218.03, found 217.85.

Bog sl

Bis(2,4-dichlorophenyl)sulfane (3c): The title compound was isolated (777.2 mg,
48%) as a yellow thick oil after chromatography on silica gel (PE/EA =50:1). *H NMR
(400 MHz, CDCls): & 7.48 (d, J = 2.0 Hz, 2H), 7.19 (dd, J = 8.8 Hz, 2.4 Hz, 2H), 7.07
(d, J = 8.4 Hz, 2H). *3C NMR (100 MHz, CDCls): § 136.4, 134.5, 133.3, 131.6, 130.3,
128.1. HR-MS (ESI*): calcd for C12H7Cl4S [M+H]* 322.9017, found 322.9011.

¢
S0,

(4-Chlorophenyl)(2,4-dichlorophenyl)sulfane (3d): The title compound was isolated
(806.0 mg, 56%) as a white solid after chromatography on silica gel (PE/EA = 50:1).
'H NMR (400 MHz, CDCls): 6 7.42 (d, J = 2.0 Hz, 1H), 7.35-7.33 (m, 4H), 7.12 (dd, J
= 8.4 Hz, 2.0 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H). 3C NMR (100 MHz, CDCl5): § 134.9,
134.6,134.4,134.3,134.1, 131.4, 131.2, 130.0, 129.8, 127.8. HR-MS (ESI™): calcd for
C12HsClsS [M+H]* 288.9407, found 288.9407.

[1,1'-biphenyl]-4-yl(4-chlorophenyl)sulfane (3e): The title compound was isolated
(561.8 mg, 38%) as a white solid after chromatography on silica gel (PE/EA =50:1 to
10:1). *H NMR (400 MHz, CDCls): § 7.59 (d, J = 7.6 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H),
7.46 (t,J = 7.6 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.30 (s, 4H).
13C NMR (100 MHz, CDCls): 6 140.5, 140.3, 134.7, 134.3, 133.2, 132.2, 131.7, 129.5,
129.0, 128.1, 127.7, 127.1. GC-MS (EI"): calcd for C1gH13CIS [M]* 296.04, found
296.00.



N,N'-(disulfanediylbis(4,1-phenylene))bis(2,2,2-trifluoroacetamide) (4):> A 50 mL
Schlenk bottle was charged with 4-4'-diaminodiphenyl disulfide (5.0 mmol),
trifluoroacetic anhydride (12.0 mmol), and dichloromethane (15.0 mL). The reaction
mixture was stirred at room temperature for 12 hours, monitored by TLC until the
reaction was complete. The mixture was diluted with dichloromethane (20 mL), washed
with saturated NaCl (3*20 mL) for three times, dried with anhydrous Na>SOa, and then
concentrated in vacuum. The title compound was isolated (1.41 g, 64%) as a pink solid
after chromatography on silica gel (PE/EA =50:1to 1:1). *H NMR (400 MHz, DMSO-
de): 9 11.36 (s, 2H), 7.71 (d, J = 8.8 Hz, 4H), 7.55 (d, J = 8.8 Hz, 4H). 3C NMR (100
MHz, DMSO-ds): 6 154.5 (q, Jcr = 26.9 Hz), 136.2, 132.4, 128.9, 121.8, 115.7 (q, Jcr
= 287.9 Hz). F NMR (376 MHz, DMSO-ds): 6 -74.0. GC-MS (EI*): calcd for
C16H10FsN202S2 [M]* 440.01, found 440.05.

Optimization of the reaction conditions

Table S1. The screening of various catalysts

o SMe [M] (10 mol%) o Cl
)L /@/ Seawater (2.0 equiv) )L
N FsC™ N

MeCN (0.2 M)

F3C

H 400-405 nm, 12 W
1a, 0.1 mmol O, balloon, 36 h 2a
Entry Variation of catalyst Yield of 2a (%)
1 FeCly 82
2 FeCly-6H,0 77
3 Fe(NO3)3-9H,0 52
4 CuCl, 56
5 BiCl, 15
6 CeCl3 nd.
7 fac-Ir(ppy)s nd.
8 [Ru(bpy)2Cll> nd.
9 PdCl, nd.
10 MgCl, nd.
1" None nd.

Conditions: 1a (0.1 mmol, 23.5 mg), metal catalyst (10 mol%), MeCN (0.5 mL) and seawater (0.2 mmol, ~
0.55 M chloride, 0.37 mL) were irradiated under blue LEDs (400-405 nm, 12 W) for 36 h in O,. Isolated yield.
ppy = 2-phenylpyridine; bpy = 2,2"-bipyridine. nd. = Not detected..

Table S2. The screening of various solvents
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SMe
g Iy
F3C)LN

H

1a, 0.1 mmol

FeCl; (10 mol%)
Seawater (2.0 equiv)

Solvent (0.2 M)
400-405 nm, 12 W
O, balloon, 36 h

Entry Variation of solvent Yield of 2a (%)
1 MeCN 82
2 DMSO nd.
3 DMF nd.
4 None nd.

Conditions: 1a (0.1 mmol, 23.5 mg), FeCl; (10 mol%), MeCN (0.5 mL) and seawater (0.2 mmol, ~ 0.55 M
chloride, 0.37 mL) were irradiated under blue LEDs (400-405 nm, 12 W) for 36 h in O,. Isolated yield. nd. = Not
detected..

Table S3. The screening of various metal chlorides

o SMe FeClj (10 mol%) o cl
)k /@l Cl" source (2.0 equiv) )L
FsC~ N F4C

MeCN (0.2 M) N
H 400-405 nm, 12 W H
1a, 0.1 mmol O, balloon, 36 h 2a
Entry Variation of chlorides Yield of 2a (%)

1 Seawater (0.55 M, 0.2 mmol, 0.37 mL) 82
2 NaCl (solid, 0.2 mmol, 11.7 mg) 65
3 Saturated NaCl (aq., 0.2 mmol, 35 pL) 65
4 NaCl (aqg., 0.55 M, 0.37 mL) 79
5 KCl (aq., 0.55 M, 0.37 mL) 83
6 MgCl, (ag., 0.275 M, 0.37 mL) 72
7 CaCl, (aq., 0.275 M, 0.37 mL) 75

Conditions: 1a (0.1 mmol, 23.5 mg), FeCl3 (10 mol%), CH3CN (0.5 mL) and chloride source were irradiated
under blue LEDs (400-405 nm, 12 W) for 36 h in O,. Isolated yield.

