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General methods 

 

DMF was used after distillation, other commercial reagents were used without further purification.  

2,5-dimethylbenzenesulfonic acid, [1,1'-biphenyl]-4-sulfonic acid, phenylboronic acid, 

naphthalene-1-sulfonic acid, styrene, 1-methoxy-4-vinylbenzene, 1-chloro-4-vinylbenzene, 

1-nitro-4-vinylbenzene, 1-bromo-3-vinylbenzene, pent-1-en-3-one, 3,3-dimethylbut-1-ene, 

2-vinylnaphthalene, 1-tert-butyl-4-vinylbenzene, 1-methyl-2-vinylbenzene and Cu(OAc)2 were 

purchased from Alfa. 2,4-dimethylbenzenesulfonic acid, 4-hydroxybenzenesulfonic acid, 

4-chlorobenzenesulfonic acid, 4-nitrobenzenesulfonic acid and [RhCp*Cl2]2 were purchased from TCI. 

(4-fluorophenyl)boronic acid was purchased from Across. Oct-1-ene was purchased from J&K. 

4-methylbenzenesulfonic acid, 2-aminobenzenesulfonic acid, (3-nitrophenyl)boronic acid, 

(3,5-dimethylphenyl)boronic acid, (4-methoxyphenyl)boronic acid, 2-vinylthiophene, butyl acrylate, 

acrylonitrile, (E)-ethyl but-2-enoate, AgO and Ag2CO3 were purchased from domestic corporations.  

Analytical thin layer chromatography (TLC) plates, preparative TCL on silica gel and the silica gel 

for column chromatography were phased from Qingdao Haiyang Chemical and Special Silica Gel Co, 

Ltd. 

The automatic LC-MS analysis was also performed on a Thermo Finnigan LCQAdvantage mass 

spectrometer equipped with an Agilent HPLC system and an eluent splitter (5% eluent was split into 

the MS system). 

  High-resolution LC-MS was carried out by Agilent LC/MSD TOF using a column of Agilent 

ZORBAX SB-C18 (rapid resolution, 3.5 μm, 2.1 × 30 mm) at a flow of 0.40 mL/min. The solvent was 

MeOH/water (75:25 (v/v)), containing 5 mmol/L ammonium formate. The ion source is electrospray 

ionization (ESI). 

Proton nuclear magnetic resonance (1H NMR) and carbon nuclear magnetic resonance (13C NMR) 

spectroscopy were performed on Bruker Advance 400, Varian 300 NMR and 600MHz spectrometer. 

Chemical shifts of 1H NMR spectra are reported as in units of parts per million (ppm) downfield from 

SiMe4 (δ 0.0) and relative to the signal of chloroform-d (δ = 7.260, singlet) or dmso-d6 (δ = 2.500, 

quintet). Multiplicities were given as: s (singlet); br s (broad singlet); d (doublet); t (triplet); q (quartet); 

dd (doublet of doublets); m (multiplets), etc. The number of protons (n) for a given resonance  is 

indicated by nH. Carbon nuclear magnetic resonance spectra (13C NMR) are reported as in units of 

parts per million (ppm) downfield from SiMe4 (δ 0.0) and relative to the signal of chloroform-d (δ = 

77.160, triplet) or dmso-d6 (δ = 39.510, septet).  

 

 

Experimental procedure 

 

General procedure for Rh-Catalyzed olefination of 2,4-dimethylbenzenesulfonic acid and 

styrene: General procedure for Rh-catalyzed olefination of 2,4-dimethylbenzenesulfonic acid and 

styrene: a 10 mL sealed tube equipped with a magnetic stir bar was charged with [RhCp*Cl2]2 (7.7 mg, 

2.5 mol%), Cu(OAc)2 (181 mg, 1.0 mmol), 2,4-dimethylbenzenesulfonic acid (93 mg, 0.5 mmol) and 

2.0 mL DMF. The mixture was stirred, and then styrene (1.5 mmol) was added. The reaction tube was 

capped and stirred at 120 C. The reaction was monitored by LC–MS. When the starting material was 

consumed completely, solvent was removed under vacuum. The reaction mixture was diluted with 

ethyl acetate, then washed with 2 N HCl aqueous solution (2  20 mL). Subsequently, the mixture was 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 S4 

extracted with ethyl acetate (3  50 mL). The combined organic layer was washed with brine (20 mL) 

and then dried over anhydrous sodium sulfate. The organic solvent was removed on a rotary evaporator 

in vacuo. The residue was purified by preparative TLC on silica gel (MeOH: CH2Cl2 = 1:10, Rf = 0.3) 

to afford 1 (135 mg) as a white powder. 

 

 

Synthesis of 2-arylbenzenesulfonic acid derivatives:  

 

 

Scheme 1 Synthetic route of synthesis of 2-arylbenzenesulfonic acid derivatives 

 

Synthesis of 2-iodobenzenesulfonic acid derivatives: A mixture of sodium carbonate (530 mg, 5 

mmol), 2-aminebenzenesulfonic acid (10 mmol) and in water (10 mL) was stirred for 5 min, sodium 

nitrite (759 mg, 11 mmol) was added, the mixture was stirred at 0 °C for 30 min, then conc. HCl (2 mL) 

was added dropwise. The reaction mixture was stirred for another 30 min after the precipitate had 

appeared. Then a solution of KI (2g, 12 mmol) in 4 mL water was added. The mixture was stirred for 

0.5 h at 0 °C. Then the reaction mixture was stirred at suitable temperature till starting material was 

consumed completely, which was monitored by LC-MS. The desired 2-iodobenzenesulfonic acid 

derivatives were isolated with recrystallization.   

 

Synthesis of 2-arylbenzenesulfonic acid derivatives: A mixture of patassium carbonate (829 mg, 6 

mmol), Pd(OAc)2 (5 mol%) and 2-iodobenzenesulfonic acid derivatives (2 mmol) in 10 mL DMF was 

stirred at 70 °C till the starting material was consumed completely, the reaction was monitored by 

LC-MS. Solvent was removed under reduced pressure, and the residue was purified by column 

chromatography to afford 2-arylbenzenesulfonic acid derivatives (I-VIII). 

