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I. General Information

'H, 13C and '"F NMR spectra were recorded on a 400 MHz, 500 MHz or 600 MHz spectrometer at 25 °C.
Chemical shifts values are given in ppm and referred as the internal standard to TMS: 0.00 ppm. Chemical
shifts were expressed in parts per million (o) downfield from the internal standard tetramethylsilane, and
were reported as s (singlet), d (doublet), t (triplet), q (quadruple), dd (doublet of doublet), m (multiplet), etc.
The coupling constants J, are reported in Hertz (Hz). High resolution mass spectrometry (HRMS) data were
collected by the Thermo Scientific Q Exactive HF. Melting points were determined with a Micromelting
point apparatus. TLC plates were visualized by exposure to ultraviolet light.

Reagents and solvents were purchased as reagent grade and were used without further purification. All
reactions were performed in standard glassware, heated at 70 °C for 3 h before used. Flash column
chromatography was performed over silica gel (200-300 m) using a mixture of ethyl acetate (EtOAc) and

petroleum ether (PE).

S1



I1. Experimental Procedures and Spectroscopic Data

Typical procedure for preparing of N-cinnamyl-4-methyl-N-phenylbenzenesulfonamides 3

Ph
A
R_n\ TsCl, pyridine R—'\ Ph” " Br R@\ﬁ
| | - |
ZSNH, MeCN, rt ZSNHTs NaH, THF 2NN
2 reflux Ts
3

The starting materials 3 were prepared according to literature methods.!'l To a solution of aniline (10
mmol, 1.0 equiv) in MeCN (30 mL), was added pyridine (870.12 mg, 11 mmol, 1.1 equiv) . Then TsCI (2.10
g, 11 mmol, 1.1 equiv) was added slowly and the resulting mixture was stirred at rt overnight. When the
reaction was completed, the reaction mixture was quenched with sat. ag. NaHCOj; (50 mL) and extracted
with DCM (3 x 20 mL). The combined organic extracts were dried over anhydrous Na,SO,, concentrated in
vacuo. The residue was purified by silica gel flash column chromatography (EtOAc/PE = 1/10) to give the
desired 4-methyl-N-phenylbenzenesulfonamides products.

To an anhydrous THF (20mL) solution of 4-methyl-N-phenylbenzenesulfonamide (5 mmol, 1.0 equiv),
was added NaH (599.84 mg, 15 mmol, 3.0 equiv, 60% in mineral oil) portionwise in ice bath. After addition,
the mixture was allowed to be stirred at the same temperature for 30 mins. Then an anhydr. THF (20mL)
solution of cinnamyl bromide (1.97 g, 10 mmol, 2.0 equiv) was added dropwise to the mixture. After
addition, the mixture was heated to reflux. When the reaction was completed, the reaction mixture was
poured into ice water and extracted by DCM (3 x 20 mL). The organic phase was washed with sat. aq. NaCl
(50 mL) and the combined organic extracts were dried over anhydrous Na,SO,, concentrated in vacuo. The
residue was purified by silica gel flash column chromatography (EtOAc/PE = 1/10) to give the desired

products 3.

Typical procedure for preparing of 4-methyl-N-phenyl-N-(3-phenylprop-2-yn-1-yl)benzene-

sulfonamide 4 23]

Ph
lp, PPhg ||
/\OH imidazole /\ ANHTS, KpCO5 |
Ph dry DCM,0°C  Ph MeCN, reflux P N
4Ts

To a light-protected solution (flask wrapped in an aluminum foil) of phenyl propargyl alcohol (2 g, 15.13
mmol, 1.0 equiv) in dry DCM (50mL) under argon atmosphere at 0 °C, were added imidazole (1.55 g, 22.70
mmol, 1.5 equiv), triphenylphosphine (5.95 g, 22.70 mmol, 1.5 equiv) and iodine (5.76 g, 22.70 mmol, 1.5
equiv). The reaction mixture was stirred at 0 °C and the reaction progress was monitored by TLC. After

completion of the reaction, the excess of iodine was removed by washing with sat. aq. Na,S,0; solution.
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The organic layer was dried over anhydrous Na,SO,, concentrated in vacuo and the residue was purified by
silica gel flashcolumn chromatography (EtOAc/PE = 1/10) to give (3-iodoprop-1-yn-1-yl) benzene.

To a solution of ArNHTs (4.54 mmol, 1.1 equiv) in MeCN (20 mL), were added K,CO5 (628.05 mg, 4.54
mmol, 1.1 equiv) and (3-iodoprop-1-yn-1-yl) benzene (1.0 g, 4.13 mmol, 1.0 equiv). The mixture was
allowed to be heated to reflux and stirred until the reaction was completed. When the reaction was completed,
the reaction mixture was diluted with water and extracted by DCM (3 x 20 mL). The organic layer was
washed with sat. aq. NaCl (50 mL), dried over anhydrous Na,SO,, and concentrated in vacuo. The residue

was purified by silica gel flash column chromatography (EtOAc/PE = 1/10) to give products 4.

4-Methyl-N-phenyl-N-(3-phenylprop-2-yn-1-yl) benzenesulfonamide (4a)
Ph

©\I|

)
Ts

According to the above procedure, 4a was obtained as a white solid (1.27 g, yield: 85%). mp: 91-93 °C.
'"H NMR (400 MHz, CDCl;) 6 7.62 (d, J = 8.3 Hz, 2H), 7.36 (s, 5H), 7.32 — 7.27 (m, 3H), 7.23 — 7.17 (m,
4H), 4.69 (s, 2H), 2.39 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 143.5, 139.8, 136.0, 131.5, 129.3, 129.1,
128.5, 128.5, 128.2, 128.2, 128.1, 122.4, 85.6, 83.7, 42.1, 21.6. HRMS (ESI) calcd for C2,HyNO,S* [M +
H*] 362.1209, found 362.1214.

N-(4-Fluorophenyl)-4-methyl-N-(3-phenylprop-2-yn-1-yl) benzenesulfonamide (4b)
Ph

F\©\ I

|
Ts

According to the above procedure, 4b was obtained as colorless oil (1.21 g, yield: 77%). 'H NMR (400
MHz, CDCls) 6 7.49 (d, J= 8.3 Hz, 2H), 7.22 - 7.13 (m, 5H), 7.12 — 7.05 (m, 4H), 6.94 — 6.86 (m, 2H), 4.54
(s, 2H), 2.26 (s, 3H). ’F NMR (376 MHz, CDCl3) 6 -112.6.13C NMR (101 MHz, CDCl3) 4 162.2 (J=248.3
Hz), 143.8, 135.7, 135.7 (/= 3.1 Hz), 131.5, 130.6 (/= 8.7 Hz), 129.4, 128.6, 128.2 (J = 16.8 Hz), 122.2,
116.0 (d, J = 22.6 Hz), 85.9, 83.4, 42.2, 21.5. HRMS (ESI) calcd for Cp,H;yFNO,S* [M + H*] 380.1115,
found 380.1119.

N-(4- Iodophenyl)-4-methyl-N-(3-phenylprop-2-yn-1-yl) benzenesulfonamide (4c)
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Ts
According to the above procedure, 4c¢ was gained as a yellow solid (1.21 g, yield: 77%). mp: 112-114 °C.
'"H NMR (400 MHz, CDCl3) 6 7.68 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H), 7.34 — 7.28 (m, 3H), 7.25
—7.16 (m, 4H), 7.11 (d, J = 8.6 Hz, 2H), 4.66 (s, 2H), 2.39 (s, 3H).13C NMR (101 MHz, CDCl3) 6 143.8,

139.7, 138.2, 135.6, 131.5, 130.2, 129.4, 128.6, 128.3, 128.1, 122.2, 93.6, 86.0, 83.2, 41.8, 21.5. HRMS
(ESI) calcd for C,oH9INO,S* [M + H"] 488.0176, found 488.0177.

N-(4- Methoxyphenyl)-4-methyl-/V-(3-phenylprop-2-yn-1-yl) benzenesulfonamide (4d)
Ph

Meo\©\ | |
N

|
Ts

According to the above procedure, 4d was obtained as a white solid (1.43 g, yield: 87%). mp: 88-90 °C.
'"H NMR (400 MHz, CDCl;) & 7.63 (d, J = 8.3 Hz, 2H), 7.35 — 7.28 (m, 3H), 7.26 — 7.18 (m, 6H), 6.90 —
6.82 (m, 2H), 4.65 (s, 2H), 3.82 (s, 3H), 2.40 (s, 3H). 3C NMR (101 MHz, CDCl;) & 159.4, 143.4, 136.1,
132.3, 131.5, 130.2, 129.25, 128.4, 128.2, 128.2, 122.5, 114.2, 85.5, 83.8, 55.4, 42.3, 21.5. HRMS (ESI)
calcd for Cy3HyoNOsS™ [M + H] 392.1315, found 392.1320.

General procedure A for halogenation of aromatics: NXS (0.6 mmol, 1.20 equiv, X = CIl, Br, I) and
thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved in DCE (3.0 mL). With stirring of the
mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added. Then
substrate 1 (0.5 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was completed.
The solvent of the reaction mixture was removed via rotavapor evaporation. The residue was purified by

silica gel column chromatography to afford the corresponding halogenated products.

NXS (1.2 equiv)
TT (5 mol%)

@ TfOH (5 mol%)
H - X
DCE, rt, 2 h

1 (X=Cl,Br, 1)) 1-X
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4-Chloro-1-phenyl-1H-pyrazole (1a-Cl)
Cl

2/ }\N

KND

According to the procedure A, 1a-Cl was gained as a white solid (86.5 mg, yield: 98%). mp: 63-65 °C.
'"H NMR (400 MHz, CDCl;) & 7.91 (s, 1H), 7.63 (d, J = 7.3 Hz, 3H), 7.46 (dd, /= 10.7, 5.2 Hz, 2H), 7.32
(t, J=7.4 Hz, 1H). 13C NMR (101 MHz, CDCl5) & 139.5, 129.6, 127.0, 124.8, 119.0, 112.4. HRMS (ESI)
calcd for CoHg?CIN,* [M + H*] 179.0371, found 179.0373.

4-Bromo-1-phenyl-1H-pyrazole (1a-Br)

Br

O

According to the procedure A, 1a-Br was gained as a white solid (107.2 mg, yield: 97%). mp: 77-79 °C.
'H NMR (400 MHz, CDCl3) & 7.93 (s, 1H), 7.76 — 7.58 (m, 3H), 7.45 (s, 2H), 7.32 (d, J= 6.6 Hz, 1H). 13C
NMR (101 MHz, CDCly)  141.6, 139.7, 129.6, 127.1, 119.0, 95.7. HRMS (ESI) caled for CoHg”?BrN," [M
+ H*] 222.9865, found 222.9866.

4-Todo-1-phenyl-1H-pyrazole (1a-I)

N

O

According to the procedure A, 1a-I was gained as a white solid (124.6 mg, yield: 93%). mp: 69-71 °C. 'H
NMR (400 MHz, CDCls) 6 7.96 (s, 1H), 7.72 (s, 1H), 7.64 (d, J= 8.1 Hz, 2H), 7.46 (t,J= 7.9 Hz, 2H), 7.32
(t, J=7.4 Hz, IH). 3C NMR (101 MHz, CDCls) & 146.0, 139.5, 131.3, 129.6, 127.1, 119.1, 58.9. HRMS
(ESI) calcd for CoHgIN,™ [M + H*] 270.9727, found 270.9729.

Ethyl 3-chloroimidazo[1,2-a] pyrimidine-2-carboxylate (1b-Cl)
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Cl
=z N/\g7
_ D—CO,Et
According to the procedure A, 1b-Cl was obtained as a white solid (101.5 mg, yield: 90%). mp: 164-166
°C. 'H NMR (400 MHz, CDCl;) 6 8.72 (dd, J= 3.9, 1.9 Hz, 1H), 8.48 (dd, /= 6.9, 1.9 Hz, 1H), 7.12 (dd, J
=6.9,4.0 Hz, 1H), 4.48 (q, /= 7.1 Hz, 2H), 1.44 (t, J= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl;) § 161.7,

152.7, 145.6, 132.1, 131.3, 113.1, 110.6, 61.7, 14.3. HRMS (ESI) calcd for CoHo*>Cl N30," [M + H']
226.0378, found 226.0375.

Ethyl 3-bromoimidazo [1,2-a] pyrimidine-2-carboxylate (1b-Br)

Br
=z N/\$7
_ )—CO,Et
According to the procedure A, 1b-Br was obtained as a white solid (126.9 mg, yield: 94%). mp: 200-202
°C. 'H NMR (400 MHz, CDCl;) 6 8.68 (dd, J= 4.0, 2.0 Hz, 1H), 8.51 (dd, /= 6.9, 2.0 Hz, 1H), 7.09 (dd, J
=6.9,4.0 Hz, 1H), 4.46 (q, J= 7.1 Hz, 2H), 1.43 (t, J= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl;) 4 162.0,

152.7, 147.6, 135.0, 132.4, 110.74, 98.9, 61.7, 14.3. HRMS (ESI) calcd for CoHy”’BrN;O," [M + H]
269.9873, found 269.9877.

Ethyl 3-iodoimidazo [1,2-a] pyrimidine-2-carboxylate (1b-I)

[
z N/\$7
(N\)QN CO,Et

According to the procedure A, 1b-I was obtained as a white solid (147.4 mg, yield: 93%). mp: 166-168
°C. 'H NMR (400 MHz, CDCl;) 6 8.65 (dd, J= 4.0, 2.0 Hz, 1H), 8.55 (dd, /= 6.9, 1.9 Hz, 1H), 7.08 (dd, J
=6.9,4.0 Hz, 1H), 4.48 (q, /= 7.1 Hz, 2H), 1.45 (t, J= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl;) 6 162.3,
153.1, 150.5, 139.3, 134.9, 111.0, 67.0, 61.8, 14.3. HRMS (ESI) calcd for CoHoIN;0," [M + H"] 317.9734,
found 317.9738.

2-Chloro-5-phenylthiophene (1¢-Cl)

©/@\
57 ~Cl

According to the procedure A, 1¢-Cl was gained as a white solid (83.7 mg, yield: 86%). mp: 80-82 °C.

'H NMR (400 MHz, CDCl3) § 7.53 (d, J = 7.4 Hz, 2H), 7.39 (t, J = 7.3 Hz, 2H), 7.35 — 7.28 (m, 1H), 7.08
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(d, J = 3.5 Hz, 1H), 6.90 (d, J = 3.5 Hz, 1H).3C NMR (101 MHz, CDCIl;) § 143.0, 133.7, 129.2, 129.0,
127.9, 127.1, 125.6, 122.3. HRMS (ESI) calcd for C,(Hg*CIS* [M + H*] 195.0030, found 195.0033.
2-lIodo-5-phenylthiophene (1c-I)

Saa
S |

According to the procedure A, 1c-I was obtained as a green solid (133.1 mg, yield: 93%). mp: 78-80 °C.
'"H NMR (400 MHz, CDCl3) & 7.45 — 7.38 (m, 2H), 7.30 — 7.24 (m, 2H), 7.22 — 7.16 (m, 1H), 7.12 (d, J =
3.8 Hz, 1H), 6.87 (d, J = 3.8 Hz, 1H). 3C NMR (101 MHz, CDCl;) é 150.5, 137.9, 133.6, 129.0, 128.0,
125.8, 124.6, 72.5. HRMS (ESI) calcd for C;HgIS* [M + H*] 286.9386, found 286.9382.

Ethyl 3-chloro-1H-indole-2-carboxylate (1d-Cl)
Cl

N

H
According to the procedure A, 1d-Cl was obtained as a yellow solid (109.6 mg, yield: 98%). mp: 147-148

°C. 'H NMR (400 MHz, CDCls) § 9.02 (s, 1H), 7.72 (dd, J = 8.2, 0.8 Hz, 1H), 7.42 — 7.35 (m, 2H), 7.22
(ddd, J = 8.0, 5.8, 2.1 Hz, 1H), 4.47 (q, J = 7.1 Hz, 2H), 1.46 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz,
CDCI3) 5 161.0, 134.7, 126.6, 126.3, 122.4, 121.3, 120.3, 112.5, 112.1, 61.5, 14.4. HRMS (ESI) calcd for
C H; 35CINO,* [M + H*] 224.0473, found 224.0476.

2-Butyl-3-chlorobenzofuran (1e-Cl)

Cl

©f\$*n8u
(6]

According to the procedure A, 1e-Cl was obtained as colorless oil (77.2 mg, yield: 74%). 'H NMR (400
MHz, CDCl3) 6 7.58 — 7.52 (m, 1H), 7.49 — 7.42 (m, 1H), 7.35 — 7.28 (m, 2H), 2.87 (t,J= 7.5 Hz, 2H), 1.78
(ddd, J = 13.1, 8.5, 6.6 Hz, 2H), 1.45 (dq, J = 14.7, 7.4 Hz, 2H), 1.01 (t, J = 7.4 Hz, 3H). 3C NMR (101
MHz, CDCls) 6 154.2, 153.0, 127.1, 124.3, 123.0, 118.3, 111.2, 107.8, 29.6, 25.6, 22.3, 13.8. HRMS (ESI)
caled for C,H4*3C10* [M + H*'] 209.0728, found 209.0727.

3-Bromo-2-butylbenzofuran (1e-Br)

Br

©j\gfn8u
(0]

According to the procedure A, 1e-Br was obtained as colorless oil (112.6 mg, yield: 89%). 'H NMR (400
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MHz, CDCls) § 7.39 — 7.34 (m, 1H), 7.34 — 7.28 (m, 1H), 7.22 — 7.16 (m, 2H), 2.74 (t, J= 7.5 Hz, 2H), 1.73
—1.59 (m, 2H), 1.39 — 1.26 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl;) § 155.9, 153.5,
128.4, 124.4, 123.1, 119.1, 111.1, 94.2, 29.7, 26.4, 22.2, 13.8. HRMS (ESI) caled for C;,H;4"9BrO* [M +
H*] 253.0223, found 253.0226.

2-Butyl-3-iodobenzofuran (1e-I)

|
©f\gfn8u
(0]

According to the procedure A, 1e-I was gained as yellow oil (124.5 mg, yield: 83%). '"H NMR (400 MHz,
CDCly) 6 7.37 (m, 1H), 7.31 (m, 1H), 7.29 — 7.22 (m, 2H), 2.85 (t, J = 7.5 Hz, 2H), 1.78 — 1.66 (m, 2H),
1.48 — 1.35 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H). °C NMR (101 MHz, CDCl5) & 159.2, 154.3, 131.1, 124.5,
123.1,120.8,111.0, 62.6, 30.0,27.7,22.2, 13.6. HRMS (ES]J) calcd for C;,H ;410" [M + H"] 301.0084, found
301.0088.

Methyl 4-chlorofuran-2-carboxylate (1f-Cl)
Cl

\[\>—002Me

O

According to the procedure A, 1f-Clwas gained as a white solid (67.4 mg, yield: 84%). mp: 37-39 °C. 'H
NMR (400 MHz, CDCl3) 8 7.11 (d, J = 3.5 Hz, 1H), 6.27 (d, J= 3.5 Hz, 1H), 3.84 (s, 3H). 3C NMR (101
MHz, CDCls) 6 158.0, 143.8, 141.1, 119.9, 108.88, 52.0. HRMS (ESI) calcd for C¢Hg*>ClO;* [M + H*]
161.0000, found161.0003.

Methyl 4-bromofuran-2-carboxylate (1f-Br)
Br:
T —coame
@]

According to the procedure A, 1f- Br was obtained as colorless oil (94.3 mg, yield: 92%). 'H NMR (400
MHz, CDCl3) 6 7.11 (d, J= 3.5 Hz, 1H), 6.44 (d, J= 3.5 Hz, 1H), 3.88 (s, 3H). 3C NMR (101 MHz, CDCl5)
5 158.0, 146.2, 127.5, 120.1, 113.9, 52.1. HRMS (ESI) calcd for C¢Hg’°BrO;* [M + H*] 204.9495, found
204.9497.

