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1. General information

Unless otherwise noted, all reactions or reagents were obtained from commercial suppliers and
used as received. Unless otherwise noted, all catalytic reactions were set up in an argon
atmosphere glovebox (Vigor, SGI800-750TS-F). Unless otherwise noted, the substrates and
reagents for catalytic reactions were degassed and stored in the glovebox. All work-up and
purification procedures were carried out with reagent-grade solvents in air.

Thin Layer Chromatography analyses were performed on silica gel coated glass plates (0.25
mm) with fluorescence indicator UV254. For detection of spots, irradiation of UV light at 254
nm or staining reagent using phosphomolybdic acid solution was used. Flash column
chromatography was conducted with silica gel 60 (particle size 230—-400 mesh, Huanghai) at
room temperature and under elevated pressure.

Gas chromatography (GC) analysis was conducted on a Shimadzu GC-2030 instrument
equipped with a Rtx-5 column (30 m x 0.25 mm) with dodecane as an internal standard. GC-
MS analysis was conducted on an Agilent 5977B GC/MSD instrument equipped with a HP-5MS
Ul column (30 m x 0.25 mm). "H NMR, 3C NMR and "°F NMR spectra were recorded at 400
MHz, 100 MHz and 376 MHz, respectively in CDClz at room temperature. '"H NMR was reported
as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quadruplet, m =
multiplet), coupling constant (J values) in Hz and integration. Chemical shifts (8) were reported
with respect to the corresponding solvent residual peak at 7.26 ppm for CDCI3 for 'TH NMR. 3C
NMR spectra (H-broadband decoupled) were reported in ppm using the central peak of CDCl3
(77.16 ppm). High-resolution mass spectrometric measurements were provided by the
Department of The State Key Laboratory of Biotherapy, Sichuan University. The molecular ion
[M+H]* and [M+Na]* are given in m/z units.

2. General procedure for the synthesis of compounds 1a-1h.

PPhs, I,
HOMOH LiAIH, HO OH  Imidazole | 1
nT m —_— > \Mn/Y\M/m —_— \H/Y\M/
O R O  THFoOCH R DCM, 0°C-rt "R m
overnight overnight

nm=0,1,2

According to the reported methods with modified procedures ['-3l: Dioic acids (5.0 mmol, 1.0
equiv) was added in small portions, under a stream of argon, to a suspension of LAH (12.5
mmol, 2.5 equiv) in dry THF (50 ml) at 0 °C. The reaction was then warmed to room temperature
and left to stir for 2 hours before being cooled to 0 °C and slowly quenched with water, a large
amount of dichloromethane was added to dilute. Then filtered and the organic solution was
dried with Naz2SOs, filtered, and then gave the crude products diols. To the solution of the
corresponding dialcohols (1.0 equiv) in DCM was added imidazole (2.0 equiv), PPhs (2.0 equiv).
I2 (2.0 equiv) were added over 20 minutes at 0 °C. The reaction mixture was allowed to stir
overnight at room temperature. The suspension was washed with saturated Na-SO3 solution.
The organic phase was dried over Na2SO4 and filtered, at which point silica gel was added. The
mixture was concentrated under reduced pressure, and the residue was loaded onto a silica
column. Flash chromatography afforded corresponding alkyl dihalides 1a-1h.

3. General procedure for the synthesis of compounds 1i-1r, 1v-1ad, 1ag-1ah.
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OH |

KI, NayCO4 /_/ PPh3, I, /J

NHz  2-Bromoethanol N Imidazole N
R©/ MeCN, 100°C R~©/ M N\on  DCM, 0°C-t R~©/ N

reflux, 24h overnight
OH |
KI, Na;COs / PPhs, Iy /_f
NH2 3-Bromo-1-propano] Imidazole N
R©/ MeCN, 100°C o DCM, 0°C-rt R~©/ N
reflux, 24h overnight

According to the reported methods with modified procedures [ 4: 2-Bromoethanol (or 3-
Bromo-1-propanol) (3.6 equiv) and potassium iodide (3.6 equiv) were dissolved in anhydrous
acetonitrile and stirred at room temperature for 15 minutes. Then added the solution of aniline
(1.0 equiv) and sodium carbonate (4.0 equiv) in acetonitrile, and heated overnight in oil bath at
100 °C. After the reaction finished, cooled to room temperature, and then filtered. The mixture
was concentrated under reduced pressure, and the residue was loaded onto a silica column.
Flash chromatography afforded the corresponding diols. To the solution of the corresponding
dialcohols (1.0 equiv) in DCM was added imidazole (2.0 equiv), PPhs (2.0 equiv). |2 (2.0 equiv)
were added over 20 minutes at 0 °C. The reaction mixture was allowed to stir overnight at room
temperature. The suspension was washed with saturated Na2SO3 solution. The organic phase
was dried over Na2SO4 and filtered, at which point silica gel was added. The mixture was
concentrated under reduced pressure, and the residue was loaded onto a silica column. Flash
chromatography afforded corresponding alkyl dihalides 1i-1r, 1v-1ad, 1ag-1ah.