 

 

 

The structures of I – VIII were identified with 1H NMR, 13C NMR and HRMs data. 
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General procedure for Synthesis of 37: To a mixture of 17 (0.25 mmol, 106 mg) and Cl3CN (0.75 

mmol, 75 μL) in 4 mL CH2Cl2, PPh3 (0.75 mmol, 197 mg) in 1 mL CH2Cl2 was added, the reaction 

mixture was refluxed for 8h. Then aniline (0.75 mmol, 68 μL) and 4-picoline (0.75 mmol, 73 μL) was 

added to the above mixture. The reaction mixture was stirred for 5 h and monitored by LCMs and TLC. 

When the starting material was consumed completely, solvent was removed in vacuo, and the residue 

was purified by silica gel column chromatography to afford 37 (79 mg). 
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Spectroscopic data 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.91 (dd, J = 17.6 Hz, 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 1H), 7.01 (t, 

J = 7.1 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 150.0, 140.7, 130.0, 128.0, 127.4, 93.3. HRMS 

(ESI): m/z (M - H+) calcd for C6H4O3IS, 282.89203, found: 282.89221. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.85 (s, 1H), 7.84 (s, 1H), 2.27 (s, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 149.1, 139.5, 134.6, 133.4, 130.2, 90.1, 19.2. HRMS (ESI): m/z (M - H+) calcd for 

C7H5O3ClIS, 330.86871, found: 330.86966. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.92 – 7.85 (m, 2H), 7.10 (dd, J = 8.3 Hz, 2.5 Hz, 1H). 13C NMR 

(100 MHz, DMSO-d6) δ 151.9, 142.5, 132.4, 129.7, 127.6, 91.2. HRMS (ESI): m/z (M - H+) calcd for 

C6H3O3ClIS, 316.85306, found: 316.85376. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.80 – 7.71 (m, 2H), 6.84 (dd, J = 7.9 Hz, 1.5 Hz, 1H), 2.25 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 149.6, 140.6, 136.9, 130.8, 128.9, 89.2, 20.5. HRMS (ESI): m/z (M 

- H+) calcd for C7H6O3IS, 296.90768, found: 296.90799. 
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1H NMR (400 MHz, DMSO-d6) δ 7.98 – 7.91 (m, 1H), 7.54 (d, J = 6.7 Hz, 2H), 7.37 – 7.21 (m, 5H), 

7.11 (d, J = 7.3 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 146.0, 142.2, 139.3, 131.4, 129.6, 128.4, 

127.7, 126.7, 126.2, 126.1. HRMS (ESI): m/z (M - H+) calcd for C12H9O3S, 233.02669, found: 

233.02670. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.96 (dd, J = 7.7 Hz, 1.4 Hz, 1H), 7.55 – 7.48 (m, 2H), 7.34 (td, J = 

7.4 Hz, 1.5 Hz, 1H), 7.28 (td, J = 7.5 Hz, 1.5 Hz, 1H), 7.12 (dd, J = 7.4 Hz, 1.3 Hz, 1H), 6.89 – 6.83 (m, 

2H), 3.78 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 157.9, 145.8, 139.0, 134.4, 131.5, 130.7, 128.6, 

127.8, 125.9, 112.3, 54.9. HRMS (ESI): m/z (M - H+) calcd for C13H11O4S, 263.03726, found: 

263.03757. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.44 (s, 1H), 8.16 (d, J = 8.2 Hz, 1H), 8.02 – 7.91 (m, 2H), 7.61 (t, J 

= 8.0 Hz, 1H), 7.47 – 7.38 (m, 2H), 7.24 – 7.20 (m, 1H). 13C NMR (100 MHz, DMSO-d6) δ 146.7, 

146.0, 143.6, 136.8, 136.3, 131.1, 128.9, 128.4, 127.6, 127.5, 124.5, 121.3. HRMS (ESI): m/z (M - H+) 

calcd for C12H8O5NS, 278.01177, found: 278.01205. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.03 – 7.87 (m, 1H), 7.40 – 7.21 (m, 2H), 7.13 (s, 2H), 7.11 – 7.04 

(m, 1H), 6.88 (s, 1H), 2.27 (s, 6H). 13C NMR (100 MHz, DMSO-d6) δ 145.7, 142.1, 139.6, 135.2, 
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131.4, 128.4, 127.7, 127.5, 126.1, 21.1. HRMS (ESI): m/z (M - H+) calcd for C14H13O3S, 261.05799, 

found: 261.05826. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 7.95 (d, J = 7.3 Hz, 1H), 7.57 (dd, J = 8.1 Hz, 5.9 Hz, 2H), 7.42 – 

7.26 (m, 2H), 7.11 (dd, J = 15.8 Hz, 7.3 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 162.4, 160.0, 

146.0, 138.3 (d, J = 12.8 Hz), 138.2, 131.4 (J = 35.6 Hz), 128.6, 127.7, 126.5, 113.6，113.4. HRMS 

(ESI): m/z (M - H+) calcd for C12H8O3FS, 251.01727, found: 251.01741. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.55 – 7.47 (m, 3H), 7.29 – 7.18 (m, 3H), 7.04 (d, J = 8.4 Hz, 1H), 

6.92 (dd, J = 8.4 Hz, 2.8 Hz, 1H), 3.79 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 157.5, 147.0, 141.9, 

132.6, 131.7, 129.7, 126.7, 125.8, 113.9, 113.2, 55.2. HRMS (ESI): m/z (M - H+) calcd for C13H11O4S, 

263.03726, found: 263.03763. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 7.95 (d, J = 2.3 Hz, 1H), 7.54 (dd, J = 7.7 Hz, 1.4 Hz, 2H), 7.49 – 

7.39 (m, 1H), 7.33 – 7.26 (m, 3H), 7.16 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, DMSO-d6) δ 147.6, 

140.7, 138.1, 133.4, 131.0, 129.5, 128.3, 127.5, 126.9, 126.6. HRMS (ESI): m/z (M - H+) calcd for 