Methyl 4- iodofuran -2-carboxylate (1f-I)

|
\I|\/\>—002Me

(0]
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According to the procedure A, 1f- T was obtained as colorless oil (113.4 mg, yield: 90%). '"H NMR (400
MHz, CDCl3) 6 7.05 (d, /= 3.5 Hz, 1H), 6.67 (d, J= 3.5 Hz, 1H), 3.89 (s, 3H). 3C NMR (101 MHz, CDCl5)
o 157.9, 149.7, 122.6, 120.1, 94.9, 52.1. HRMS (ESI) caled for C¢sHglO5" [M + H'] 252.9356, found
252.9357.

5-Bromo-2,4-dimethoxypyrimidine (1g-Br)

Bt
MeO N/ OMe

According to the procedure A, 1g-Br was obtained as a white solid (104.0 mg, yield: 95%). mp: 62-64
°C."™H NMR (400 MHz, CDCls) 8 8.25 (s, 1H), 4.00 (s, 3H), 3.93 (s, 3H). 3C NMR (101 MHz, CDCl3) &

166.8, 164.3, 159.1, 98.1, 55.3, 54.9. HRMS (ESI) caled for C¢Hg”’BrN,O," [M + H*] 218.9764, found
218.9764.

1-Chloro-2-methoxynaphthalene (1h-Cl)

Cl

OMe

According to the procedure A, 1h-Cl was obtained as a white solid (83.8 mg, yield: 87%). mp: 66-68 °C.
'"H NMR (400 MHz, CDCls) 6 8.24 (d, J = 8.6 Hz, 1H), 7.85 — 7.72 (m, 2H), 7.58 (t, /= 7.5 Hz, 1H), 7.41
(t,J=7.4Hz, 1H), 7.29 (d,J=9.0 Hz, 1H), 4.03 (s, 3H). 3C NMR (101 MHz, CDCl3) 8 152.6, 131.9, 129.6,
128.0, 128.0, 127.5, 124.3, 123.5, 116.9, 113.7, 57.0. HRMS (ESI) calcd for C;;H;;**CIO* [M + H]
193.0415, found 193.0416.

tert-Butyl (4-chlorophenyl) carbamate (1i-Cl)

NHBoc

Cl

According to the procedure A, 1i-Cl was gained as a white solid (91.6 mg, yield: 80%). mp: 98-100 °C.
'H NMR (400 MHz, CDCl;) 8 7.57 (d, J= 8.7 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.44 (s, 1H), 1.51 (s, 9H).
3C NMR (101 MHz, CDCl3) & 152.6, 137.0, 129.0, 128.0, 119.7, 80.9, 28.3. HRMS (ESI) calcd for
C11H5*>CINO," [M + H*'] 228.0786, found 228.0790.

tert-Butyl (bromophenyl) carbamate (1i-Br)
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NHBoc

Br

According to the procedure A, 1i-Br was gained as a white solid (126.5 mg, yield: 93%). mp: 102-104
°C. 'H NMR (400 MHz, CDCl;) 8 7.42 — 7.34 (m, 2H), 7.30 — 7.21 (m, 2H), 6.50 (s, 1H), 1.51 (s, 9H). 1*C
NMR (101 MHz, CDCl;3) & 152.5, 137.5, 131.9, 120.1, 115.4, 80.9, 28.3. HRMS (ESI) calcd for
C1H;5”BrNO,* [M + H*] 272.0281, found 272.0280.

tert-Butyl (4- iodophenyl) carbamate (1i-I)
NHBoc

I

According to the procedure A, 1i-I was gained as a white solid (132.4 mg, yield: 83%). mp: 142-144 °C.
'H NMR (400 MHz, CDCl3) 4 7.60 — 7.53 (m, 2H), 7.14 (d, J = 8.7 Hz, 2H), 6.56 (s, 1H), 1.50 (s, 9H). 13C
NMR (101 MHz, CDCl3) & 152.5, 138.2, 137.8, 120.5, 85.8, 80.9, 28.3. HRMS (ESI) calcd for C;H;5sINO,*
[M + H*] 320.0142, found 320.0146.

4-(4-Bromophenyl) morpholine (1j-Br)

a;
N
Bl

According to the procedure A, 1j-Br was gained as a white solid (105.4 mg, yield: 87%). mp: 112-114
°C. '"H NMR (400 MHz, CDCl;) 8 7.35 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 1H), 3.95 — 3.79 (m, 2H),
3.22 — 3.06 (m, 2H). 3C NMR (101 MHz, CDCl;) é 150.3, 132.0, 117.3, 112.2, 66.8, 49.2. HRMS (ESI)
caled for CjoH13””BrNO* [M + H*] 242.0175, found 242.0177.

4-(4- Iodophenyl) morpholine (1j-I)

8
N
o

According to the procedure A, 1j-I1 was gained as a white solid (107.0 mg, yield: 74%). mp: 143-145 °C.
'H NMR (400 MHz, CDCl;) & 7.53 (s, 2H), 6.68 (s, 2H), 3.85 (s, 4H), 3.12 (s, 4H). 3C NMR (101 MHz,
CDCl) 6 150.9, 137.9, 117.8, 81.9, 66.7, 48.9. HRMS (ESI) calcd for C;(H;3INO* [M + H*] 290.0036,

S10



found 290.0038.

6-Chloro-2,3-dimethoxybenzaldehyde (1k-Cl)

CHO
Cl OMe

OMe
According to the procedure A, 1k-Cl was obtained as a white solid (82.3 mg, yield: 82%). mp: 74-76 °C.
'"H NMR (400 MHz, CDCl3) 6 10.43 (s, 1H), 7.13 (d, /= 8.8 Hz, 1H), 7.02 (d, /= 8.8 Hz, 1H), 3.93 (s, 3H),
3.88 (s, 3H). 3*C NMR (101 MHz, CDCls) & 189.5, 152.2, 152.1, 127.5, 126.1, 125.7, 117.2, 62.3, 56.3.
HRMS (ESI) calcd for CoH;(*3C105" [M + H*]201.0313, found 201.0315.

6- Bromo-2,3-dimethoxybenzaldehyde (1k-Br)

CHO
Br OMe

OMe
According to the procedure A, 1k-Br was gained as a white solid (102.9 mg, yield: 84%). mp: 79-81 °C.
'"H NMR (400 MHz, CDCl3) 8 10.34 (s, 1H), 7.35 (d, /= 5.7 Hz, 1H), 6.97 (d, J = 6.6 Hz, 1H), 3.93 (s, 3H),
3.89 (s, 3H). 3C NMR (101 MHz, CDCls) & 190.5, 152.8, 152.1, 129.4, 128.7, 117.5, 112.8, 62.4, 56.2.
HRMS (ESI) calcd for CoH;¢°BrO;* [M + H'] 244.9808, found 244.9810.

6- lodo-2,3-dimethoxybenzaldehyde (1k-I)
CHO

I\CEOMe
OMe

According to the procedure A, 1k-I was obtained as a white solid (124.1 mg, yield: 85%). mp: 98-100 °C.
'"H NMR (400 MHz, CDCls3) 6 10.27 (s, 1H), 7.68 (s, 1H), 7.36 (s, 1H), 3.95 (s, 3H), 3.88 (s, 3H). *C NMR

(101 MHz, CDCly) 6 188.5, 153.8, 152.6, 130.9, 128.2, 126.7, 87.0, 62.4, 56.4. HRMS (ESI) calcd for
CoHoIO5" [M + H"] 292.9669, found 292.9665.

2-(5-Bromo-2-methoxyphenyl) acetic acid (11-Br)

B
OMe

According to the procedure A, 11-Br was obtained as a white solid (101.7 mg, yield: 83%). mp: 131-133
°C.'H NMR (400 MHz, CDCl3) 6 7.37 (dd, J = 8.7, 2.5 Hz, 1H), 7.30 (d, J= 2.4 Hz, 1H), 6.75 (d, J= 8.7
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Hz, 1H), 3.80 (s, 3H), 3.63 (s, 2H). 3C NMR (101 MHz, CDCl3) § 177.6, 156.7, 133.7, 131.5, 124.5, 112.6,
112.2, 55.8, 35.4. HRMS (ESI) calcd for CoH;¢’BrO;* [M + H*]244.9808, found 244.9812.

2-(5- Iodo-2-methoxyphenyl) acetic acid (11-I)

I
OMe

According to the procedure A, 11-I was gained as a white solid (115.4 mg, yield: 79%). mp: 158-160 °C.
'"H NMR (400 MHz, CDCls) § 7.55 (dd, J = 8.6, 2.2 Hz, 1H), 7.47 (d, J = 2.2 Hz, 1H), 6.65 (d, J = 8.6 Hz,
1H), 3.80 (s, 3H), 3.60 (s, 2H). *C NMR (101 MHz, CDCl3) 8 176.9, 157.5, 139.4, 137.6, 125.0, 112.8,
82.6, 55.7, 35.2. HRMS (ESI) calcd for CoH;(1O;" [M + H] 292.9669, found 292.9671.

1-Chloro-4,5-dimethoxy-2-methylbenzene (1m-Cl)
Me:(:[OMe
Cl OMe
According to the procedure A, 1m-Cl was obtained as colorless oil (80.3 mg, yield: 86%). 'H NMR (400
MHz, CDCl3) & 6.82 (s, 1H), 6.68 (s, 1H), 3.82 (d, J = 3.5 Hz, 6H), 2.28 (s, 3H). 3C NMR (101 MHz,

CDCl3) 6 147.59, 147.57, 127.6, 125.0, 113.6, 112.4, 56.12, 56.05, 19.5. HRMS (ESI) calcd for
CoH,*°ClO," [M + H*] 187.0520, found 187.0523.

1-Bromo-4,5-dimethoxy-2-methylbenzene (1m-Br)
Mejc[OMe
Br OMe
According to the procedure A, 1m-Br was obtained as a white solid (109.8 mg, yield: 95%). mp: 38--40
°C.™H NMR (400 MHz, CDCl3) 3 6.97 (s, 1H), 6.70 (s, 1H), 3.82 (d, J= 2.1 Hz, 6H), 2.30 (s, 3H). 3.C NMR

(101 MHz, CDCl;) 6 148.2, 147.7, 129.6, 115.3, 114.4, 113.6, 56.2, 56.0, 22.3. HRMS (ESI) calcd for
CoH,,”°BrO," [M + H*] 231.0015, found 231.0019.

1-Iodo-4,5-dimethoxy-2-methylbenzene (1m-I)

I OMe

According to the procedure A, 1m-I was obtained as a white solid (112.6 mg, yield: 81%). mp: 65-67 °C.
'"H NMR (400 MHz, CDCl3) 6 7.19 (s, 1H), 6.74 (s, 1H), 3.82 (d, /= 2.9 Hz, 6H), 2.35 (s, 3H). 3C NMR

(101 MHz, CDCl;) 6 149.2, 147.6, 133.6, 121.4, 112.7, 88.5, 56.2, 55.9, 27.5. HRMS (ESI) caled for

CoH 110, [M + H'] 278.9876, found 278.9874.
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2-Chloro-1,3,5-triisopropylbenzene (1n-Cl)
iPr

iPr iPr
Cl

According to the procedure A, 1n-Cl was obtained as yellow oil (99.1 mg, yield: 83%). 'H NMR (400
MHz, CDCl5) 6 7.04 (s, 2H), 3.60 — 3.44 (m, 2H), 2.98 — 2.85 (m, 1H), 1.29 (dd, /= 6.9, 1.6 Hz, 18H). 13C
NMR (101 MHz, CDCl;) & 147.1, 145.6, 130.1, 122.0, 34.2, 30.7, 24.1, 22.9. HRMS (ESI) calcd for
C1sHp3CIF [M + H' 239.1561, found 239.1565.

2-Bromo-1,3,5-triisopropylbenzene (1n-Br)

iPr

iPr iPr
Br

According to the procedure A, 1n-Br was obtained as colorless oil (128.9 mg, yield: 91%). 'H NMR (400
MHz, CDCl;) & 7.00 (s, 2H), 3.50 (hept, J = 6.8 Hz, 2H), 2.89 (hept, J = 6.9 Hz, 1H), 1.26 (d, J = 6.9 Hz,
18H). BC NMR (101 MHz, CDCl;) 6 147.8, 147.4, 123.6, 122.3, 34.1, 33.6, 24.1, 23.1. HRMS (ESI) calcd
for CysHy,7°Br™ [M + H*'] 283.1056, found 283.1054.

2-Iodo-1,3,5-triisopropylbenzene (1n-I)
iPr

iPr iPr
|

According to the procedure A, 1n-I was gained as colorless oil (143.7 mg, yield: 87%). '"H NMR (400
MHz, CDCl;) 8 6.98 (s, 2H), 3.43 (m, 2H), 2.90 (m, 1H), 1.27 (dd, J = 6.9, 3.9 Hz, 18H). 3C NMR (101
MHz, CDCl;) 6 150.8, 148.9, 122.1, 105.8, 39.3, 33.9, 24.0, 23.5. HRMS (ESI) calcd for C;sHyI" [M + H]
331.0917, found 331.0920.

Methyl 5-bromo-2-pivalamidobenzoate (10-Br)
NHPiv
According to the procedure A, 10-Br was obtained as a white solid (128.8 mg, yield: 82%). mp: 77-79

°C.'H NMR (400 MHz, CDCl;) § 11.22 (s, 1H), 8.69 (d, J=9.1 Hz, 1H), 8.12 (d, J = 2.5 Hz, 1H), 7.59 (dd,
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J=9.1,2.5 Hz, 1H), 3.92 (s, 3H), 1.32 (s, 9H). 3C NMR (101 MHz, CDCl3) 8 177.9, 167.7, 141.1, 137.30
133.3, 122.0, 116.5, 114.5, 52.6, 40.4, 27.5. HRMS (ESI) calcd for C;3H;7,”°BrNO;* [M + H*] 314.0386,
found 314.0385.

Methyl 5-iodo-2-pivalamidobenzoate (10-I)
I CO,Me
\C[NHPN
According to the procedure A, 10-I was obtained as a white solid (157.1 mg, yield: 87%). mp: 84-86 °C.
'"H NMR (400 MHz, CDCls) 6 11.22 (s, 1H), 8.56 (d, J= 9.0 Hz, 1H), 8.30 (d, J= 2.2 Hz, 1H), 7.76 (dd, J
=9.0, 2.2 Hz, 1H), 3.91 (s, 3H), 1.32 (s, 9H). *C NMR (101 MHz, CDCl3) 8 177.9, 167.5, 143.1, 141.7,

139.3 122.3, 116.8, 84.5, 52.6, 40.5, 27.5. HRMS (ESI) calcd for C;3H;7INOs" [M + H*] 362.0248, found
362.0249.

Methyl 5-bromo-2-methoxybenzoate (1p-Br)
OMe
According to the procedure A, 1p-Br was gained as colorless oil (106.5 mg, yield: 87%). 'H NMR (400
MHz, CDCl3) 6 7.90 (d, /= 2.6 Hz, 1H), 7.55 (dd, /= 8.9, 2.6 Hz, 1H), 6.86 (d, J= 8.9 Hz, 1H), 3.89 (d, J

= 1.2 Hz, 6H). 3C NMR (101 MHz, CDCls) § 165.3, 158.3, 136.1, 134.2, 121.7, 113.9, 112.2, 56.3, 52.3.
HRMS (ESI) calcd for CoH;o”’BrO;* [M + H*]244.9808, found 244.9806.

Methyl 5-iodo-2-methoxybenzoate (1p-1)
|\©[002Me
OMe
According to the procedure A, 1p-1 was gained as a white solid (127.1 mg, yield: 87%). mp: 54-56 °C.
'H NMR (400 MHz, CDCl;) 4 8.05 (s, 1H), 7.71 (d, J= 7.2 Hz, 1H), 6.74 (d, J= 7.9 Hz, 1H), 3.86 (s, 6H).

BCNMR (101 MHz, CDCl3) 6 165.2, 159.0, 142.0, 140.0, 122.2, 114.4, 81.7, 56.2, 52.3. HRMS (ESI) calcd
for CoH o105 [M + H*] 292.9669, found 292.9672.

1-Bromo-3,5-dichloro-2-methoxybenzene (1q-Br)

Cl Cl
; OMe
Br

According to the procedure A, 1q-Br was obtained as yellow oil (121.6 mg, yield: 95%). mp: 59-61 °C.
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'H NMR (400 MHz, CDCls) & 7.45 (d, J = 2.5 Hz, 1H), 7.33 (d, J = 2.5 Hz, 1H), 3.87 (s, 3H). 3C NMR
(101 MHz, CDCly) & 152.4, 131.6, 130.0, 129.7, 129.5, 118.8, 60.8. HRMS (ESI) caled for C;Hs°Br3Cl,O*
[M + H*] 254.8974, found 254.8977.

1,5-Dichloro-3-iodo-2-methoxybenzene (1q-I)

Cl Cl
; OMe

According to the procedure A, 1q-I was obtained as a white solid (137.8 mg, yield: 91%). mp: 39-41 °C.
'"H NMR (400 MHz, CDCl) 6 7.34 (d, J= 2.5 Hz, 1H), 7.17 (dd, J = 8.8, 2.5 Hz, 1H), 6.82 (d, J = 8.8 Hz,
1H), 3.87 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 153.9, 129.9, 127.6, 125.6, 123.2, 112.8, 56.3. HRMS
(ESI) caled for C;Hg*CLIO™ [M + H*] 302.8835, found 302.8834.

3-Bromo-2H-chromen-2-one (1r-Br)
0. -0
L,
According to the procedure A, 1r-Br was obtained as a white solid (88.9 mg, yield: 79%). mp: 108-110
°C. 'H NMR (400 MHz, CDCl;) 3 8.11 (s, 1H), 7.58 (ddd, J = 8.6, 7.3, 1.6 Hz, 1H), 7.47 (dd, J=7.8, 1.5
Hz, 1H), 7.36 (d,J=8.4 Hz, 1H), 7.32 (td,J=7.7, 1.1 Hz, 1H). BC NMR (101 MHz, CDCl;) 6 157.3, 153.4,

144.5, 132.2, 127.3, 125.1, 119.5, 117.0, 112.1. HRMS (ESI) calcd for CoHg””BrO," [M + H*'] 224.9546,
found 224.9546.

9,10-Dichloroanthracene (1s-Cl,)
Cl

2

Cl
According to the procedure A, 1s-Cl, was gained as a light-yellow solid (113.7 mg, yield: 92%). mp: 202-
204 °C. 'H NMR (400 MHz, CDCls) 8 8.54 (dd, J = 6.7, 3.1 Hz, 4H), 7.64 (dd, J = 6.8, 3.1 Hz, 4H). 13C
NMR (101 MHz, CDCl;) 6 129.2, 128.3, 127.1, 125.2. HRMS (ESI) calcd for C4Ho*>Cl," [M + H*]
247.0076, found 247.0079.

2,8-Dibromodibenzo[b,d]furan (1t-Br;)

S15



According to the procedure A, 1t-Br, was gained as a white solid (141.8 mg, yield: 87%). mp: 188-190
°C. 'H NMR (400 MHz, CDCl;) 6 8.02 (d, J= 1.9 Hz, 1H), 7.57 (dd, J= 8.7, 2.0 Hz, 2H), 7.44 (d, J= 8.7
Hz, 2H). 3C NMR (101 MHz, CDCls) & 155.3, 130.7, 125.2, 123.7, 115.9, 113.4. HRMS (ESI) calcd for
C12H;Br,O" [M + H"] 324.8858, found 324.8854.

