
Supplementary Information

The Synthesis of Sulfonated 4H-3,1-Benzoxazines via 
an Electrochemcial Radical Cascade Reaction

Tian-Jun He, Wei-Qiang Zhong and Jing-Mei Huang*

Key Laboratory of Functional Molecular Engineering of Guangdong Province, School of 
Chemistry and Chemical Engineering, South China University of Technology, Guangzhou, 

Guangdong 510640, China

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2020



Table of Contents

1. General information...................................................................................................................1

2. General procedures for the synthesis of 4-hydroxy-benzenesulfonylchloride and 4-amino-
benzenesulfonylchloride................................................................................................................1

3. General procedures for the synthesis of substrates 1 and 2.....................................................2

4. General procedure for the synthesis of products 3 and 4 .........................................................3

5. CV experiments.........................................................................................................................3

6. Spectroscopic data of products 3 and 4 ....................................................................................4

7. NMR spectra of products 3 and 4............................................................................................14



S1

1. General information
Commercial solvents and reagents were used without further purification unless otherwise 

noted. Anhydrous MeCN was dried with CaH2, purify by distillation and stored with 4 Å 
molecular sieves.  

Electrolysis reactions were conducted using a Model QJ3005T (32V) DC power supply 
purchased from Ningbo Jiuyuan Electronic Co., Ltd., China. 

Analytical thin layer chromatography (TLC) plates and the silica gel (200 – 300 mesh) for 
column chromatography were phased from Qingdao Haiyang Chemical and Special Silica Gel 
Co, Ltd.

Proton nuclear magnetic resonance (1H NMR), carbon nuclear magnetic resonance (13C NMR) 
and fluorine nuclear magnetic resonance (19F NMR) spectroscopy were performed on Bruker 
Advance III-400 spectrometers (400 MHz for 1H NMR, 100 MHz for 13C NMR, 376 MHz for 19F 
NMR) and Bruker AscendTM 500 spectrometers (500 MHz for 1H NMR, 125 MHz for 13C NMR, 
470 MHz for 19F NMR). Chemical shifts of 1H NMR, 13C NMR and 19F NMR spectra were 
reported as in units of parts per million (ppm) downfield from TMS (δ 0.0 ppm) and relative to 
the signal of CDCl3 (δ 7.26 ppm for 1H NMR and δ 77.1 ppm for 13C NMR). Multiplicities were 
given as: s (singlet); br s (broad singlet); d (doublet); t (triplet); q (quartet); m (multiplets), etc. 
The number of protons (n) for a given resonance was indicated by nH.

GC-MS analyses were obtained on a Thermo Scientific Trace GC Ultra Gas Chromatograph 
equipped with a TG-5MS 30 m × 0.25 mm ID × 0.25 µm capillary column (Thermo Scientific). 
The GC was directly interfaced to a Thermo Scientific DSQ single quadrupole mass 
spectrometer (EI, 70 eV). The following GC oven temperature programs were used: 80 °C hold 
for 2 min, ramp 25 °C/min to a final temperature of 280 °C, and hold for 3 min. Helium was used 
as a carrier gas, with a constant column flow of 1.0 mL/min. The injector temperature was held 
constant at 260 °C; HR-MS was carried out on a high-resolution mass spectrometer (LCMS-IT-
TOF).

Cyclic voltammetry (CV) analysis was performed on Ingsens IGS-1030 electrochemical 
workstation (Ingsens Instruments (Guangzhou) Co., Ltd., China) with a conventional three-
electrode cell, using a platinum electrode (d = 2 mm) as working electrode, a Pt wire as counter 
electrode and saturated calomel electrode (SCE) as a reference electrode. Cyclic 
voltammograms were recorded at 100 mV/s scan rate.

2. General procedures for the synthesis of 4-hydroxy-
benzenesulfonylchloride and 4-amino-benzenesulfonylchloride [1]
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Into a round bottom flask, sodium 4-hydroxy-benzenesulfonate/sodium 4-amino-
benzenesulfonate (5 mmol), thionyl chloride (1.9 mL) and DMF (0.03 mL) was added. The 
resulting solution was stirred at 60 oC for 3.5 h. Cool the reaction mixture to room temperature. 
Then the reaction mixture was quenched with ice water and extracted with CH2Cl2 (10 mL × 3). 
The combined organic layers were washed with brine, dried over anhydrous Na2SO4. Removal 
of the solvent by rotary evaporation gave crude 4-hydroxy-benzenesulfonylchloride/4-amino-
benzenesulfonylchloride (quant.), which was used in the subsequent reaction without further 
purification.