C12H8O3ClS, 266.98772, found: 266.98837. 
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1H NMR (400 MHz, DMSO) δ 7.91 (s, 1H), 7.58 – 7.52 (m, 2H), 7.34 – 7.24 (m, 3H), 7.13 (s, 1H), 

2.37 (s, 3H). 13C NMR (100 MHz, DMSO) δ 144.6, 140.5, 138.7, 133.3, 132.8, 131.2, 130.6, 129.5, 

126.9, 126.6, 19.1. HRMS (ESI): m/z (M - H+) calcd for C13H10O3ClS, 281.00337, found: 281.00397. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 7.77 (s, 1H), 7.53 (d, J = 7.2 Hz, 2H), 7.30 – 7.20 (m, 3H), 7.16 (d, J 

= 7.5 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 2.34 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 145.5, 142.1, 

136.5, 135.4, 131.4, 129.6, 129.0, 128.3, 126.7, 125.9, 20.7. HRMS (ESI): m/z (M - H+) calcd for 

C13H11O3S, 247.04234, found: 247.04242. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.46 (d, J = 16.3 Hz, 1H), 7.49 (d, J = 7.6 Hz, 2H), 7.36 (t, J = 7.5 

Hz, 2H), 7.27 (s, 1H), 7.23 (t, J = 7.3 Hz, 1H), 6.89 (s, 1H), 6.80 (d, J = 16.3 Hz, 1H), 2.55 (s, 3H), 

2.27 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 142.2, 138.3, 136.6, 136.3, 135.5, 131.7, 131.4, 128.5, 

126.9, 126.9, 126.3, 125.1, 22.6, 20.4. HRMS (ESI): m/z (M - H+) calcd for C16H15O3S, 287.07364, 

found: 287.07401. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.30 (d, J = 16.1 Hz, 1H), 7.54 (d, J = 7.5 Hz, 1H), 7.28 (s, 1H), 

7.24 – 7.10 (m, 3H), 6.92 (d, J = 16.1 Hz, 1H), 6.90 (s, 1H), 2.56 (s, 3H), 2.39 (s, 3H), 2.28 (s, 3H). 13C 

NMR (100 MHz, DMSO-d6) δ 142.1, 137.1, 136.8, 136.2, 136.0, 135.0, 132.8, 131.7, 130.1, 126.8, 

126.0, 125.6, 125.4, 124.5, 22.6, 20.5, 19.6. HRMS (ESI): m/z (M - H+) calcd for C17H17O3S, 

301.08929, found: 301.08975. 
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1H NMR (400 MHz, DMSO-d6) δ 8.32 (d, J = 16.3 Hz, 1H), 7.42 (d, J = 8.6 Hz, 2H), 7.24 (s, 1H), 

6.93 (d, J = 8.6 Hz, 2H), 6.85 (s, 1H), 6.74 (d, J = 16.3 Hz, 1H), 3.77 (s, 3H), 2.54 (s, 3H), 2.25 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 158.5, 142.1, 136.5, 136.2, 135.8, 131.3, 131.0, 129.2, 127.5, 126.5, 

124.8, 114.0, 55.1, 22.7, 20.5. HRMS (ESI): m/z (M - H+) calcd for C17H17O4S, 317.08421, found: 

317.08438. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.46 (d, J = 16.3 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.4 

Hz, 2H), 7.26 (s, 1H), 6.90 (s, 1H), 6.80 (d, J = 16.3 Hz, 1H), 2.53 (s, 3H), 2.26 (s, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 142.3, 137.3, 136.7, 136.3, 135.2, 132.3, 131.9, 131.2, 128.5, 127.9, 125.5, 125.1, 

22.5, 20.4. HRMS (ESI): m/z (M - H+) calcd for C16H14O3ClS, 321.03467, found: 321.03519. 

 

 

 

1H NMR (400 MHz, DMSO-d6) (E)-isomer: δ 8.69 (d, J = 16.3 Hz, 1H), 8.24 (d, J = 8.7 Hz, 2H), 7.73 

(d, J = 8.7 Hz, 2H), 7.32 (s, 1H), 7.01 – 6.93 (m, 2H), 2.56 (s, 3H), 2.28 (s, 3H). (Z)-isomer: δ 8.00 (d, 

J = 8.7 Hz, 2H), 7.39 (d, J = 12.0 Hz, 1H), 7.30 (d, J = 8.7 Hz, 2H), 6.91 (s, 1H), 6.52 (s, 1H), 6.46 (d, 

J = 12.1 Hz, 1H), 2.58 (s, 3H), 2.02 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 145.8, 145.3, 144.9, 

142.7, 138.9, 136.9, 136.7, 136.5, 136.4, 134.7, 134.6, 132.6, 131.9, 129.8, 128.0, 127.0, 125.4, 124.9, 

124.0, 123.1, 123.0, 22.4, 21.9, 20.4, 20.2. HRMS (ESI): m/z (M - H+) calcd for C16H14O5NS, 

332.05872, found: 332.05920. 
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1H NMR (400 MHz, DMSO-d6) δ 8.41 (d, J = 16.3 Hz, 1H), 7.40 (q, J = 8.3 Hz, 4H), 7.27 (s, 1H), 

6.88 (s, 1H), 6.77 (d, J = 16.3 Hz, 1H), 2.55 (s, 3H), 2.26 (s, 3H), 1.30 (s, 9H). 13C NMR (100 MHz, 

DMSO-d6) δ 149.4, 142.1, 136.6, 136.3, 135.67, 135.6, 131.5, 130.6, 126.7, 126.1, 125.2, 124.9, 34.2, 

31.1, 22.6, 20.4. HRMS (ESI): m/z (M - H+) calcd for C20H23O3S, 343.13624, found: 343.13654. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.47 (d, J = 16.3 Hz, 1H), 7.66 (s, 1H), 7.48 (d, J = 7.6 Hz, 1H), 

7.42 (d, J = 7.9 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 7.26 (s, 1H), 6.92 (s, 1H), 6.79 (d, J = 16.3 Hz, 1H), 

2.55 (s, 3H), 2.27 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 142.3, 140.9, 136.8, 136.3, 135.1, 133.0, 