2,8-Dibromodibenzo[b,d|thiophene (1u-Br,)
O S
Br Q
Br

According to the procedure A, 1u-Br, was gained as a white solid (148.8 mg, yield: 87%). mp: 222-224
°C. 'H NMR (400 MHz, CDCls) 6 8.22 (d, J = 1.8 Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H), 7.57 (dd, J=8.5, 1.8
Hz, 2H). 3*C NMR (101 MHz, CDCls) 8 138.6, 136.2, 130.3, 124.7, 124.2, 118.6. HRMS (ESI) calcd for
C1oH;,”Br,S* [M + H'] 340.8630, found 340.8631.

6,6'-Dibromo-[1,1'-binaphthalene]-2,2'-diol (1v-Br;)

e
OH
OOy

According to the procedure A, 1v-Br, was obtained as a white solid (204.3 mg, yield: 92%). mp: 204-206

Br

°C. '"H NMR (400 MHz, DMSO) & 9.51 (s, 2H), 8.12 (s, 2H), 7.86 (d, J = 7.3 Hz, 2H), 7.34 (dd, J = 22.7,
7.5 Hz, 4H), 6.87 (d, J = 7.5 Hz, 2H). 3C NMR (101 MHz, DMSO) & 154.1, 133.1, 130.1, 129.8, 129.4,
128.7, 127.1, 120.2, 115.7, 115.5. HRMS (ESI) calcd for CaH37°Br,0," [M + H*] 442.9277, found
442.9279.

Examples of arenes bearing strong EWGs failed to achieve halogenation

Although abundant examples, which have relatively low reactivity with solely NXS, could be halogenated
via the catalytic system. Disappointingly, when this catalytic halogenation approach was applied to arenes
bearing strong electron-withdrawing groups, such as F, CN, NO,, CF;, the halogenation was failed to

achieve.
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M
o CO,Me  CHO NOo, O Me 0
:: ” i!’i
R=H, Me F CN Me CF;

General procedure B for halogenation of aromatics: NIS (0.6 mmol, 1.20 equiv, 135.0 mg) and
thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved in DCE (3.0 mL). With stirring of the
mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added. Then
cyclohexene (41.07 mg, 0.5 mmol, 1.0 equiv) and carboxylic acid (0.6 mmol, 1.2 equiv) was added
sequentially and the mixture was stirred at rt until the reaction was completed. Then the solvent of reaction
mixture was removed by rotary evaporation. The residue was purified by silica gel column chromatography

to afford the corresponding halogenated products.

NIS (1.2 equiv)
TT (5 mol%)

TFOH (5 mol%) "o
+ RCOOH N
DCE, rt IIIOJJ\R

2 2-X

2-lIodocyclohexyl benzoate (2a-1)

SE

According to the procedure B, 2a-I was gained as colorless oil (143.6 mg, yield: 87%). 'H NMR (400
MHz, CDCls) ¢ 8.12 — 8.05 (m, 2H), 7.61 — 7.54 (m, 1H), 7.50 — 7.42 (m, 2H), 5.13 (m, 1H), 4.26 (m, 1H),
2.55-2.44 (m, 1H), 2.29 (m, 1H), 2.10 (m, 1H), 1.93 — 1.83 (m, 1H), 1.63 (m, 1H), 1.53 (m, 2H), 1.45 —
1.33 (m, 1H). ®*C NMR (101 MHz, CDCl;) 8 165.5, 133.0, 130.3, 129.79, 128.4,37.7,31.5,31.4, 26.9, 23.5.
HRMS (ESI) calcd for C3H;610," [M + H*] 331.0189, found 331.0191.

2-Iodocyclohexyl 2-(2-methoxyphenyl) acetate (2b-I)

I
0
., 'O

According to the procedure B, 2b-I was gained as a white solid. (157.2 mg, yield: 84%). mp: 95-97 °C.
'"H NMR (400 MHz, CDCl3) 6 7.33 — 7.20 (m, 2H), 7.02 — 6.84 (m, 2H), 4.95 (m, 1H), 4.10 (m, 1H), 3.84
(s, 3H), 3.68 (s, 2H), 2.47 — 2.32 (m, 1H), 2.25 - 2.10 (m, 1H), 2.08 — 1.95 (m, 1H), 1.78 (m, 1H), 1.60 (m,
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1H), 1.51 — 1.37 (m, 2H), 1.32 (m, 1H). 3C NMR (101 MHz, CDCl;) & 170.7, 157.6, 131.0, 128.5, 123.1,
120.5,110.4, 55.4,37.4, 36.3, 31.5, 31.0, 26.7, 23.3. HRMS (ESI) calcd for C;5H»IO3" [M + H*] 375.0452,
found375.0450.

2-Iodocyclohexyl benzoate (2¢-I)

[
OF
Lao!
OMe

According to the procedure B, 2¢-I was gained as colorless oil (145.3 mg, yield: 88%). 'H NMR (400
MHz, CDCl3) 6 8.03 (d, J= 8.7 Hz, 2H), 6.93 (d, /= 8.7 Hz, 2H), 5.09 (m, 1H), 4.25 (m, 1H), 3.86 (s, 3H),
2.53 -2.39 (m, 1H), 2.27 (d, J=9.9 Hz, 1H), 2.15 - 2.01 (m, 1H), 1.86 (m, 1H), 1.67 — 1.59 (m, 1H), 1.57
—1.45 (m, 2H), 1.43 — 1.32 (m, 1H). 3C NMR (101 MHz, CDCl;) 6 165.2, 163.5, 131.8, 122.7, 113.6, 55.5,
37.7,31.7,31.5, 26.9, 23.6. HRMS (ESI) calcd for C4H;3105* [M + H*] 361.0295, found 361.0298.

General procedure C for halogenation of compounds 3 or 4: NXS (0.6 mmol, 1.20 equiv, X = CI, Br, I)
and thianthracene (5.4 mg, 0.025 mmol, 0.05 equiv) were dissolved in DCE (3.0 mL). With stirring of the
mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added. Then
substrates 3 or 4 (0.5 mmol, 1.0 equiv) were added to the mixture and stirred at rt. After the reaction was
completed, the solvent of reaction mixture was removed by rotary evaporation. The residue was purified by

silica gel column chromatography on to afford the corresponding halogenated products.

NXS (1.2 equiv) on
N TT (5 mol%) XN wX
O\ j TIOH (5mol%) _ R{: _
DCE, rt N
Ts
3or 4 3-X or 4-X

3-Chloro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3a-Cl)

C
o

|
Ts

According to the procedure C, 3a-Cl was obtained as a white solid (119.4 mg, yield: 60%). mp: 156-158
°C. 'H NMR (400 MHz, CDCl;) 8 7.83 (d, /= 8.4 Hz, 1H), 7.53 (d, /= 8.3 Hz, 2H), 7.23 — 7.11 (m, 4H),
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7.07 (t, J = 7.3 Hz, 2H), 6.98 — 6.91 (m, 1H), 6.60 (d, J = 7.8 Hz, 1H), 6.51 — 6.45 (m, 2H), 4.58 (dd, J =
13.9, 3.9 Hz, 1H), 3.92 (d, J = 9.4 Hz, 1H), 3.75 (ddd, J = 11.3, 9.5, 3.9 Hz, 1H), 3.58 (dd, J = 13.9, 11.3
Hz, 1H), 2.37 (s, 3H). 3C NMR (101 MHz, CDCl;) § 144.4, 141.5, 136.6, 135.8, 131.6, 130.5, 130.1, 128.9,
128.4,127.5, 127.4, 126.0, 124.7, 57.2, 54.1, 52.1, 21.6. HRMS (ESI) calcd for C5,Hy3CINO,S* [M + H']
398.0976, found 398.0974.

3-Bromo -4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3a-Br)

C
5

N
]

Ts

According to the procedure C, 3a-Br was gained as a white solid (98.4 mg, yield: 89%). mp: 159-161 °C.
'"H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 7.3 Hz, 1H), 7.63 (d, J = 6.4 Hz, 2H), 7.48 — 7.11 (m, 6H), 7.05
(s, 1H), 6.69 (d, J = 6.3 Hz, 1H), 6.56 (d, J = 5.3 Hz, 2H), 4.79 (d, J = 12.7 Hz, 1H), 4.19 (d, J = 8.9 Hz,
1H), 3.94 (s, 1H), 3.80 (t,J=12.5 Hz, 1H), 2.48 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 144.4, 141.8, 136.7,
135.7,131.9, 130.4, 130.1, 128.8, 128.4, 127.43, 127.37, 127.4, 126.0, 124.9, 54.4, 52.7, 49.3, 21.6. HRMS
(ESI) caled for C;oH,17?BrNO,S™ [M + H] 442.0471, found 442.0473.

3-Iodo -4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3a-I)

l wl

N
]

Ts

According to the procedure C, 3a-I was gained as a white solid (102.7 mg, yield: 84%). mp: 176-178 °C.
'H NMR (400 MHz, CDCls) 6 7.87 (dd, J = 8.3, 1.0 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz,
2H), 7.25 - 7.18 (m, 2H), 7.14 (t,J = 7.4 Hz, 2H), 7.03 — 6.96 (m, 1H), 6.62 (d, /= 7.8 Hz, 1H), 6.54 — 6.46
(m, 2H), 4.85 (dd, J=13.8, 3.4 Hz, 1H), 4.26 (d, J = 10.1 Hz, 1H), 4.05 —3.96 (m, 1H), 3.89 (dd, J = 13.8,
12.3 Hz, 1H), 2.46 (s, 1H). 13C NMR (101 MHz, CDCl;) 6 144.4, 142.4, 136.8, 135.8, 131.8, 130.4, 130.1,
128.6, 128.4, 127.4, 127.3, 126.0, 125.1, 55.5, 54.9, 28.7, 21.6. HRMS (ESI) calcd for C»,H,INO,S* [M +
H*]490.0332, found 490.0336.

3-Chloro-6-methyl-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3b-Cl)
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Me E wCl
N

|
Ts

According to the procedure C, 3b-Cl was gained as a white solid (123.4 mg, yield: 60%). mp: 149-151
°C. 'H NMR (400 MHz, CDCl5) 8 7.78 (d, J = 8.4 Hz, 1H), 7.60 (d, J= 8.1 Hz, 2H), 7.29 (d, J = 8.1 Hz,
2H), 7.21 (d, J = 7.2 Hz, 1H), 7.15 (t, J = 7.3 Hz, 2H), 7.04 (d, J = 8.1 Hz, 1H), 6.53 (d, J = 7.3 Hz, 2H),
6.46 (s, 1H), 4.63 (dd, J=13.9, 3.7 Hz, 1H), 3.94 (d, /= 9.4 Hz, 1H), 3.83 — 3.73 (m, 1H), 3.69 — 3.55 (m,
1H), 2.45 (s, 3H), 2.15 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 144.3, 141.9, 136.6, 135.9, 133.2, 131.7,
130.6, 130.1, 128.8, 128.4, 128.3, 127.5, 127.4, 124.9, 54.4, 52.8, 49.6, 21.6, 20.9. HRMS (ESI) calcd for
Cy3Ho33°CINO,S*™ [M + H'] 412.1133, found 412.1137.
3-Bromo-6-methyl-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3b-Br)

Me E wBr
N

|
Ts

According to the procedure C, 3b-Br was gained as a white solid (184.6 mg, yield: 81%). mp: 160-162
°C.'H NMR (400 MHz, CDCl3) 8 7.76 (s, 1H), 7.60 (s, 2H), 7.30 (s, 2H), 7.21 (s, 1H), 7.14 (s, 2H), 7.04 (s,
1H), 6.51 (s, 2H), 6.44 (s, 1H), 4.73 (d, J = 10.6 Hz, 1H), 4.09 (s, 1H), 3.86 (s, 1H), 3.73 (s, 1H), 2.45 (s,
3H), 2.14 (s, 3H). 3C NMR (101 MHz, CDCl3) & 144.3 141.6, 136.5, 135.9, 133.2, 131.5, 130.7, 130.6,
130.1, 130.0, 128.9, 128.9, 128.41, 128.36, 127.8, 127.5, 127.4, 127.3, 124.7, 57.4, 54.1, 52.2, 21.6, 20.9.
HRMS (ESI) calcd for Co3H37°BrNO,S* [M + H] 456.0627, found 456.0628.

3-Iodo-6-methyl-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3b-I)

Me E ‘\\|
N

|
Ts

According to the procedure C, 3b-I was gained as a white solid (98.2 mg, yield: 78%). mp: 186-188 °C.
'"H NMR (400 MHz, CDCl;) 6 7.74 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H),

7.22 (t,J=17.3 Hz, 1H), 7.14 (t, J = 7.5 Hz, 2H), 7.03 (d, /= 8.2 Hz, 1H), 6.49 (d, J = 7.3 Hz, 2H), 6.41 (s,
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1H), 4.82 (dd, J = 13.8, 3.4 Hz, 1H), 4.21 (d, J = 10.1 Hz, 1H), 4.02 — 3.92 (m, 1H), 3.91 — 3.80 (m, 1H),
2.47 (s, 3H), 2.14 (s, 3H). *C NMR (101 MHz, CDCl;) 6 144.2, 142.5, 136.9, 135.8, 133.2, 131.6, 130.6,
130.1, 128.6, 128.4, 128.2, 127.4, 127.3, 125.1, 55.5, 54.9, 29.1, 21.6, 20.8. HRMS (ESI) calcd for
C3Hp3INO,S* [M + H'] 504.0489, found 504.0486.

3-Chloro-6-methoxy-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3c-Br)

According to the procedure C, 3¢-Br was gained as a white solid (101.6 mg, yield: 86%). mp: 147-149
°C. 'TH NMR (400 MHz, CDCl;) 6 7.81 (d, /= 9.1 Hz, 1H), 7.57 (d, J = 8.2 Hz, 2H), 7.30 (d, /= 8.1 Hz,
2H), 7.20 (t, J = 7.3 Hz, 1H), 7.13 (t, J/ = 7.4 Hz, 2H), 6.80 (dd, J = 9.1, 2.7 Hz, 1H), 6.47 (d, J = 7.3 Hz,
2H), 6.12 (d, J= 2.5 Hz, 1H), 4.76 (dd, /= 13.9, 3.7 Hz, 1H), 4.07 (d, /= 9.9 Hz, 1H), 3.90 — 3.80 (m, 1H),
3.78 —3.69 (m, 1H), 3.62 (s, 3H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCls) 6 157.5, 144.3, 141.4, 136.6,
133.7, 130.1, 128.8, 128.7, 128.4, 127.5, 127.4, 126.7, 115.0, 113.2, 55.3, 54.6, 53.0, 49.2, 21.6. HRMS
(ESI) caled for Cp3H,37°BrNOsS™ [M + H'] 472.0577, found472.0579.

3-Iodo-6-methoxy-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3c-I)

MeO E \\\|
N

]
Ts

According to the procedure C, 3¢-I was obtained as a white solid (220.8 mg, yield: 85%). mp: 136-138
°C. 'H NMR (400 MHz, CDCl5) 8 7.79 (d, J = 9.1 Hz, 1H), 7.56 (d, J= 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz,
2H), 7.20 (t, J = 7.3 Hz, 1H), 7.11 (t, J = 7.5 Hz, 2H), 6.79 (dd, J = 9.1, 2.9 Hz, 1H), 6.43 (d, J = 7.7 Hz,
2H), 6.09 (d,J=2.8 Hz, 1H), 4.85 (dd, /= 13.6,3.0 Hz, 1H), 4.17 (d, J=10.0 Hz, 1H), 3.98 — 3.89 (m, 1H),
3.89 —3.81 (m, 1H), 3.61 (s, 3H), 2.47 (s, 3H). 3C NMR (101 MHz, CDCls) 6 157.4, 144.3, 142.0, 136.7,
133.5, 130.2, 128.8, 128.6, 128.4, 127.5, 127.4, 126.9, 115.0, 113.1, 55.6, 55.3, 55.1, 28.8, 21.6. HRMS
(ESI) calcd for Co3H,3INOsS™ [M + H'] 520.0438, found 520.0441.

6-(tert-Butyl)-3-chloro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3d-Cl)
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tBu E oCl

N
]

Ts

According to the procedure C, 3d-Cl was obtained as yellow oil (154.4 mg, yield: 68%). '"H NMR (400
MHz, CDCl3) 6 7.82 (d, J = 8.7 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.31 (d, J= 8.3 Hz, 2H), 7.30 — 7.22 (m,
2H), 7.19 (dd, J = 11.3, 4.5 Hz, 2H), 6.69 (d, J = 1.6 Hz, 1H), 6.66 — 6.58 (m, 2H), 4.63 (dd, J = 13.9, 3.8
Hz, 1H), 4.04 (d, /= 9.3 Hz, 1H), 3.91 — 3.78 (m, 1H), 3.69 (dd, /= 13.8, 11.1 Hz, 1H), 2.47 (s, 3H), 1.16
(s, 9H). BC NMR (101 MHz, CDCls) 3 148.8, 144.3, 141.7, 136.6, 133.2, 130.8, 130.0, 128.9, 128.4, 127 4,
127.3,127.3, 124.6, 124.0, 57.5, 54.2, 52.0, 34.3, 31.1, 21.6. HRMS (ESI) calcd for CysH,9**CINO,S* [M +
H"]454.1602, found 454.1604.

6-(tert-Butyl)-3-bromo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3d-Br)

tBu E WBr

N
]

Ts

According to the procedure C, 3d-Br was gained as a white solid. (111.0 mg, yield: 89%). mp: 72-74 °C.
'"H NMR (400 MHz, CDCl3) 6 7.79 (d, J = 8.7 Hz, 1H), 7.64 (d, J = 8.2 Hz, 2H), 7.35 — 7.27 (m, 3H), 7.23
(d,J=17.2Hz, 1H), 7.18 (t,J = 7.2 Hz, 2H), 6.66 (d, /= 1.6 Hz, 1H), 6.61 (d, J= 7.1 Hz, 2H), 4.72 (dd, J =
13.9, 3.7 Hz, 1H), 4.19 (d, J = 9.5 Hz, 1H), 3.97 — 3.88 (m, 1H), 3.79 (dd, J = 13.8, 11.6 Hz, 1H), 2.48 (s,
3H), 1.15 (s, 9H). 3C NMR (101 MHz, CDCl;) & 148.9, 144.2, 142.0, 136.8, 133.2, 131.1, 130.0, 128.8,
128.3, 127.4, 127.3, 127.2, 124.5, 124.2, 54.5, 52.6, 49.7, 34.3, 31.1, 21.6. HRMS (ESI) calcd for
Ca6Hy9"”BrNO,S* [M + H*] 498.1097, found 498.1099.

6-(tert-Butyl)-3-1odo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3d-I)

tBu ! \\\|

N
]

Ts
According to the procedure C, 3d-I was gained as a white solid (114.6 mg, yield: 84%). mp: 105-107 °C.
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'H NMR (400 MHz, CDCly) § 7.74 (d, J = 8.7 Hz, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H),
7.26 —7.18 (m, 2H), 7.14 (t, J = 7.3 Hz, 2H), 4.79 (dd, J = 13.8, 3.4 Hz, 1H), 4.27 (d, J = 10.0 Hz, 1H), 4.03
—3.94 (m, 1H), 3.94 — 3.83 (m, 1H), 2.46 (s, 3H), 1.11 (s, 9H). 3C NMR (101 MHz, CDCl;) & 148.8, 144.2,
142.6, 136.9, 133.2, 131.1, 130.1, 128.6, 128.3, 127.4, 127.3, 127.1, 124.5, 124.4, 55.6, 54.8, 34.3, 31.1,
29.3, 21.6. HRMS (ESI) caled for CagHaoINO,S* [M + H'] 546.0958, found 546.0955.