General procedure for the desulfurizing chlorination reaction

FeCl3 (10 mol%)
Seawater (2.0 equiv)

(i) General procedure for the desulfurizing chlorination of aryl thioether 1
MeCN (0.2 M)

400-405 nm, 12 W

1 0, balloon, 25-30 °C, 12-36 h 2

A 4 mL screw-capped vial with a stirring bar were added 1 (0.1 mmol), FeClz (10 mol%,
0.2 M in CH3CN solution, 0.5 mL), and seawater (salinity: 35%o, ~ 0.55 M chloride,
370 uL). (Note: For the reaction of Immol 1b, a 20 mL screw-capped vial was used as
a reaction vessel). The vial was then sealed with a cap containing a PTFE septum and
linked to an oxygen balloon (spherical diameter: ~25 cm). The reaction mixture was
stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at 25-30 <€ for the
indicated time (12-36 h). See Figure S1 for details. The resulting solution was

concentrated in vacuum and the residue was purified by flash chromatography on silica
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gel column to provide the product 2. For cases yielding volatile aryl chlorides, an
internal standard (0.1 mmol) was added to the reaction mixture after extraction (Note:
For the reaction of Immol 1b, 1 mmol of internal standard was added). Then 5 pL of
the solution was drawn, diluted immediately with ethyl acetate, and measured by GC-
MS analysis to determine the yields of aryl chlorides. See Figure S3-S14 for details.
For cases yielding volatile fluorine-containing aryl chlorides, 100 pL of the organic
phase (upper layer) was taken after reaction, diluted with CDCls and measured by '°F

NMR (376 MHz). See Figure S25-S28 for details.

Figure S1. Schematic diagram of the reaction

(i) General procedure for the desulfurizing chlorination of diaryl thioether 3

FeCl3z (10 mol%)

s . cl Cl
Seawater (4.0 equiv) +
MeCN (0.2 M)
1 -
2

400-405 nm, 12 W
O, balloon, 25-30 °C, 36-48 h

A 4 mL screw-capped vial with a stirring bar were added 3 (3a-3e, 0.1 mmol), FeCls
(20 mol%, 0.02 M in CH3CN solution, 0.5 mL), seawater (salinity: 35%o, ~ 0.55 M
chloride, 370 uL, 2.0 eqgiuv), and additional sodium chloride (0.2 mmol, 11.7 mg).
(Note: For 3a, reaction with 0.4 mmol seawater was also attempted.) The vial was then
sealed with a cap containing a PTFE septum and installed a rubber stopper. Then, a thin
plastic tube was inserted for the connection to an oxygen balloon. The reaction mixture
was stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at 25-30 <€ for the
indicated time (36-48 h). The resulting solution was concentrated in vacuum and the

residue was purified by flash chromatography on silica gel column using PE/EA, or
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pure PE as eluent to provide the product 2ai. For reactions yielding volatile aryl halides
2b, 2d, or 2ah, 0.1 or 0.2 mmol of internal standard was added to the reaction mixture
after extraction based on the generated product. Then 5 piL of the solution was drawn,
diluted immediately with ethyl acetate, and measured by GC-MS analysis to determine

the yields of aryl chlorides. See Figure S15- S17 and Figure S19-S21 for details.

(iv) General procedure for the desulfurizing chlorination of sulfonium salts 5

R -
pX FeClz (10 mol%)

§ Seawater (4.0 equiv) ¢
MeCN (0.2 M)
5

400-405 nm, 12 W
0, balloon, 25-30 °C, 36 h 2b

A 4 mL screw-capped vial with a stirring bar were added 5 (0.1 mmol), FeClz (10 mol%,
0.2 M in CH3CN solution, 0.5 mL), seawater (salinity: 35%o, ~ 0.55 M chloride, 370
uL) and additional sodium chloride (0.2 mmol, 11.7 mg). The vial was then sealed with
a cap containing a PTFE septum and linked to an oxygen balloon (spherical diameter:
~25 cm). The reaction mixture was stirred under the irradiation of blue LEDs (400-405
nm, 12 W) at 25-30 <€ for 36 h. Then, an internal standard (0.2 or 0.3 mmol) was added
to the reaction mixture after extraction. Finally, 5 L of the solution was drawn, diluted
immediately with ethyl acetate, and measured by GC-MS analysis to determine the

yields of aryl chlorides. See Figure S22-S24 for details.

(v) Procedure for the gram-scale reaction using photo-CSTR system

o SMe FeCl3 (10 mol%) Cl
)k /Ej Seawater (3.0 equiv) 0 /©/
FsC” N MeCN (0.07 M) F3C)'LN
H Blue LEDs (400-405 nm) H

1a (1.65 g) 02,25°C, 72h 2a(1.27 g, 77%)

A continuous, multimode photo-CSTR (continuous stirred tank reactor) reactor with
recirculation developed by us was used for gram-scale reaction, as shown in Figure S2.
1 To the 100 mL three-necked, round-bottomed flask with a stirring bar were added 1a
(1.65 g, 7 mmol), seawater (salinity: ~ 0.55 M chloride, 38 mL), FeCls (113.6 mg, 10
mol%) and CH3CN (40 mL). After stirring for 5 mins, the solution was pumped into
the multimode photo-CSTR (8 tanks) reactor at a flow rate of 15 mL/min, while oxygen

gas was bubbled in at a rate of 1.5 mL/min. Acetonitrile (60 mL) were then slowly
13



added into flask and pumped into the recirculation system. The reaction mixture was
continuously recirculated under the irradiation of blue LEDs (400-405 nm) at 25~30 €
for 72 hours. Upon completion of the reaction, the photoreactor was flushed with
CH3CN and H>O (50 mL). The resulting solution was washed out by ethyl acetate,
concentrated in vacuum, extracted by ethyl acetate for three times, dried with anhydrous
Na2SOs4, and then concentrated in vacuum. The title compound was isolated (1.27 g,

77%) as a pink solid after chromatography on silica gel (PE/EA =50:1 to 10:1).

Before reaction During reaction

Figure S2. Gram scale reaction using Photo-CSTR system

(vi) General procedure for the desulfurizing chlorination with natural seawater:

FeClz (10 mol%)

SR . Cl
Natural Seawater (2.0 or 4.0 equiv)
MeCN (0.2 M)

400-405 nm, 12 W
13, 0.1 mmol 0, balloon, 25-30 °C, 36 h 2

A 4 mL screw-capped vial with a stirring bar were added 1 or 3 (0.1 mmol), FeCls (10
mol%, 0.2 M in CH3CN solution, 0.5 mL), and natural seawater (0.2 mmol, 390 uL)
with a calculated salinity of 33.26 %o (Note: For the reaction of diaryl thioethers 3b,
780 uL of natural seawater was added.). The vial was then sealed with a cap containing
a PTFE septum and linked to an oxygen balloon (spherical diameter: ~25 cm) The
reaction mixture was stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at
25-30 <€ for 36 h. The resulting solution was concentrated in vacuum and the residue
was purified by flash chromatography on silica gel column to provide the product 2.
For the reaction of 3b, 0.2 mmol of internal standard 2b was added to the reaction

mixture after extraction. Then 5 piL of the solution was drawn, diluted immediately with
14



ethyl acetate, and measured by GC-MS analysis to determine the yields of aryl chlorides.