3. General procedures for the synthesis of substrates 1 and 2[2,3]
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To a stirred solution of Ph3PMeBr (1.5 equiv., 7.5 mmol) in anhydrous THF (10 mL) was 
added t-BuOK (1.5 equiv., 7.5 mmol) in portions under nitrogen. After the mixture was stirred at 
room temperature for 0.5 h, a solution of the corresponding ketone (1.0 equiv., 5 mmol) in THF 
(10 mL) was added dropwisely. The reaction mixture was then stirred at room temperature 
under nitrogen overnight. The reaction mixture was quenched with water and extracted with 
EtOAc (25 mL × 2). The combined organic layers were washed with saturated NaHCO3 (25 mL) 
and brine (25 mL), dried over anhydrous Na2SO4, and concentrated on rotary evaporator under 
vacuum and the residue was purified by column chromatography on silica gel to give 2-
alkenylanilines.

Acyl chloride derivatives (1.2 equiv., 1.2 mmol) were added dropwisely to the stirred solution 
of the obtained alkenes (1.0 equiv., 1 mmol) and triethylamine (1.2 equiv., 1.2 mmol) in CH2Cl2 
(2.5 mL) at 0 oC. The reaction mixture was stirred at room temperature for 12 h. After 
completion, the reaction was washed by 10 mol % aqueous HCl solution (8 mL), saturated 
aqueous NaHCO3 solution (8 mL), brine (12 mL) and dried over anhydrous Na2SO4. The organic 
solvent was removed by rotary evaporator under vacuum and the residue was purified by 
column chromatography on silica gel to provide products 1.
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Sulfonylhydrazides were prepared according to a literature procedure. The hydrazine 
monohydrate (15 mmol) was added dropwisely into a solution of sulfonyl chloride (5 mmol) in 
THF (25 mL) under nitrogen at 0 oC. Subsequently, the mixture was stirred at 0 oC for another 
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30 minutes. After the completion of the reaction, the solvent was removed by evaporation, the 
residue was extracted with dichloromethane (3 ×10 mL), and the combined organic layer was 
washed with brine and dried over Na2SO4. Purified products 2 were obtained after column 
chromatography on silica gel.

4. General procedure for the synthesis of products 3 and 4
Into a round bottom tube was added N-(2-(prop-1-en-2-yl)phenyl)benzamide 1 (0.2 mmol, 1.0 

equiv.), sulfonylhydrazine 2 (0.5 mmol, 2.5 equiv.) and n-Bu4NBF4 (0.25 mmol). The tube was 
equipped with a carbon rod anode (ϕ = 5 mm, immersion length: 1.5 cm) and a platinum plate 
cathode (1 × 1.5 cm2). The tube was flushed with nitrogen. Then anhydrous MeCN (2.5 mL) 
was added. The resulting solution was electrolyzed under a constant current (janode = 0.19 mA 
cm−2) in an undivided cell at room temperature for 3.5 hours. After electrolysis, the mixture was 
quenched by water and extracted with ethyl acetate (3 × 5 mL). The combined organic layer 
was washed with brine (8 mL) and dried over Na2SO4. Purified product 3/4 was obtained after 
column chromatography on silica gel using a solvent mixture of petroleum ether and ethyl 
acetate. 