7-Chloro-8-phenyl-5-tosyl-5,6,7,8-tetrahydro-[1,3]dioxolo[4,5-g]quinoline (3e-Cl)

®
(Z O wCl

N
]

Ts

According to the procedure C, 3e-Cl was gained as a white solid (63.0 mg, yield: 57%). mp: 212-214 °C.
'"H NMR (400 MHz, CDCl;) & 7.62 (d, J= 7.9 Hz, 2H), 7.42 (s, 1H), 7.32 (d, J= 7.8 Hz, 2H), 7.24 — 7.17
(m, 1H), 7.13 (t, J=7.2 Hz, 2H), 6.49 (d, J= 7.1 Hz, 2H), 6.06 (s, 1H), 5.93 (d, /= 10.2 Hz, 2H), 4.65 (dd,
J=13.8, 3.4 Hz, 1H), 3.85 (d, /= 9.6 Hz, 1H), 3.79 — 3.67 (m, 1H), 3.64 — 3.51 (m, 1H), 2.47 (s, 3H). 13C
NMR (101 MHz, CDCl;) 6 146.8, 146.1, 144.4, 141.3,136.3, 130.1, 129.6, 128.8, 128.4, 127.6, 127.4, 125.7,
108.8, 106.0, 101.6, 57.1, 54.3, 52.5, 21.6. HRMS (ESI) calcd for Cy3H;3CINO4S* [M + H'] 442.0874,
found 442.0872.

7-Bromo-8-phenyl-5-tosyl-5,6,7,8-tetrahydro- [1,3] dioxolo[4,5-g] quinoline (3e-Br)

C
(Z O WBr

N
]

Ts

According to the procedure C, 3e-Br was gained as a white solid (97.3 mg, yield: 80%). mp: 182-184 °C
(dec). 'TH NMR (400 MHz, CDCl;) 6 7.63 (d, J= 8.2 Hz, 2H), 7.40 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.20 (t,
J =173 Hz, 1H), 7.12 (t, J = 7.4 Hz, 2H), 6.47 (d, J = 7.3 Hz, 2H), 6.03 (s, 1H), 5.92 (d, J = 8.8 Hz, 2H),
4.74 (dd, J=13.8, 3.7 Hz, 1H), 4.01 (d, /= 9.8 Hz, 1H), 3.85 — 3.77 (m, 1H), 3.74 — 3.64 (m, 1H), 2.47 (s,
3H). BC NMR (101 MHz, CDCl;) & 146.7, 146.1, 144.4, 141.6, 136.4, 130.2, 129.5, 128.7, 128.4, 127.6,
127.4,125.8, 108.8, 106.2, 101.6, 54.5, 53.1, 49.2, 21.6. HRMS (ESI) calcd for C,3H,;7”BrNO4S* [M + H']
486.0369, found 486.0366.
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7-1odo-8-phenyl-5-tosyl-5,6,7,8-tetrahydro- [1,3] dioxolo[4,5-g] quinoline (3e-I)

®
)"

N
]

Ts

According to the procedure C, 3e-I was gained as a white solid (116.1 mg, yield: 87%). mp: 162-164 °C
(dec). '"H NMR (400 MHz, CDCl;) 6 7.62 (d, J= 8.2 Hz, 2H), 7.37 (s, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.20 (t,
J=17.3 Hz, 1H), 7.12 (t, J = 7.5 Hz, 2H), 6.46 (t, J = 14.1 Hz, 2H), 6.01 (s, 1H), 5.91 (d, J = 7.4 Hz, 2H),
4.83 (dd, J=13.5, 3.0 Hz, 1H), 4.12 (d, J = 9.8 Hz, 1H), 3.95 — 3.87 (m, 1H), 3.86 — 3.78 (m, 1H), 2.48 (s,
3H). 3C NMR (101 MHz, CDCl3) 6 146.7, 146.0, 144.4, 142.2, 136.6, 130.2, 129.6, 128.5, 128.4, 127.5,
127.4, 125.6, 108.9, 106.3, 101.6, 55.6, 55.2, 28.7, 21.6. HRMS (ESI) calcd for C,3H,INO4S™ [M + H']
534.0230, found 534.0233.

3-Chloro-6-iodo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3f-Cl)

C
o

N
]

Ts

According to the procedure C, 3f-Cl was obtained as a white solid (149.3 mg, yield: 57%). mp: 140-142
°C.'H NMR (400 MHz, CDCl;) 6 7.64 (dd, J=19.5, 8.1 Hz, 3H), 7.53 (d,J=8.1 Hz, 1H), 7.32 (d,J=7.4
Hz, 2H), 7.22 (s, 1H), 7.18 (d, J= 7.0 Hz, 2H), 7.00 (s, 1H), 6.54 (d, /= 6.8 Hz, 2H), 4.57 (d, J=11.9 Hz,
1H), 3.95 (d, J = 8.7 Hz, 1H), 3.76 (d, J = 8.1 Hz, 1H), 3.70 — 3.56 (m, 1H), 2.46 (s, 3H). 3C NMR (101
MHz, CDCl;) & 144.7, 140.7, 139.1, 136.5, 136.2, 135.8, 133.5, 130.2, 128.8, 128.7, 127.7, 127.4, 126.2,
90.3, 56.6, 53.6, 51.6, 21.6. HRMS (ESI) calcd for C,,Hy*CIINO,S* [M + H*]523.9942, found 523.9946.

3-Bromo-6-iodo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3f- Br)

C
o

N
]

Ts
According to the procedure C, 3f-Br was obtained as a white solid (244.4 mg, yield: 86%). mp: 151-153
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°C. 'HNMR (400 MHz, CDCL3) § 7.54 (t, J = 8.2 Hz, 3H), 7.45 (d, J= 8.8 Hz, 1H), 7.27 (d, J = 7.9 Hz, 2H),
7.15 (d, J=7.2 Hz, 1H), 7.08 (t, J= 7.4 Hz, 2H), 6.86 (s, I H), 6.40 (d, J= 7.4 Hz, 2H), 4.71 (d, J= 11.7 Hz,
1H), 4.12 (d, J=9.2 Hz, 1H), 3.89 — 3.73 (m, 2H), 2.41 (s, 3H). 3C NMR (101 MHz, CDCl;) § 144.7, 141.5,
139.0, 136.4, 135.8, 133.7, 130.3, 128.6, 128.5, 127.7, 127.4, 126.9, 100.0, 90.5, 55.0, 54.5, 27.5, 21.7.
HRMS (ESI) caled for Co,HaBrINO,S* [M + H*] 567.9437, found 567.9439.

3,6-Diiodo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3f-I)

C
o

N
]

Ts

According to the procedure C, 3f-I was gained as a white solid (115.1 mg, yield: 81%). mp: 138-140 °C.
'"H NMR (400 MHz, CDCls) 6 7.62 (dd, J = 8.3, 5.4 Hz, 3H), 7.52 (d, J= 8.7 Hz, 1H), 7.34 (d, J= 8.0 Hz,
2H), 7.24 (dd, J = 12.5, 5.1 Hz, 1H), 7.15 (t, J = 7.4 Hz, 2H), 6.95 (s, 1H), 6.49 (d, J = 7.3 Hz, 2H), 4.78
(dd, J=13.3, 2.6 Hz, 1H), 4.20 (d, /= 9.5 Hz, 1H), 3.97 — 3.89 (m, 1H), 3.89 — 3.80 (m, 1H), 2.48 (s, 3H).
3BC NMR (101 MHz, CDCls) & 144.7, 141.5, 139.0, 136.5, 136.4, 135.8, 133.7, 130.3, 128.6, 128.5, 127.7,
127.4, 126.8, 90.5, 55.0, 54.5, 27.5, 21.7. HRMS (ESI) calcd for C5,Hy0I,NO,S* [M + H*] 615.9299, found
615.9302.

3-Chloro-6-fluoro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3g-Cl)

®
oy

N
]

Ts

According to the procedure C, 3g-Cl was gained as a white solid (67.5 mg, yield: 65%). mp: 178-180 °C.
'"H NMR (400 MHz, CDCl5) 6 7.89 (dd, J=9.1, 5.2 Hz, 1H), 7.58 (d, /= 8.1 Hz, 2H), 7.31 (d, J= 8.0 Hz,
2H), 7.22 (d, J= 7.5 Hz, 1H), 7.16 (t, J = 7.4 Hz, 2H), 6.96 (dd, J = 12.0, 4.9 Hz, 1H), 6.50 (d, J = 7.4 Hz,
2H), 6.41 — 6.32 (m, 1H), 4.67 (dd, J=14.0, 3.8 Hz, 1H), 3.92 (d, /=9.6 Hz, 1H), 3.81 — 3.72 (m, 1H), 3.68
—3.57 (m, 1H), 2.46 (s, 3H). 1F NMR (376 MHz, CDCl3) & -115.27. 13C NMR (101 MHz, CDCl;) § 160.5
(d, J = 246.4 Hz), 144.6, 140.6, 136.3, 134.2 (d, J = 7.3 Hz), 131.8 (d, J = 2.5 Hz), 130.2, 128.8, 128.6,
127.7, 127.5, 126.9 (d, J = 8.3 Hz), 116.5 (d, J = 23.3 Hz), 114.8 (d, J = 22.6 Hz), 56.6, 54.2, 52.2, 21.6.

HRMS (ESI) calcd for CyH,¢>CIFNO,S* [M + H*] 416.0882, found 416.0885.
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3-Bromo-6-fluoro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3g-Br)

C
o

N
]

Ts

According to the procedure C, 3g-Br was gained as a white solid (94.3 mg, yield: 82%). mp: 177-179 °C.
'"H NMR (400 MHz, CDCls) 6 7.87 (dd, J = 8.8, 5.2 Hz, 1H), 7.58 (d, J = 7.7 Hz, 2H), 7.32 (d, J= 7.6 Hz,
2H), 7.22 (d,J=17.1 Hz, 1H), 7.15 (t, J=7.0 Hz, 2H), 6.95 (t, /= 6.8 Hz, 1H), 6.48 (d, /J=7.1 Hz, 2H), 6.34
(d, J=8.3 Hz, 1H), 4.88 — 4.68 (m, 1H), 4.08 (d, /= 9.6 Hz, 1H), 3.85 (t,/=9.1 Hz, 1H), 3.79 — 3.65 (m,
1H). '°F NMR (376 MHz, CDCl;) 6 -115.14. 3C NMR (101 MHz, CDCls) 8 160.5 (d, J=246.7 Hz), 144.6,
140.9, 136.4, 1343 (d, J= 7.3 Hz), 131.7 (d, J = 2.5 Hz), 130.2, 128.7, 128.6, 127.7, 127.5, 127.1 (d, J =
8.3 Hz), 116.5 (d, J = 23.2 Hz), 114.8 (d, J = 22.7 Hz), 54.5, 52.9, 48.4, 21.6. HRMS (ESI) calcd for
CaH,0”BrFNO,S* [M + H*] 460.0377, found 460.0378.

6-Fluoro-3-iodo-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3g-I)

C
o

N
]

Ts

According to the procedure C, 3g-I was obtained as a white solid (213.0 mg, yield: 84%). mp: 179-181
°C. 'HNMR (400 MHz, CDCl;) 6 7.85 (dd, J=9.2, 5.3 Hz, 1H), 7.57 (d, /= 8.3 Hz, 2H), 7.33 (d, /= 8.0
Hz, 2H), 7.25 - 7.19 (m, 1H), 7.14 (t, J= 7.5 Hz, 2H), 6.44 (d, /= 7.1 Hz, 2H), 6.34 — 6.25 (m, 1H), 4.90 —
4.81 (m, 1H), 4.18 (d, J=9.8 Hz, 1H), 3.98 —3.90 (m, 1H), 3.86 (t, /= 12.6 Hz, 1H), 2.48 (s, 3H). ’F NMR
(376 MHz, CDCl;) 3 -115.08. 13C NMR (101 MHz, CDCl5) 6 160.4 (d, J = 246.5 Hz), 144.6, 141.5, 136.5,
134.1 (d, J="7.3 Hz), 131.8 (d, J = 2.8 Hz), 130.3, 128.6, 128.5, 127.7, 127.44, 127.35, 116.4 (d, J =23.2
Hz), 114.8 (d,J=22.7 Hz), 55.6, 55.0, 27.6, 21.6. HRMS (ESI) calcd for C;,H»0FINO,S* [M + H*] 508.0238,
found 508.0235.

3-Chloro-6-nitro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3h-Cl)
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According to the procedure C, 3h-Cl was obtained as yellow oil (121.7 mg, yield: 55%). mp: 141-143 °C.
'"H NMR (400 MHz, CDCl;) 8 8.08 (s, 2H), 7.70 (d, J= 7.6 Hz, 3H), 7.34 (d, J= 7.1 Hz, 2H), 7.22 (s, 3H),
6.66 (d, J= 6.0 Hz, 2H), 4.46 (d, J = 13.3 Hz, 1H), 4.17 (d, J = 6.6 Hz, 1H), 4.01 (s, 1H), 3.95 — 3.81 (m,
1H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCls) & 145.3, 144.3, 141.7, 140.2, 135.8, 130.3, 129.0, 128.6,
128.1, 127.4,126.4,123.0, 122.9, 56.1, 53.5, 50.7, 21.7. HRMS (ESI) caled for C,,Hy*CIN,O4S* [M + H']
443.0827, found 443.0827.

3-Bromo-6-nitro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3h-Br)

02N O ‘\Br

N
]

Ts
According to the procedure C, 3h-Br was gained as a white solid (97.5 mg, yield: 80%). mp: 143-145 °C.
'H NMR (400 MHz, CDCl;) 4 8.08 (s, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.64 (s, 1H), 7.35 (d, /= 7.8 Hz, 2H),
7.27 (s, 1H), 7.21 (t,J= 7.3 Hz, 2H), 6.64 (d, J= 7.3 Hz, 2H), 4.59 (d, /= 11.2 Hz, 1H), 4.29 (d, /= 8.1 Hz,
1H), 4.04 (d, J=7.3 Hz, 1H), 3.99 — 3.90 (m, 1H), 2.47 (s, 3H). BC NMR (101 MHz, CDCl3) 5 145.3, 144.4,
141.6, 140.4, 135.9, 130.9, 130.4, 129.0, 128.6, 128.1, 127.4, 126.2, 123.4, 122.8, 53.9, 51.5, 47.3, 21.7.
HRMS (ESI) calcd for CoyHy?BrN,O4S™ [M + H*] 487.0322, found 487.0320.

3-lodo-6-nitro-4-phenyl-1-tosyl-1,2,3,4-tetrahydroquinoline (3h-I)

02N E \\\l
N

|
Ts

According to the procedure C, 3h-1 was gained as a yellow solid (114.9 mg, yield: 86%). mp: 139-141
°C.'H NMR (400 MHz, CDCls) 6 8.06 (s, 2H), 7.67 (d, J = 7.4 Hz, 2H), 7.58 (s, 1H), 7.36 (d, J= 7.3 Hz,
2H), 7.29 — 7.14 (m, 3H), 6.60 (d, J = 6.7 Hz, 2H), 4.69 (d, J = 13.1 Hz, 1H), 4.35 (d, /= 8.5 Hz, 1H), 4.07
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(d, J= 8.6 Hz, 1H), 4.02 — 3.90 (m, 1H), 2.47 (s, 3H). 3C NMR (101 MHz, CDCl;) § 145.3, 144.5, 141.6,
141.0, 136.1, 131.3, 130.4, 129.0, 128.4, 128.1, 127.3, 126.1, 124.0, 122.7, 55.2, 53.8, 25.6, 21.7. HRMS
(ESI) caled for CoH,oIN,04S* [M + H*] 535.0186, found 535.0191.

3-Bromo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4a-Br)

O O Br

N
]

Ts

According to the procedure C, 4a-Br was gained as a white solid (90.3 mg, yield: 82%). mp: 170-172 °C.
'H NMR (400 MHz, CDCl3) 6 7.79 (d, J= 7.9 Hz, 1H), 7.41 (d, J= 7.9 Hz, 2H), 7.37 — 7.26 (m, 4H), 7.17
(d,J=17.8 Hz, 2H), 7.09 (t, /= 7.5 Hz, 1H), 6.54 (d, J= 7.7 Hz, 1H), 6.48 (d, J = 6.5 Hz, 2H), 4.83 (s, 2H),
2.40 (s, 3H). *C NMR (101 MHz, CDCl3) 6 144.0, 137.1, 136.7, 135.5, 133.9, 131.5, 129.4, 129.4, 128.3,
128.1, 128.0, 127.5, 127.5, 127.1, 126.5, 115.1, 53.2, 21.5. HRMS (ESI) calcd for C5,H19””BrNO,S* [M +
H*] 440.0314, found 440.0316.

3-Iodo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4a-I)

®
~

N
]

Ts

According to the procedure C, 4a-I was obtained as a white solid (187.6 mg, yield: 77%). mp: 173-175
°C (dec). 'HNMR (400 MHz, CDCl3) 6 7.80 (dd, J=8.0, 0.8 Hz, 1H), 7.45 (d, J=8.3 Hz, 2H), 7.39 - 7.28
(m, 4H), 7.21 (d, J= 8.3 Hz, 2H), 7.10 (td, J= 7.7, 1.1 Hz, 1H), 6.56 (dd, /= 7.8, 1.3 Hz, 1H), 6.49 — 6.40
(m, 2H), 4.90 (s, 2H), 2.44 (s, 3H). 3C NMR (101 MHz, CDCls) & 143.9, 143.1, 140.1, 135.7, 134.2, 130.9,
129.5, 129.2, 128.5, 128.2, 128.1, 127.6, 127.4, 127.0, 126.7, 92.7, 56.9, 21.5. HRMS (ESI) calcd for
CHsINO,S* [M + H"] 488.0176, found 488.0177.

3-Bromo-6-fluoro-4-phenyl-1-tosyl-1,2-dihydroquinoline (4b-Br)
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F E \Br
N
Ts

According to the procedure C, 4b-Br was obtained as a white solid (171.9 mg, yield: 75%). mp: 145-147
°C. 'HNMR (400 MHz, CDCl3) 8 7.75 (dd, J= 8.1, 5.3 Hz, 1H), 7.41 (d,J= 7.7 Hz, 2H), 7.29 (d,J=17.6
Hz, 3H), 7.19 (d,J=7.6 Hz, 2H), 7.02 (t, /= 7.1 Hz, 1H), 6.46 (d, J= 6.4 Hz, 2H), 6.24 (d, /= 8.4 Hz, 1H),
4.82 (s, 2H), 2.41 (s, 3H). '°F NMR (376 MHz, CDCl;) 6 -113.18. 13C NMR (101 MHz, CDCl3) 8 161.2 (d,
J=1246.7 Hz), 144.2, 136.5, 136.0, 135.3, 133.2 (d, /= 8.5 Hz), 129.8 (d, J = 2.7 Hz), 129.5, 129.4, 129.3,
129.2,128.3, 127.5, 116.8, 115.1 (d, J=23.0 Hz), 113.1 (d, /= 24.8 Hz), 53.3, 21.5. HRMS (ESI) calcd for
CyH3””BrFNO,S* [M + H*] 458.0220, found 458.0224.

6-Fluoro-3-iodo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4b-I)

C
F N I
O N

Ts
According to the procedure C, 4b-I was obtained as brown oil (202.1 mg, yield: 80%). 'H NMR (400
MHz, CDCl3) 6 7.66 (dd, J= 8.9, 5.3 Hz, 1H), 7.35 (d, J= 8.3 Hz, 2H), 7.27 — 7.18 (m, 3H), 7.13 (d, /= 8.0
Hz, 2H), 6.94 (ddd, J = 8.8, 8.0, 2.9 Hz, 1H), 6.33 (dd, J = 7.8, 1.4 Hz, 2H), 6.16 (dd, J = 9.5, 2.9 Hz, 1H),
4.79 (s, 2H), 2.35 (s, 3H). '°F NMR (376 MHz, CDCl;) 6 -113.21. 3C NMR (101 MHz, CDCl3) 8 161.0 (d,
J=1246.7 Hz), 144.1, 142.4, 139.5, 135.5, 132.4 (d, J = 8.4 Hz), 130.1 (d, J = 2.8 Hz), 129.6, 129.2 (d, J =

8.6 Hz), 129.0, 128.4, 128.3, 127.6, 115.3 (d, J=22.9 Hz), 113.3 (d, /= 24.7 Hz), 94.6, 57.0, 21.5. HRMS
(ESI) caled for Cy,HsFINO,S™ [M + H*] 506.0081, found 506.0080.