See Figure S18 for details.

(i) Procedure for the desulfurizing chlorination of disulfide 4:

FeCl; (10 mol%)

H
N_ _CF,
,©/ T Seawater (4.0 equiv) o] ¢l
S. o eawater (4.0 equiv
Q s MeCN (0.2 M) M /@l
B - oY
E 2a

400-405 nm, 12 W
4 O, balloon, 25-30 °C, 48 h

A 4 mL screw-capped vial with a stirring bar were added 4 (0.1 mmol, 44.0 mg), FeCls
(20 mol%, 0.2 M in CH3CN solution, 0.5 mL), seawater (salinity: 35%o, ~ 0.55 M
chloride, 370 pL) and additional sodium chloride (0.2 mmol, 11.7 mg). The vial was
then sealed with a cap containing a PTFE septum and installed a rubber stopper. Then,
a thin plastic tube was inserted for the connection to an oxygen balloon. The reaction
mixture was stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at 25-30 €
for 48 h. The resulting solution was concentrated in vacuum and the residue was
purified by flash chromatography on silica gel column using PE/EA (PE/EA =50:1 to
10:1) as eluent to provide the product 2a in 66% yield.

a) Characterization data of the aryl chlorides

Cl
} Y
FSCAN
H

N-(4-Chlorophenyl)-2,2,2-trifluoroacetamide (2a): The title compound was isolated
as a white solid after chromatography on silica gel (PE/EA = 10:1) with the yield of
(18.3 mg, 82%) after reaction for 36 h according to general procedure for the
desulfurizing chlorination of aryl thioether, and (16.5 mg, 74%) after reaction for 36 h
according to general procedure for the desulfurizing chlorination with natural seawater.
'H NMR (400 MHz, CDCls): § 8.05 (s, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.4
Hz, 2H). 3C NMR (100 MHz, CDCls): 6 155.0 (q, Jcr = 37.5 Hz), 133.7, 131.9, 129.6,
121.9, 115.7 (g, Jcr = 286.7 Hz). 1°F NMR (376 MHz, CDCl3): 6 -75.7. GC-MS (EI*):
calcd for CgHsCIF3NO [M]* 223.00, found 222.90.

15



cl
o) [ j/
Ph)kN
H

N-(4-Chlorophenyl)benzamide (2g): The title compound was isolated as a white solid
after chromatography on silica gel (PE/EA = 5:1) with the yield of (14.1 mg, 61%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether, and (12.2 mg, 53%) after reaction for 36 h according to general procedure
for the desulfurizing chlorination with natural seawater. *H NMR (400 MHz, DMSO-
de): 8 10.39 (s, 1H), 7.95 (d, J = 7.2 Hz, 2H), 7.83 (d, J = 8.8 Hz, 2H), 7.60 (t, J = 7.6
Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.41 (d, J = 8.8 Hz, 2H). 1*C NMR (100 MHz, DMSO-
ds): 6 165.7,138.2,134.7,131.7,128.5, 128.4, 127.7, 127.3, 121.9. GC-MS (EI*): calcd
for C13H10CINO [M]" 231.05, found 231.00.

cl
LA

4-Chlorophenyl benzoate (2h): The title compound was isolated as a white solid after
chromatography on silica gel (PE/EA = 10:1) with the yield of (16.9 mg, 73%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether, and (13.9 mg, 60%) after reaction for 36 h according to general procedure
for the desulfurizing chlorination with natural seawater. *H NMR (400 MHz, CDCls):
58.20 (d, J = 7.2 Hz, 2H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H ), 7.40 (d, J
= 8.8 Hz, 2H), 7.17 (d, J = 8.8 Hz, 2H). 3C NMR (100 MHz, CDCls): & 165.1, 149.5,
133.9, 131.4, 130.3, 129.7, 129.3, 128.8, 123.2. GC-MS (EI*): calcd for C13HsCIO>
[M]* 232.03, found 232.00.

(o]
Mep

(6]
4-Chlorophenyl benzoate (2i): The title compound was isolated (11.4 mg, 74%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of

aryl thioether as a colorless oil after chromatography on silica gel (PE/EA = 10:1). 'H
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NMR (400 MHz, CDCls): 6 7.88 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 2.57 (s,
3H). 13C NMR (100 MHz, CDCls): 6 196.9, 139.7, 135.5, 129.8, 129.0, 26.7. GC-MS
(EI"): calcd for CgH-CIO [M]* 154.02, found 154.05.

Cl
HOY©/

o
4-Chlorobenzoic acid (2]): The title compound was isolated (14.2 mg, 91%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether as a white solid after chromatography on silica gel (PE/EA/Acetic acid =
50:25:1). 'H NMR (400 MHz, DMSO-ds): J 13.18 (br, s, 1H), 7.93 (d, J = 8.4 Hz, 2H),
7.55 (d, J = 8.4 Hz, 2H). *C NMR (100 MHz, DMSO-de): § 166.5, 137.9, 131.2, 129.7,
128.8. GC-MS (EI*): calcd for C7HsCIO2 [M]" 156.00, found 156.00.

Cl
w LT

2-(4-Chlorophenyl)acetonitrile (2I): The title compound was isolated (6.4 mg, 42%)
after reaction for 36 h according to general procedure for the desulfurizing chlorination
of aryl thioether as a pink oil after chromatography on silica gel (PE/EA = 3:1). H
NMR (400 MHz, CDCl3): § 7.35 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 3.72 (s,
2H). °C NMR (100 MHz, CDCls): ¢ 134.2, 129.4, 129.4, 128.5, 117.6, 23.2. GC-MS
(EI"): calcd for CsHsCIN [M]* 151.02, found 151.05.

4,4'-Dichloro-1,1'-biphenyl (2m): The title compound was isolated as a white solid
after chromatography on silica gel (PE/EA = 50:1) with the yield of (16.9 mg, 76%)
after reaction for 36 h according to general procedure for the desulfurizing chlorination
of aryl thioether, (12.4 mg, 56%) after reaction of lab for 36 h according to general
procedure for the desulfurizing chlorination of diaryl thioether, and (17.3 mg, 78%)

after reaction for 36 h according to general procedure for the desulfurizing chlorination
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with natural seawater. *H NMR (400 MHz, CDCls): 6 7.48 (d, J = 8.4 Hz, 4H), 7.41 (d,
J = 8.4 Hz, 4H). *C NMR (100 MHz, CDCls): § 138.6, 133.9, 129.2, 128.4. GC-MS
(EI"): calcd for C12HsCl2 [M]™ 222.00, found 221.95.