4. General procedure for the synthesis of compounds 1s.

O 1. m-CPBA, PPhs, I

K2003 DCM rt, 24h Imldazole
actone, 40°C 12 h 2. L|A|H4 DCM 0°C-rt
THF,rt, 4h overnight

Accordmg to the reported methods with modified procedures [3.31: A solution of phenol (1.0
equiv) in anhydrous acetone was cooled to 0 °C and potassium carbonate (2.2 equiv) was
added, followed by a dropwise addition of benzyl bromide (1.5 equiv). The reaction mixture was
then allowed to stir overnight at 40 °C. After 12 h, the reaction mixture was concentrated and
the residue purified by column chromatography to afford 4-(4-(benzyloxy)phenyl)cyclohexan-1-
one as a white amorphous solid; To a stirred solution of 4-(4-(benzyloxy)phenyl)cyclohexan-1-
one (1.0 equiv) in dichloromethane, a solution of m-chloroperbenzoic acid (1.8 equiv) in
dichloromethane was dropwise added. The reaction was stirred for 16 hours. Then the excess
of m-chloroperbenzoic acid was quenched with saturated Na:SOsz aqueous solution. The
organic layer was separated, washed with saturated NaHCO3 aqueous solution, brine, dried
over NazSOs, filtered and concentrated under reduce pressure to afford crude 5-(4-
(benzyloxy)phenyl)oxepan-2-one. According to a modified general procedure (2.0 equiv. of
LiAlH4), reduction of 5-(4-(benzyloxy)phenyl)oxepan-2-one (1.0 equiv) afforded pure product 3-
(4-(benzyloxy)phenyl)hexane-1,6-diol as a colorless oil without further purification; To the
solution of the corresponding 3-(4-(benzyloxy)phenyl)hexane-1,6-diol (1.0 equiv) in DCM was
added imidazole (2.0 equiv), PPhs (2.0 equiv). 2 (2.0 equiv) were added over 20 minutes at 0
°C. The reaction mixture was allowed to stir overnight at room temperature. The suspension
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was washed with saturated Na>SOs solution. The organic phase was dried over Na2SO4 and
filtered, at which point silica gel was added. The mixture was concentrated under reduced
pressure, and the residue was loaded onto a silica column. Flash chromatography afforded
corresponding 1-(benzyloxy)-4-(1,6-diiodohexan-3-yl)benzene 1s.

5. General procedure for the synthesis of compounds 1t, 1u, 1ae, 1af.

OH OH
NaHCO, ~ KI, NazCOs PPhs. I,

NH2  2-Bromoethanol Z
NH 3-Bromo-1 propanol Imlda ole
° R
R@ MeCN, 100°C 0 MeCN, 100°C O \/\/ DCM oot 0 \/\/|

reflux, 24h

R= CI, OCF, reflux, 24h overnight
OH OH
NaHCO; ~ KI, Na,CO4 PPh. |
ONHQ 2-Bromoethanol NH 3-Bromo-1 propanol |m1daazo|2e
R o
MecN, 100°C R©/ MeCN, 100°C O \/\7’ DCM, 0°C-rt RO/ \/\"/
R= I, OCF, f reflux, 24h overnight

According to the reported methods with modified procedures 34: 2-Bromoethanol (1.5 equiv)
in anhydrous acetonitrile was added to the solution of aniline (1.0 equiv) and sodium carbonate
(2.0 equiv) in acetonitrile and heated overnight in oil bath at 100 °C. After the reaction finished,
cooled to room temperature, and then filtered. The mixture was concentrated under reduced
pressure, and the residue was loaded onto a silica column. Flash chromatography afforded the
corresponding 2-(phenylamino)ethan-1-ol; Corresponding 2-(phenylamino)ethan-1-ol (1.0
equiv) and potassium iodide (2.0 equiv) were dissolveded and stirred at room temperature for
15 minutes. Then added the solution of 3-Bromo-1-propanol or 5-bromopentan-1-ol (2.0 equiv)
and sodium carbonate (4.0 equiv) in acetonitrile, and heated overnight in oil bath at 100 °C.
After the reaction finished, cooled to room temperature, and then filtered. The mixture was
concentrated under reduced pressure, and the residue was loaded onto a silica column. Flash
chromatography afforded the corresponding diols. To the solution of the corresponding
dialcohols (1.0 equiv) in DCM was added imidazole (2.0 equiv), PPhs (2.0 equiv). |2 (2.0 equiv)
were added over 20 minutes at 0 °C. The reaction mixture was allowed to stir overnight at room
temperature. The suspension was washed with saturated Na2SO3 solution. The organic phase
was dried over Na2SO4 and filtered, at which point silica gel was added. The mixture was
concentrated under reduced pressure, and the residue was loaded onto a silica column. Flash
chromatography afforded corresponding alkyl dihalides 1t, 1u, 1ae, 1af.

6. General procedure for the synthesis of compounds 1ai.

o o pTsOH (5 mol%) 1 1 I, PPhg 1

o ' v
J I _Ethylene glycol (3.0 equiy) w LiAIH, (1.5 equiv) Q0 Imidazole Q 0
2 T P S N
MeO OMe o MeO OMe THF, 0°C-t, 12h  HO OH DCM,0°C-it,6h | I

Toluene, 140 °C, 12 h

According to the reported methods with modified procedures ©l: To a mixture of diethyl 3-
oxopentanedioate (1.0 equiv) and ethylene glycol (3.0 equiv) in toluene (100 mL) was added
p-toluenesulfonic acid monohydrate (0.017 equiv). It was refluxed with Dean-Stark to remove
water for 12 h. After being cooled to RT, it was quenched with saturated aqueous NaHCO3 and
extracted with EtOAc. Organic layer was washed with water, which was back-extracted with
EtOAc. The combined organic layer was washed with brine, dried over Na2SO4 and evaporated.
The crude dimethyl 2,2'-(1,3-dioxolane-2,2-diyl)diacetate was obtained. To a suspension of

LiAlH4 (1.5 equiv) in anhydrous THF was added dimethyl 2,2'-(1,3-dioxolane-2,2-diyl)diacetate
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(5.54 g, 22.5 mmol) in anhydrous THF in an ice bath under nitrogen slowly. The reaction was
allowed to warm up to RT and stirred for 3 h. It was quenched with water dropwisely on an ice
bath, and filtered under suction. The solid was washed with DCM. The filtrate was evaporated,
corresponding crude diols were obtained. the solution of the corresponding dialcohols (1.0
equiv) in DCM was added imidazole (2.0 equiv), PPhs (2.0 equiv). I2 (2.0 equiv) were added
over 20 minutes at 0 °C. The reaction mixture was allowed to stir overnight at room temperature.
The suspension was washed with saturated Na2SOs solution. The organic phase was dried
over Na2S0O4 and filtered, at which point silica gel was added. The mixture was concentrated
under reduced pressure, and the residue was loaded onto a silica column. Flash
chromatography afforded corresponding alkyl dihalides 1ai.