5. CV experiments

Figure S1 Cyclic voltammograms of 0.1 M n-Bu4NBF4 solution in MeCN at room temperature. (A) 1a 
(1.5×10-6 mmol/L); (B) 2a (4×10-6 mmol/L); (C) 1a (1.5×10-6 mmol/L) + 2a (4×10-6 mmol/L). The 
voltammogram was obtained with Pt wire as an auxiliary electrode and a saturated calomel electrode 
(SCE) as a reference electrode. The scan rate was 0.1 V/s on a platinum disk electrode (d = 2 mm).
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6. Spectroscopic data of products 3 and 4
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4-methyl-2-phenyl-4-(tosylmethyl)-4H-benzo[d][1,3]oxazine (3a)[4] The crude product was 
purified by column chromatography on silica gel to give 3a as colorless oil (59.5 mg, 76%).  1H 
NMR (400 MHz, CDCl3): δ 8.02 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 8.1 Hz, 2H), 7.50 – 7.46 (m, 1H), 
7.41 – 7.37 (m, 2H), 7.32 – 7.25 (m, 2H), 7.19 – 7.10 (m, 4H), 3.82 (d, J = 14.8 Hz, 1H), 3.61 (d, 
J = 14.8 Hz, 1H), 2.28 (s, 3H), 2.06 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 155.6, 144.5, 
138.3, 137.7, 132.0, 131.5, 129.8, 129.4, 128.2, 128.1, 127.8, 127.0, 125.6, 123.3, 77.9, 64.1, 
27.2, 21.5. 
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4-(((4-(tert-butyl)phenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3b)[4] 
The crude product was purified by column chromatography on silica gel to give 3b as colorless 
oil (52.0 mg, 60%).  1H NMR (400 MHz, CDCl3): δ 8.11 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.2 Hz, 
2H), 7.50 – 7.48 (m, 1H), 7.43 – 7.39 (m, 2H), 7.34 – 7.32 (m, 2H), 7.29 – 7.23 (m, 2H), 7.15 – 
7.10 (m, 2H), 3.81 (d, J = 14.7 Hz, 1H), 3.64 (d, J = 14.8 Hz, 1H), 2.05 (s, 3H), 1.23 (s, 9H). 
13C{1H} NMR (100 MHz, CDCl3): δ 157.4, 155.7, 138.4, 137.6, 132.2, 131.6, 129.4, 128.3, 128.2, 
127.6, 126.9, 126.1, 125.5, 123.3, 78.0, 64.0, 35.1, 31.0, 27.3.
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4-(((4-methoxyphenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3c)[4] 
The crude product was purified by column chromatography on silica gel to give 3c as colorless 
oil (61.1 mg, 75%).  1H NMR (500 MHz, CDCl3): δ 8.02 – 8.00 (m, 2H), 7.62 – 7.61 (m, 2H), 7.49 
– 7.46 (m, 1H), 7.41 – 7.38 (m, 2H), 7.31 – 7.25 (m, 2H), 7.18 – 7.12 (m, 2H), 6.77 – 6.75 (m, 
2H), 3.82 (d, J = 14.9 Hz, 1H), 3.61 (d, J = 14.9 Hz, 1H), 2.04 (s, 3H). 13C{1H} NMR (125 MHz, 
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CDCl3): δ 163.5, 155.6, 138.3, 132.2, 132.1, 131.5, 130.0, 129.4, 128.12, 128.11, 126.98, 
126.95, 125.6, 123.3, 114.3, 78.0, 64.3, 55.5, 27.3.
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4-(((4-fluorophenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3d)[4] The 
crude product was purified by column chromatography on silica gel to give 3d as colorless oil 
(49.8 mg, 63%).  1H NMR (400 MHz, CDCl3): δ 8.01 (d, J = 7.7 Hz, 2H), 7.70 – 7.66 (m, 2H), 
7.51 – 7.47 (m, 1H), 7.42 – 7.38 (m, 2H), 7.31 – 7.24 (m, 2H), 7.17 – 7.09 (m, 2H), 6.98 – 6.94 
(m, 2H), 3.84 (d, J = 14.9 Hz, 1H), 3.65 (d, J = 14.9 Hz, 1H), 2.04 (s, 3H). 13C{1H} NMR (100 
MHz, CDCl3): δ 165.6 (d, JC-F = 255.0 Hz), 155.5, 138.3, 136.5 (d, JC-F = 3.0 Hz), 132.0, 131.6, 
130.7, 130.6, 129.6, 128.1 (d, JC-F = 15.0 Hz), 127.0, 126.6, 125.7, 123.3, 116.4 (d, JC-F = 23.0 
Hz), 77.9, 64.3, 27.5. 19F NMR (377 MHz, CDCl3) δ -103.59.
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4-(((4-chlorophenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3e)[4] 
The crude product was purified by column chromatography on silica gel to give 3e as colorless 
oil (45.3 mg, 55%).  1H NMR (400 MHz, CDCl3): δ 7.98 – 7.96 (m, 2H), 7.61 – 7.59 (m, 2H), 7.51 
– 7.48 (m, 1H), 7.42 – 7.39 (m, 2H), 7.30 – 7.24 (m, 4H), 7.18 – 7.14 (m, 1H), 7.11 – 7.09 (m, 
1H), 3.85 (d, J = 15.0 Hz, 1H), 3.66 (d, J = 14.9 Hz, 1H), 2.03 (s, 3H). 13C{1H} NMR (100 MHz, 
CDCl3): δ 155.4, 140.3, 138.9, 138.2, 131.9, 131.7, 129.6, 129.4, 129.3, 128.2, 128.0, 127.0, 
126.5, 125.7, 123.2, 77.8, 64.3, 27.6.
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4-(((2-chlorophenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3f)[4] The 
crude product was purified by column chromatography on silica gel to give 3f as colorless oil 
(42.0 mg, 51%).  1H NMR (400 MHz, CDCl3): δ 8.00 – 7.99 (m, 2H), 7.89 – 7.86 (m, 1H), 7.48 – 
7.44 (m, 1H), 7.39 – 7.35 (m, 2H), 7.33 – 7.20 (m, 5H), 7.11 – 7.09 (m, 2H), 4.16 (d, J = 15.0 Hz, 
1H), 3.93 (d, J = 15.0 Hz, 1H), 2.05 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 155.5, 138.3, 
137.8, 134.5, 132.4, 132.0, 131,7, 131.4, 131.3, 129.6, 128.10, 128.09, 127.3, 126.9, 126.5, 
125.6, 123.1, 77.9, 62.3, 27.7.
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4-(((4-bromophenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3g)[4] 
The crude product was purified by column chromatography on silica gel to give 3g as colorless 
oil (34.6 mg, 38%).  1H NMR (400 MHz, CDCl3): δ 7.98 – 7.96 (m, 2H), 7.53 – 7.48 (m, 3H), 7.43 
– 7.39 (m, 4H), 7.32 – 7.24 (m, 2H), 7.18 – 7.14 (m, 1H), 7.10 – 7.08 (m, 1H), 3.85 (d, J = 14.9 
Hz, 1H), 3.66 (d, J = 14.9 Hz, 1H), 2.02 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 155.4, 139.4, 
138.2, 132.4, 131.9, 131.7, 129.6, 129.3, 128.9, 128.2, 128.0, 127.0, 126.5, 125.7, 123.2, 77.8, 
64.3, 27.6.
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CF3