Cl
3§

2,4'-Dichloro-1,1'-biphenyl (2n): The title compound was isolated (20.9 mg, 94%)
after reaction for 36 h according to general procedure for the desulfurizing chlorination
of aryl thioether as a colorless thick oil after chromatography on silica gel (PE/EA =
50:1). '"H NMR (400 MHz, CDCls): 6 7.49-7.47 (m, 1H), 7.43-7.37 (m, 4H), 7.32-7.29
(m, 3H). 3C NMR (100 MHz, CDCls): 6 139.5, 137.9, 133.9, 132.6, 131.3, 130.9, 130.2,
129.0, 128.4, 127.1. GC-MS (EI*): calcd for C12HsClz [M]* 222.00, found 221.95.

peves

4,4'-Oxybis(chlorobenzene) (20): The title compound was isolated (13.8 mg, 58%)
after reaction for 36 h according to general procedure for the desulfurizing chlorination
of aryl thioether as a colorless oil after chromatography on silica gel (PE/EA = 50:1).
IH NMR (400 MHz, CDCls): 6 7.30 (d, J = 8.8 Hz, 4H), 6.93 (d, J = 8.8 Hz, 4H). 13C
NMR (100 MHz, CDCls): ¢ 155.7, 130.0, 128.8, 120.2. GC-MS (EI*): calcd for
C12HsCI20 [M]* 238.00, found 237.95.

cl
M\/@
Og

do
1-Chloro-4-(methylsulfonyl)benzene (2p): The title compound was isolated (7.0 mg,
37%) after reaction for 12 h according to general procedure for the desulfurizing
chlorination of aryl thioether as a white solid after chromatography on silica gel (PE/EA
= 5:1). 'H NMR (400 MHz, CDCls): 6 7.89 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.4 Hz,
2H), 3.06 (s, 3H). *C NMR (100 MHz, CDCls): § 140.6, 139.1, 129.9, 129.1, 44.7.
GC-MS (EIM): calcd for C7H7CIO2S [M]* 189.99, found 189.95.
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c.

3-Chloro-1,1"-biphenyl (2r): The title compound was isolated (8.5 mg, 45%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether as a yellow oil after chromatography on silica gel (PE/EA = 50:1). 'H
NMR (400 MHz, CDCls): 6 7.59-7.56 (m, 3H), 7.49-7.43 (m, 3H), 7.40-7.32 (m, 3H).
13C NMR (100 MHz, CDCls): 6 143.2, 140.0, 137.6, 134.8, 130.1, 129.0, 128.0, 127.4,
127.4, 125.4. GC-MS (EI™): calcd for C12HoCI [M]* 188.04, found 187.95.

H
FSCIN\Q,C.

N-(3-Chlorophenyl)-2,2,2-trifluoroacetamide (2s): The title compound was isolated
(12.3 mg, 55%) after reaction for 36 h according to general procedure for the
desulfurizing chlorination of aryl thioether as a white acicular solid after
chromatography on silica gel (PE/EA = 10:1). *H NMR (400 MHz, CDCls): § 8.03 (s,
1H), 7.68 (t, J = 2.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 7.22 (d,
J=8.0 Hz, 1H). 3C NMR (100 MHz, CDCls): 6 155.0 (q, Jcr = 37.4 Hz), 136.3, 135.3,
130.5, 126.7, 120.9, 118.7, 115.7 (q, Jcr = 287.1 Hz). °F NMR (376 MHz, CDCls): 6
-75.7. GC-MS (EI"): calcd for CgHsCIFsNO [M]" 223.00, found 222.95.

N-(2-Chlorophenyl)-2,2,2-trifluoroacetamide (2v): The title compound was isolated
(14.5 mg, 65%) after reaction for 36 h according to general procedure for the
desulfurizing chlorination of aryl thioether as a white acicular solid after
chromatography on silica gel (PE/EA = 10:1). *H NMR (400 MHz, CDCls): § 8.44 (s,
1H), 8.31 (dd, J = 8.4, 1.6 Hz, 1H), 7.44 (dd, J = 8.0, 1.6 Hz, 1H), 7.34 (td, J = 8.0, 2.0
Hz, 1H), 7.18 (td, J = 8.0, 2.0 Hz, 1H). 13C NMR (100 MHz, CDCls): § 154.8 (q, Jcr =
37.5 Hz), 132.2, 129.5, 128.2, 126.9, 123.9, 122.0, 115.7 (q, Jcr = 286.8 Hz). °F NMR
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(376 MHz, CDCls): ¢ -75.8. GC-MS (EI*): calcd for CsHsCIFsNO [M]* 223.00, found
222.90.

o

cl
1,3,5-Trichlorobenzene (2w): The title compound was isolated (13.9 mg, 77%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether as a white solid after chromatography on silica gel (PE/EA = 50:1). 'H
NMR (400 MHz, CDCls): § 7.27 (s, 3H). ¥C NMR (100 MHz, CDCls): 6 135.7, 127 4.
GC-MS (EIM): calcd for CeHsCls [M] 179.93, found 179.95.

cl cl
AL

1,2,4,5-Tetrachlorobenzene (2y): The title compound was isolated (15.3 mg, 71%)
after reaction for 36 h according to general procedure for the desulfurizing chlorination
of aryl thioether as a white solid after chromatography on silica gel (PE/EA =50:1). *H
NMR (400 MHz, CDCls): § 7.55 (s, 2H). ¥C NMR (100 MHz, CDCls): 6 131.8, 131.4.
GC-MS (EI"): calcd for CeH2Cls [M]* 215.89, found 215.95.