3-Chloro-6-iodo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4¢c-Cl)

I O X Cl
\
Ts
According to the procedure C, 4¢-Cl was obtained as a white solid (109.5 mg, yield: 42%). mp: 179-181
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°C. 'HNMR (400 MHz, CDCls) & 7.62 (s, 1H), 7.52 (s, 1H), 7.41 (s, 2H), 7.31 (s, 3H), 7.20 (s, 2H), 6.85
(s, 1H), 6.49 (s, 2H), 4.69 (s, 2H), 2.40 (s, 3H). 3C NMR (101 MHz, CDCl5) § 144.3, 137.1, 135.2, 134.8,
134.0, 133.6, 133.4, 133.0, 129.6, 129.4, 129.3, 128.3, 127.3, 125.0, 92.2, 51.2, 21.5. HRMS (ESI) calcd for
C,H s33CIINO,S* [M + H*] 521.9786, found 521.9789.

3-Bromo-6-iodo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4¢-Br)

| E N Br
N
Ts

According to the procedure C, 4c-Br was gained as a white solid (108.9 mg, yield: 77%). mp: 178-180
°C.'™H NMR (400 MHz, CDCl3) 6 7.64 (d, J = 7.6 Hz, 1H), 7.51 (d, J= 8.2 Hz, 1H), 7.43 (d, J= 7.6 Hz,
2H), 7.30 (d, J = 7.3 Hz, 3H), 7.20 (d, /= 7.5 Hz, 2H), 6.75 (d, /= 71.0 Hz, 1H), 6.46 (d, J = 6.1 Hz, 2H),
4.80 (s, 2H), 2.41 (s, 3H). 13C NMR (101 MHz, CDCl;) 8 144.2, 137.2, 136.0, 135.9, 135.4, 134.9, 133.7,
133.3, 129.6, 129.3, 129.2, 128.4, 127.4, 116.5, 92.2, 53.0, 21.5. HRMS (ESI) calcd for Cp,H;3”°BrINO,S*
[M + H*] 565.9281, found 565.9285.

3,6-Diiodo-4-phenyl-1-tosyl-1,2-dihydroquinoline (4c-I)

®
I X I
O N
Ts
According to the procedure C, 4¢-I was obtained as brown oil (251.4 mg, yield: 82%). 'H NMR (400
MHz, CDCl3) 6 7.57 (dd, J=8.5, 2.0 Hz, 1H), 7.42 (d, /= 8.5 Hz, 1H), 7.38 (d, /= 8.3 Hz, 2H), 7.29 - 7.18
(m, 3H), 7.15 (d, J = 8.1 Hz, 2H), 6.75 (d, J = 2.0 Hz, 1H), 6.36 — 6.29 (m, 2H), 4.78 (s, 2H), 2.36 (s, 3H).
BC NMR (101 MHz, CDCls) 6 144.2, 141.9, 139.4, 137.4, 135.6, 135.1, 134.0, 132.5, 129.6, 129.2, 129.0,

128.5, 128.4, 127.6,94.4, 92.0, 56.8, 21.5. HRMS (ESI) calcd for C5,H,3sI[,NO,S* [M + H] 613.9142, found
613.9140.

3-Chloro-6-methoxy-4-phenyl-1-tosyl-1,2-dihydroquinoline (4d-Cl)
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MeO E X Cl
h
Ts

According to the procedure C, 4d-Cl was gained as a white solid (45.3 mg, yield: 42%). mp: 117-119 °C.
'"H NMR (400 MHz, CDCl;) 8 7.71 (d, J = 8.8 Hz, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.27 (q, J = 6.0 Hz, 3H),
7.16 (d, J = 8.0 Hz, 2H), 6.84 (dd, J = 8.8, 2.8 Hz, 1H), 6.50 (d, J = 6.2 Hz, 2H), 6.07 (d, J = 2.7 Hz, 1H),
4.69 (s, 2H), 3.65 (s, 3H), 2.39 (s, 3H). *C NMR (101 MHz, CDCl;) 6 158.3, 143.9, 135.3, 134.6, 133.9,
132.6, 129.5, 129.4, 128.7, 128.1, 128.0, 127.5, 126.6, 124.4, 112.6, 112.3, 55.4, 51.5, 21.4. HRMS (ESI)
calcd for Co3H 3 CINOsS* [M + H] 426.0925, found 426.0923

3-Bromo-6-methoxy-4-phenyl-1-tosyl-1,2-dihydroquinoline (4d-Br)

MeO E X Br
N
Ts

According to the procedure C, 4d-Br was gained as a white solid (88.2 mg, yield: 75%). mp: 141-143 °C.
'H NMR (400 MHz, CDCl;) 6 7.71 (d, J = 8.8 Hz, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.27 (q, J = 6.0 Hz, 3H),
7.16 (d, J = 8.0 Hz, 2H), 6.84 (dd, J = 8.8, 2.8 Hz, 1H), 6.50 (d, J = 6.2 Hz, 2H), 6.07 (d, J = 2.7 Hz, 1H),
4.69 (s, 2H), 3.65 (s, 3H), 2.39 (s, 3H). *C NMR (101 MHz, CDCl;) & 158.3, 143.9, 137.0, 136.5, 135.4,
132.6, 129.4, 129.3, 128.7, 128.1, 128.1, 127.6, 126.8, 115.9, 112.8, 112.4, 55.4, 53.4, 21.5. HRMS (ESI)
caled for Co3H, 7"BrNO;S* [M + H*] 470.0420, found 470.0423.

3-lodo-6-methoxy-4-phenyl-1-tosyl-1,2-dihydroquinoline (4d-I)

MeO E X [
N
Ts

According to the procedure C, 4d-I was gained as colorless oil (193.7 mg, yield: 75%). 'H NMR (400
MHz, CDCl3) 6 7.69 (d, J = 8.7 Hz, 1H), 7.43 (d, /= 7.7 Hz, 2H), 7.27 (d, /= 6.8 Hz, 3H), 7.19 (d, J= 7.6
Hz, 2H), 6.86 (d, /= 6.9 Hz, 1H), 6.40 (d, J = 6.3 Hz, 2H), 6.05 (s, 1H), 4.85 (s, 2H), 3.64 (s, 3H), 2.42 (s,
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3H). 3C NMR (101 MHz, CDCl3) § 158.1, 143.8, 143.0, 140.0, 135.7, 132.0, 129.5, 129.1, 128.6, 128.2,
128.1, 127.7, 127.4, 113.0, 112.6, 93.8, 57.1, 55.4, 21.5. HRMS (ESI) calcd for Cy3H,;INO;S* [M + H']
518.0281, found 518.0283.

General procedure D for halogenation of compounds 5: NXS (0.6 mmol, 1.20 equiv, X = CI, Br, I) and
thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved in DCE (3.0 mL). With stirring of the
mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added. Then
substrate 5 (0.5 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was completed.
The solvent of reaction mixture was removed by rotary evaporation. The residue was purified by silica gel

column chromatography to afford the corresponding halogenated products.

NXS (1.2 equiv)
2 TT (5 mol%) ?
TfOH (5 mol%) ©:‘§7x
DCE, tt, 12 h
5 5.X

2-Chloro-2,3-dihydro-1H-inden-1-one (5a-Cl)

0O

ot

According to the procedure D, 5a-Cl was obtained as colorless oil (68.3 mg, yield: 82%). '"H NMR (400
MHz, CDCls) ¢ 7.81 (d, J= 7.7 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H), 7.43 (dd, J = 13.6, 7.1 Hz, 2H), 4.55 (dd,
J=17.8,4.0 Hz, 1H), 3.77 (dd, J= 17.6, 7.8 Hz, 1H), 3.28 (dd, J=17.6, 3.9 Hz, 1H). 3C NMR (101 MHz,
CDCl;) 6 199.3, 150.8, 136.1, 133.8, 128.4, 126.4, 125.0, 55.8, 37.6. HRMS (ESI) calcd for CoHg**C10* [M
+ H"]167.0258, found 167.0259.

2-Bromo-2,3-dihydro-1H-inden-1-one (5a-Br)

0O

Oy

According to the procedure D, 5a-Br was obtained as yellow oil (88.6 mg, yield: 84%). '"H NMR (400
MHz, CDCl;) 6 7.82 (d, J= 7.7 Hz, 1H), 7.66 (td, J = 7.7, 1.1 Hz, 1H), 7.49 — 7.39 (m, 2H), 4.64 (dd, J =
7.5, 3.2 Hz, 1H), 3.83 (dd, J = 18.1, 7.5 Hz, 1H), 3.41 (dd, J = 18.1, 3.1 Hz, 1H). 3C NMR (101 MHz,
CDCl;) 6 199.6, 151.1, 136.0, 133.6, 128.3, 126.5, 125.1, 44.1, 38.0. HRMS (ESI) calcd for CoHg””BrO* [M
+ H"]210.9753, found 210.9751.
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2-Todo-2,3-dihydro-1H-inden-1-one (5a-I)

-

According to the procedure D, 5a-I was obtained as brown oil (91.6 mg, yield: 71%). 'H NMR (400 MHz,
CDCl3) 6 7.85 (d,J=7.3 Hz, 1H), 7.66 (td, J=7.5, 1.1 Hz, 1H), 7.42 (dd, J=10.9, 4.0 Hz, 2H), 4.95 (dd, J
=17.4,2.7 Hz, 1H), 3.88 (dd, J = 18.4, 7.4 Hz, 1H), 3.47 (dd, J = 18.4, 2.5 Hz, 1H). 13C NMR (101 MHz,
CDCly) 6 201.5, 151.3, 135.6, 132.9, 128.2, 126.5, 125.1, 39.6, 19.3. HRMS (ESI) calcd for CoHglO" [M +
H*]258.9614, found 258.9616.

2-Chloro-3,4-dihydronaphthalen-1(2H)-one (5b-Cl)

0]

Oé/CI

According to the procedure D, 5b-Cl was obtained as colorless oil (72.3 mg, yield: 80%). 'H NMR (400
MHz, CDCls) & 8.06 (dd, /= 7.9, 1.0 Hz, 1H), 7.51 (td, J = 7.5, 1.4 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.26
(d,J=7.5Hz, 1H), 4.62 (dd, J=17.8,3.9 Hz, 1H), 3.27 (ddd, J=17.1, 7.9, 4.6 Hz, 1H), 2.99 (ddd, J=17.1,
6.8, 4.8 Hz, 1H), 2.65 — 2.52 (m, 1H), 2.44 (tdd, J = 12.2, 7.3, 4.6 Hz, 1H). 3C NMR (101 MHz, CDCls) §
190.8, 143.2, 134.2, 130.5, 128.8, 128.5, 127.1, 59.9, 32.5, 26.3. HRMS (ESI) calcd for C1oH;¢*>>CIO* [M +
H*] 181.0415, found 181.0416.

2-Bromo-3,4-dihydronaphthalen-1(2H)-one (Sb-Br)
0

@éf&

According to the procedure D, 5b-Br was obtained as yellow oil (95.7 mg, yield: 85%). '"H NMR (400
MHz, CDCl;) 6 8.08 (dd, J= 7.8, 0.7 Hz, 1H), 7.52 (td, /= 7.5, 1.3 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.27
(d, J=17.7 Hz, 1H), 4.80 — 4.66 (m, 1H), 3.39 — 3.23 (m, 1H), 2.91 (dt, J = 17.1, 4.4 Hz, 1H), 2.59 — 2.38
(m, 2H). 13C NMR (101 MHz, CDCl3) 6 190.6, 143.0, 134.2, 130.0, 128.8, 128.7, 127.1, 50.6, 32.0, 26.2.
HRMS (ESI) calcd for C;oH;’BrO* [M + H*] 224.9910, found 224.9915.

2-Iodo-3,4-dihydronaphthalen-1(2H)-one (5b-I)
0

©©/|
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According to the procedure D, Sb-I was obtained as a yellow solid (100.7 mg, yield: 74%). mp: 77-79 °C.
'H NMR (400 MHz, CDCl3) 6 8.09 (dd, J="7.9, 1.0 Hz, 1H), 7.51 (td, J=7.5, 1.4 Hz, 1H), 7.35 (t, J=7.6
Hz, 1H), 7.32 — 7.23 (m, 1H), 5.02 (t, /= 3.5 Hz, 1H), 3.24 — 3.05 (m, 1H), 2.88 (dt, J=17.2, 3.8 Hz, 1H),
2.28 (ddd, J=14.9, 7.9, 3.9 Hz, 1H), 2.20 — 2.07 (m, 1H). 3C NMR (101 MHz, CDCl;) & 191.9, 142.8,
134.0, 129.4, 128.8, 128.8, 127.1, 32.7, 30.7, 27.9. HRMS (ESI) calcd for CoH;oIO" [M + H*] 272.9771,
found 272.9767.

6-Chloro-6,7,8,9-tetrahydro-5SH-benzo|7]annulen-5-one (5¢-Cl)
O? cl
According to the procedure D, 5¢-Cl was obtained as yellow oil (78.8 mg, yield: 81%). 'H NMR (400
MHz, CDCl3) 8 7.64 (dd, /= 7.7, 1.3 Hz, 1H), 7.41 (td, J= 7.5, 1.4 Hz, 1H), 7.30 (t, /= 7.2 Hz, 1H), 7.21
(d,J=7.6 Hz, 1H), 4.80 (dd, J=8.7,4.7 Hz, 1H), 3.02 (ddd, J=15.8, 7.7, 3.3 Hz, 1H), 2.92 (ddd, J = 15.8,
9.6,3.3 Hz, 1H), 2.39 (dddd, /= 14.3,9.7, 6.1, 4.8 Hz, 1H), 2.20 (ddt, /= 14.1, 8.7, 5.3 Hz, 1H), 2.12 - 1.83

(m, 2H). 3C NMR (101 MHz, CDCly) 6 199.5, 140.4, 137.5, 132.2, 129.9, 129.4, 126.8, 63.5, 34.0, 33.8,
23.7. HRMS (ESI) calcd for C;;H;,3°CIO* [M + H*] 195.0571, found 195.0575.

6-Bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (5c-Br)
©058r

According to the procedure D, 5¢c-Br was gained as yellow oil (100.4 mg, yield: 82%). '"H NMR (400
MHz, CDCl5) & 7.52 (d, J= 7.6 Hz, 1H), 7.34 (t, J= 7.1 Hz, 1H), 7.21 (t, J=7.5 Hz, 1H), 7.12 (d, J= 7.5
Hz, 1H), 4.78 (dd, J=7.8, 4.1 Hz, 1H), 2.95 (m, 1H), 2.87 — 2.75 (m, 1H), 2.31 (m, 1H), 2.20 (m, 1H), 2.01
—1.87 (m, 2H). *C NMR (101 MHz, CDCl;) 3 200.0, 139.6, 137.7, 132.2, 129.7, 129.6, 126.7, 54.4, 33.8,
33.3, 24.0. HRMS (ESI) calcd for C;1H;,”°BrO* [M + H*] 239.0066, found 239.0063.

6-Iodo-6,7,8,9-tetrahydro-SH-benzo[7]annulen-5-one (5c-I)
o

@)
According to the procedure D, 5¢-I was gained as yellow oil (99.8 mg, yield: 70%). '"H NMR (400 MHz,

CDCl3) & 7.57 (d, J= 7.6 Hz, 1H), 7.41 (td, J = 7.5, 1.3 Hz, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.18 (d, J = 7.5
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Hz, 1H), 5.16 — 5.05 (m, 1H), 3.06 —2.94 (m, 1H), 2.93 - 2.83 (m, 1H), 2.24 - 2.11 (m, 2H), 2.02 — 1.88 (m,
2H). 3C NMR (101 MHz, CDCls) 6 201.7, 138.9, 137.7, 132.2, 129.7, 129.5, 126.7, 33.4, 33.3, 33.3, 25.5.
HRMS (ESI) calcd for C;1H ;10" [M + H] 286.9927, found 286.9923.

5-Bromo-2-chloro-2,3-dihydro-1H-inden-1-one (5d-Cl)

0O

joss
Br

According to the procedure D, Sd-Cl was obtained as a white solid (103.1 mg, yield: 84%). mp: 91-93 °C.
'H NMR (400 MHz, CDCl;) 6 7.69 (d, J= 8.2 Hz, 1H), 7.64 (s, 1H), 7.58 (d, J = 8.2 Hz, 1H), 4.55 (dd, J =
7.8, 4.0 Hz, 1H), 3.77 (dd, J = 17.8, 7.8 Hz, 1H), 3.29 (dd, J = 17.8, 3.9 Hz, 1H). 3C NMR (101 MHz,
CDCly) 6 198.0, 152.2, 132.7, 132.1, 131.7, 129.8, 126.2, 55.3, 37.02. HRMS (ESI) calcd for CoH;”°Br
3CI0" [M + H'] 244.9363, found 244.9362.

2,5-Dibromo-2,3-dihydro-1H-inden-1-one (5d-Br)

0O

jon
Br

According to the procedure D, Sd-Br was obtained as a white solid (114.5 mg, yield: 79%). mp: 98-100
°C. 'H NMR (400 MHz, CDCl;) 8 7.66 (d, J= 8.2 Hz, 1H), 7.61 (d, /= 0.8 Hz, 1H), 7.58 — 7.51 (m, 1H),
4.62 (dd, J=17.5, 3.1 Hz, 1H), 3.81 (dd, J = 18.3, 7.5 Hz, 1H), 3.38 (dd, J = 18.3, 3.0 Hz, 1H). 3°C NMR
(101 MHz, CDCl;) 6 198.4, 152.6, 132.4, 132.0, 131.5, 129.8, 126.2, 43.5, 37.6. HRMS (ESI) calcd for
CoH;°Br,O" [M + H'] 288.8858, found 288.8856.

5-Bromo-2-iodo-2,3-dihydro-1H-inden-1-one (5d-I)

0

According to the procedure D, 5d-I was obtained as brown oil (117.9 mg, yield: 70%). '"H NMR (400
MHz, CDCl3) 6 7.68 (d, J= 8.2 Hz, 1H), 7.60 (d, /= 0.7 Hz, 1H), 7.58 — 7.52 (m, 1H), 4.92 (dd, /J=7.4,2.6
Hz, 1H), 3.86 (dd, J = 18.6, 7.4 Hz, 1H), 3.43 (dd, J = 18.6, 2.3 Hz, 1H). 3C NMR (101 MHz, CDCl;) &
200.3, 152.7, 131.9, 131.7, 131.2, 129.8, 126.2, 39.3, 18.6. HRMS (ESI) calcd for CoH;°BrIO" [M + H]
336.8719, found 336.8722.
2-Chloro-2-methyl-2,3-dihydro-1H-inden-1-one (Se-Cl)
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Me
Cl
According to the procedure D, 5e-Cl was obtained as yellow oil (70.4 mg, yield: 78%). 'H NMR (400
MHz, CDCl;) 6 7.85 — 7.78 (m, 1H), 7.64 (td, J= 7.6, 1.1 Hz, 1H), 7.47 — 7.37 (m, 2H), 3.63 (d, J=17.8
Hz, 1H), 3.43 (d, J=17.8 Hz, 1H), 1.78 (s, 3H). *C NMR (101 MHz, CDCl;) 8 200.4, 149.6, 136.1, 132.9,

128.3, 126.5, 125.6, 66.8, 45.5, 26.2. HRMS (ESI) calcd for CioH;o**CIO* [M + H*] 181.0415, found
181.0412.