7. General procedure for the synthesis of compounds 2a-2ai:

// \\

Chamber A: 2 . 5o Al 1B

2
tetradecane 1.5 equiv |
SOgen 100 °C, 10 min q
Chamber B: \
HCOOLi *H,0 ( 20equw S= 0
I\(v)n/\)l(/\M/r:] 2 \f(\
R DMA (1.0 ml) R m
50°C, 16 h
1, 0.2 mmol 2 nm=0,1,23..

x=C or N

In the glovebox, Alkyl diiodides (0.2 mmol, 1.0 equiv), HCOOLi*H20O (0.4 mmol, 2.0 equiv)
were added to chamber B, followed by addition of DMA (1.0 mL). Tetrabromothiophene
S,S-dioxides (0.33 mmol, 142 mgq) in tetradecane (1.0 mL) was added to chamber A,
followed by addition of 4-methylphenylene (0.3 mmol, 1.5 equiv, 40.0 pl). The two chamber
system was sealed and removed out of the glovebox and chamber A was heated 10min at
100 °C in heat block, then the two chamber system was heated at 50 °C. After 16 hours,
two chamber was cooled to room temperature. The mixture in chamber B was passed
through a short silica gel pad with ethyl acetate. The filtrate was washed by ethyl acetate
and H>O (15 mLx3 times), dried by Na>SO4, then concentrated and the residue was
purified by flash column chromatography to give the desired product.

8. Characterization data of compounds (2a-2ai):

4-phenylthiomorpholine 1,1-dioxide (2a): Isolated as white solid using petroleum
ether/ethyl acetate (3:1) as eluent (40.1 mg, yield 95%). 'TH NMR (400 MHz, CDCIs) & 7.30-
7.29 (m, 2H), 6.96-6.23 (m, 3H), 3.85 (t, J = 5.2 Hz, 4H), 3.12 (t, J = 5.2 Hz, 4H); '*C NMR
(100 MHz, CDCIs) & 147.6, 129.9, 121.2, 116.6, 50.6, 48.0; HRMS m/z calculated for
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C10H13NO2S [M+Na]*: 234.0559, found: 234.0565.
%0
O
tetrahydrothiophene 1,1-dioxide (2b): Isolated as colorless oil using petroleum
ether/ethyl acetate (3:1) as eluent (18.0 mg, yield 75%). '"H NMR (400 MHz, CDCls3) & 3.04-

3.00 (m, 4H), 2.23-2.20 (m, 4H); 13C NMR (100 MHz, CDCl) 5 51.3, 22.9;: HRMS m/z
calculated for C4HsO.S [M]*: 120.0245, found: 120.0239.

2.0
S

3-phenyltetrahydrothiophene 1,1-dioxide (2c): Isolated as white solid using petroleum
ether/ethyl acetate (3:1) as eluent (30.2 mg, yield 77%). '"H NMR (400 MHz, CDCl3) & 7.42-
7.38 (m, 2H), 7.35-7.33 (m, 1H), 7.31-7.28 (m, 2H), 3.70-3.61 (m, 1H), 3.51 (dd, J = 12.8,
7.6 Hz, 1H), 3.43-3.37 (m, 1H), 3.25-3.12 (m, 2H), 2.62-2.55 (m, 1H), 2.40-2.29 (m, 1H);
3C NMR (100 MHz, CDCls) & 139.6, 129.3, 128.0, 126.9, 57.7, 53.0, 41.9, 30.9; HRMS
m/z calculated for C1oH1202S [M+Na]*: 219.0450, found: 219.0456.

(0]
I_0

@
tetrahydro-2H-thiopyran 1,1-dioxide (2d): Isolated as white solid using petroleum
ether/ethyl acetate (4:1) as eluent (21.7 mg, yield 81%). "H NMR (400 MHz, CDCl:) 5 2.98

(t, J = 6.0 Hz, 4H), 2.13-2.07 (m, 4H), 1.66-1.60 (m, 2H); '3C NMR (100 MHz, CDCl;) 5
52.3,24.4, 24.0; HRMS m/z calculated for CsH1002S [M+Na]*: 157.0294 , found: 157.0291.

Z/

S=0

3-thiaspiro[5.5]undecane 3,3-dioxide (2e): Isolated as white solid using petroleum
ether/ethyl acetate (3:1) as eluent (37.2 mg, yield 92%). "H NMR (400 MHz, CDCls) 5 2.93
(t, J=6.4 Hz, 4H), 1.93 (t, J = 6.4 Hz, 4H), 1.44-1.38 (m, 10H); '3C NMR (100 MHz, CDCl5)
047.2,35.1,33.9,31.2,26.3, 21.4; HRMS m/z calculated for C1oH1802S [M+H]*: 203.1100,
found: 203.1104.

O‘O

S
2',3',5',6'-tetrahydrospiro[fluorene-9,4'-thiopyran] 1',1'-dioxide (2f): Isolated as white
solid using petroleum ether/ethyl acetate (4:1) as eluent (47.2 mg, yield 83%). '"H NMR
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(400 MHz, CDCI3) 5 7.79 (d, J=7.2 Hz, 2H), 7.62 (d, J=7.6 Hz, 2H), 7.44 (td, J=7.2,0.8
Hz, 2H), 7.37 (td, J=7.2, 0.8 Hz, 2H), 3.47 (t, J= 6.4 Hz, 4H), 2.39 (t, J = 6.4 Hz, 4H); '3C
NMR (100 MHz, CDCls) 5 149.1, 139.8, 128.4, 127.9, 123.8, 120.8,49.2, 47.6, 34.0; HRMS
m/z calculated for C17H1602S [M+Na]*: 307.0763 , found: 307.0768 .