4-methyl-2-phenyl-4-(((4-(trifluoromethyl)phenyl)sulfonyl)methyl)-4H-benzo[d][1,3]oxazine 
(3h) The crude product was purified by column chromatography on silica gel to give 3h as 
colorless oil (45.3 mg, 51%).  1H NMR (400 MHz, CDCl3): δ 7.97 – 7.95 (m, 2H), 7.79 – 7.77 (m, 
2H), 7.54 – 7.46 (m, 3H), 7.41 – 7.37 (m, 2H), 7.30 – 7.22 (m, 2H), 7.14 – 7.06 (m, 2H), 3.90 (d, 
J = 15.0 Hz, 1H), 3.74 (d, J = 15.0 Hz, 1H), 2.01 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 
155.2, 143.7, 138.2, 135.5 – 134.5 (q, JC-F = 33.0 Hz), 131.8, 131.7, 129.7, 128.4, 128.2, 127.9, 
127.0, 126.2 – 126.1 (q, JC-F = 4.0 Hz), 126.1, 125.8, 123.3, 127.1-118.9 (q, JC-F = 271.0 Hz), 
77.8, 64.2, 28.0. 19F NMR (377 MHz, CDCl3) δ -63.29. HRMS (ESI) calculated for 
C23H18F3NNaO3S [M+Na]+: 468.0857; found: 468.0851.
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4-methyl-2-phenyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (3j)[4] The crude 
product was purified by column chromatography on silica gel to give 3j as colorless oil (57.4 mg, 
76%).  1H NMR (400 MHz, CDCl3): δ 8.06 – 8.04 (m, 2H), 7.72 – 7.69 (m, 2H), 7.49 – 7.40 (m, 
4H), 7.35 – 7.24 (m, 4H), 7.17 – 7.10 (m, 2H), 3.83 (d, J = 14.8 Hz, 1H), 3.63 (d, J = 14.8 Hz, 
1H), 2.07 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 155.7, 140.6, 138.3, 133.5, 132.0, 131.6, 
129.5, 129.2, 128.22, 128.19, 127.7, 127.01, 126.95, 125.6, 123.2, 77.9, 64.0, 27.1.
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I