132.0, 130.7, 129.4, 128.5, 125.4, 125.3, 125.2, 122.0, 22.5, 20.4. HRMS (ESI): m/z (M - H+) calcd for 

C16H14O3BrS, 364.98415, found: 364.98380. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.26 (d, J = 16.1 Hz, 1H), 7.39 (d, J = 5.0 Hz, 1H), 7.24 (s, 1H), 

7.10 – 7.08 (m, 1H), 7.04 – 7.02 (m, 1H), 7.00 (d, J = 16.1 Hz, 1H), 6.88 (s, 1H), 2.54 (s, 3H), 2.25 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ 143.7, 142.0, 136.7, 136.3, 135.1, 131.7, 130.7, 127.6, 125.7, 

124.9, 124.4, 120.7, 22.6, 20.4. HRMS (ESI): m/z (M - H+) calcd for C14H13O3S2, 293.03006, found: 

293.03070. 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



 S12 

 
1H NMR (400 MHz, DMSO-d6) δ 8.62 (d, J = 16.3 Hz, 1H), 7.93 – 7.87 (m, 4H), 7.74 (d, J = 8.7 Hz, 

1H), 7.54 – 7.43 (m, 2H), 7.34 (s, 1H), 6.99 (d, J = 16.3 Hz, 1H), 6.92 (s, 1H), 2.58 (s, 3H), 2.29 (s, 

3H). 13C NMR (100 MHz, DMSO-d6) δ 142.2, 136.8, 136.3, 135.9, 135.6, 133.3, 132.3, 132.0, 131.8, 

128.0, 127.7, 127.6, 127.0, 126.3, 125.7, 125.6, 125.1, 123.9, 22.6, 20.5. 

HRMS (ESI): m/z (M - H+) calcd for C20H17O3S, 337.08929, found: 337.08960. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.86 (d, J = 15.9 Hz, 1H), 7.18 (s, 1H), 7.00 (s, 1H), 6.08 (d, J = 

15.9 Hz, 1H), 4.12 (t, J = 6.6 Hz, 2H), 2.53 (s, 3H), 2.24 (s, 3H), 1.69 – 1.52 (m, 2H), 1.48 – 1.30 (m, 

2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.5, 148.0, 143.2, 137.1, 136.4, 

133.7, 133.0, 126.2, 116.9, 63.3, 30.3, 22.1, 20.2, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for 

C15H19O5S, 311.09477, found: 311.09521. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.86 (d, J = 16.3 Hz, 1H), 7.19 (s, 1H), 7.02 (s, 1H), 6.32 (d, J = 

16.3 Hz, 1H), 2.73 – 2.62 (m, 2H), 2.55 (s, 3H), 2.26 (s, 3H), 1.04 (t, J = 7.3 Hz, 3H). 13C NMR (100 

MHz, DMSO-d6) δ 200.8, 146.0, 143.3, 137.1, 136.6, 133.7, 133.3, 125.9, 125.9, 32.2, 22.1, 20.3, 8.3. 

HRMS (ESI): m/z (M - H+) calcd for C13H15O4S, 267.06856, found: 267.06934. 
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1H NMR (400 MHz, DMSO-d6) δ 8.69 (d, J = 16.7 Hz, 1H), 7.19 (s, 1H), 7.06 (s, 1H), 5.99 (d, J = 

16.7 Hz, 1H), 2.53 (s, 3H), 2.25 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 153.3, 142.9, 137.3, 136.6, 

134.4, 132.1, 125.5, 119.3, 95.3, 22.0, 20.3. HRMS (ESI): m/z (M - H+) calcd for C11H10O3NS, 

236.03759, found: 236.03737. 

 

 

 

1H NMR (400 MHz, DMSO-d6) (E)-isomer: δ 7.65 (d, J = 7.9 Hz, 1H), 7.08 (d, J = 7.9 Hz, 1H), 6.83 

(s, 1H), 5.60 (s, 1H), 4.10 (q, J = 7.1 Hz, 2H), 2.45 (s, 3H), 2.28 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H). 

(Z)-isomer: δ 7.60 (d, J = 7.9 Hz, 1H), 7.01 (d, J = 7.9 Hz, 1H), 6.71 (s, 1H), 5.72 (s, 1H), 3.80 – 3.70 

(m, 2H), 2.26 (s, 3H), 2.16 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H). (E)-isomer: 13C NMR (100 MHz, 

DMSO-d6) δ 165.9, 159.9, 142.2, 141.0, 137.9, 128.3, 127.5, 127.3, 117.3, 59.0, 21.1, 20.5, 14.2. 

HRMS (ESI): m/z (M - H+) calcd for C13H15O5S, 283.06347, found: 283.06375. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 7.62 (d, J = 7.9 Hz, 1H), 7.39 (d, J = 16.3 Hz, 1H), 7.33 (s, 1H), 

6.92 (d, J = 7.8 Hz, 1H), 6.13 (d, J = 16.3 Hz, 1H), 2.28 (s, 3H), 1.08 (s, 9H). 13C NMR (100 MHz, 

DMSO-d6) δ 142.7, 140.2, 137.6, 134.8, 127.1, 126.1, 125.3, 124.1, 33.2, 29.5, 22.1, 20.7. HRMS 

(ESI): m/z (M - H+) calcd for C13H17O3S, 253.08929, found: 253.08961. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.82 (d, J = 15.9 Hz, 2H), 7.46 (s, 2H), 6.21 (d, J = 15.9 Hz, 2H), 

4.13 (t, J = 6.5 Hz, 4H), 2.31 (s, 3H), 1.74 – 1.52 (m, 4H), 1.52 – 1.29 (m, 4H), 0.92 (t, J = 7.4 Hz, 6H). 

13C NMR (150 MHz, DMSO-d6) δ 166.3, 146.6, 143.5, 138.1, 133.3, 123.0, 118.0, 63.4, 30.3, 20.2, 

18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for C21H27O7S, 423.14720, found: 423.14700. 
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1H NMR (400 MHz, DMSO-d6) δ 8.70 (d, J = 16.1 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.60 (s, 1H), 

7.16 (d, J = 7.9 Hz, 1H), 6.44 (d, J = 16.1 Hz, 1H), 4.14 (t, J = 6.5 Hz, 2H), 2.31 (s, 3H), 1.71 – 1.52 

(m, 2H), 1.47 – 1.30 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 166.4, 144.7, 

144.3, 138.4, 131.2, 129.6, 127.1, 117.9, 63.5, 30.3, 20.5, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd 

for C14H17O5S, 297.07912, found: 297.07932. 