U

S=0

4-phenyltetrahydro-2H-thiopyran 1,1-dioxide (2g): Isolated as white solid using
petroleum ether/ethyl acetate (4:1) as eluent (35.3 mg, yield 84%). 'TH NMR (400 MHz,
CDCls) 6 7.38-7.35 (m, 2H), 7.30-7.25 (m, 3H), 3.17 (dd, J = 8.8, 3.6 Hz, 4H), 2.85-2.77
(m, 1H), 2.47-2.39 (m, 2H), 2.26-2.23 (m, 2H); 3C NMR (100 MHz, CDCl3) 5 143.4, 129.0,
127.3, 126.7, 51.7, 42.4, 31.6; HRMS m/z calculated for C11H1402S [M+Na]*: 233.0607,
found: 233.0609.

Cl

4-(4-chlorophenyl)tetrahydro-2H-thiopyran 1,1-dioxide (2h): Isolated as white solid
using petroleum ether/ethyl acetate (4:1) as eluent (39.2 mg, yield 80%). '"TH NMR (400
MHz, CDClIs) 6 7.30 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 3.14 (t, J = 6.4 Hz, 4H),
2.77 (tt, J=12.0, 2.8 Hz, 1H), 2.43-2.32 (m, 2H), 2.22-2.15 (m, 2H); 3C NMR (100 MHz,
CDCl3) & 141.8, 133.1, 129.2, 128.1, 51.6, 41.8, 31.5; HRMS m/z calculated for
C11H13CIO2S [M+ Na]*: 267.0217, found: 267.0223.

4-(p-tolyl)thiomorpholine 1,1-dioxide (2i): Isolated as white solid using petroleum
ether/ethyl acetate (4:1) as eluent (41.9 mg, yield 93%). "H NMR (400 MHz, CDCl5) 5 7.11
(d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 3.79 (t, J = 5.2 Hz, 4H), 3.11 (t, J = 5.6 Hz,
4H), 2.29 (s, 3H); *C NMR (100 MHz, CDCls) d 145.7, 130.9, 130.4, 117.0, 50.7, 48.4,
20.5; HRMS m/z calculated for C11H1sNO>S [M+ Na]*: 248.0716, found: 248.0714.

(\s"(:)o

N
Ph/©/

4-([1,1'-biphenyl]-4-yl)thiomorpholine 1,1-dioxide (2j): Isolated as white solid using
petroleum ether/ethyl acetate (4:1) as eluent (50.0 mg, yield 87%). 'TH NMR (400 MHz,
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CDCls) 5 7.55 (d, J = 7.2 Hz, 4H), 7.45-7.41 (m, 2H), 7.34-7.30 (m, 1H), 6.99 (d, J = 4.8
Hz, 2H), 3.90 (t, J = 4.8 Hz, 4H), 3.14 (t, J = 4.8 Hz, 4H); '3C NMR (100 MHz, CDCl;) &
146.8, 140.4, 133.8, 128.9, 128.5, 127.0, 126.7, 116.6, 50.6, 47.7; HRMS m/z calculated
for C16H17NO2S [M+Na]*: 310.0872, found: 310.0874.

2
(\s:o
F N\)
(\Nj@/
(0]
4-(3-fluoro-4-morpholinophenyl)thiomorpholine 1,1-dioxide (2k): Isolated as white
solid using petroleum ether/ethyl acetate (4:1) as eluent (55.3 mg, yield 88%). 'TH NMR
(400 MHz, CDCl3) 6 6.93-6.88 (m, 1H), 6.68-6.60 (m, 2H), 3.85 (t, J = 5.2 Hz, 4H), 3.75 (1,
J=5.2Hz, 4H),3.08 (t, /= 4.8 Hz, 4H), 3.01 (t, J = 4.4 Hz, 4H); "°F NMR (376 MHz, CDCl5)
-120.41; 3C NMR (100 MHz, CDClI3) 5 156.5 (d, Jc.r = 245.0 Hz), 144.1 (d, Jc-r = 8.0 Hz),
133.8 (d, Jcr = 4.0 Hz), 120.2 (d, Jc.Fr = 2.0 Hz), 112.3 (d, Jc.Fr = 3.0 Hz), 105.8 (d, Jc.r =

24.0 Hz), 67.1, 51.4, 50.6, 48.2; HRMS m/z calculated for C1sH19FN20O3S [M+Na]*:
337.0993, found: 337.1082.

(\s”(:)o

(]
T

4-(4-fluorophenyl)thiomorpholine 1,1-dioxide (2l): Isolated as white solid using
petroleum ether/ethyl acetate (4:1) as eluent (42.2 mg, yield 92%). 'TH NMR (400 MHz,
CDCI3) 6 7.03-6.98 (m, 2H), 6.93-6.89 (m, 2H), 3.73 (t, J= 5.6 Hz, 4H), 3.14 (t, = 5.2 Hz,
4H); 1°F NMR (376 MHz, CDCls) -121.95; 3C NMR (100 MHz, CDCls) 5 158.1 (d, Jc.r =
240.0 Hz), 145.1 (d, Jcr = 3.0 Hz), 119.3 (d, Jcr = 8.0 Hz), 116.4 (d, Jc.r = 22.0 Hz), 51.0,
49.3; HRMS n/z calculated for C1oH12FNO2S [M+Na]*: 252.0465, found: 252.0467.

4-(4-chlorophenyl)thiomorpholine 1,1-dioxide (2m): Isolated as white solid using
petroleum ether/ethyl acetate (3:1) as eluent (42.3 mg, yield 86%). '"H NMR (400 MHz,
CDClI3) 6 7.29 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.83 (t, J = 5.6 Hz, 4H), 3.14 (,
J = 5.6 Hz, 4H); 3C NMR (100 MHz, CDCls) & 146.5, 129.8, 126.3, 118.0, 50.7, 48.2;
HRMS m/z calculated for C1oH12CINO2S [M+Na]*: 268.0169, found: 268.0174.