Cl N Cl

X

2,6-Dichloropyridine (2z): The title compound was isolated (6.5 mg, 44%) after
reaction for 36 h according to general procedure for the desulfurizing chlorination of
aryl thioether as a white solid after chromatography on silica gel (PE/EA = 10:1). 'H
NMR (400 MHz, CDCl3): 6 7.62 (t, J = 8.0 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H). 3C NMR
(100 MHz, CDCls): ¢ 150.8, 140.8, 123.0. GC-MS (EI"): calcd for CsHzCIlN [M]*
146.96, found 147.05.

e

2-Chlorobenzo[d]thiazole (2aa): The title compound was isolated (6.9 mg, 41%) after

reaction for 24 h according to general procedure for the desulfurizing chlorination of
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aryl thioether as a pink oil after chromatography on silica gel (PE/EA = 50:1 to 10:1).
IH NMR (400 MHz, CDCl3): 6 7.94 (dd, J = 8.0, 0.8 Hz, 1H), 7.76 (dd, J = 8.0, 0.8 Hz,
1H), 7.47 (td, J = 7.6, 1.6 Hz, 1H), 7.39 (td, J = 8.0, 1.2 Hz, 1H). 3C NMR (100 MHz,
CDCls): 6 153.4, 151.1, 136.2, 126.8, 125.9, 123.0, 121.2. GC-MS (EI"): calcd for
C7H4CINS [M]* 168.98, found 169.00.

or
o

Ethyl 3-(4-chlorophenyl)-2,2-dimethylpropanoate (2ac): The title compound was
isolated (10.8 mg, 45%) after reaction for 36 h according to general procedure for the
desulfurizing chlorination of aryl thioether as a yellow oil after chromatography on
silica gel (PE/EA = 20:1). *H NMR (400 MHz, CDCls): § 7.18 (d, J = 9.2 Hz, 2H), 6.77
(d, J=9.2 Hz, 2H), 4.22 (g, J = 7.2 Hz, 2H), 1.57 (s, 6H), 1.24 (t, J = 7.2 Hz, 3H). 13C
NMR (100 MHz, CDCls): ¢ 174.1, 154.1, 129.2, 127.3, 120.6, 79.5, 61.6, 25.4, 14.2.
GC-MS (EI"): calcd for C12H15Cl03 [M]* 242.07, found 242.05.

i

4-Chloro-1,1"-biphenyl (2ai): The title compound was isolated (10.0 mg, 53%) after
reaction for 48 h according to general procedure for the desulfurizing chlorination of
diaryl thioether as a white solid after chromatography on silica gel (PE/EA = 50:1). H
NMR (400 MHz, CDCls): & 7.58-7.55 (m, 2H), 7.55-7.52 (m, 2H), 7.48-7.44 (m, 2H),
7.43-7.41 (m, 2H), 7.40-7.36 (m, 1H). 3C NMR (100 MHz, CDCls): § 140.1, 139.8,
133.5,129.1, 129.0, 128.5, 127.7, 127.1. GC-MS (EI*): calcd for C12HsCl [M]* 188.04,
found 188.00.

b) Selected GC-MS data for the volatile aryl chlorides

GC measuring method: Helium gas was used as carrier gas at a constant flow rate of
1.0 mL/min. Before the separation, the temperature of the chromatographic column was
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progressively increased as follows: (i) initial temperature at 50 €€ for 1 min, (ii) 50 <€

to 280 € at a rate of 35 €/min, and (iii) holding for 2 mins at 280 <€€. The reactions

were carried according to the general procedure for iron-photocatalyzed desulfurizing

chlorination of aryl thioethers. The reactions (1b, 1d-1e, 1k, 1q, l1ad-1lah, 3d-3e, 6)

required 0.1 mmol (1 mmol) internal standard, while (3a-3c, 5a-5b) required 0.2 mmol

internal standard, and (5c¢) required 0.3 mmol. The yields were obtained according to

the equation (P = peak area, A = Amount of substance): (i) P2dzb = 2.1135*%A2d/2b-

0.0267, R? = 0.9983, (ii) P2dize = 1.3622*A2di2e-0.0608, R? = 0.9900, (iii) P2dizk =

0.9447*A2d2k+0.2768, R? = 0.9985, (i) Pabi2q = 0.3720*Aabi2q+0.0922, R? = 0.9973,

(V) P2bs2t = 0.3398* Aob2t+0.1229, R? = 0.9928, (Vi) P2br2ah = 0.4662* Azb2an+0.0068, R?

=0.9993.

(x10, 000, 000)
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SMe
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Peak time Peak area | Peak area (%) | GC yield (%)
2b 2.757 10119100 28.89 86
2d 3.592 24910254 71.11 /

Figure S3. GC spectra for standard reaction of 1b with internal standard 2d for 12 h
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/

Figure S4. GC spectra for the reaction of 1b (1.0 mmol) with internal standard 2d

(x10, 000, 000)

for 24 h
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Figure S5. GC spectra for standard reaction of 1d with internal standard 2b for 24 h
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Figure S6. GC spectra for standard reaction of 1e with internal standard 2d for 24 h
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Figure S7. GC spectra for standard reaction of 1k with internal standard 2d for 24 h

Figure S8. GC spectra for standard reaction of 1q with internal standard 2b for 24 h

(x10, 000, 000)
’lvo_:TIC (1.00) She
3.0 £ : j(:l 1t
0] £

] cl cl
of S

] 2b Cl 2t
0.0 T T :

2 ‘)v ‘2,‘50 ‘Z,ITW 3 OO‘ 3. ‘Z'v 3 ‘50‘ o ‘i ‘m ‘UU‘ n 1 ‘).: '1,‘50‘ "1,
Peak time | Peakarea | Peak area (%) | GC yield (%)
2b 2.768 33389534 33.48 /

24



2t

3.736

66340256

66.52

90

Figure S9. GC spectra for standard reaction of 1t with internal standard 2b for 24 h
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Figure S10. GC spectra for standard reaction of 1ad and internal standard 2d for 24 h
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Figure S11. GC spectra for standard reaction of 1ae and internal standard 2d for 24 h
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Figure S12. GC spectra for standard reaction of 1af and internal standard 2b for 24 h
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Figure S13. GC spectra for standard reaction of 1lag and internal standard 2d for 24 h
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Figure S14. GC spectra for standard reaction of 1ah and internal standard 2d for 24 h
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Figure S15. GC spectra for standard reaction of 3a with internal standard 2d for 36 h

(x1, 000, 000}
3 (x

-"TIC (1.00)
7.0 S
6. 0 ©’ @
5.0 g 3a*
1. 0 -
3.0
209 o ©/C| /©/C|
1.0 o 2b 2d
ool »lL ? ) Cl ‘
').‘50 ‘ 2,‘% 3 ‘OO‘ 3. IZG 3. ‘50 o 3. ‘r il 1 ‘00‘ 1.‘20 1. ‘50
Peak time | Peakarea | Peak area (%) | GC yield (%)
2b 2.762 1762724 23.68 65
2d 3.605 5681212 76.32 /