4-(((4-iodophenyl)sulfonyl)methyl)-4-methyl-2-phenyl-4H-benzo[d][1,3]oxazine (3m) The 
crude product was purified by column chromatography on silica gel to give 3m as colorless oil 
(16.1 mg, 16%). 1H NMR (500 MHz, CDCl3): δ 7.98 – 7.96 (m, 2H), 7.65 – 7.64 (m, 2H), 7.52 – 
7.49 (m, 1H), 7.44 – 7.41 (m, 2H), 7.38 – 7.36 (m, 2H), 7.33 – 7.30 (m, 1H), 7.26 – 7.24 (m, 1H), 
7.18 – 7.15 (m, 1H), 7.10 – 7.09 (m, 1H), 3.86 (d, J = 15.0 Hz, 1H), 3.67 (d, J = 15.1 Hz, 1H), 
2.02 (s, 3H). 13C{1H} NMR (125 MHz, CDCl3): δ 155.4, 140.0, 138.4, 138.2, 131.8, 131.7, 129.6, 
129.1, 128.3, 128.0, 127.1, 126.4, 125.7, 123.2, 101.6, 77.8, 64.2, 27.7.
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4-(((4-fluorophenyl)sulfonyl)methyl)-2,4-diphenyl-4H-benzo[d][1,3]oxazine (3n) The crude 
product was purified by column chromatography on silica gel to give 3n as colorless oil (60.3 mg, 
66%).  1H NMR (500 MHz, CDCl3): δ 7.95 – 7.94 (m, 2H), 7.66 – 7.63 (m, 2H), 7.51 – 7.48 (m, 
1H), 7.41 – 7.34 (m, 3H), 7.30 – 7.23 (m, 8H), 6.91 – 6.87 (m, 2H), 4.33 (d, J = 15.4 Hz, 1H), 
4.27 (d, J = 15.4 Hz, 1H). 13C{1H} NMR (125 MHz, CDCl3): δ 165.6 (d, JC-F = 255.0 Hz), 154.6, 
141.7, 138.7, 136.6 (d, JC-F = 2.5 Hz), 131.8, 131.6, 131.2 (d, JC-F = 10.0 Hz), 129.7, 128.8, 
128.7, 128.3, 127.8, 126.5, 126.1, 125.33, 125.25, 123.9, 116.1 (d, JC-F = 22.5 Hz), 80.9, 64.9. 
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19F NMR (471 MHz, CDCl3) δ -103.92. HRMS (ESI) calculated for C27H20FNNaO3S [M+Na]+: 
480.1046; found: 480.1052.
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4a

4-methyl-4-((phenylsulfonyl)methyl)-2-(m-tolyl)-4H-benzo[d][1,3]oxazine (4a) The crude 
product was purified by column chromatography on silica gel to give 4a as colorless oil (58.7 mg, 
75%).  1H NMR (500 MHz, CDCl3): δ 7.87 – 7.83 (m, 2H), 7.71 – 7.69 (m, 2H), 7.45 – 7.42 (m, 
1H), 7.34 – 7.24 (m, 6H), 7.16 – 7.11 (m, 2H), 3.82 (d, J = 14.8 Hz, 1H), 3.65 (d, J = 14.9 Hz, 
1H), 2.40 (s, 3H), 2.07 (s, 3H). 13C{1H} NMR (125 MHz, CDCl3): δ 155.8, 140.6, 138.4, 137.8, 
133.4, 132.4, 132.0, 129.5, 129.1, 128.6, 128.1, 127.7, 126.93, 126.89, 125.5, 125.4, 123.3, 
77.9, 63.9, 27.1, 21.4. HRMS (ESI) calculated for C23H21NNaO3S [M+Na]+: 414.1140; found: 
414.1143.