(\s”go

S
AT
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4-(4-bromophenyl)thiomorpholine 1,1-dioxide (2n): Isolated as white solid using
petroleum ether/ethyl acetate (3:1) as eluent (54.0 mg, yield 93%). '"H NMR (400 MHz,
CDCI3) 6 7.39 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 3.81 (t, J = 5.2 Hz, 4H), 3.10 (,
J=5.2 Hz, 4H); 3C NMR (100 MHz, CDCI3) 5 147.0, 132.7, 118.3, 113.5, 50.6, 47.9; HRMS
m/z calculated for C1oH12BrNO,S [M+Na]*: 311.9664, found: 311.9668.

(\s"go

QN\)

4-(4-iodophenyl)thiomorpholine 1,1-dioxide (20): Isolated as white solid using
petroleum ether/ethyl acetate (3:1) as eluent (61.4 mg, yield 91%). 'TH NMR (400 MHz,
CDClI3) 6 7.57 (d, J= 8.8 Hz, 2H), 6.70 (d, J = 8.8 Hz, 2H), 3.83 (t, J = 5.6 Hz, 4H), 3.10 (t,
J=5.6 Hz, 4H); '*C NMR (100 MHz, CDCl3) 5 147.4, 138.7, 118.5, 83.1, 50.6, 47.6; HRMS
m/z calculated for C1oH12INO2S [M+Na]*: 359.9526, found: 359.9529.

(\s”go

N
F3CO/©/

4-(4-(trifluoromethoxy)phenyl)thiomorpholine 1,1-dioxide (2p): Isolated as white solid
using petroleum ether/ethyl acetate (4:1) as eluent (54.9 mg, yield 93%). '"TH NMR (400
MHz, CDCls) 6 7.16 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 3.82 (t, J = 5.2 Hz, 4H),
3.12 (t, J = 5.2 Hz, 4H); "°F NMR (376 MHz, CDCls) -58.30; '*C NMR (100 MHz, CDCl3) 5
146.8, 143.2, 122.8, 120.7 (q, Jc.r = 255.0 Hz), 117.7, 50.7, 48.3; HRMS m/z calculated
for C11H12F3NO3S [M+Na]*: 318.0382, found: 318.0385.

(\s”go

SO

4-(naphthalen-2-yl)thiomorpholine 1,1-dioxide (2q): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (47.0 mg, yield 90%). 'TH NMR (400 MHz,
CDCl3) 6 7.79 (d, J=8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.48-
7.44 (m, 1H), 7.38-7.34 (m, 1H), 7.21 (dd, J = 9.2, 2.8 Hz, 1H), 7.17 (d, J = 2.4 Hz, 1H),
3.94 (t, J=6.4 Hz, 4H), 3.17 (t, J = 6.4 Hz, 4H); 13C NMR (100 MHz, CDCl3) 5 145.6, 134.5,
129.8, 129.0, 127.6, 127.0, 126.9, 124.4, 118.7, 111.7, 50.8, 48.2; HRMS m/z calculated
for C14H15NO2S [M+Na]*: 284.0716, found: 284.0721.

(\s'go

N
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N
mé
4-(1-methyl-1H-indol-5-yl)thiomorpholine 1,1-dioxide (2r): Isolated as white solid using
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petroleum ether/ethyl acetate (2:1) as eluent (37.0 mg, yield 70%). 'TH NMR (400 MHz,
CDCls) 6 7.31-7.25 (m, 2H), 7.08 (d, J = 3.2 Hz, 1H), 7.00 (d, J= 8.4 Hz, 1H), 6.44 (d, J =
2.8 Hz, 1H), 3.80 (s, 3H), 3.75 (t, J = 6.4 Hz, 4H), 3.22 (t, J = 6.4 Hz, 4H); 3C NMR (100
MHz, CDCls) 5 143.0, 133.3, 130.0, 129.0, 115.4, 110.3, 110.0, 100.7, 51.5, 50.8, 33.1;
HRMS m/z calculated for C13H16N202S [M+Na]*: 287.0825, found: 287.0826.

BnO

4-(4-(benzyloxy)phenyl)thiepane 1,1-dioxide (2s): Isolated as white solid using
petroleum ether/ethyl acetate (3:1) as eluent (43.0 mg, yield 65%). 'TH NMR (400 MHz,
CDCls3) 6 7.44-7.33 (m, 5H), 7.09 (d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 5.05 (s, 2H),
3.30-3.24 (m, 4H), 2.89-2.82 (m, 1H), 2.22-2.16 (m, 4H), 2.01-1.97 (m, 1H), 1.89-1.82 (m,
1H); 3C NMR (100 MHz, CDCls) & 157.6, 139.2, 137.1, 128.7, 128.1, 127.59, 127.55,
115.2, 70.2, 56.3, 54.4, 45.3, 36.1, 29.3, 21.5; HRMS nm/z calculated for C19H2003S
[M+Na]*: 353.1182, found: 353.1186.

