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1. General considerations 

Unless otherwise noted, all reactions were carried out under an atmosphere of 

argon, using over-dried or flame-dried glassware equipped with a magnetic stir bar. 

All chemicals were purchased from commercial suppliers and used without further 

purification. In addition to commercially available extra dry solvents, all solvents 

were purified by standard operating method. Tetrahydrofuran (THF) and toluene was 

distilled from sodium, dichloromethane (DCM) was distilled from calcium hydride. 

Thin-layer chromatography was performed with EMD silica gel 60 F254 plates 

eluting with solvents indicated, visualized by a 254 nm UV lamp and stained with 

phosphomolybdic acid (PMA) and KMnO4. 1H NMR, 13C NMR, 31P NMR, and 19F 

NMR spectra were obtained on Bruker AM-400 and Bruker AM-500. Chemical 

shifts (δ) were quoted in ppm relative to tetramethylsilane or deuterated solvent as 

internal standard (CDCl3: 7.26 ppm for 1H NMR, 77.16 ppm for 13C NMR; CD2Cl2: 

5.32 ppm for 1H NMR, 53.84 ppm for 13C NMR ), multiplicities are as indicated: s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. 

High-resolution mass spectral analysis (HRMS) data were measured on an APEXII 

47e FT-ICR spectrometer by means of the ESI technique. Crystallographic data were 

obtained from a single crystal X-ray diffractometer.
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2. The preparation of substrates 

2.1 The synthesis of new N-thiocyano-dibenzenesulfonimide reagent. 
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To a solution of dibenzenesulfonamide (9.0 g, 30 mmol) in MeOH (10 mL) was 

added t-BuOCl (5 mL, 36 mmol) rapidly. After stirring for about 10 min at ambient 

temperature, the mixture was filtered to give the N-chloro-dibenzenesulfonimide with 

81% yield. N-Chloro-dibenzenesulfonimide (995.0 mg, 3.0 mmol) was dissolved by 

CH2Cl2 away from light, and AgSCN (597.4 mg, 3.6 mmol) was added. Then the 

solution was stirred for about three and a half hours. The milky mixture was filtered to 

obtain the clear solution, concentrated under reduced pressure under 10 ℃ to afford 

the product 1e in 75% yield. The configuration of 1e was confirmed by X-ray 

crystallography (CCDC: 1909782). It should be noted that 1e is some moisture and air 

sensitive and is stored in the glove box.  
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Date for 1e: white solid, Mp 133.5~135.2 ℃; 1H NMR (400 MHz, Methylene 

Chloride-d2) δ 8.05 – 7.99 (m, 4H), 7.82 – 7.75 (m, 2H), 7.67 – 7.61 (m, 4H); 13C 

NMR (101 MHz, CD2Cl2) δ 137.4, 135.9, 130.1, 129.3, 110.1； IR (KBr): 3435, 3125, 

2048, 1633, 1449, 1362, 1167, 1085, 876, 724, 578; HRMS (+ESI) m/z calcd. for 

C13H11N2O4S3 (M+H)+：354.9881, found 354.9885. 

 

2.2 The substrates 2a1, 2d-2h2, 2b-2l3, 2g4, 2p-2q5, 2r6, 2s6, 2m7, 2n8, 6a9, 6c-6f10, 

5a-5b11, 5c12, 10b13, and 10c14 are known compounds. Our analytical data (1H-NMR) 

match with the literatures (Figure S1). 
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Figure S1. The known substrates. 

 

2.3 general procedure for the preparation of unknown substrates 2c, 2j, and 2k.15,16 

2.3.1 step 115 

 

Method A:15 

To a solution of succinic anhydride (1.0 g, 10 mmol) in THF (10 mL) was cooled 

to -78 ℃. And then m-tolylmagnesium bromide (12 mL, 1.0 M in THF) was added 

dropwise. The result solution was allowed to room temperature and stirred for six 

hours. The reaction was quenched by adding 1N HCl solution (20 mL) and the 

aqueous layer was extracted with Et2O (3x30 mL). The combined organic layers were 

dried over Na2SO4, filtered and concentration under reduced pressure. The products 

were purified by recrystallization (hexane/CH2Cl2). 
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Method B:15 

An over-dried 100 mL Schlenk flask was equipped with a stir bar, succinic 

anhydride (1.0 g, 10 mmol) and aluminum chloride (2.9 g, 22 mmol) was added in 

CH2Cl2 (25 mL) with argon at 0 ℃, stirred for 10 min. Then arene was added tardily 

before being warm to room temperature. The mixture was stirred overnight. The 

reaction was quenched by adding 1 N HCl solution (10 mL) and the aqueous layer 

was extracted with CH2Cl2 (3x30 mL). The combined organic layers were dried over 

Na2SO4, filtered and concentration under reduced pressure. Purification by column 

chromatography (SiO2) to afford pure products. 