N
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O

t-Bu

4b

2-(4-(tert-butyl)phenyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4b) 
The crude product was purified by column chromatography on silica gel to give 4b as colorless 
oil (49.4 mg, 57%).  1H NMR (500 MHz, CDCl3): δ 7.99 – 7.97 (m, 2H), 7.72 – 7.70 (m, 2H), 7.46 
– 7.41 (m, 3H), 7.35 – 7.32 (m, 2H), 7.29 – 7.23 (m, 2H), 7.15 – 7.11 (m, 2H), 3.81 (d, J = 14.8 
Hz, 1H), 3.62 (d, J = 14.8 Hz, 1H), 2.08 (s, 3H), 1.35 (s, 9H). 13C{1H} NMR (125 MHz, CDCl3): δ 
155.8, 155.1, 140.7, 138.5, 133.4, 129.5, 129.2, 129.1, 128.1, 127.7, 127.0, 126.8, 125.5, 125.2, 
123.2, 77.4, 63.9, 35.0, 31.2, 26.9. HRMS (ESI) calculated for C26H27NNaO3S [M+Na]+: 
456.1609; found: 456.1612
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2-(4-methoxyphenyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4c)[4] 
The crude product was purified by column chromatography on silica gel to give 4c as colorless 
oil (59.4 mg, 73%).  1H NMR (500 MHz, CDCl3): δ 8.04 – 8.02 (m, 2H), 7.72 – 7.71 (m, 2H), 7.48 
– 7.45 (m, 1H), 7.37 – 7.33 (m, 2H), 7.28 – 7.21 (m, 2H), 7.12 – 7.11 (m, 2H), 6.92 – 6.90 (m, 
2H), 3.85 (s, 3H), 3.80 (d, J = 14.8 Hz, 1H), 3.58 (d, J = 14.8 Hz, 1H), 2.08 (s, 3H). 13C{1H} NMR 
(125 MHz, CDCl3): δ 162.5, 155.7, 140.7, 138.6, 133.5, 130.2, 129.5, 129.2, 127.7, 127.0, 126.6, 
125.3, 124.5, 123.1, 113.6, 77.8, 63.8, 55.4, 26.7.
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2-(4-fluorophenyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4d) The 
crude product was purified by column chromatography on silica gel to give 4d as colorless oil 
(46.6 mg, 59%).  1H NMR (500 MHz, CDCl3): δ 8.11 – 8.08 (m, 2H), 7.73 – 7.72 (m, 2H), 7.50 – 
7.47 (m, 1H), 7.39 – 7.36 (m, 2H), 7.31 – 7.28 (m, 1H), 7.25 – 7.23 (m, 1H), 7.17 – 7.14 (m, 1H), 
7.12 – 7.07 (m, 3H), 3.81 (d, J = 14.9 Hz, 1H), 3.57 (d, J = 14.9 Hz, 1H), 2.10 (s, 3H). 13C{1H} 
NMR (125 MHz, CDCl3): δ 165.0 (d, JC-F = 255.0 Hz), 154.9, 140.7, 138.2, 133.6, 130.6 (d, JC-F 
= 10.0 Hz), 129.6, 129.2, 128.2 (d, JC-F = 2.5 Hz), 127.7, 127.1, 126.9, 125.5, 123.1, 115.3 (d, 
JC-F = 22.5 Hz), 78.1, 63.9, 26.9. 19F NMR (471 MHz, CDCl3) δ -108.06. HRMS (ESI) calculated 
for C22H18FNNaO3S [M+Na]+: 418.0889; found: 418.0883.
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4e

2-(4-chlorophenyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4e) The 
crude product was purified by column chromatography on silica gel to give 4e as colorless oil 
(44.3 mg, 54%).  1H NMR (500 MHz, CDCl3): δ 8.03 – 8.01 (m, 2H), 7.73 – 7.71 (m, 2H), 7.51 – 
7.48 (m, 1H), 7.40 – 7.36 (m, 4H), 7.31 – 7.28 (m, 1H), 7.25 – 7.24 (m, 1H), 7.18 – 7.15 (m, 1H), 
7.12 – 7.10 (m, 1H), 3.80 (d, J = 14.9 Hz, 1H), 3.56 (d, J = 14.9 Hz, 1H), 2.10 (s, 3H). 13C{1H} 
NMR (125 MHz, CDCl3): δ 154.8, 140.6, 138.1, 137.8, 133.6, 130.5, 129.6, 129.2, 128.5, 127.7, 
127.2, 127.0, 125.6, 123.1, 78.1, 63.9, 26.9. HRMS (ESI) calculated for C22H18ClNNaO3 
[M+Na]+: 434.0594; found: 434.0597.
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N

O

S
O

O

Br

4f

2-(4-bromophenyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4f) The 
crude product was purified by column chromatography on silica gel to give 4f as colorless oil 
(49.2mg, 54%).  1H NMR (500 MHz, CDCl3): δ 7.95 – 7.93 (m, 2H), 7.72 – 7.71 (m, 2H), 7.54 – 
7.53 (m, 2H), 7.50 – 7.48 (m, 1H), 7.38 – 7.35 (m, 2H), 7.30 – 7.27 (m, 1H), 7.26 – 7.23 (m, 1H), 
7.17 – 7.14 (m, 1H), 7.11 – 7.09 (m, 1H), 3.80 (d, J = 14.9 Hz, 1H), 3.56 (d, J = 14.9 Hz, 1H), 
2.08 (s, 3H). 13C{1H} NMR (125 MHz, CDCl3): δ 154.9, 140.6, 138.1, 133.6, 131.4, 131.0, 129.8, 
129.6, 129.2, 127.7, 127.3, 127.0, 126.4, 125.7, 123.1, 78.1, 63.9, 27.0. HRMS (ESI) calculated 
for C22H18BrNNaO3 [M+Na]+: 478.0088; found: 478.0090.