1n_0

o

4-(4-chlorophenyl)-1,4-thiazepane 1,1-dioxide (2t): Isolated as pale yellow oil using
petroleum ether/ethyl acetate (3:1) as eluent (28.1 mg, yield 54%). 'TH NMR (400 MHz,
CDClI3) 6 7.21 (d, J=9.2 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 3.81 (t, J = 5.6 Hz, 2H), 3.75 {(t,
J =6.8 Hz, 2H), 3.31 (t, J = 5.6 Hz, 2H), 2.98 (t, J = 6.4 Hz, 2H), 2.25-2.18 (m, 2H); 13C
NMR (100 MHz, CDCIs) 6 144.6, 129.9, 122.6, 112.4, 54.6, 52.3, 48.3, 45.0, 19.7; HRMS
m/z calculated for C11H14CINO2S [M+Na]*: 282.0326, found: 282.0329.

o
1n_oO
S/

o

4-(4-(trifluoromethoxy)phenyl)-1,4-thiazepane 1,1-dioxide (2u): Isolated as colorless
oil using petroleum ether/ethyl acetate (3:1) as eluent (32.2 mg, yield 52%). '"H NMR (400
MHz, CDCl3) 6 7.13 (d, J = 8.8 Hz, 2H), 6.61 (d, J = 9.2 Hz, 2H), 3.83 (t, J = 5.6. Hz, 2H),
3.77 (t, J= 6.8 Hz, 2H), 3.31 (t, J = 5.2 Hz, 2H), 2.99 (t, J = 6.4 Hz, 2H), 2.27-2.20 (m, 2H);
9F NMR (376 MHz, CDCls) -58.45; 13C NMR (100 MHz, CDCl:) & 144.9, 140.7, 123.2,
120.8 (q, Jcr = 254.0 Hz), 111.6, 54.7, 52.3, 48.4, 45.1, 19.8; HRMS m/z calculated for
C12H14F3NOsS [M+Na]*: 332.0539, found: 332.0539.

S10



5-(p-tolyl)-1,5-thiazocane 1,1-dioxide (2v): Isolated as white solid using petroleum
ether/ethyl acetate (2:1) as eluent (25.3 mg, yield 50%). "H NMR (400 MHz, CDCls) 5 7.08
(d, J = 8.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 2H), 3.43 (t, J = 6.4 Hz, 4H), 3.15 (t, J = 6.4 Hz,
4H), 2.32-2.27 (m, 7H); 3C NMR (100 MHz, CDCIs) & 146.8, 130.3, 127.9, 113.6, 53.5,
48.0, 22.9, 20.4; HRMS m/z calculated for C43H19NO2S [M+Na]*: 276.1029, found:
276.1034.

5-(3,4-dimethylphenyl)-1,5-thiazocane 1,1-dioxide (2w): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (28.3 mg, yield 53%). 'TH NMR (400 MHz,
CDCI3) 6 7.02 (d, J = 8.4 Hz, 1H), 6.57 (d, J = 2.8 Hz, 1H), 6.52 (dd, J = 8.0, 2.4 Hz, 1H),
3.40 (t, J = 6.0 Hz, 4H), 3.14 (t, J = 5.6 Hz, 4H), 2.30-2.27 (m, 4H), 2.24 (s, 3H), 2.18 (s,
3H); 3C NMR (100 MHz, CDCls) d 147.3, 137.8, 130.7, 126.7, 115.2, 111.1, 53.5, 47.9,
23.0, 20.6, 18.7; HRMS m/z calculated for C1sH21NO2S [M+Na]*: 290.1185, found:
290.1186.

(0]

/
f\s:o
MeS\©/N\J

5-(3-(methylthio)phenyl)-1,5-thiazocane 1,1-dioxide (2x): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (22.8 mg, yield 40%). 'TH NMR (400 MHz,
CDCls) 6 7.20-7.16 (m, 1H), 6.69 (d, J = 8.0 Hz, 1H), 6.64 (s, 1H), 6.53 (dd, J = 8.4, 2.0
Hz, 1H), 3.46 (t, J = 6.0 Hz, 4H), 3.13 (t, J = 5.6 Hz, 4H), 2.48 (s, 3H), 2.33-2.27 (m, 4H);
13C NMR (100 MHz, CDCls) d 149.0, 140.0, 130.1, 116.2, 111.4, 110.3, 53.4, 48.0, 22.7,
16.0; HRMS m/z calculated for C13H19NO2S2: 308.0749, found: 308.0753.

5-(4-(benzyloxy)phenyl)-1,5-thiazocane 1,1-dioxide (2y): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (29.7 mg, yield 43%). 'TH NMR (400 MHz,
CDCls) 67.44-7.30 (m, 5H), 6.92 (d, J = 9.2 Hz, 2H), 6.72 (d, J = 9.2 Hz, 2H), 5.02 (s, 2H),
3.35(t, J = 6.4 Hz, 4H), 3.15 (t, J = 6.4 Hz, 4H), 2.29-2.23 (m, 4H); 3C NMR (100 MHz,
CDCIs) 6 152.0, 143.8, 137.5, 128.7, 128.0, 127.6, 116.3, 115.2, 70.8, 53.6, 48.3, 23.0;
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HRMS m/z calculated for C1gH23NO3S [M+Na]*: 368.1291, found: 368.1289.

o
F,CO

5-(4-(trifluoromethoxy)phenyl)-1,5-thiazocane 1,1-dioxide (2z): Isolated as white solid
using petroleum ether/ethyl acetate (2:1) as eluent (35.6 mg, yield 55%). '"TH NMR (400
MHz, CDCls) 6 7.12 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 9.2 Hz, 2H), 3.47 (t, J = 6.0 Hz, 4H),
3.14 (t, J = 6.0 Hz, 4H), 2.33-2.27 (m, 4H); 1°F NMR (376 MHz, CDCl;) -58.41; *C NMR
(100 MHz, CDCl3) 6 147.5, 141.1,122.8, 120.8 (q, Jc-r = 254.0 Hz), 113.5, 53.6, 48.5, 22.8;
HRMS m/z calculated for Ci3H1sF3NO3S [M+Na]*: 346.0695, found: 346.0700.

5-(4-fluorophenyl)-1,5-thiazocane 1,1-dioxide (2aa): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (24.7 mg, yield 48%). 'TH NMR (400 MHz,
CDCI3) 6 7.00-6.95 (m, 2H), 6.71-6.67 (m, 2H), 3.40 (t, /= 6.4 Hz, 4H), 3.15 (t, J = 5.6 Hz,
4H), 2.29-2.26 (m, 4H); '°*F NMR (376 MHz, CDCls) -126.73; 3C NMR (100 MHz, CDCl>)
6 156.3 (d, Jc.r =236.0 Hz), 145.5 (d, Jc.Fr = 2.0 HZ), 116.2 (d, Jc.r = 22.0 Hz), 114.6 (d, Jc-
F=7.0 Hz), 53.6, 48.5, 22.9; HRMS m/z calculated for C12H1sFNO2S [M+Na]*: 280.0778,
found: 280.0784.