 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.74 (d, J = 15.9 Hz, 2H), 7.69 (s, 2H), 6.32 (d, J = 15.9 Hz, 2H), 

4.14 (t, J = 6.5 Hz, 4H), 1.72 – 1.51 (m, 4H), 1.50 – 1.31 (m, 4H), 0.92 (t, J = 7.4 Hz, 6H). 13C NMR 

(100 MHz, DMSO-d6) δ 166.1, 144.8, 144.7, 135.5, 133.2, 128.5, 119.5, 63.6, 30.3, 18.6, 13.6. HRMS 

(ESI): m/z (M - H+) calcd for C20H24O7ClS, 443.09258, found: 443.09274. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 16.1 Hz, 1H), 7.85 (d, J = 1.7 Hz, 1H), 7.81 (d, J = 

8.4 Hz, 1H), 7.41 (dd, J = 8.3 Hz, 1.8 Hz, 1H), 6.57 (d, J = 16.1 Hz, 1H), 4.15 (t, J = 6.6 Hz, 2H), 

1.66 – 1.58 (m, 2H), 1.44 – 1.33 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 166.1, 146.0, 142.5, 133.6, 133.5, 129.0, 128.7, 126.3, 119.8, 63.7, 30.3, 18.6, 13.6. 

HRMS (ESI): m/z (M - H+) calcd for C13H14O5ClS, 317.02450, found: 317.02499. 
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1H NMR (400 MHz, DMSO-d6) δ 8.86 (d, J = 15.9 Hz, 2H), 7.88 – 7.84 (m, 4H), 7.48 (t, J = 7.4 Hz, 

2H), 7.41 (t, J = 7.2 Hz, 1H), 6.43 (d, J = 15.9 Hz, 2H), 4.15 (t, J = 6.6 Hz, 4H), 1.76 – 1.56 (m, 4H), 

1.51 – 1.33 (m, 4H), 0.93 (t, J = 7.4 Hz, 6H). 13C NMR (100 MHz, DMSO-d6) δ 166.4, 146.4, 144.8, 

140.1, 138.5, 134.1, 128.8, 128.0, 127.4, 127.2, 99.5, 63.5, 30.3, 18.6, 13.6. HRMS (ESI): m/z (M - H+) 

calcd for C26H29O7S, 485.16285, found: 485.16293. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.76 (d, J = 16.1 Hz, 1H), 8.00 (s, 1H), 7.90 (d, J = 8.1 Hz, 1H), 

7.78 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.5 Hz, 2H), 7.39 (t, J = 7.2 Hz, 1H), 

6.67 (d, J = 16.1 Hz, 1H), 4.16 (t, J = 6.6 Hz, 2H), 1.69 – 1.58 (m, 2H), 1.46 – 1.34 (m, 2H), 0.93 (t, J 

= 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.4, 146.2, 144.1, 140.8, 139.1, 132.1, 128.8, 

127.8, 127.2, 127.0, 124.9, 118.8, 63.5, 30.3, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for 

C19H19O5S, 359.09477, found: 359.09503. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 9.86 (s, 1H), 8.78 (d, J = 15.9 Hz, 2H), 6.94 (s, 2H), 6.07 (d, J = 

15.9 Hz, 2H), 4.12 (t, J = 6.6 Hz, 4H), 1.70 – 1.55 (m, 4H), 1.45 – 1.32 (m, 4H), 0.92 (t, J = 7.3 Hz, 

6H). 13C NMR (100 MHz, DMSO-d6) δ 166.2, 156.8, 146.8, 137.9, 135.1, 117.8, 115.5, 63.5, 30.3, 

18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for C20H25O8S, 425.12646, found: 425.12637. 
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1H NMR (400 MHz, DMSO-d6) δ 9.71 (s, 1H), 8.67 (d, J = 16.1 Hz, 1H), 7.63 (d, J = 8.5 Hz, 1H), 

7.04 (s, 1H), 6.73 (d, J = 8.5 Hz, 1H), 6.26 (d, J = 16.1 Hz, 1H), 4.13 (t, J = 6.6 Hz, 2H), 1.70 – 1.55 

(m, 2H), 1.46 – 1.30 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.3, 157.6, 

144.5, 138.9, 132.8, 128.8, 117.8, 115.6, 112.6, 63.5, 30.3, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd 

for C13H15O6S, 299.05839, found: 299.05850. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.67 (d, J = 16.1 Hz, 1H), 8.50 (d, J = 2.0 Hz, 1H), 8.20 (dd, J = 8.5 

Hz, 2.1 Hz, 1H), 8.05 (d, J = 8.5 Hz, 1H), 6.68 (d, J = 16.1 Hz, 1H), 4.17 (t, J = 6.6 Hz, 2H), 1.69 – 

1.58 (m, 2H), 1.38 (dt, J = 14.6 Hz, 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, 

DMSO-d6) δ 165.9, 152.4, 147.7, 141.9, 133.2, 128.6, 123.7, 121.8, 121.1, 63.8, 30.3, 18.6, 13.6. 

HRMS (ESI): m/z (M - H+) calcd for C13H14O7NS, 328.04855, found: 328.04889. 

 

 

 
1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 15.8 Hz, 1H), 7.35 (d, J = 7.5 Hz, 1H), 7.30 – 7.26 (m, 1H), 

7.23 – 7.13 (m, 5H), 7.10 (d, J = 7.4 Hz, 1H), 6.02 (d, J = 15.8 Hz, 1H), 3.93 (t, J = 6.6 Hz, 2H), 1.56 – 

1.46 (m, 2H), 1.37 – 1.27 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 168.4, 

146.9, 142.7, 141.9, 141.5, 134.6, 133.4, 129.1, 129.0, 127.6, 127.3, 127.1, 118.7, 65.1, 30.8, 19.3, 14.0. 