2.3.2 step 216 

R

O

COOH
PPh3MeBr, t-BuOK

THF

COOH
R

 

Methyltriphenylphosphonium bromide (1.6 g, 4.5 mmol) was added in 100 mL 

boiling flask, dissolved by THF (30 mL). And then potassium tert-butoxide (1.0 g, 9.0 

mmol) was added in batches at 0 ℃. The mixture was stirred for 40 min before 

adding keto acid (3.0 mmol) to the reaction mixture at 0 ℃. The mixture was allowed 

to warm and stirred for 14 h. When the reaction was completed, 2 N NaOH (30 mL) 

solution was added slowly. The organic layer was extracted with CH2Cl2 (3x3 mL) 

and aqueous layers were remained to acidified to pH = 1 with 12 N HCl, then the 

aqueous layer was extracted with CH2Cl2 (3x30 mL). The combined organic layers 

were washed with water (30 mL), brine (30 mL), dried over with Na2SO4, and 

concentrated in vacuo to afford the crude olefin product. The crude product was 

purified by silica gel flash column chromatography to obtain pure product. 

 

Step 1: Affording keto acid (method A) as a white solid; Steps 2: Flash column 

chromatography (SiO2, PE:EtOAc = 10:1, v/v) to afford olefinic acid 2c as a white 

solid：Rf = 0.65 (PE:EtOAc 2:1, v/v); 1H NMR (400 MHz, Chloroorm-d) δ 7.27 – 
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7.18 (m, 3H), 7.15 – 7.07 (m, 1H), 5.32 (s, 1H), 5.10 (s, 1H), 2.85 (t, J = 7.8 Hz, 2H), 

2.54 (td, J = 7.7, 1.3 Hz, 2H), 2.37 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 

179.6, 146.7, 140.4, 138.0, 128.4, 128.3, 126.8, 123.2, 112.8, 33.0, 30.2, 21.5; IR 

(KBr): 3432, 2923, 1695, 1625, 1442, 1336, 1226, 900, 728, 545; HRMS (+ESI) m/z 

calcd. for C12H14NaO2 (M+Na)+：213.0891, found 213.0881. 

 

Step 1: Affording keto acid (method B, a white solid, 87% yield) as a white solid; 

Steps 2: Flash column chromatography (SiO2, PE:EtOAc 6:1, v/v) to afford olefinic 

acid 2j (white solid, 62% yield): Rf = 0.5 (PE:EtOAc = 1:1, v/v); 1H NMR (400 MHz, 

Chloroform-d) δ 7.43 (d, J = 2.3 Hz, 1H), 7.27 (m, 1H), 6.89 (d, J = 8.6 Hz, 1H), 5.27 

(s, 1H), 5.07 (s, 1H), 3.91 (s, 3H), 2.79 (t, J = 7.7 Hz, 2H), 2.53 (t, J = 7.7 Hz, 2H); 

13C NMR (101 MHz, Chloroform-d) δ 178.4, 154.7, 144.9, 134.0, 128.1, 125.5, 122.6, 

112.7, 112.0, 56.4, 32.9, 30.1；IR (KBr): 3438, 2919, 1791, 1699, 1505, 1302, 1063, 

888, 742, 577; HRMS (+ESI) m/z calcd. for C12H13ClHO3 (M+H)+：241.0631, found 

241.0633. 

 

Step 1: Affording keto acid (method B) as a white solid; Steps 2: Flash column 

chromatography (SiO2, PE:EtOAc 3:1, v/v) to afford olefinic acid 2k as a yellow solid: 

Rf = 0.1 (PE:EtOAc = 1:1, v/v); 1H NMR (400 MHz, Chloroform-d) δ 7.05 (d, J = 8.9 

Hz, 1H), 6.44 (dq, J = 5.2, 2.4 Hz, 2H), 5.13 (d, J = 1.6 Hz, 1H), 5.02 (d, J = 1.8 Hz, 

1H), 3.81 (s, 3H), 3.79 (s, 3H), 2.80 (t, J = 7.7 Hz, 2H), 2.41 (t, J = 7.8 Hz, 2H); 13C 