2-Chloro-2-methyl-2,3-dihydro-1H-inden-1-one (Se-Br)
@)
Me
Br
According to the procedure D, 5e-Br was obtained as yellow oil (75.4 mg, yield: 67%). '"H NMR (400
MHz, CDCl;) 6 7.84 (d, J=7.4 Hz, 1H), 7.64 (td, J= 7.6, 1.1 Hz, 1H), 7.42 (t,J= 7.5 Hz, 2H), 3.77 (d, J =
18.2 Hz, 1H), 3.47 (d, J = 18.2 Hz, 1H), 1.94 (s, 3H). 13C NMR (101 MHz, CDCls) § 200.3, 149.1, 135.9,

132.7, 128.3, 126.4, 125.6, 59.6, 46.4, 26.8. HRMS (ESI) calcd for C,oH;¢"’BrO* [M + H*] 224.9910, found
224.9914.

2-Iodo-2-methyl-2,3-dihydro-1H-inden-1-one (Se-I)
@)
Me
I
According to the procedure D, 5e-I was obtained as yellow oil (61.2 mg, yield: 45%). mp: 'H NMR (400
MHz, CDCl;) 6 7.87 (d, J = 7.7 Hz, 1H), 7.65 (td, J= 7.5, 1.1 Hz, 1H), 7.48 — 7.36 (m, 2H), 3.85 (d, J =
18.5 Hz, 1H), 3.47 (d, J = 18.4 Hz, 1H), 2.09 (s, 3H). 13C NMR (101 MHz, CDCls) 8 202.0, 148.3, 135.5,

131.9, 128.3, 126.3, 125.7, 49.0, 40.7, 29.6. HRMS (ESI) calcd for C;oH;,10" [M + H*] 272.9771, found
272.9772.

2-Chloro-2-methyl-3,4-dihydronaphthalen-1(2H)-one (5f-Cl)

0]

Me
Cl

According to the procedure D, 5f-Cl was obtained as yellow oil (76.9 mg, yield: 79%). '"H NMR (400

MHz, CDCls) & 8.10 (dd, J= 7.9, 1.0 Hz, 1H), 7.50 (td, J= 7.5, 1.4 Hz, 1H), 7.34 (t, J= 7.6 Hz, 1H), 7.25
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(d,J=7.3 Hz, 1H), 3.39 (ddd, J = 16.4, 11.3, 4.7 Hz, 1H), 2.93 — 2.82 (m, 1H), 2.50 (ddd, J = 14.5, 4.7, 3.1
Hz, 1H), 2.33 (ddd, J = 14.6, 11.3, 4.7 Hz, 1H), 1.83 (s, 3H). 3C NMR (101 MHz, CDCl;) 5 191.4, 143.1,
133.8, 129.8, 128.94, 128.7, 127.0, 67.6, 38.5, 26.7, 26.0. HRMS (ESI) calcd for C,;H;,35C10* [M + H*]
195.0571, found 195.0577.

2-Bromo-2-methyl-3,4-dihydronaphthalen-1(2H)-one (5f-Br)
o]

Me
Br

According to the procedure D, 5f-Br was obtained as yellow oil (76.5 mg, yield: 64%). 'H NMR (400
MHz, CDCl;) & 8.04 (d, J= 7.8 Hz, 1H), 7.42 (t, J=7.3 Hz, 1H), 7.26 (t, J=7.5 Hz, 1H), 7.17 (d, J= 7.3
Hz, 1H), 3.26 (ddd, J=16.6, 11.9, 4.3 Hz, 1H), 2.82 (d, J=15.9 Hz, 1H), 2.42 (dd, J = 14.8, 1.7 Hz, 1H),
2.20 —2.05 (m, 1H), 1.95 (s, 3H). 3C NMR (101 MHz, CDCls) & 191.1, 142.8, 133.8, 129.5, 129.0, 128.7,
127.0, 63.5, 39.3, 28.0, 27.4. HRMS (ESI) calcd for C;;H;,”°BrO* [M + H*]239.0066, found 239.0062.

2-Todo-2-methyl-3,4-dihydronaphthalen-1(2H)-one (5f-I)

Oéﬂ‘f

According to the procedure D, 5f-1 was obtained as yellow oil (81.5 mg, yield: 57%). 'H NMR (400 MHz,
CDCly) 6 8.06 (dd, J=17.9, 1.0 Hz, 1H), 7.42 (td, J=7.5, 1.4 Hz, 1H), 7.28 (t, J= 7.6 Hz, 1H), 7.22 - 7.17
(m, 1H), 3.04 (ddd, J=16.5, 11.8, 4.5 Hz, 1H), 2.86 (ddd, J=17.4, 4.6, 2.3 Hz, 1H), 2.28 (ddd, J = 15.1,
4.5,2.4 Hz, 1H), 2.20 (s, 3H), 1.50 (ddd, J= 16.4, 12.0, 4.6 Hz, 2H). 3C NMR (101 MHz, CDCls) 6 192.5,
142.4,133.6, 129.0, 129.0, 128.7, 127.0,49.7, 41.4, 31.1, 30.2. HRMS (ESI) calcd for C,;H;,10" [M + H']
286.9927, found 286.9931.

2,2-Dichloro-2,3-dihydro-1H-inden-1-one (5a-Cl,)
(0]
Cl
Cl

According to the procedure D, 5a-Cl, was obtained as colorless oil (80.4 mg, yield: 80%). mp: 64-66 °C.
'"H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 7.7 Hz, 1H), 7.74 (td, J= 7.6, 1.1 Hz, 1H), 7.55 — 7.47 (m, 1H),
7.43 (d, J= 7.7 Hz, 1H), 4.05 (s, 2H). 3C NMR (101 MHz, CDCls) & 191.8, 147.2, 137.1, 130.4, 129.1,
126.6, 126.2, 81.5, 50.2. HRMS (ESI) calcd for CoH;*>C1,0" [M + H*] 200.9868, found 200.9872.
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General procedure A for halogenation of natural products and drugs 6: NXS (0.6 mmol, 1.20 equiv, X
= Cl, Br, I) and thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved in DCE (3.0 mL). With
stirring of the mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added.
Then substrate 6 (0.5 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was
completed. The solvent of reaction mixture was removed by rotary evaporation. The residue was purified by

silica gel column chromatography to afford the corresponding halogenated products.

jemmm e . TT (5 mol%) jemmm e .

' Natural Products: TfOH (5 mol%) ' Natural Products.
' + + NXS > -
' or Drugs ! DCE, rt ' or Drugs
---------------- ’ (X =Cl, Br, I)

2-(5-Chloro-6-methoxynaphthalen-2-yl)propanoic acid (6a-Cl)
Me

DO R
MeO

Cl
According to the procedure A, 6a-Cl was obtained as a white solid (121.5 mg, yield: 90%). mp: 150-152
°C.'H NMR (400 MHz, DMSO) 6 12.41 (s, 1H), 8.05 (d, J= 8.8 Hz, 1H), 7.96 (d, J=9.1 Hz, 1H), 7.84 (s,
1H), 7.58 (dd, J= 14.1, 5.2 Hz, 2H), 3.99 (s, 3H), 1.46 (d, J = 7.1 Hz, 3H). 3C NMR (101 MHz, DMSO) 4
175.7, 152.7, 137.6, 130.4, 129.4, 128.7, 128.5, 126.7, 123.3, 115.2, 114.9, 57.2, 44.9, 18.8. HRMS (ESI)
calcd for C14H4,3ClO;* [M + H']265.0626, found 265.0629.

2-(5-Bromo-6-methoxynaphthalen-2-yl)propanoic acid (6a-Br)
Me

Iy e
MeO

Br
According to the procedure A, 6a-Br was gained as a white solid (128.2 mg, yield: 95%). mp: 167-169
°C. '"HNMR (400 MHz, DMSO) 6 12.42 (s, 1H), 8.04 (d, J= 8.8 Hz, 1H), 7.99 (d, J=9.1 Hz, 1H), 7.83 (s,
1H), 7.58 (dd, J= 8.8, 1.6 Hz, 1H), 7.52 (d, /= 9.1 Hz, 1H), 3.99 (s, 3H), 3.86 (q, /= 7.1 Hz, 1H), 1.47 (d,
J =17.1 Hz, 3H). *C NMR (101 MHz, DMSO) $ 175.8, 153.9, 137.6, 131.8, 129.8, 129.6, 128.7, 126.8,
125.9, 114.9, 107.2, 57.3, 44.8, 18.8. HRMS (ESI) caled for C14H;4”°BrO;* [M + H'] 309.0121, found
309.0120.

2-(5-Iodo-6-methoxynaphthalen-2-yl)propanoic acid (6a-I)
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e

(I e
MeO

n

According to the procedure A, 6a-1 was obtained as a white solid (156.7 mg, yield: 88%). mp: 154-156
°C. '"H NMR (400 MHz, DMSO) 4 12.39 (s, 1H), 7.98 (dd, J = 8.9, 2.8 Hz, 2H), 7.78 (d, /= 1.4 Hz, 1H),
7.53 (dd, J=8.9, 1.8 Hz, 1H), 7.43 (d, J=9.1 Hz, 1H), 3.97 (s, 3H), 1.46 (d, J= 7.1 Hz, 3H). *C NMR (101
MHz, DMSO) 6 175.8, 156.9, 137.5, 134.4, 131.0, 130.8, 129.8, 128.9, 126.8, 114.3, 87.1, 57.6, 44.7, 18.8.
HRMS (ESI) caled for Ci4H410;5* [M + H*] 356.9982, found 356.9986.

Methyl 2-(5-chloro-2-((2,6-dichlorophenyl)amino)phenyl)acetate (6b-Cl)

M
cl H C02 e
N

Cl Cl

According to the procedure A, 6b-Cl was obtained as a white solid (106.7 mg, yield: 79%). mp: 86-88 °C.
'"H NMR (400 MHz, CDCl3) 6 7.26 (d, J= 8.1 Hz, 2H), 7.13 (d, J= 2.1 Hz, 1H), 7.00 (dd, J = 8.6, 2.2 Hz,
1H), 6.92 (t, J = 8.0 Hz, 1H), 6.83 (s, 1H), 6.38 (d, J = 8.6 Hz, 1H), 3.69 (s, 2H), 3.68 (s, 3H). 3*C NMR
(101 MHz, CDCl3) 6 172.1, 141.4, 137.4, 130.6, 129.6, 129.0, 127.9, 126.7, 125.6, 124.5, 119.3, 52.6, 38.3.
HRMS (ESI) calcd for C;sH;33°CIsNO,* [M + H'] 344.0006, found 344.0008.

Methyl 2-(5-bromo-2-((2,6-dichlorophenyl)amino)phenyl)acetate (6b-Br)

M
cl H C02 e
N

Cl Br

According to the procedure A, 6b-Br was gained as a white solid (161.4 mg, yield: 83%). mp: 104-106
°C. 'H NMR (400 MHz, CDCl3) & 7.34 (d, J= 7.6 Hz, 3H), 7.21 (d, J = 7.9 Hz, 1H), 7.00 (t, J= 7.8 Hz,
1H), 6.91 (s, 1H), 6.40 (d, J= 8.4 Hz, 1H), 3.76 (s, 5H). BC NMR (101 MHz, CDCl;) § 172.1, 142.0, 137.2,
133.5, 130.9, 129.7, 129.0, 1259, 124.6, 119.6, 114.0, 52.6, 38.2. HRMS (ESI) calcd for
C1sHi3Br3CLNO," [M + H*'] 387.9501, found 387.9504.

Methyl 2-(2-((2,6-dichlorophenyl)amino)-5-iodophenyl)acetate (6b-I)
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oy CO,Me
N
Cl I

According to the procedure A, 6b-I was gained as a white solid (176.6 mg, yield: 81%). mp: 118-120 °C.
'"H NMR (400 MHz, CDCl;) & 7.53 (s, 1H), 7.37 (dd, J = 15.4, 8.1 Hz, 3H), 7.10 — 6.99 (m, 1H), 6.94 (s,
1H), 6.28 (d, J = 8.0 Hz, 1H), 3.75 (d, J = 6.3 Hz, 5H).3C NMR (101 MHz, CDCl3) & 172.1, 142.7, 139.3,
137.1, 136.8, 129.8, 129.0, 126.2, 124.7, 119.8, 84.0, 52.6, 38.0. HRMS (ESI) calcd for C;5sH;3*3CLINO,*

[M + H*] 435.9363, found 435.9361.

Methyl 2-(2-bromo-4-(2-(4-chlorobenzamido)ethyl)phenoxy)-2-methylpropano-ate (6¢-Br)

Br O
o O%OMe
Me Me
N
H
Cl

According to the procedure A, 6¢c-Br was obtained as yellow oil (191.0 mg, yield: 84%). 'H NMR (400
MHz, CDCl3) 6 7.61 (d, J = 8.3 Hz, 2H), 7.43 — 7.29 (m, 3H), 6.98 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 8.3 Hz,
1H), 6.47 (s, 1H), 3.76 (s, 3H), 3.58 (dd, J = 13.0, 6.6 Hz, 2H), 2.80 (t, J = 6.9 Hz, 2H), 1.59 (s, 6H). 13C
NMR (101 MHz, CDCl3) 6 174.6, 166.6, 151.1, 137.7, 134.5, 133.7, 132.9, 128.8, 128.4, 119.6, 116.4, 80.8,
52.6,41.1, 34.5,25.2. HRMS (ESI) caled for C,0H,,°Br33CINO4" [M + H']454.0415, found 454.0417.

Methyl 2-(4-(2-(4-chlorobenzamido)ethyl)-2-iodophenoxy)-2-methylpropanoate (6c-I)
I O

o O%OMe
/©)J\ Me Me
Cl

N
H

According to the procedure A, 6¢-I was gained as yellow oil (203.2 mg, yield: 81%). '"H NMR (400 MHz,
CDCl;) 6 7.63 (d, J=1.7 Hz, 2H), 7.61 (s, 1H), 7.36 (d, J= 8.4 Hz, 2H), 7.03 (dd, J= 8.3, 1.8 Hz, 1H), 6.65
(d, J=8.3 Hz, 1H), 6.25 (s, 1H), 3.78 (s, 3H), 3.61 (dd, J = 13.0, 6.7 Hz, 2H), 2.80 (t, /= 6.9 Hz, 2H), 1.63
(s, 6H). BC NMR (101 MHz, CDCl;) 6 174.6, 166.5, 153.7, 139.8, 137.7, 134.7, 132.9, 129.4, 128.9, 128.3,
117.7,91.5, 80.8, 52.6, 41.1, 34.3, 25.3. HRMS (ESI) calcd for C,,Hy**CIINO4* [M + H*] 502.0277, found

502.0281.

N-(2-(4-Bromophenoxy)-4-nitrophenyl)methanesulfonamide (6d-Br)
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NH Br

I
O=§=O
Me

According to the procedure A, 6d-Br was obtained as a white solid (172.3 mg, yield: 89%). mp: 117-119
°C.'H NMR (400 MHz, CDCl;) 6 8.02 (d, J=7.6 Hz, 1H), 7.77 (d, J= 9.0 Hz, 1H), 7.65 (s, 1H), 7.58 (d, J
= 8.4 Hz, 2H), 7.37 (s, 1H), 6.97 (d, J = 8.4 Hz, 2H), 3.18 (s, 3H). *C NMR (101 MHz, CDCl;) 3 153.3,
145.8,143.6,134.0,133.8,121.4,119.8,118.9,117.4, 111.9,40.7. HRMS (ESI) calcd for C;3H;,7"BrN,OsS*
[M + H*]386.9645, found 386.9643.

N-(2-(4-1odophenoxy)-4-nitrophenyl)methanesulfonamide (6d-I)

L
NH |

|
O=§=O
Me

According to the procedure A, 6d-I was gained as a white solid (186.7 mg, yield: 86%). mp: 184-186 °C.
'"H NMR (400 MHz, DMSO) 6 10.18 (s, 1H), 8.06 (dd, /=9.0, 2.3 Hz, 1H), 7.77 (dd, J= 13.7, 8.9 Hz, 3H),
7.64 (d,J=2.3 Hz, 1H), 6.98 (d, J= 8.6 Hz, 2H), 3.19 (s, 3H). 3C NMR (101 MHz, DMSO) 6 155.9, 146.9,
143.6, 139.3, 136.5, 122.0, 121.6, 120.4, 114.0, 89.0, 41.4. HRMS (ESI) calcd for C;3H,IN,OsS* [M + H']
434.9506, found 434.9509.

N-(2-(1-(3-Chloro-5-ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl)-1,3-dioxoisoindolin-4-
yDacetamide (6e-Cl)

o R
ﬁ—Me
N O
Me\n,NH o OFEt
o) cl’  OMe

According to the procedure A, 6e-Cl was gained as a white solid (230.1 mg, yield: 93%). mp: 100-102
°C. '"H NMR (400 MHz, CDCl;) 8 9.45 (s, 1H), 8.75 (d, J = 8.4 Hz, 1H), 7.70 — 7.61 (m, 1H), 7.49 (d, J =
7.3 Hz, 1H), 7.28 (s, 1H), 6.85 (s, 1H), 6.33 (dd, J=11.7, 3.0 Hz, 1H), 4.50 (dd, J=14.3, 12.0 Hz, 1H), 4.14
—4.01 (m, 2H), 3.83 (s, 3H), 3.54 — 3.41 (m, 1H), 3.00 (s, 3H), 2.24 (s, 3H), 1.44 (t, J = 7.0 Hz, 3H). 13C
NMR (101 MHz, CDCl3) 6 177.4,169.6, 169.3, 168.0, 150.2, 147.6, 137.7,136.2, 131.1, 126.0, 125.1, 124.1,
118.3,115.1,113.4,112.7,64.9,56.2,53.7,45.8,41.0, 29.6, 25.0. HRMS (ESI) calcd for C,,Hp,I3*CIN,04S*
[M + H"] 495.0987, found 495.0985.
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1-((4-Bromonaphthalen-1-yl)oxy)-3-(isopropylamino)propan-2-ol (6f-Br)

o
CC

Br
According to the procedure A, 6f-Br was obtained as a white solid (139.6 mg, yield: 79%). mp: 107-109
°C.'H NMR (400 MHz, CDCl;) 6 8.26 (d, J= 8.3 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.62 (dd, J=16.1, 7.9
Hz, 2H), 7.52 (t, J=7.5 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 4.26 — 4.08 (m, 3H), 3.03 (dd, J=12.2, 3.6 Hz,
1H), 2.90 (ddd, J = 19.9, 12.4, 7.0 Hz, 2H), 2.70 (s, 2H), 1.22 — 1.07 (m, 6H). 3C NMR (101 MHz, CDCls)
0 154.2, 132.5, 129.4, 127.8, 127.0, 126.8, 126.1, 122.3, 113.7, 105.7, 70.9, 68.2, 49.3, 49.2, 22.9, 22.7.
HRMS (ESI) calcd for CisHy,”BrNO," [M + H'] 338.0750, found 338.0751.

4-Chloro-9-methoxy-7H-furo[3,2-g|chromen-7-one (6g-Cl)

OMe
070

O,
N /
Cl
According to the procedure A, 6g-Cl was obtained as a white solid (106.5 mg, yield: 85%). mp: 186-188
°C. '"H NMR (400 MHz, CDCl5) 8 8.13 (d, J=9.9 Hz, 1H), 7.70 (d, J= 2.2 Hz, 1H), 6.91 (d, J= 2.2 Hz,
1H), 6.44 (d,J=9.9 Hz, 1H), 4.27 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 159.7, 147.1, 147.0, 143.6, 140.2,
131.9, 125.7, 116.2, 115.5, 114.2, 105.8, 61.5. HRMS (ESI) calcd for C,,Hg**ClO4" [M + H'] 251.0106,
found 251.0110.