5-(3-fluorophenyl)-1,5-thiazocane 1,1-dioxide (2ab): Isolated as white solid using
petroleum ether/ethyl acetate (2:1) as eluent (26.8 mg, yield 52%). 'TH NMR (400 MHz,
CDCls) 6 7.22-7.16 (m, 1H), 6.50-6.46 (m, 2H), 6.40 (dt, J = 12.8, 2.4 Hz, 1H), 3.47 (t, J =
6.4 Hz, 4H), 3.13 (t, J= 6.4 Hz, 4H), 2.33-2.27 (m, 4H); °F NMR (376 MHz, CDCl5) -111.46;
13C NMR (100 MHz, CDCl3) & 164.3 (d, Jc.r = 242.0 Hz), 150.3 (d, Jc-F = 10.0 Hz), 130.8
(d, Je-r = 10.0 Hz), 108.5 (d, Jc-r = 3.0 Hz), 104.7 (d, Jc-r = 21.0 Hz), 100.1 (d, Jc-r = 26.0
Hz), 53.5, 48.4, 22.6; HRMS m/z calculated for C12H16FNO2S [M+Na]*: 280.0778, found:
280.0779.

5-(4-(trifluoromethyl)phenyl)-1,5-thiazocane 1,1-dioxide (2ac): Isolated as white solid
using petroleum ether/ethyl acetate (2:1) as eluent (25.2 mg, yield 41%). 'TH NMR (400
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MHz, CDCls) 5 7.49 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 3.55 (t, J = 6.0 Hz, 4H),
3.14 (t, J = 5.6 Hz, 4H), 2.55-2.30 (m, 4H); "9F NMR (376 MHz, CDCls) -61.26; 13C NMR
(100 MHz, CDCls) 5 150.6, 127.1 (q, Jo-r = 4.0 Hz), 124.9 (q, Je.r = 269.0 Hz), 119.7 (q,
Jor = 32.0 Hz), 112.1, 53.6, 48.7, 22.6; HRMS m/z calculated for C1sH1sFsNO,S [M+Na]*:
330.07486, found: 330.0748.

5-(3-chloro-4-((3-fluorobenzyl)oxy)phenyl)-1,5-thiazocane 1,1-dioxide (2ad): Isolated
as white solid using petroleum ether/ethyl acetate (1:1) as eluent (31.8 mg, yield 40%). 'H
NMR (400 MHz, CDCI3) 6 7.37-7.32 (m, 1H), 7.22-7.18 (m, 2H), 7.03-6.98 (m, 1H), 6.87
(d, J=9.2 Hz, 1H), 6.80 (d, J = 3.2 Hz, 1H), 6.56 (dd, J = 8.8, 2.8 Hz, 1H), 5.06 (s, 2H),
3.38 (t, J = 6.0 Hz, 4H), 3.15 (t, J = 6.0 Hz, 4H), 2.30-2.24 (m, 4H); "°F NMR (376 MHz,
CDCls) -112.79; 3C NMR (150 MHz, CDCls) 5 163.1 (d, Jc-r = 246.0 Hz), 146.7, 144.5,
139.7 (d, Jcr = 7.0 Hz), 130.2 (d, Jc.r = 7.5 Hz), 125.1, 122.7 (d, Jc.r = 3.0 Hz), 116.9,
1156.7, 115.0 (d, Jc-r = 21.0 Hz), 114.3 (d, Jc.r = 21.0 Hz), 112.6, 71.4, 53.6, 48.4, 22.9;
HRMS m/z calculated for C19H21CIFNO3S [M+Na]*": 420.0807, found: 420.0813.

.
o
F,CO

4-(4-(trifluoromethoxy)phenyl)-1,4-thiazonane 1,1-dioxide (2ae): Isolated as pale
yellow oil using petroleum ether/ethyl acetate (2:1) as eluent (18.2 mg, yield 27%). "H NMR
(400 MHz, CDCl3) 6 7.13 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 9.2 Hz, 2H), 3.86-3.84 (m, 2H),
3.42(t, J=5.2Hz, 2H), 3.33 (t, J= 5.2 Hz, 2H), 3.14 (t, J = 5.2 Hz, 2H), 1.96-1.87 (m, 4H),
1.78-1.73 (m, 2H); 'F NMR (376 MHz, CDClIs) -58.38; '*C NMR (100 MHz, CDCl3) 5 146.3,
141.2, 122.8, 120.8 (q, Jcr = 254.0 Hz), 113.8, 54.9, 54.8, 53.7, 48.1, 25.8, 25.3, 23.1;
HRMS m/z calculated for C14H1sF3NO3S [M+Na]*: 360.0852, found: 360.0855.