HRMS (ESI): m/z (M - H+) calcd for C19H19O5S, 359.09477, found: 359.09525. 
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1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 15.8 Hz, 1H), 7.32 (d, J = 7.5 Hz, 1H), 7.29 – 7.22 (m, 1H), 

7.09 (dd, J = 14.4 Hz, 7.7 Hz, 3H), 6.72 (d, J = 8.1 Hz, 2H), 6.01 (d, J = 15.8 Hz, 1H), 3.92 (s, 2H), 

3.65 (s, 3H), 1.66 – 1.40 (m, 2H), 1.40 – 1.19 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 168.6, 158.8, 147.3, 141.8, 141.6, 134.8, 134.6, 133.7, 130.1, 129.1, 127.1, 118.4, 113.1, 65.1, 

55.4, 30.8, 19.3, 14.0. HRMS (ESI): m/z (M - H+) calcd for C20H21O6S, 389.10534, found: 389.10556. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.85 (d, J = 15.9 Hz, 1H), 8.11 (s, 2H), 7.73 (d, J = 7.7 Hz, 2H), 

7.58 (t, J = 8.2 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 7.5 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 

4.15 (t, J = 6.6 Hz, 2H), 1.69 – 1.58 (m, 2H), 1.47 – 1.33 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ 166.4, 146.5, 146.5, 145.3, 145.1, 138.0, 135.6, 134.0, 132.7, 128.2, 128.1, 

127.8, 123.6, 120.9, 117.9, 63.5, 30.3, 18.7, 13.6. HRMS (ESI): m/z (M - H+) calcd for C19H18O7NS, 

404.07985, found: 404.07965. 

 

 

 

1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 15.9 Hz, 1H), 7.37 (d, J = 7.4 Hz, 1H), 7.28 (t, J = 7.4 Hz, 

1H), 7.11 (d, J = 7.4 Hz, 1H), 6.90 (s, 2H), 6.79 (s, 1H), 6.05 (d, J = 15.9 Hz, 1H), 3.93 (t, J = 6.7 Hz, 

2H), 2.15 (s, 6H), 1.59 – 1.44 (m, 2H), 1.30 (td, J = 14.8 Hz, 7.4 Hz, 2H), 0.88 (t, J = 7.3 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 168.5, 146.9, 142.8, 142.1, 141.4, 137.0, 134.6, 133.5, 129.0, 128.6, 127.1, 

126.8, 118.7, 65.0, 30.8, 21.3, 19.3, 14.0. HRMS (ESI): m/z (M - H+) calcd for C21H23O5S, 387.12607, 

found: 387.12619. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.84 (d, J = 15.9 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.33 (dd, J = 

15.1 Hz, 6.8 Hz, 3H), 7.16 – 7.01 (m, 3H), 6.27 (d, J = 15.9 Hz, 1H), 4.14 (t, J = 6.6 Hz, 2H), 1.70 – 

1.55 (m, 2H), 1.46 – 1.32 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.5, 

162.1, 159.7, 147.1, 145.4, 139.7 (d, J = 12.8 Hz), 139.4, 134.0, 133.1, 130.7 (d, J = 32.0 Hz), 127.9, 
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127.1, 117.4, 113.4, 113.2, 63.5, 30.4, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for C19H18O5FS, 

377.08535, found: 377.08545. 

 

 

 

1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 16.4 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.87 (d, J = 7.6 Hz, 

1H), 5.40 (d, J = 16.1 Hz, 1H), 3.90 (s, 2H), 2.45 (s, 3H), 1.97 (s, 3H), 1.50 – 1.37 (m, 2H), 1.30 – 1.16 

(m, 2H), 0.85 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 169.2, 147.3, 141.5, 135.8, 133.5, 

132.7, 131.6, 120.7, 65.0, 30.7, 22.0, 21.4, 19.3, 14.0. HRMS (ESI): m/z (M - H+) calcd for C15H19O5S, 

311.09477, found: 311.09521. 

 

 

 
1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 16.2 Hz, 1H), 7.23 – 7.20 (m, , 2H), 7.17 – 7.11 (m, 3H), 

7.06 (d, J = 8.5 Hz, 1H), 6.93 (d, J = 8.6 Hz, 1H), 6.37 (d, J = 16.2 Hz, 1H), 3.94 (t, J = 6.7 Hz, 2H), 

3.85 (s, 3H), 1.59 – 1.48 (m, 2H), 1.37 – 1.27 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, 

CDCl3) δ 169.7, 157.2, 143.3, 143.0, 141.5, 134.3, 133.2, 129.2, 127.5, 126.8, 122.7, 121.8, 112.2, 65.0, 

56.2, 30.8, 19.4, 14.0. HRMS (ESI): m/z (M - H+) calcd for C20H21O6S, 389.10534, found: 389.10544. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.26 (d, J = 16.3 Hz, 1H), 7.32 (d, J = 7.0 Hz, 2H), 7.26 – 7.15 (m, 

4H), 6.94 (d, J = 7.8 Hz, 1H), 5.84 (d, J = 16.4 Hz, 1H), 4.13 (t, J = 6.6 Hz, 2H), 2.28 (s, 3H), 1.68 – 

1.58 (m, 2H), 1.46 – 1.33 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 166.2, 

147.0, 145.1, 143.7, 138.2, 134.5, 133.9, 131.2, 130.0, 129.0, 126.5, 125.5, 120.5, 63.4, 30.3, 21.2, 18.7, 

13.6. HRMS (ESI): m/z (M - H+) calcd for C20H21O5S, 373.11042, found: 373.11053. 
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1H NMR (400 MHz, DMSO-d6) δ 8.19 (d, J = 15.7, 1H), 7.45 – 7.15 (m, 5H), 7.10 (s, 1H), 5.82 (d, J = 

15.8, 1H), 4.14 (s, 2H), 2.30 (s, 3H), 1.63 (s, 2H), 1.39 (s, 2H), 0.92 (s, 3H). 13C NMR (150 MHz, 