4-Bromo-9-methoxy-7H-furo[3,2-g]chromen-7-one (6g-Br)

OMe
00

O,
N /
Br
According to the procedure A, 6g-Br was obtained as a white solid (135.7 mg, yield: 92%). mp: 183-185
°C. 'H NMR (400 MHz, CDCl5) 6 8.10 (d, J= 9.7 Hz, 1H), 7.72 (s, 1H), 6.86 (s, 1H), 6.43 (d, J= 9.6 Hz,
1H), 4.27 (s, 3H). 13C NMR (101 MHz, CDCl3) 8 159.7, 146.9, 146.6, 143.7, 142.6, 132.4, 128.0, 115.8,
115.7,107.4, 105.5, 61.4. HRMS (ESI) caled for C,Hg””BrO4* [M + H]294.9600, found 294.9603.

4-Todo-9-methoxy-7H-furo[3,2-g]chromen-7-one (6g-I)
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I
According to the procedure A, 6g-1 was obtained as a white solid (147.1 mg, yield: 86%). mp: 188-190
°C. '"H NMR (400 MHz, CDCl5) 8 7.99 (d, J= 9.9 Hz, 1H), 7.73 (d, J= 2.0 Hz, 1H), 6.77 (d, J= 2.0 Hz,
1H), 6.40 (d, J=9.9 Hz, 1H), 4.28 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 160.0, 147.1, 146.6, 145.5, 143 .4,
133.2,132.5, 118.4, 116.2, 110.7, 79.8, 61.4. HRMS (ESI) calcd for C;,HglO4* [M + H*] 342.9462, found
342.9463.

1-(3-Chloro-4-methoxybenzoyl)pyrrolidin-2-one (6h-Cl)
o o
CID)L '\é
MeO
According to the procedure A, 6h-Cl was gained as a white solid (96.3 mg, yield: 76%). mp: 128-130 °C.
'"H NMR (400 MHz, CDCls) 6 7.69 (s, 1H), 7.57 (s, 1H), 6.93 (s, 1H), 3.95 (s, 5H), 2.61 (s, 2H), 2.14 (s,

2H). BCNMR (101 MHz, CDCl;) 8 174.7, 168.9, 158.1, 131.7, 129.9, 127.0, 121.9, 110.7, 56.3, 46.8, 33.4,
17.7. HRMS (ESI) calcd for Cj,H 33 CINO;* [M + H*] 254.0578, found 254.0579.

1-(3-Bromo-4-methoxybenzoyl)pyrrolidin-2-one (6h-Br)

o o0
Brj@)\,\é
MeO
According to the procedure A, 6h-Br was obtained as a white solid (132.7 mg, yield: 89%). mp: 140-142
°C.'H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 2.1 Hz, 1H), 7.60 (dd, J= 8.6, 2.1 Hz, 1H), 6.89 (d, /= 8.6
Hz, 1H), 3.94 (s, 3H), 3.91 (d, J=7.1 Hz, 2H), 2.61 (t,J= 8.0 Hz, 2H), 2.20 — 2.08 (m, 2H). 3C NMR (101

MHz, CDCl;) 6 174.7, 168.8, 158.9, 134.8, 130.6, 127.4, 110.9, 110.5, 56.4, 46.8, 33.4, 17.7. HRMS (ESI)
caled for CjpH3”°BrNO;* [M + H*] 298.0073, found 298.0078.

1-(3-Iodo-4-methoxybenzoyl)pyrrolidin-2-one (6h-I)
o o

o0
MeO
According to the procedure A, 6h-I was gained as a white solid (141.5 mg, yield: 82%). mp: 151-153 °C.

'H NMR (400 MHz, CDCls) & 8.07 (d, J = 1.4 Hz, 1H), 7.70 — 7.58 (m, 1H), 6.80 (d, J = 8.5 Hz, 1H), 3.91
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(d, J=10.1 Hz, 5H), 2.60 (t, J= 7.9 Hz, 2H), 2.19 — 2.04 (m, 2H). 3C NMR (101 MHz, CDCl;) & 174.6,
168.5, 161.1, 140.9, 131.6, 128.0, 109.4, 84.8, 56.6, 46.8, 33.4, 17.7. HRMS (ESI) calcd for C,H;;INO;*
[M + H*] 345.9935, found 345.9938.

5-((4-Chloro-3,5-dimethylphenoxy)methyl)oxazolidin-2-one (6i-Cl)
@)
oK
Cl ;
Me
According to the procedure A, 6i-Cl was obtained as a white solid (97.2 mg, yield: 76%). mp: 145-147
°C.'H NMR (400 MHz, DMSO) 8 7.60 (s, 1H), 6.83 (s, 2H), 4.89 (s, 1H), 4.26 — 3.97 (m, 2H), 3.61 (t, J =
8.5 Hz, 1H), 3.32 (d, J = 7.4 Hz, 1H), 2.29 (s, 6H). 13C NMR (101 MHz, DMSO) & 159.1, 156.7, 137.1,

125.9, 115.3, 73.9, 69.2, 41.9, 20.9. HRMS (ESI) calcd for C,H;5*CINO;" [M + H'] 256.0735, found
256.0739.

5-((4-Bromo-3,5-dimethylphenoxy)methyl)oxazolidin-2-one (6i-Br)
@)
oK
Br:©/
Me
According to the procedure A, 6i-Br was gained as a white solid (135.1 mg, yield: 90%). mp: 156-158
°C. 'H NMR (400 MHz, DMSO) 5 7.58 (s, 1H), 6.84 (s, 2H), 4.88 (d, /= 2.7 Hz, 1H), 4.20 — 3.99 (m, 2H),
3.60 (t,J=8.8 Hz, 1H), 3.29 (d, J=7.9 Hz, 1H), 2.32 (s, 6H). 3C NMR (101 MHz, DMSO) 4 159.0, 157.3,

139.1,118.3,115.3,73.9,69.2,42.0, 23.9. HRMS (ESI) calcd for C;,H,;5’BrNO;* [M + H*] 300.0230, found
300.0235.

5-((4-1odo-3,5-dimethylphenoxy)methyl)oxazolidin-2-one (6i-I)
@)

oK
NH

Mej;joy\,

Me
According to the procedure A, 6i-I was obtained as a white solid (152.8 mg, yield: 88%). mp: 149-151
°C. 'H NMR (400 MHz, DMSO) 6 7.58 (s, 1H), 6.84 (s, 2H), 4.88 (ddd, J = 9.5, 7.8, 4.8 Hz, 1H), 4.18 —
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4.04 (m, 2H), 3.60 (t, J = 8.9 Hz, 1H), 3.29 (d, J = 8.3 Hz, 1H), 2.37 (s, 6H). 3C NMR (101 MHz, DMSO)
5 159.0, 158.3, 142.8, 114.3, 97.9, 73.9, 69.1, 41.9, 29.5. HRMS (ESI) caled for C,H;sINOs* [M + H*]
348.0091, found 348.0093.

Isopropyl 2-(2-bromo-4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (6j-Br)
o)
O O Me, Me
Cl O><"/O
Br @)

According to the procedure A, 6j-Br was gained as a white solid (186.9 mg, yield: 85%). mp: 60-62 °C.

\rMe

Me

'H NMR (400 MHz, CDCl;) § 8.03 (d, J = 2.1 Hz, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.63 (dd, J = 8.6, 2.1 Hz,
1H), 7.47 (d,J = 8.5 Hz, 2H), 6.82 (d, /= 8.6 Hz, 1H), 5.10 (dq, J = 12.5, 6.3 Hz, 1H), 1.69 (s, 6H), 1.22 (d,
J = 6.3 Hz, 6H). 3C NMR (101 MHz, CDCly) § 193.0, 172.7, 156.4, 138.8, 135.8, 135.8, 131.6, 131.5,
130.2, 128.7, 116.6, 114.9, 81.2, 69.5, 25.3, 21.5. HRMS (ESI) caled for CaoH, ™Br35ClO,* [M + H']
439.0306, found 439.0310.

Ethyl 2-(4-chlorophenoxy)-2-methylpropanoate (6k)

Me Me
(@) CO,Et
Cl

According to the procedure A, 6k was gained as colorless oil (99.5 mg, yield: 82%). 'H NMR (400 MHz,
CDCl;) 6 7.21 — 7.15 (m, 2H), 6.81 — 6.74 (m, 1H), 4.22 (q, J= 7.1 Hz, 1H), 1.57 (s, 3H), 1.24 (t, J= 7.1
Hz, 2H). 3C NMR (101 MHz, CDCls) 8 174.0, 154.1, 129.1, 127.2, 120.5, 79.5, 61.5, 25.3, 14.1. HRMS
(ESI) caled for C1,H;**>Cl05" [M + H'] 243.0782, found 243.0786.

Ethyl 2-(2-bromo-4-chlorophenoxy)-2-methylpropanoate (6k-Br)

Me. Me

@) CO,Et
Br

Cl

According to the procedure A, 6k-Br was obtained as colorless oil (141.5 mg, yield: 88%). 'H NMR (400
MHz, CDCls) 6 7.54 (d, J=2.6 Hz, 1H), 7.15 (dd, /= 8.8, 2.6 Hz, 1H), 6.82 (d, J = 8.8 Hz, 1H), 4.25 (q, J

= 7.1 Hz, 2H), 1.61 (s, 6H), 1.27 (t, J= 7.1 Hz, 3H). 3*C NMR (101 MHz, CDCl;) § 173.7, 151.5, 133.0,
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127.9, 120.1, 116.8, 81.2, 61.7, 25.1, 14.1. HRMS (ESI) caled for C;,H;5”°Br33ClO;* [M + H*] 320.9888,
found 320.9887.

Ethyl 2-(4-chloro-2-iodophenoxy)-2-methylpropanoate (6k-I)

Me, Me

@) CO,Et
|

Cl

According to the procedure A, 6k-I was gained as colorless oil (149.2 mg, yield: 81%). 'H NMR (400
MHz, CDCl3) ¢ 7.74 (d, J=2.6 Hz, 1H), 7.17 (dd, J = 8.8, 2.6 Hz, 1H), 6.69 (d, J = 8.8 Hz, 1H), 4.24 (q, J
= 7.1 Hz, 2H), 1.62 (s, 6H), 1.25 (t, /= 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl;) & 173.7, 154.0, 138.7,
128.8,127.9, 118.1,91.4, 81.3, 61.7, 25.3, 14.1. HRMS (ESI) calcd for C,H;5*3CIIO5" [M + H'] 368.9749,
found 368.9753.

2-((1-(4-(4-Bromophenoxy)phenoxy)propan-2-yl)oxy)pyridine (61-Br)

Br 0 O
oUehas

According to the procedure A, 61-Br was gained as a white solid (176.1 mg, yield: 88%). mp: 56-58 °C.
'H NMR (400 MHz, CDCl;) 4 8.15 (s, 1H), 7.58 (s, 1H), 7.37 (d, J = 6.7 Hz, 2H), 6.93 (s, 4H), 6.89 — 6.68
(m, 4H), 5.59 (s, 1H), 4.18 (s, 1H), 4.08 (s, 1H), 1.48 (d, J = 4.0 Hz, 3H). 3C NMR (101 MHz, CDCI;) 6
163.1, 157.8, 155.5, 149.8, 146.6, 138.9, 132.5, 120.9, 119.2, 116.8, 115.9, 114.7, 111.7, 71.1, 69.4, 17.0.
HRMS (ESI) calcd for CyoH9”BrNO;* [M + H*] 400.0543, found 400.0547.
2-((4-Chloronaphthalen-1-yl)oxy)-N,/N-diethylpropanamide (6m-Cl)

Me IIEt

Cl

According to the procedure A, 6m-Cl was obtained as a white solid (123.8 mg, yield: 81%). mp: 78-80
°C."H NMR (400 MHz, CDCl;) 8 8.33 (d, /= 8.3 Hz, 1H), 8.19 (d, /= 8.4 Hz, 1H), 7.60 (t,J = 7.2 Hz, 1H),
7.53 (t,J=7.6 Hz, 1H), 7.40 (d, /= 8.3 Hz, 1H), 6.72 (d, /= 8.3 Hz, 1H), 5.08 (q, /= 6.7 Hz, 1H), 3.53 (dq,
J=14.2,7.1 Hz, 1H), 3.46 —3.28 (m, 3H), 1.72 (d, /= 6.7 Hz, 3H), 1.10 (t, /= 7.1 Hz, 3H), 1.00 (t, /= 7.1

Hz, 3H). *CNMR (101 MHz, CDCl3) 6 169.9, 152.4, 131.5, 127.6, 126.8, 126.1, 125.7, 124.3, 124.0, 122.5,
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105.8, 74.6,41.1,40.4, 18.0, 14.2, 12.6. HRMS (ES]I) calcd for C7H,;3*CINO," [M + H"] 306.1255, found
306.1257.

2-((4-Bromonaphthalen-1-yl)oxy)-/N,N-diethylpropanamide (6m-Br)
Me IIEt

N<
0 Et

CO
Br

According to the procedure A, 6m-Br was obtained as a white solid (161.1 mg, yield: 92%). mp: 79-81
°C. 'H NMR (400 MHz, CDCl;)  8.32 (d, /= 8.2 Hz, 1H), 8.16 (d, /= 8.4 Hz, 1H), 7.66 — 7.58 (m, 2H),
7.57—17.49 (m, 1H), 6.69 (d, J= 8.3 Hz, 1H), 5.09 (q, J = 6.7 Hz, 1H), 3.55 (dq, J= 14.2, 7.1 Hz, 1H), 3.47
—3.32 (m, 3H), 1.73 (d, J= 6.7 Hz, 3H), 1.10 (t, J = 7.1 Hz, 3H), 1.00 (t, J = 7.1 Hz, 3H). '*C NMR (101
MHz, CDCl;3) 6 169.9, 153.1, 132.6, 129.4, 127.9, 126.9, 126.2, 122.5, 114.1, 106.5, 74.6, 41.1, 40.4, 18.0,
14.2, 12.6. HRMS (ESI) calcd for C;7H,;7BrNO,* [M + H*] 350.0750, found 350.0754.

N, N-Diethyl-2-((4-iodonaphthalen-1-yl)oxy)propanamide (6m-I)
Me IIEt

N<
o) Et

O
I

According to the procedure A, 6m-I was gained as a white solid (174.8 mg, yield: 88%). mp: 80-82 °C.
'H NMR (400 MHz, CDCl;) 4 8.28 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H),
7.62 —7.55 (m, 1H), 7.52 (dd, /= 11.2, 3.9 Hz, 1H), 6.59 (d, J = 8.2 Hz, 1H), 5.08 (q, /= 6.7 Hz, 1H), 3.53
(m, 1H), 3.46 —3.28 (m, 3H), 1.72 (d, J= 6.7 Hz, 3H), 1.10 (t,J = 7.1 Hz, 3H), 1.01 (t, J= 7.1 Hz, 3H). 13C
NMR (101 MHz, CDCl3) 6 169.8, 154.1, 136.8, 135.0, 131.9, 128.3, 126.8, 126.2, 122.6, 107.4, 89.2, 74.5,
41.1, 40.4, 18.0, 14.2, 12.7. HRMS (ESI) calcd for C,7H,;INO," [M + H*] 398.0611, found 398.0612.

(8R,95,135,14S)-2-Bromo-3-methoxy-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopentaja]phenanthren-17-one (6n-Br)
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MeO
According to the procedure A, 6n-Br was obtained as a white solid (145.3 mg, yield: 80%). mp: 194-196

°C. 'H NMR (400 MHz, CDCl3) & 7.41 (s, 1H), 6.62 (s, 1H), 3.84 (d, J= 2.7 Hz, 3H), 2.98 — 2.74 (m, 2H),
2.56 — 2.43 (m, 1H), 2.38 — 2.29 (m, 1H), 2.25 — 2.10 (m, 2H), 2.09 — 1.98 (m, 2H), 1.97 — 1.88 (m, 1H),
1.67 — 1.58 (m, 1H), 1.54 (d, J=11.1 Hz, 1H), 1.52 — 1.36 (m, 4H), 0.89 (d, J = 2.4 Hz, 3H). 3C NMR (101
MHz, CDCls) § 153.7, 137.0, 133.6, 130.2, 112.3, 108.7, 56.2, 50.3, 47.9, 43.7, 38.1, 35.9, 31.5, 29.5, 26.4,
25.9,21.6, 13.9. HRMS (ESI) caled for C 9Hz4"BrO,™ [M + H*] 363.0954, found 363.0956.

Ethyl (8)-3-(3-bromo-4-hydroxyphenyl)-2-((2-oxo-2-phenylethyl)amino)propano-ate (60-Br)
Br 0

HO\@\HNJ\Ph
““kCOZEt

According to the procedure A, 60-Br was gained as a white solid (174.6 mg, yield: 86%). mp: 106-108
°C. '"HNMR (400 MHz, CDCl;) 6 7.75 (d, J= 7.3 Hz, 2H), 7.50 (t, J= 6.9 Hz, 1H), 7.42 (t,J= 7.2 Hz, 2H),
7.26 (s, 1H), 6.97 (d, J= 7.7 Hz, 1H), 6.88 (d, J= 8.1 Hz, 1H), 6.77 (d, J= 6.7 Hz, 1H), 6.36 (s, 1H), 5.01
(d, J=6.0 Hz, 1H), 4.22 (d, J= 6.7 Hz, 2H), 3.16 (m, 2H), 1.29 (t, /= 7.0 Hz, 3H). 3C NMR (101 MHz,
CDCl3) 6 171.6,167.2, 151.8,133.7, 133.1, 132.0, 130.0, 129.3, 128.7, 127.1, 116.3, 110.1, 61.9, 53.7, 36.8,
14.2. HRMS (ESI) caled for CoH,;7”BrNO,* [M + H'] 406.0648, found 406.0649.

Ethyl (5)-3-(4-hydroxy-3-iodophenyl)-2-((2-oxo0-2-phenylethyl)amino)propano-ate (60-I)
| o]

HO\@\HNJ\Ph
““kCOZEt

According to the procedure A, 60-I was gained as a white solid (165.4 mg, yield: 73%). mp: 60-62 °C. 'H
NMR (400 MHz, CDCl;) 6 7.78 — 7.70 (m, 2H), 7.50 (t,J = 7.4 Hz, 1H), 7.46 (d, J= 2.0 Hz, 1H), 7.41 (t,J
= 7.5 Hz, 2H), 6.98 (dd, J = 8.3, 2.0 Hz, 1H), 6.86 — 6.81 (m, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.65 (s, 1H),
5.05-4.93 (m, 1H), 4.31 — 4.14 (m, 2H), 3.13 (m, 2H), 1.34 — 1.24 (m, 3H). 3C NMR (101 MHz, CDCl;)
0 171.6, 167.3, 154.6, 139.4, 133.7, 132.0, 130.9, 129.6, 128.8, 127.1, 115.2, 85.1, 62.0, 53.8, 36.6, 14.3.
HRMS (ESI) caled for C9H, INO4" [M + H'] 454.0510, found 454.0515.

3-Chloro-4-hydroxy-5-methoxybenzaldehyde (6p-Cl)
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CHO

Cl OMe
OH

According to the procedure A, 6p-Cl was obtained as a white solid (77.4 mg, yield: 83%). mp: 164-166
°C. '™H NMR (400 MHz, CDCl5) 6 9.79 (s, 1H), 7.50 (d, /= 1.5 Hz, 1H), 7.34 (d, J= 1.4 Hz, 1H), 6.43 (s,
1H), 3.99 (s, 3H). 3C NMR (101 MHz, CDCl;) & 189.8, 147.9, 147.8, 129.4, 127.1, 119.9, 107.5, 56.7.
HRMS (ESI) calcd for CgHg?ClO5* [M + H*] 187.0156, found 187.0158.