N

O

S
O

O

4g

CF3

4-methyl-4-((phenylsulfonyl)methyl)-2-(4-(trifluoromethyl)phenyl)-4H-benzo[d][1,3]oxazine 
(4g) The crude product was purified by column chromatography on silica gel to give 4g as 
colorless oil (55.2 mg, 62%).  1H NMR (500 MHz, CDCl3): δ 8.20 – 8.18 (m, 2H), 7.73 – 7.71 (m, 
2H), 7.67 – 7.65 (m, 2H), 7.49 – 7.46 (m, 1H), 7.38 – 7.35 (m, 2H), 7.31 – 7.29 (m, 2H), 7.19 – 
7.17 (m, 1H), 7.11 – 7.10 (m, 1H), 3.81 (d, J = 14.9 Hz, 1H), 3.57 (d, J = 14.9 Hz, 1H), 2.11 (s, 
3H). 13C{1H} NMR (125 MHz, CDCl3): δ 154.3, 140.6, 137.8, 135.4, 133.6, 133.3 – 132.5 (q, JC-F 
= 32.5 Hz), 129.7, 129.23, 129.21, 128.5, 127.7, 127.6, 127.0, 125.9, 125.14 – 125.05 (q, JC-F = 
3.8 Hz), 123.1, 127.1-118.9 (q, JC-F = 271.0 Hz), 78.3, 64.1, 27.2. 19F NMR (471 MHz, CDCl3) δ 
-62.84. HRMS (ESI) calculated for C23H18F3NNaO3S [M+Na]+: 468.0857; found: 468.0851.

N

O

S
O

O

4h

4-methyl-2-(naphthalen-2-yl)-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4h)[4] 
The crude product was purified by column chromatography on silica gel to give 4h as colorless 
oil (44.3 mg, 52%).  1H NMR (500 MHz, CDCl3): δ 8.50 (m, 1H), 8.19 – 8.17 (m, 1H), 7.95 – 7.94 



S11

(m, 1H), 7.87 – 7.85 (m, 2H), 7.73 – 7.71 (m, 2H), 7.57 – 7.52 (m, 2H), 7.37 – 7.29 (m, 5H), 7.21 
– 7.16 (m, 2H), 3.88 (d, J = 14.9 Hz, 1H), 3.67 (d, J = 14.9 Hz, 1H), 2.14 (s, 3H). 13C{1H} NMR 
(125 MHz, CDCl3): δ 155.7, 140.6, 138.4, 135.0, 133.4, 132.7, 129.6, 129.32, 129.26, 129.1, 
128.9, 127.8, 127.72, 127.70, 127.6, 127.1, 127.0, 126.4, 125.6, 124.6, 123.2, 78.0, 63.9, 27.1.

N

O

S
O

O

4i

O

2-(furan-2-yl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4i)[4] The crude 
product was purified by column chromatography on silica gel to give 4i as colorless oil (49.2 mg, 
67%).  1H NMR (500 MHz, CDCl3): δ 7.74 – 7.72 (m, 2H), 7.590 – 7.585 (m, 1H), 7.53 – 7.49 (m, 
1H), 7.41 – 7.38 (m, 2H), 7.31 – 7.27 (m, 2H), 7.17 – 7.14 (m, 1H), 7.12 – 7.10 (m, 1H), 7.04 – 
7.03 (m, 1H), 6.51 – 6.50 (m, 1H), 3.78 (d, J = 14.9 Hz, 1H), 3.57 (d, J = 14.8 Hz, 1H), 2.09 (s, 
3H). 13C{1H} NMR (125 MHz, CDCl3): δ 148.6, 146.0, 145.8, 140.6, 137.8, 133.5, 129.7, 129.2, 
127.7, 127.1, 127.0, 125.6, 123.3, 115.9, 111.9, 78.0, 63.6, 26.7.

N

O

S
O

O

4j

S

4-methyl-4-((phenylsulfonyl)methyl)-2-(thiophen-2-yl)-4H-benzo[d][1,3]oxazine (4j)[4] The 
crude product was purified by column chromatography on silica gel to give 4j as colorless oil 
(54.4 mg, 71%).  1H NMR (500 MHz, CDCl3): δ 7.73 – 7.71 (m, 2H), 7.64 – 7.63 (m, 1H), 7.49 – 
7.46 (m, 2H), 7.39 – 7.35 (m, 2H), 7.29 – 7.25 (m, 1H), 7.22 – 7.20 (m, 1H), 7.15 – 7.10 (m, 2H), 
7.07 – 7.05 (m, 1H), 3.80 (d, J = 14.8 Hz, 1H), 3.60 (d, J = 14.8 Hz, 1H), 2.07 (s, 3H). 13C{1H} 
NMR (125 MHz, CDCl3): δ 152.3, 140.7, 138.3, 136.2, 133.5, 130.9, 130.6, 129.6, 129.2, 127.7, 
126.9, 126.8, 125.3, 123.3, 78.3, 63.8, 26.9.
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N