DMSO-d6) δ 165.9, 146.4, 144.2, 142.2, 139.5, 136.6, 133.1, 132.0, 131.0, 128.9, 126.7, 126.0, 121.5, 

63.5, 30.3, 18.7, 18.1, 13.6. HRMS (ESI): m/z (M - H+) calcd for C20H20O5ClS, 407.07145, found: 

407.07153. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.09 (d, J = 16.3 Hz, 1H), 7.48 (d, J = 8.3 Hz, 1H), 7.37 – 7.31 (m, 

2H), 7.30 – 7.20 (m, 3H), 7.08 (d, J = 8.3 Hz, 1H), 6.04 (d, J = 16.3 Hz, 1H), 4.14 (t, J = 6.6 Hz, 2H), 

1.69 – 1.59 (m, 2H), 1.45 – 1.33 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 

165.9, 147.0, 143.8, 142.5, 139.6, 132.8, 132.8, 130.9, 129.1, 128.9, 126.8, 126.0, 122.3, 63.6, 30.3, 

18.7, 13.6. HRMS (ESI): m/z (M - H+) calcd for C19H18O5ClS, 393.05580, found: 393.05634. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 9.32 – 9.25 (m, 1H), 9.21 (d, J = 16.0 Hz, 1H), 7.89 – 7.83 (m, 2H), 

7.65 (d, J = 8.6 Hz, 1H), 7.55 – 7.45 (m, 2H), 6.29 (d, J = 16.0 Hz, 1H), 4.16 (t, J = 6.6 Hz, 2H), 1.71 – 

1.58 (m, 2H), 1.51 – 1.32 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 166.5, 

147.2, 143.8, 134.1, 130.1, 129.7, 129.3, 129.1, 127.5, 126.2, 125.8, 125.0, 118.4, 63.5, 30.4, 18.7, 13.6. 

HRMS (ESI): m/z (M - H+) calcd for C17H17O5S, 333.07912, found: 333.07941. 

 

 

 
1H NMR (400 MHz, CDCl3) δ 8.37 (d, J = 14.4 Hz, 1H), 7.15 (s, 1H), 7.02 (s, 2H), 5.98 (d, J = 

13.9 Hz, 1H), 4.12 – 4.06 (m, 2H), 3.90 (s, 3H), 1.64 – 1.55 (m, 2H), 1.42 – 1.32 (m, 2H), 0.92 (t, 
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J = 7.2 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 169.8, 166.2, 144.4, 143.6, 133.3, 133.1, 

128.7, 128.2, 127.8, 119.0, 63.6, 52.0, 30.3, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for 

C15H17O7S, 341.06895, found: 341.06912. 

 

 

 

1H NMR (400 MHz, DMSO-d6) δ 10.68 (s, 1H), 8.81 (d, J = 16.0 Hz, 1H), 7.90 (d, J = 7.5 Hz, 1H), 

7.54 – 7.45 (m, 2H), 6.40 (d, J = 16.0 Hz, 1H), 4.15 (t, J = 6.6 Hz, 2H), 1.76 – 1.51 (m, 2H), 1.44 – 

1.33 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 193.5, 166.2, 147.2, 144.0, 

136.2, 132.6, 131.4, 129.1, 128.4, 119.3, 63.6, 30.3, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for 

C14H15O6S, 311.05839, found: 311.05875. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 8.83 (d, J = 15.9 Hz, 1H), 8.76 (d, J = 15.9 Hz, 1H), 7.61 (d, J = 7.7 

Hz, 2H), 7.34 (t, J = 7.7 Hz, 1H), 6.20 (d, J = 15.9 Hz, 1H), 6.10 (d, J = 15.9 Hz, 1H), 4.13 (t, J = 6.6 

Hz, 2H), 1.71 – 1.56 (m, 2H), 1.48 (s, 9H), 1.43 – 1.34 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR 

(100 MHz, DMSO-d6) δ 166.3, 165.6, 146.6, 145.9, 145.6, 133.5, 133.4, 129.4, 129.3, 128.7, 119.8, 

118.1, 79.5, 63.5, 30.3, 27.8, 18.6, 13.6. HRMS (ESI): m/z (M - H+) calcd for C20H25O7S, 409.13155, 

found: 409.13156. 

 

 

 
1H NMR (400 MHz, DMSO-d6) δ 7.71 (dd, J = 17.8 Hz, 11.1 Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.41 (s, 

1H), 7.01 (d, J = 7.9 Hz, 1H), 5.65 (dd, J = 17.8 Hz, 1.5 Hz, 1H), 5.15 (dd, J = 11.1 Hz, 1.5 Hz, 1H), 

2.30 (s, 3H). 13C NMR (150 MHz, DMSO-d6) δ 143.0, 137.8, 136.0, 134.3, 127.3, 126.9, 125.4, 113.2, 

20.7. HRMS (ESI): m/z (M - H+) calcd for C9H9O3S, 197.02669, found: 197.02632. 
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1H NMR (300 MHz, DMSO-d6) δ 8.08 (s, 1H), 7.98 (d, J = 15.9 Hz, 1H), 7.68 (s, 1H), 7.56 –7.47 (m, 

4H), 7.43 –7.34 (m, 1H), 7.00 (d, J = 16.0 Hz, 1H), 5.74 (s, 1H), 4.20 (t, J = 6.4 Hz, 2H), 3.77 (t, J = 

6.0 Hz, 2H), 3.04 (dd, J = 15.4 Hz, 4.2 Hz, 1H), 2.91 (dd, J = 15.6 Hz, 4.5 Hz, 1H), 2.50 (s, 3H), 1.75 – 

1.54 (m, 2H), 1.47 – 1.35 (m, 2H), 1.34 – 1.23 (m, 2H), 1.13 – 0.99 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H), 

0.77 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 168.7, 165.5, 144.2, 137.4, 1358, 134.2, 

129.7, 129.6, 128.4, 128.2, 127.1, 126.5, 125.5, 123.0, 64.2, 63.8, 57.3, 37.4, 30.1, 29.8, 21.1, 18.6, 

18.4, 13.5, 13.4. HRMS (ESI): m/z (M + H+) calcd for C27H34O6NS, 500.21013, found: 500.21036. 