3-Bromo-4-hydroxy-5-methoxybenzaldehyde (6p-Br)
CHO

Br OMe
OH

According to the procedure A, 6p-Br was obtained as a white solid (106.3 mg, yield: 92%). mp: 167-169
°C. 'H NMR (400 MHz, CDCl3) 6 9.79 (s, 1H), 7.65 (d, J= 1.7 Hz, 1H), 7.37 (d, /= 1.6 Hz, 1H), 6.52 (s,
1H), 3.99 (s, 3H). 3C NMR (101 MHz, CDCl;) 6 189.7, 148.9, 147.7, 130.1, 130.0, 108.2, 108.0, 56.6.
HRMS (ESI) calcd for CgHg”’BrOs* [M + H*] 230.9651, found 230.9655.

4-Hydroxy-3-iodo-5-methoxybenzaldehyde (6p-I)
CHO

| OMe
OH

According to the procedure A, 6p-I was obtained as a white solid (120.9 mg, yield: 87%). mp: 181-183
°C.'™H NMR (400 MHz, CDCl5) 6 9.77 (s, 1H), 7.82 (d, /= 1.6 Hz, 1H), 7.38 (d, /= 1.5 Hz, 1H), 6.68 (s,
1H), 3.97 (s, 3H). BC NMR (101 MHz, CDCl3) 6 189.6, 151.4, 146.5, 136.2, 131.1, 108.6, 80.5, 56.6. HRMS
(ESI) calcd for CgHgIOs* [M + H] 278.9513, found 278.9516.

1-Chlorosinomenine (6q-Cl)

OMe
O AN
N—-Me
III
H
HO
MeO Cl

According to the procedure A, 6q-Cl was obtained as a white solid (174.6 mg, yield: 96%). mp: 226-228
549



°C.'H NMR (400 MHz, CDCls) § 6.74 (s, 1H), 6.23 (s, 1H), 5.42 (d, J = 1.9 Hz, 1H), 4.32 (d, J= 15.6 Hz,
1H), 3.79 (s, 3H), 3.48 (s, 3H), 3.35 (s, 1H), 3.15 (s, 1H), 3.05 (d, J = 19.0 Hz, 1H), 2.64 (d, J= 11.8 Hz,
1H), 2.59 — 2.43 (m, 5H), 2.16 — 2.04 (m, 1H), 2.02 — 1.90 (m, 2H). 3C NMR (101 MHz, CDCl;) & 193.4,
152.5, 145.5, 143.6, 126.9, 123.8, 123.1, 114.0, 110.3, 56.4, 56.2, 54.9, 48.7, 47.1, 45.1, 42.5, 40.6, 35.3,
22.9. HRMS (ESI) caled for CoHa3SCINO,* [M + H*] 364.1310, found 364.1314.

Dimethyl 6,6'-dichloro-7,7'-dimethoxy-[4,4'-bibenzo[d][1,3]dioxole]-5,5'-dicarbo-xylate (6r-Cl,)

According to the procedure A, 6r-Cl, was obtained as a white solid (231.4 mg, yield: 85%). mp: 186-188
°C. 'H NMR (400 MHz, CDCl3) 8 6.00 (d, J= 7.7 Hz, 4H), 4.07 (s, 6H), 3.69 (s, 6H). *C NMR (101 MHz,
CDCl3) & 165.7, 146.8, 139.9, 138.0, 127.6, 117.7, 107.9, 102.4, 60.3, 52.4. HRMS (ESI) calcd for
CyoH73CL0 " [M + H'] 487.0193, found 487.0191.

Dimethyl 6,6'-dibhloro-7,7'-dimethoxy-[4,4'-bibenzo|d][1,3]dioxole]-5,5'-dicarbo-xylate (6r-Br,)

OMe
<o O Br
O CO,Me
MeOZC E O>
Br O
OMe
According to the procedure A, 6r-Br, was obtained as a white solid (262.1 mg, yield: 91%). mp: 228-230
°C.'H NMR (400 MHz, CDCl;) 6 6.00 (dd, J=9.2, 1.1 Hz, 4H), 4.07 (s, 6H), 3.69 (s, 6H). *C NMR (101

MHz, CDCls) 6 166.3, 147.7, 140.7, 137.6, 130.1, 108.3, 106.3, 102.4, 60.3, 52.4. HRMS (ESI) calcd for
CyoH77°Br,04¢" [M + H*] 574.9183, found 574.9180.

Dimethyl 6-iodo-7,7'-dimethoxy-[4,4'-bibenzo[d][1,3]dioxole]-5,5'-dicarbo-xylate (6r-1)
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L

CO,Me

MeOZC E O
0]
OMe

According to the procedure A, 6r-I was obtained as a white solid (234.0 mg, yield: 86%). mp: 179-181
°C.'H NMR (400 MHz, CDCls) 6 7.30 (s, 1H), 6.03 (s, 1H), 5.99 (d, J= 3.8 Hz, 3H), 4.04 (s, 3H), 3.94 (s,
3H), 3.68 (s, 3H), 3.59 (s, 3H). 3C NMR (101 MHz, CDCl;) 8 167.9, 166.0, 148.1, 147.9, 143.0, 141.9,
138.1,136.3,134.2,124.3,111.2, 111.1, 109.4, 102.6, 102.1, 79.8, 60.2, 56.6, 52.4, 52.2. HRMS (ESI) calcd
for CooH 310" [M + H*] 544.9939, found 544.9942.

Me NBS (1.2 equiv) Me
TT (5 mol%)
COzH TfOH (5 mol%) OO CO,H
MeO DCE, rt MeO
naproxen Br 6a-Br

Gram-scale synthesis of product 6a-Br: NBS (18.55 g, 104.23 mmol, 1.20 equiv,) and thianthracene
(939.43 mg, 4.34 mmol, 0.05 equiv) were dissolved in DCE (20 mL). With stirring of the mixture,
trifluoromethanesulfonic acid (TfOH) (651.74 mg, 4.34 mmol, 0.05 equiv) was added. Then substrate
naproxen (20.0 g, 86.86 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was
completed. The solvent of reaction mixture was removed by rotary evaporation. The residue was purified by

silica gel column chromatography to afford product 6a-Br as a white solid (25.0 g, yield: 93%).

NBS (1.2 equiv)

O2N o TT (5 mol%) 02N ©
TfOH (5 mol%)
NH - NH Br
Ms DCE, rt Ms
Nimesuli 6d-Br, (21.6 g, 86%)

Gram-scale synthesis of product 6d-Br: NBS (1.39 g, 7.78 mmol, 1.20 equiv,) and thianthracene (70.2
mg, 0.324 mmol, 0.05 equiv) were dissolved in DCE (100 mL). With stirring of the mixture,
trifluoromethanesulfonic acid (TfOH) (48.7 mg, 0.324 mmol, 0.05 equiv) was added. Then substrate
nimesuli (2.0 g, 6.49 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was
completed. The solvent of reaction mixture was removed by rotary evaporation. The residue was purified by

silica gel column chromatography to afford product 6d-Br as a yellow solid (2.16 g, yield: 86%).
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Procedure for synthesis of methyl (E)-3-chloro-4,6-dimethoxy-2-styrylbenzoate (7)
[CP*RhCl], (1.0 mol%) %

MeO AgOAc (2.0 equiv) MeO X-Ph N(Tzi ((; 'riﬁ.‘ﬂ/f,‘;v) MeO X-Ph
+ Z DMF, 100°C,8h  _ TfOH (5 mol%)
\©\002H /\© Mel (6.0 equiv) | COMe CHCl3, rt COzMe
OMe K,COj (3.0 equiv) OMe OMe
t.3h 7

To a 25 mL two-necked flask with a reflux condenser, an argon balloon was added 2,4-dimethoxybenzoic
acid (182.0 mg, 1 mmol), styrene (208.0 mg, 2.0 mmol), [(Cp*RhCl;)] (6.0 mg, 0.01 mmol), AgOAc (332.4
mg, 2.0 mmol), and DMF (6 mL). Then, the resulting mixture was stirred under argon at 100 °C for 10 h.
After cooling down to room temperature, Mel (846.0 mg, 6.0 mmol,) and K,CO3 (414.0 mg, 3 mmol) were
added and the resulting mixture was stirred under air at room temperature for 3 h. The reaction was monitored
by TLC and till the reaction was completed. The reaction mixture was then extracted with EtOAc (3 x 20
mL) and water (60 mL). The combined organic extracts were dried over anhydrous Na,SO, and the solvent
was removed by rotary evaporation. The residue was purified by silica gel column chromatography
(EtOAC/PE = 10/90) to afford methyl (E)-2,4-dimethoxy-6-styrylbenzoate as a white solid (226.9 mg,
76%).14

NCS (80.1 mg, 0.6 mmol, 1.20 equiv,) and thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were
dissolved in DCE (3.0 mL). With stirring of the mixture, trifluoromethanesulfonic acid (TfOH) (3.75mg,
0.025mmol, 0.05 equiv) was added. Then substrate methyl (£)-2,4-dimethoxy-6-styrylbenzoate (149.17 mg,
0.5 mmol, 1.0 equiv) was added and the mixture was stirred at rt till the reaction was completed. The solvent
of reaction mixture was removed by rotary evaporation. The residue was purified by silica gel column
chromatography to afford product 7 as yellow oil (158.1 mg, yield: 95%).'H NMR (400 MHz, CDC]l;) 6
7.48 (s, 2H), 7.35 (s, 2H), 7.29 (s, 1H), 7.22 (d, J = 17.6 Hz, 1H), 6.79 (d, J = 15.4 Hz, 1H), 6.48 (s, 1H),
3.94 (s, 3H), 3.87 (s, 3H), 3.78 (s, 3H). *C NMR (101 MHz, CDCl;) § 167.9, 156.6, 156.1, 136.8, 136.2,
134.9,128.7,128.3, 126.8, 124.2, 116.3, 114.0, 95.4, 56.5, 56.4, 52.5. HRMS (ESI) caled for CigHg*>ClO4*
[M + H*] 333.0888, found 333.0892.

III. Mechanism Study
The relationship between yield and time.
NBS (106.8 mg, 0.6 mmol, 1.20 equiv,) and thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were

dissolved in CDCl; (3.0 mL). With stirring of the mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg,
0.025 mmol, 0.05 equiv) was added. Then 1,3-dichloro-4-methoxybenzene (1q) (88.51 mg, 0.5 mmol) was
added to the mixture and stirred at rt for 3.75 h. Tetrachloroethane (0.5 mmol) was added as an internal

standard. We found that the signal of succinimide was recognized after 10 minutes later (2.70 ppm). The
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increased signals (1q-Cl, at 3.80 ppm) and decreased signals (1q, at 6.78 ppm and 3.81 ppm) were detected

during the 3.75 h reaction time.

NBS
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Figure S1. The NMR spectrum of relationship between yield and time
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Figure S2. The relationship between yield and time

The Competitive reaction and Hammett plot
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Competition experiments between anisole and othro-substituted anisoles: NCS (80.1 mg, 0.6 mmol, 1.20
equiv,) and thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved in CDCl; (3.0 mL). With
stirring of the mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025 mmol, 0.05 equiv) was added.
Then anisole (0.25 mmol) and othro-substituted anisole (0.25 mmol) were added to the mixture and stirred
at rt. The yield of the chlorinated product was determined by 'H NMR spectroscopy with 1,1,2,2-
tetrachloroethane as an internal standard. The Hammett value is 0.12 for m-OMe, 0.35 for m-CHO, 0.37 for
m-Br, 0.56 for m-CN, and 0.71 for m-NO,. It is worth mentioning that the yield of ortho-dimethoxy should

be halved because of its symmetrical structure.

NCS (1.2 equiv)
TT 5 mol%)
© ©/ TfOH 5mo|%

Table S1. Competition experiments

Entry FG time Yield/ % log(kr/kn)
FG H
1 OMe 10min 62 33 0.274
2 CHO 15min 28.5 459 -0.207
3 Br 15min 27.5 51.7 -0.274
4 CN 15min 6.1 38.6 -0.801
5 NO, 15min 2.4 30.9 -1.11

Table S2. Hammett Plot of catalytic chlorination of anisoles using the Hammett Constant o,

0.4
1 _ = :11-0513'[1”}’ FG Gp log(kFG/ kH)
“21 U -OMe 0.12 0.274
0.0 2\ -CHOp--2.41 0.35 -0.207
Z0.2- 30 W0y r’=0.99 0.37 0.274
Vo \-\ m-pr
S 4 S CN 0.56 -0.801
EFYS 5 ~-NO, 0.71 111
m-CN
0.8 DN
4 \\\
1.0+ . m-NO
%
= 2]
Oll OIZ OI% Oll 0.I5 OIF) OIT OIS

Figure S3. Hammett Plot of catalytic chlorination of anisole and othro-substituted anisoles using the

S54



Hammett Constant o,

NMR studies of reactive halogenated thianthrenium salts

The spectra were recorded on a 400 MHz spectrometer at 25 °C. Each component (0.125 mmol) was mixed
in CDCl; (1.0 mL) for 10 min. Chemical shifts values are given in ppm and referred as the internal standard
to TMS: 0.00 ppm.

To clearly understand the mechanism of the catalytic halogenation process, the reaction progress was
monitored by 'H-NMR (Figure 2A). Each component was mixed in CDCl; (1.0 mL) for 10 min before the
analysis. When substrate 1w was solely treated with NCS, no chlorinated product was observed. However,
upon mixing TT, TFOH with NCS in CDCls, a new proton signal at 8.21 ppm appeared and the proton signal
at 7.48 ppm (H?-TT) disappeared. We tentatively proposed that this result might be caused by the conversion
of TT to the reactive intermediate I. Next, we investigated chemical shift changes after adding substrate 1w
to the above mixture of TT, TfOH and NCS. The 'H-NMR spectrum evidenced the regeneration of TT (H?-
TT) and formation of product 1w-Cl (Hd-1w), which might suggest that it was the reactive intermediate I
that realized the chlorination of 1w. One might also think that NCS could be used as an oxidant and TT
might be oxidized by NCS in air to form TTSO. To rule out the possibility that the new chemical shift was
that of TTSO, we treated TT with solely NCS in CDCl;. The result showed that the proton signal of TTSO
at 7.94 ppm (H®-TTSO) could be detected and no chemical shift of 8.21 ppm was observed. With these
regards, we tentatively concluded that the reaction of TT with NCS in the presence of TfOH gave the reactive

intermediate I, rather than TTSO.

6.79 Me

748ppm\ ppm 6.87 m__
H? \ OTf PP
TfOH
CoCly rt
~8.21 ppm 7.48 ppm —H
1w-Cl
7.48 m
Pp 9
S
TTSO He¢
7.94 ppm —~
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Figure S4. NMR studies of reactive halogenated thianthrenium salts

Intermediate capture

T
6.4

As the intermediate might be unstable at room temperature, the intermediate capture experiment was

carried out at -20 °C under argon atmosphere: NCS (66.77 mg, 0.5 mmol, 1.0 equiv,) and thianthracene

(108.16 mg, 0.5 mmol, 1.0 equiv) were dissolved in CDCl; (3.0 mL). With stirring of the mixture,

Trifluoromethanesulfonic acid (TfOH) (74.05 mg, 0.5 mmol, 0.05 equiv) was added. The reaction mixture

was allowed stirred for 10 minutes at -20 °C. Then the intermediate was detected by high resolution mass

spectrometry. (ESI) calcd for (C;,HgCS;)": 250.9750, found 250.9758.

[\]
il

] TT g Ti0°

o - +  CDCls, - 20 °C
9 o0 250.97577 | TH N, ©is:© 252.97292
(1] ] z=1 NCS ’?
'E ; 5 . (IDI Z="
5 157 S 252.14397
3 . :
e | E:[sjij z=?
- sim
el |

el | '

Figure S5. Intermediate capture experiment detected by HRMS

The Kinetic isotope effect (KIE) studies

NCS (80.1 mg, 0.6 mmol, 1.20 equiv,) and thianthracene (5.41 mg, 0.025 mmol, 0.05 equiv) were dissolved

in CDCI; (3.0 mL). With stirring of the mixture, trifluoromethanesulfonic acid (TfOH) (3.75 mg, 0.025
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mmol, 0.05 equiv) was added. Then anisole (0.25 mmol) and anisole-2,3,4,5,6-ds (0.25 mmol) were added
to the mixture and stirred at rt. The yield was determined by 'H NMR spectroscopy usingl,1,2,2-
tetrachloroethane as an internal standard. The KIE value of 1.09 suggested that the cleavage of a C-H bond

was not involved in the rate-limiting step.

OMe OMe NCS (1.2 equiv) OMe OMe
D D TT (5 mol%) D D
. TfOH (5 mol%) +
D D CHClj, rt D D
D Cl Cl
(0.25 mmol) (0.25 mmol) Ki/Kp = 1.09

total yield = 46%

Computational Studies:

All the calculations were performed with the Gaussian 09, Revision D.01 program package.’! Geometry
optimization and frequency analysis were conducted using M06-2X function.[®) During geometry
optimization we used 6-31G(d,p) basis set for all atoms. To refine the computed energy, single point
calculations were performed using the M06-2X functional with the TZVP basis set for all atoms. Solvation
effects were evaluated by performing single-point self-consistent reaction field calculations with the

continuum model (SMD).!"] The calculated optimized structures are illustrated by CYLview7.8]

Cl

c a % /@OMe T
\@OMe cl

i $rH $rH

cl cl ; ;
\@ s s
Br H s s

TS2 TS3
o= N20
<r o
TS1 g Q1
—io1 (kcal mol™) 12
o /o200 ;
[Ié / _Ts2 0
N—H / \ y
( ~7 S0 %8 [NOINT2
INT1  / 00 00 '

// \ A “‘ QO o
-18.8 / cl cl al cl [éNH
NBS + \C[ \C[ * TR 0
OMe OMe R

cl cl
Lol cl
OMe ‘ Reaction Coordinate ‘ ‘ Reaction Coordinate \(;[

Br without catalyst with TT catalyst

Figure S6. Computational study of the reaction mechanism.
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Figure S7. The key transition states in the catalytic cycle.

\ 0o
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. 272 2 'ﬂ - ‘ ?
TS1 152

Table S3. The calculated energies of stationary points (in Hartree/Particle)

Structure Hcor Geceor Eele Gsol

1q 0.125833 0.080577 -1265.92 -1265.84
NBS 0.090552 0.048712 -2934.18 -2934.13
TSI 0.216024 0.148966 -4200.08 -4199.93
INT1 0.099890 0.063010 -360.614 -360.551
1g-Br 0.116702 0.066195 -3839.52 -3839.46
TT-Br* 0.178878 0.125349 -3832.39 -3832.26
TS2 0.305536 0.225811 -5098.32 -5098.10
TS3 0.305313 0.226936 -5095.17 -5095.25
INT2 0.086268 0.049672 -360.179 -360.129
TT 0.175736 0.127397 -1258.42 -1258.29

Notes: ZPE = Zero-point correction in the gas phase; Hcor = Thermal correction to enthalpy in the gas phase;
Gcor = Thermal correction to Gibbs free energy in the gas phase; Eele = The electronic energies in solvent;

Gsol = Gibbs free energies in solvent.

DFT-Computed Cartesian Coordinates (unit: angstrom)

Cl\QCI
OMe 1q

C -3.77175500 1.55195200 0.00046600
C -2.38130600 1.59615900 0.00078200
C -1.75540800 2.83232100  -0.00044100
C -2.48917500 4.03047900  -0.00201300
C -3.88375600 3.95093700  -0.00236500
C -4.52600800 2.71544100 -0.00111700
H -1.79124900 0.68660500 0.00198900
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V. NMR Spectra of Starting Materials and Products
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