Figure S16. GC spectra for the reaction of 3a by seawater (4.0 equiv) with internal

standard 2d for 36 h
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Figure S17. GC spectra for standard reaction of 3d with internal standard 2b for 36 h
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Figure S18. GC spectra of the reaction of 3b by natural seawater with internal

standard 2b for 36 h
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Figure S19. GC spectra for the reaction of 3c with internal standard 2b for 36 h
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Figure S20. GC spectra for standard reaction of 3d with internal standard 2b for 36 h
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Figure S21. GC spectra for standard reaction of 3e with internal standard 2b for 48 h
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Figure S22. GC spectra for standard reaction of 5a with internal standard 2d for 36 h
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Figure S23. GC spectra for standard reaction of 5b with internal standard 2d for 36 h
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2d 3.623 84627166 76.12 /

Figure S24. GC spectra for standard reaction of 5¢ with internal standard 2d for 36 h

c) Selected *°F NMR data for volatile fluorine-containing aryl chlorides

The reactions were carried according to the general procedure for iron-photocatalyzed
desulfurizing chlorination of aryl thioethers. 100 pL of the organic phase (upper layer)
was taken after reaction, diluted with CDCIs and measured by '°F NMR (376 MHz).
The reactions (1c, 1u, 1x) required 0.1 mmol para-fluorotoluene added as the internal
standard, while 1f required 0.05 mmol 1,4-bis(trifluoromethyl)-benzene as the internal

standard.
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!
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Figure S25. 'F NMR spectra for the reaction of 1c with 4-fluorotoluene for 24 h
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Figure S26. 1F NMR spectra for the reaction of 1f with 1,4-bis(trifluoromethyl)-

benzene for 24 h
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Figure S27. 'SF NMR spectra for the reaction of 1u with 4-fluorotoluene for 24 h
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Figure S28. '9F NMR spectra for the reaction of 1x with 4-fluorotoluene for 36 h

Mechanism study

a) Radical quenching experiments

(1) The reaction of 1b with 2,2,6,6-tetramethyl-1-piperidyloxy (TEMPO)
FeCl (10 mol%)
SMe Seawater (2.0 equiv) cl
©’ TEMPO (2.0 equiv) ©’
MeCN (0.2 M)
1b 400-405 nm, 12 W 2b, n.d.
O, balloon, 25-30 °C, 24 h

According to general procedure for iron-photocatalyzed desulfurizing chlorination of
aryl thioethers, 1b (0.1 mmol), FeCls (10 mol%, 0.02 M in CH3CN, 0.5 mL), seawater
(0.2 mmol, salinity: 35%o, ~ 0.55 M chloride, 370 uL), and TEMPO (0.2 mmol, 31.3
mg) were used. No 2b was obtained as detected by GC-MS.
(i) The reaction of 1b with butylated hydroxytoluene (BHT)

FeCl; (10 mol%)

SMe Seawater (2.0 equiv) cl
Ej BHT (2.0 equiv) ©’
MeCN (0.2 M)
1b 400-405 nm, 12 W 2b, trace
O, balloon, 25-30 °C, 24 h

For iron-photocatalyzed desulfurizing chlorination of thioethers, 1b (0.1 mmol), FeCls

(20 mol%, 0.02 M in CH3CN, 0.5 mL), seawater (0.2 mmol, salinity: 35%o, ~ 0.55 M
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chloride, 370 uL), and BHT (0.2 mmol, 44.2 mg) were used. Trace amount of 2b was
obtained as detected by GC-MS.

(i) the reaction of 1b with the addition of cyclopropyl benzene

FeCl; (10 mol%)
Seawater (2.0 equiv)

[0}
SMe Ph% (2.0 equiv) Cl cl
MeCN (0.2 M) *
400-405 nm, 12 W
1b O, balloon, 25-30 °C, 24 h 2b, n.d. 6, 21%

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1b
(0.1 mmol), FeCls (10 mol%, 500 pL of 0.02 M FeCls in CH3CN solution), seawater
(salinity: 35%o, ~ 0.55 M chloride, 370 pL), and cyclopropylbenzene (0.2 mmol, 23.6
mg) were added. The reaction mixture was stirred under blue LEDs (400-405 nm, 12
W) at 25-30 €€ for 24 h. No 2b was obtained as detected by GC-MS, while 3-
chloropropiophenone 6 was isolated (7.0 mg, 21%) as a white solid by chromatography
on silica gel (PE/EA =50:1 to 10:1), suggesting the generation of chlorine radicals. *H
NMR (400 MHz, CDCls): § 7.96 (d, J = 7.2 Hz, 2H), 7.60 (t, J = 7.2 Hz, 1H), 7.48 (t,
J=7.2 Hz, 2H), 3.93 (t, J = 6.8 Hz, 2H), 3.47 (t, J = 6.8 Hz, 2H). 3C NMR (100 MHz,
CDCl3): ¢ 196.9, 136.5, 133.7, 128.9, 128.2, 41.4, 38.8. GC-MS (EI"): calcd for
CoHgCIO [M]* 168.03, found 168.00.

b) EPR experiments

The samples for EPR experiments were transferred into a capillary column (20 cm),
sealed with high vacuum grease, which was then put into a quartz tube and measured
at room temperature. (Data was acquired on a BrukerA300 spectrometer operating at
9.449 GHz with a microwave power of 0.629 mW and a modulation amplitude of 1

Gauss.).

(i) Detection of the chlorine radical and hydroxide radical

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1a
(0.2 mmol), FeCls (10 mol%, 500 pL of 0.02 M FeCls in CH3CN solution), seawater
(salinity: 35%o0, ~ 0.55 M chloride, 370 uL), and 5,5-dimethyl-1-pyrroline N-oxide

(DMPO, 0.12 mmol) were used. The reaction mixture was measured by EPR before
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irradiation and no obvious signal was obtained (Figure S29, top). Then the reaction
mixture was stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at 25-30 €
for 10 mins, followed by the addition of H.O (5.0 mL). Further EPR experiment
indicated generations of the chloride radical and hydroxide radical (Figure S29,

bottom).

No irradiation

- -
* DMPO-CI
With irradiation — DMPO-OH
3218 3220 3222 3224 3226 3228 3230

Magnetic Field (G)

Figure S29. EPR spectrum for detection of chloride radicals

(ii) Detection of superoxide radicals

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1a
(0.1 mmol), FeClz (10 mol%, 500 pL of 0.02 M FeCls in CH3CN solution), seawater
(salinity: 35%o, ~ 0.55 M chloride, 370 pL), and 5,5-dimethyl-1-pyrroline N-oxide
(DMPO, 0.12 mmol). The reaction mixture was measured by EPR before irradiation
and no obvious signal was obtained (Figure S30, top). Then the reaction mixture was
stirred under the irradiation of blue LEDs (400-405 nm, 12 W) at 25-30 <€ for 10 mins,
followed by the addition of methanol (2.0 mL). Further EPR experiment indicated

generation of the superoxide radical (Figure S30, bottom).