 

 

 
1H NMR (300 MHz, DMSO-d6) δ 8.36 (s, 1H), 8.05 (s, 1H), 7.91 (d, J = 15.9 Hz, 1H), 7.57 – 7.45 (m, 

4H), 7.43 – 7.36 (m, 1H), 7.13 (d, J = 15.9 Hz, 1H), 5.77 (t, J = 4.1 Hz, 1H), 4.19 (t, J = 6.5 Hz, 2H), 

3.76 (t, J = 6.3 Hz, 2H), 3.18 (dd, J = 15.7 Hz, 4.2 Hz, 1H), 2.90 (dd, J = 15.7 Hz, 4.7 Hz, 1H), 1.69 – 

1.56 (m, 2H), 1.39 (dt, J = 14.7 Hz, 7.3 Hz, 2H), 1.33 – 1.20 (m, 2H), 1.10 – 0.97 (m, 2H), 0.91 (t, J = 

7.3 Hz, 3H), 0.75 (t, J = 7.3 Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 168.5, 165.3, 139.5, 138.6, 

134.2, 133.7, 130.8, 130.6, 129.7, 127.5, 126.2, 125.9, 124.9, 64.3, 63.9, 57.5, 36.8, 30.1, 29.8, 18.6, 

18.4, 13.5, 13.4. HRMS (ESI): m/z (M + H+) calcd for C26H31O6NClS, 520.15551, found: 520.15637. 
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1H NMR (300 MHz, CDCl3) δ 8.13 (d, J = 16.0 Hz, 1H), 7.87 (s, 1H), 7.60 (s, 1H), 7.52 (d, J = 6.6 Hz, 

2H), 7.48 – 7.36 (m, 7H), 7.32 – 7.24 (m, 1H), 6.68 (d, J = 16.0 Hz, 1H), 5.54 (dd, J = 7.3 Hz, 4.4 Hz, 

1H), 4.16 (t, J = 6.7, 2H), 4.02 – 3.84 (m, 2H), 2.94 (dd, J = 16.2 Hz, 4.4 Hz, 1H), 2.76 (dd, J = 16.2 

Hz, 7.6 Hz, 1H), 1.71 – 1.49 (m, 2H), 1.49 – 1.28 (m, 4H), 1.28 – 1.08 (m, 2H), 0.88 (t, J = 7.3 Hz, 3H), 

0.77 (t, J = 7.3 Hz, 3H). 13C NMR (150 MHz,CDC3) δ 170.3, 165.8, 146.9, 138.9, 138.3, 136.4, 134.2, 

131.8, 131.3, 130.0, 129.4, 129.1, 127.6, 127.5, 126.9, 125.8, 124.6, 123.7, 65.3, 65.0, 58.0, 39.1, 30.8, 

30.6, 19.3, 19.1, 13.9, 13.8. HRMS (ESI): m/z (M + H+) calcd for C32H36O6NS, 562.22578, found: 

562.22620. 

 

 

 

1H NMR (400 MHz, CDCl3) δ 7.70 (dd, J = 12.2 Hz, 4.5 Hz, 3H), 7.56 – 7.38 (m, 9H), 7.33 – 7.27 (m, 

1H), 5.61 (dd, J = 7.5 Hz, 4.5Hz, 1H), 4.08 – 3.96 (m, 2H), 2.99 (dd, J = 16.2 Hz, 4.5, 1H), 2.83 (dd, J 

= 16.2 Hz, 7.7 Hz, 1H), 1.53 (dt, J = 14.6 Hz, 6.8 Hz, 2H), 1.35 – 1.25 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H).
 

13C NMR (150 MHz, CDCl3) δ 170.6, 138.9, 137.6, 136.2, 134.7, 133.1, 132.9, 131.5, 129.8, 129.3, 

129.0, 128.6, 127.2, 125.5, 122.9, 65.2, 57.3, 39.2, 30.5, 19.2, 13.8. HRMS (ESI): m/z (M + H+) calcd 

for C25H26O4NS, 436.15771, found: 436.15796. 
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1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 7.9 Hz, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.36 – 7.21 (m, 3H), 

5.57 (t, J = 5.0 Hz, 1H), 3.82 (t, J = 6.6 Hz, 2H), 2.90 – 2.85 (m, 2H), 2.64 (s, 3H), 2.38 (s, 3H), 1.43 – 

1.35 (m, 2H), 1.27 – 1.15 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 170.1, 

135.4, 134.9, 134.7, 133.7, 132.0, 131.5, 130.9, 129.7, 127.1, 125.6, 65.1, 58.5, 38.9, 30.4, 19.1, 18.0, 

16.7, 13.8. HRMS (ESI): m/z (M + H+) calcd for C21H26O4NS, 388.15771, found: 388.15756. 

 

 

 

1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 16.0 Hz, 1H), 7.49 (s, 1H), 7.42 (d, J = 7.2 Hz, 2H), 7.37 – 

7.28 (m, 3H), 7.12 (s, 1H), 6.65 (d, J = 16.0 Hz, 1H), 4.75 (t, J = 5.9 Hz, 1H), 4.63 (d, J = 15.6 Hz, 1H), 

4.49 (d, J = 15.6 Hz, 1H), 4.23 (t, J = 6.7 Hz, 2H), 4.10 – 3.93 (m, 2H), 2.86 (dd, J = 16.3 Hz, 5.2 Hz, 

1H), 2.69 (dd, J = 16.3 Hz, 6.6 Hz, 1H), 2.42 (s, 3H), 1.76 – 1.65 (m, 2H), 1.55 – 1.38 (m, 4H), 1.32 – 

1.21 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 170.1, 

165.8, 143.9, 138.7, 136.5, 135.2, 130.9, 130.3, 128.7, 128.5, 128.2, 128.0, 125.5, 123.9, 65.0, 64.8, 

56.3, 46.8, 39.2, 30.6, 30.4, 21.7, 19.1, 19.0, 13.7, 13.6. HRMS (ESI): m/z (M + H+) calcd for 

C28H36O6NS, 514.22578, found: 514.22650. 
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