N\

SO

4-(4-chlorophenyl)-1,4-thiazonane 1,1-dioxide (2af): Isolated as pale yellow oil using
petroleum ether/ethyl acetate (2:1) as eluent (13.2 mg, yield 23%). 'TH NMR (400 MHz,
CDClI3) 6 7.22 (d, J= 8.8 Hz, 2H), 6.75 (d, J = 9.2 Hz, 2H), 3.83 (t, J = 5.2 Hz, 2H), 3.41 (t,
J=5.2Hz, 2H), 3.32 (t, = 5.2 Hz, 2H), 3.13 (t, J = 5.2 Hz, 2H), 1.94-1.84 (m, 4H), 1.76-
1.71 (m, 2H); 3C NMR (100 MHz, CDCls) 5 146.1, 129.6, 114.6, 54.9, 54.8, 53.5, 48.0,
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25.8, 25.3, 23.1; HRMS m/z calculated for C13H1sCINO2.S [M+H]*: 288.0820, found:

sasUen sl

o= s\) F;C CF; K/
o

4,4'-((((perfluoropropane-2,2-diyl)bis(4,1-phenylene))bis(oxy))bis(4,1-
phenylene))bis(thiomorpholine 1,1-dioxide) (2ag): Isolated as white solid using
petroleum ether/ethyl acetate (1:1) as eluent (105.7 mg, yield 70%). '"H NMR (400 MHz,
CDCl3) 6 7.32 (d, J = 8.8 Hz, 4H), 7.04 (d, J = 9.0 Hz, 4H), 6.96 (d, J = 9.0 Hz, 4H), 6.91
(d, J = 9.0 Hz, 4H), 3.80 (t, J = 5.2 Hz, 8H), 3.15 (t, J = 5.2 Hz, 8H); "°F NMR (376 MHz,
CDCIs) -64.11; 13C NMR (100 MHz, CDCls) 5 158.8, 150.1, 145.1, 131.8, 127.3, 124.4 (q,
Jcr=281.0Hz), 121.7, 118.8, 116.9, 50.9, 48.9; HRMS n/z calculated for C3sH32FsN20sS2
[M+Na]*: 777.1498, found: 777.1501.

O=,S F3C CF3 Ls_o
/ [\
o

(o)

5,5'-((((perfluoropropane-2,2-diyl)bis(4,1-phenylene))bis(oxy))bis(4,1-
phenylene))bis(1,5-thiazocane 1,1-dioxide) (2ah): Isolated as pale yellow oil using ethyl
acetate/petroleum ether (2:1) as eluent (64.9 mg, yield 40%). '"H NMR (400 MHz, CDCls;)
6 7.30 (d, J = 8.6 Hz, 4H), 7.00 (d, J = 8.8 Hz, 4H), 6.88 (d, J = 9.0 Hz, 4H), 6.74 (d, J =
9.0 Hz, 4H), 3.45 (t, J = 6.0 Hz, 8H), 3.17 (t, J = 5.2 Hz, 8H), 2.33-2.28 (m, 8H); '°F NMR
(376 MHz, CDCl5) -64.09; '3C NMR (100 MHz, CDCls) 5 159.4, 147.3, 146.0, 131.7, 126.8,
124.4 (q, Jc-r = 285.0 Hz), 122.0, 116.3, 114.4, 53.6, 48.4, 22.9; HRMS nm/z calculated for
Ca9Ha0FsN206S2 [M+Na]*:833.2124, found: 833.2124.

0

/
@)

d

1,4-dioxa-8-thiaspiro[4.5]decane 8,8-dioxide (2ai): Isolated as colorless oil using ethyl
acetate/petroleum ether (3:1) as eluent (35.4 mg, yield 92%). '"H NMR (400 MHz, CDCl5)
0 3.96 (s, 4H), 3.15 (t, J = 6.0 Hz, 4H), 2.20 (t, J = 6.0 Hz, 4H); '3C NMR (100 MHz, CDCl>)
0 105.4, 65.0, 49.1, 32.9; HRMS n/z calculated for C7H1204S [M+Na]*:215.0349, found:
215.0349.
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10. NMR Spectra
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11. 1.0 mmol scale synthesis of compound 2a

0
SO, (1.5 equiv) (\s":o
HCOOLi *H,0 (2.0 equiv) \)

N
A~ DMA (4.0 mL) ©/
50 °C, 16 h

1a, 1.0 mmol 2a, 70%

In the glovebox, 1a (1.0 mmol, 1.0 equiv), HCOOLi*H20 (2.0 mmol, 2.0 equiv) were
added to chamber B, followed by addition of DMA (4.0 mL). Tetrabromothiophene S,S-
dioxides (1.65 mmol, 712 mg) in tetradecane (4.0 mL) was added to chamber A, followed
by addition of 4-methylphenylene (1.5 mmol, 1.5 equiv, 198 pul). The two chamber system
was sealed and removed out of the glovebox and chamber A was heated 10min at 100 °C
in heat block, then the two chamber system was heated at 50 °C. After 16 hours, two
chamber was cooled to room temperature. The mixture in chamber B was passed through
a short silica gel pad with ethyl acetate. The filtrate was washed by ethyl acetate and H20O
(15 mLx3 times), dried by Na>SO4, then concentrated and the residue was purified by flash
column chromatography to give the desired product 2a. Isolated as white solid using
petroleum ether/ethyl acetate (3:1) as eluent (148 mg, yield 70%)

12. Radical trapping experiment

Me N\) N
. ~"OTEMP
TEMPO (3.0 equiv) Me
Me

S05 (1.5 equiv) .
HCOOLi*H,0 (2.0 equiv) 2i,ND 3
+
SN DMA (4.0 mL) OH
50°C, 16 h Me_Me
1i @4 C/N\/\OH
Me
Me Me
4 5

3, 4 and 5 were detected by LC-MS

In the glovebox, 1i (0.2 mmol, 1.0 equiv), HCOOLi*H20 (0.4 mmol, 2.0 equiv), TEMPO
(0.6 mmol, 3.0 equiv) were added to chamber B, followed by addition of DMA (1.0 mL).
Tetrabromothiophene S,S-dioxides (0.33 mmol, 142 mg) in tetradecane (1.0 mL) was
added to chamber A, followed by addition of 4-methylphenylene (0.3 mmol, 1.5 equiv, 40.0
pl). The two chamber system was sealed and removed out of the glovebox and chamber
A was heated 10min at 100 °C in heat block, then the two chamber system was heated at
50 °C. After 16 hours, two chamber was cooled to room temperature. The mixture in
chamber B was passed through a short silica gel pad with ethyl acetate. The mixture was
detected by LCMS.
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