35



No irradiation

L T e T L T T R e e v

With irradiation DMPO-O,

3460 3480 3500 3520 3540 3560
Magnetic Field (G)

Figure S30. EPR spectrum for detection of superoxide radicals

c) UV-Vis spectra:

FeClz and 1a were dissolved in CH3CN, seawater, or CH3CN/seawater mixed solution
(5:4, vIv) with the concentration of 1*10™* M. UV-Vis spectroscopy for the solutions of
la, FeCls, FeClzt+la in CH3CN/seawater mixed solution and FeClz in CH3CN or
seawater were obtained in Figure S31. UV-Vis spectroscopy revealed two emission
peaks (Amax) at 312 nm and 363 nm for FeCls in CH3CN, whereas such peaks were
observed with sharp decreased intensity for iron chloride in seawater and mixed
solution. Further experiments indicated that no interaction occurred between la and
FeCls. These results demonstrated that the reaction might involve an immiscible liquid-

liquid interface model, with iron chloride as the photosensitizer.

FeClzin CH3CN ——
FeCls in seawater
FeCl; in seawater/CH3;CN ——
1a in seawater/CH3;CN ——
1a + FeCl; in seawater/CH;CN ——

Normalized intensity

290 315 340 365 390 415 440 465 490
Wavelength (nm)

Figure S31. UV-Vis absorption spectrums
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d) Light-on-off experiments:

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1a
(0.1 mmol), FeClz (10 mol%, 500 pL of 0.02 M FeCls in CH3CN solution), seawater
(salinity: 35%o, ~ 0.55 M chloride, 370 uL), and internal standard 1d (0.1 mmol) were
added. The reaction mixture was stirred with or without irradiation under blue LEDs
(400-405 nm, 12 W) at 25-30 €. 5 i of the solution was drawn at intervals for 1 hours,
diluted immediately with ethyl acetate and measured by GC-MS analysis to determine
the yields of 2a. The results were summarized in Figure S32, excluding the radical
chain mechanism of this reaction. The yields were obtained according to the equation
(P = peak area, A = Amount of substance): P2a2d = 1.1064*A242-0.0971, R? = 0.9927.

100y Yield (%)
80 1
60 1
40 1

20 1

1 hy

0 1 2 3 4 5 6 7 8 9 10
Reaction time (h)

Figure S32. Reaction profile for the reaction of 1a with light on/off

e) Control experiments to trap the leaving sulfur
(i) Detection of sulfur by GC-MS:

SMe FeCls (10 mol%) .
©/ Seawater (2.0 equiv) Ph3P (2.0 equiv) PhyP=S

MeCN (0.2 M) DCM (1 mL)
1b 400-405 nm, 12 W Ny, rt., 24 h Ca5H23PS;
0, balloon, 25-30 °C, 24 h m/z: 418.0979

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1b
(0.1 mmol), FeCls (10 mol%, 500 uL of 0.02 M FeCls in CH3CN solution), and seawater
(salinity: 35%o, ~ 0.55 M chloride, 370 pL). The reaction mixture was stirred under blue

LEDs (400-405 nm, 12 W) at 25-30 €€ for 24 h. After removing the solvent,
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triphenylphosphine (0.2 mmol, 52.4 mg) and dichloromethane (1 mL) was added under
a N2 atmosphere. The mixture was stirred for another 24 h at room temperature.
Triphenylphosphine sulfide was detected by GC-MS (Figure S33), which probably

indicated that S (0) was formed in the reaction.°
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Figure S33. Detection of triphenylphosphine sulfide by GC-MS

(i1) Detection of hypervalent sulfur-containing anions

FeCly (10 mol%)

sM
®  seawater (2.0 equiv) BaCl, (aq.)
Bas,0, |
MeCN (0.2 M)

1b 400-405 nm, 12 W
O, balloon, 25-30 °C, 24 h

According to general procedure for the desulfurizing chlorination of aryl thioethers,
1b (0.1 mmol), FeCls (10 mol%, 500 uL of 0.02 M FeCls in CH3CN solution), NaCl
(11.7 mg, 0.2 mmol, 2 equiv) and distilled water (370 pL) were added. Several
control reactions were performed (Figure S34).

(a) Before light irradiation, no precipitate was generated when treating the reaction
mixture with BaCl> solution (0.5 M, 1 mL).

(b) After light irradiation for 24 h, white precipitate was formed rapidly when treating
the reaction mixture with BaCl, solution (0.5 M, 1 mL), which cannot be dissolved
in HCI (1.0 M, 1 mL).

(c) After light irradiation for 24 h, no precipitate was observed when treating the

residual organic layer with BaCl; solution (0.5 M, 1 mL).
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(d) After the solution without 1b was performed under light irradiation for 24 h, the
aqueous phase (lower layer) was treated with BaCl, solution (0.5 M, 1 mL). No
precipitate was observed.

These results that hypervalent sulfur-containing anion species (SxOy%) were probably

produced via further oxidation of leaving “RS” group.

Figure S34. Detection of hypervalent sulfur-containing anion species by BaCl,

f) Control experiments to trap the leaving “RS” group

(i) Detection of formic acid by NMR

FeCl3 (10 mol%)

SMe NaCl (2 equiv) cl
+  HCOOH
o CD5CN (0.5 mL), D,0 (0.37 mL)

400-405 nm, 12 W 2d Detected by NMR
1d 0, balloon, 25-30 °C, 24 h

According to general procedure for the desulfurizing chlorination of aryl thioethers,
1d (0.1 mmol), FeClz (10 mol%, 500 uL of 0.02 M FeCls in CD3CN-ds solution),
NaCl (11.7 mg, 0.2 mmol, 2 equiv) and D20 (370 pL) were added. The reaction
mixture was stirred under blue LEDs (400-405 nm, 12 W) at 25-30 <€ for 24 h, and
then examined by *H NMR and *3C NMR analysis, respectively. The peaks observed
at 8.05 ppm for *H NMR spectrum and 162.6 ppm for 3C NMR spectrum were
assigned to formic acid (Figure S35 and S36).
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a) Reaction for 24 h with 1d

— 2d
|
b) Formic acid
— HCOOH
c) Reaction for 24 h without 1d
d) Reaction for 0 h with 1d
u — 1d \ ‘ .
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Figure S35. Detection of formic acid by 'H NMR (400 MHz)

a) Reaction for 24 h with 1d
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Figure S36. Detection of formic acid by '3C NMR (125 MHz)

(ii) pH test of the residual aqueous phase

According to general procedure for the desulfurizing chlorination of aryl thioethers,

1b (0.1 mmol), FeClz (10 mol%, 500 uL of 0.02 M FeClz in CH3CN solution), and

seawater (salinity: 35%o, ~ 0.55 M chloride, 370 pL) were added. The residual

aqueous phase was tested.