O

S
O

O

4k

2-benzyl-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4k) The crude 
product was purified by column chromatography on silica gel to give 4k as colorless oil (35.2 mg, 
45%).  1H NMR (500 MHz, CDCl3): δ 7.69 – 7.68 (m, 2H), 7.58 – 7.55 (m, 1H), 7.46 – 7.43 (m, 
2H), 7.30 – 7.29 (m, 4H), 7.24 – 7.20 (m, 2H), 7.11 – 7.07 (m, 2H), 7.01 – 6.99 (m, 1H), 3.59 (d, 
J = 14.9 Hz, 1H), 3.51 (d, J = 14.3 Hz, 1H), 3.44 (d, J = 14.9 Hz, 1H), 3.38 (d, J = 14.3 Hz, 1H), 
1.81 (s, 3H). 13C{1H} NMR (125 MHz, CDCl3): δ 159.8, 140.7, 137.7, 135.3, 133.5, 129.4, 129.3, 
129.1, 128.4, 127.9, 126.92, 126.89, 126.3, 125.1, 123.3, 77.5, 64.0, 41.6, 27.2. HRMS (ESI) 
calculated for C23H21NNaO3S [M+Na]+: 414.1140; found:  414.1143.

N

O

S

t-Bu

O

O

4l

(tert-butyl)-4-methyl-4-((phenylsulfonyl)methyl)-4H-benzo[d][1,3]oxazine (4l) The crude 
product was purified by column chromatography on silica gel to give 4l as colorless oil (53.5 mg, 
75%).  1H NMR (500 MHz, CDCl3): δ 7.70 – 7.68 (m, 2H), 7.55 – 7.52 (m, 1H), 7.43 – 7.40 (m, 
2H), 7.21 – 7.17 (m, 1H), 7.10 – 7.09 (m, 1H), 7.03 – 6.96 (m, 2H), 3.73 (d, J = 14.8 Hz, 1H), 
3.67 (d, J = 14.8 Hz, 1H), 1.88 (s, 3H), 1.22 (s, 9H). 13C{1H} NMR (125 MHz, CDCl3): δ 166.7, 
140.8, 138.2, 133.5, 129.21, 129.18, 127.7, 126.4, 126.2, 125.2, 123.2, 77.1, 64.1, 37.2, 27.4. 
HRMS (ESI) calculated for C20H23NNaO3S [M+Na]+: 380.1296; found: 380.1294.

N

O

S
O

O

8

4-cyclopropyl-2-phenyl-4-(tosylmethyl)-4H-benzo[d][1,3]oxa-zine (8) The crude product was 
purified by column chromatography on silica gel to give 8 as colorless oil (21.6 mg, 26%).  1H 
NMR (500 MHz, CDCl3): δ 7.87 – 7.86 (m, 2H), 7.50 – 7.48 (m, 2H), 7.46 – 7.43 (m, 1H), 7.37 – 
7.34 (m, 2H), 7.28 – 7.27 (m, 1H), 7.24 – 7.22 (m, 1H), 7.14 – 7.11 (m, 1H), 7.08 – 7.07 (m, 1H), 
7.004 – 6.989 (m, 1H), 4.04 (d, J = 15.1 Hz, 1H), 3.95 (d, J = 15.1 Hz, 1H), 2.17 (s, 3H), 1.50 – 
1.47 (m, 1H), 0.48 – 0.43 (m, 3H), 0.29 – 0.27 (m, 1H). 13C{1H} NMR (125 MHz, CDCl3): δ 155.0, 
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144.3, 138.8, 137.6, 132.0, 131.4, 129.5, 129.3, 128.04, 127.93, 127.8, 126.4, 125.5, 124.6, 
123.2, 79.5, 64.8, 22.0, 21.4, 1.3, 1.0. HRMS (ESI) calculated for C20H23NNaO3S [M+Na]+: 
417.1399 found: 417.1396.

Reference

[1] Li, Y.-l.; Qi, X.-y.; Jiang, H.; Deng, X.-d.; Dong, Y.-p.; Ding, T.-b.; Zhou, Lu.; Men, P.; Chu, Y.; 
Wang, R.-x.; Jiang, X.-c.; Ye, D.-y. Bioorg. Med. Chem. 2015, 23, 6173–6184.
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[3] Yuan, Y.; Cao, Y.; Lin, Y.; Li, Y.; Huang, Z.; Lei, A. ACS Catal. 2018, 8, 10871−10875.
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7. NMR spectra of products 3 and 4
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