(a) The reaction mixture of 1b performed without FeClz under irradiation for 24 h:

neutral solution; (b) The reaction mixture of 1b before irradiation: weakly acidic

solution; (c) The reaction mixture of 1b performed under the standard conditions:
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enhanced acidic solution; and (d) The reaction mixture of 3a performed under the
standard conditions: weakly acidic solution. These results showed that the reactions
involving aryl methyl thioethers produced an increasingly acidic solution, consistent

with further oxidation of the departing RS group (Figure S37).
a b c d
I I I I I I |

OMEES2:53: =45

Figure S37. pH test for the reaction of 1b and 3a
i analysis of the reaction of lae
(iii) °F NMR analysis of th ion of 1

According to general procedure for the desulfurizing chlorination of aryl thioethers, 1ae
(0.1 mmol), FeCls (10 mol%, 500 pL of 0.02 M FeCl; in CH3CN solution), and seawater
(salinity: 35%o, ~ 0.55 M chloride, 370 uL) were added. °F NMR analysis of the
reaction mixture were showed in Figure S38, which indicated that the leaving (4-

fluorobutyl)thio group were converted into mixed F-containing side-products.
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Figure S38. Detection of mixed F-containing products by '°F NMR (376 MHz)
g) Other proposed catalytic pathways

(1) Proposed catalytic cycle of diaryl thioether 3

As shown in Figure S39, the reaction of diaryl thioether 3 with chlorine radical
generated the intermediate 11, which underwent a HAS to give the an aryl chloride and
an aryl thiyl radical. The aryl thiyl radical could reacted with a chlorine radical to yield
highly reactive aryl hypochlorothioite, rapidly yielding aryl chlorides via iron-
photoinduced LMCT & HAS processes. Alternatively, dimerization of the aryl thiyl
radicals might also occurred to give 1,2-diaryldisulfanes 4°, followed by iron-

photoinduced LMCT & HAS processes to afford the aryl chlorides.

cr

[Fe''cl,]” Ar1':‘Ar2 { @—S-Arzl
LMCT Intll
cl
@R
3
{ C
Int 111

v — [Fe''Cl)” cl
FeCly (EPR)

0,

1
(EPR) Ar2 Cl
[Fe''Cl5]™
0,+CI

hv .

cr S=Ar?
[Fel/[O] h
Ar2—Cl , S-containing - <~——— v

2' side products LMCT & HAS Ar2=S—S=Ar

&

Figure S39. Catalytic cycle of 3

(i) Proposed catalytic cycle of aryl sulfonium salts 5

As shown in Figure S40, the reaction of aryl sulfonium salts 5 with chlorine radical
generated the intermediate 1V, which underwent a HAS to give the an aryl chloride and
intermediate V1. Intermediate V1 proceeded a SET process in the presence of [Fe''Cls]
species to form aryl thioethers 1 or 3 and [Fe""Cls]™ species. The desulfurizing

chlorination of 1 or 3 afforded the final aryl chlorides.

42



R X ¢l
“EeMClI” $ 3 ,Ph
5
o % Int IV
cT
cr : RV
+ — [Fe"'Cl]” ¢l s?
EPR 3 Ph
FeCl, (EPR) cl
O, or 13 IntV
(EPR) (GC-MS) Ph=ClI
B 2b
[Fe''Cly]

O, or IntIlv +Cl~

As Figure S39/40 SET 3

- S.
PthC' enR ﬁ pheS R
Intvi

(GC-MS)  [Felicy,]™  [Fe'Cly]
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(iii) Proposed catalytic cycle via sulfoxide from oxidation of thioether

a) e FeCl, (10 mol%) S(oe + S(ChMe + recovered 1b
CH3CN (0.5 mL)

400-405 nm, 12 W 1b-1, 259 1b-2, t 69% yield
1b 0, balloon, 25-30 °C, 24 h -1, 25% -2, trace o yie

b) s FeCls (10 mol%) S(@Pn + S(O%zFn + recovered 3a
CH3CN (0.5 mL)

400-405 nm, 12 W

3a 0, balloon, 25-30 °C, 24 h 3a-1, <5% 3a-2, trace 90% yield
o @S(O)Me Standard conditions ©/CI
1b-1 2b, 80% GC yield

When the reaction of 1b was performed in the absence of seawater, sulfoxide 1b-1
was obtained in 25% vyield, while that of 3a gave <5% yield of corresponding 3a-1.
Besides, only trace amount of sulfone 1b-2 or 3b-2 was detected. Further experiments
showed that 1b-1 could give 2b in 80% GC vyield, indicating that sulfoxide generated
from photooxidation of thioethers could undergo similar homolytic aromatic
substitution to yield aryl chlorides (Figure S41). The reaction of 1-1 with chlorine
radical generated the intermediate 1-1, which underwent a HAS to give the aryl
chlorides 2 and the sulfinyl radical. Cascade transformation of the sulfinyl radical

furnished the S-containing side products.
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Figure S41. Proposed catalytic cycle of aryl sulfoxides
h) DFT calculations

All calculations were performed with the Gaussian 16 package.!! Geometry
optimizations were performed with PBE0-D3(BJ)*? set with the PCM*3 (H.0:MeCN =
1:1, eps = 57.0215, epsinf = 1.7875) solvation model. The def2-SVP** basis set was
used for all atoms. All optimized structures were verified by frequency calculations and
only one imaginary frequency was found in the transition states, while the other
structures had no imaginary frequency. Besides, the thermal correction to Gibbs free
energy were obtained after frequency calculations. Intrinsic Reaction Coordinate
(IRC)™ were utilized to confirm the reaction pathway. In addition, the single point
calculations considering solvation effect were performed with ®B97XD?® and ma-def2-
TZVPY basis set with the PCM (H20:MeCN = 1:1, eps = 57.0215, epsinf = 1.7875)
solvation model. All optimized structures were visualized using VMD 1.9.3* and

Multiwfn®® program.
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Figure S43. DFT calculations for desulfurizing chlorination of 3

Ezp»?r
(¢
27.22 kealimol /”
f

Second-order perturbation theory analysis in NBO for diphenyl sulfide gives E?,_,
to be 27.22 kcal/mol, indicating enhanced conjugation between the lone pair electrons

in p-orbital of the sulfur atom and aromatic n* systems.
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Figure S44. Second-order perturbation theory analysis in NBO for diphenyl sulfide.
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