NMR (126 MHz, Chloroform-d) δ 179.4, 160.6, 157.7, 146.8, 130.8, 123.8, 114.8, 

104.2, 98.7, 55.6, 55.5, 33.2, 31.5; IR (KBr) : 3449, 2922, 1712, 1612, 1503, 1211, 

1161, 1037, 833, 792, 561; HRMS (+ESI) m/z calcd. for C13H16NaO4 (M+Na)+：  

259.0946, found 259.0946. 
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To a solution of olefinic acid (1.0 mmol) in dry THF (10 mL) was added LiAlH4 

(75.9 mg, 2.0 mmol) at 0 ℃. The mixture was then stirred at 0 ℃ for 30 min before 

extracted with 2N NaOH (5 mL) solution. The mixture was filtered through a pad of 

Celite and then extracted with Et2O (3ⅹ10 mL). The combined organic layers were 

washed with water (30 mL), brine (30 mL), dried with Na2SO4, and concentrated in 

vacuo. The crude product was purified by silica gel flash column chromatography to 

obtain pure product.17 

 

Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 6b as a colorless 

oil (71.3 mg, 82%): Rf = 0.25 (PE:EtOAc 3:1, v/v); 1H NMR (400 MHz, 

Chloroform-d) δ 7.22 – 7.05 (m, 4H), 5.22 (d, J = 1.8 Hz, 1H), 4.90 (d, J = 2.0 Hz, 

1H), 3.65 (t, J = 6.5 Hz, 2H), 2.43 (t, J = 8.0 Hz, 2H), 2.30 (s, 3H), 1.67 (ddt, J = 9.2, 

7.7, 6.5 Hz, 2H), 1.45 (brs, 1H); 13C NMR (101 MHz, Chloroform-d) δ 

149.5,142.9,134.9, 130.2, 128.5, 127.0, 125.5, 114.2, 62.7, 34.1, 31.0, 20.0; IR (KBr): 

3436, 2940, 2157, 1775, 1635, 1453, 1175, 1039, 909, 767, 649; HRMS (+ESI) m/z 

calcd. for C12H16NaO (M+H)+： 177.1279, found 177.1273. 

3.1 General procedure for the synthesis of lactones 

 

An over-dried 10 mL flask was equipped with a stir bar and moved into glovebox. 

Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed from the 

glovebox, the flask was sealed with a septum. And then anhydrous CH2Cl2 (2 mL) 

was added by using syringe and the suspension was stirred about 5 min at room 

temperature before adding 2 (0.20 mmol). The mixture was added TMSCl (5.6 μL, 
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0.04 mmol) and stirred for 10-30 min. When the reaction was completed, the mixture 

was quenched with a saturated aqueous NaHCO3 solution (2 mL) and extracted with 

CH2Cl2 (3×5 mL), dried over Na2SO4, filtered and concentrated. The product was 

purified by silica gel flash column chromatography to obtain product 3. 

 

Flash column chromatography (SiO2, PE:EtOAc = 1:1, v/v) to afford 3a as a white 

solid (45.7 mg, 98%), Rf = 0.25 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.49 – 7.35 (m, 5H), 3.55 (d, J = 14.1 Hz, 1H), 3.48 (d, J = 14.1 Hz, 

1H), 2.81 – 2.69 (m, 2H), 2.69 – 2.51 (m, 2H); 13C NMR (101 MHz, Chloroform-d) δ 

174.8, 139.8, 129.3, 129.2, 124.9, 111.9, 86.6, 45.3, 33.1, 28.6; IR (KBr): 3448, 2920, 

2161, 1778, 1450, 1404, 1261, 1164, 1038, 924, 718, 699, 503; HRMS (+ESI) m/z 

calcd. for C12H11NaNO2S (M+Na)+：256.0408, found 256.0406. 

 

Flash column chromatography (SiO2, PE:EtOAc = 3:1, v/v) to afford 3b as a yellow 

solid (25.8 mg, 53%), Rf = 0.3 (silica gel, hexanes:EtOAc 2:1); 1H NMR (500 MHz, 

Chloroform-d) δ 7.50 (dd, J = 7.7, 1.5 Hz, 1H), 7.33 – 7.22 (m, 3H), 3.60 (s, 2H), 

2.92 – 2.76 (m, 2H), 2.76 – 2.56 (m, 2H), 2.45 (s, 3H); 13C NMR (126 MHz, 

Chloroform-d) δ 174.8, 137.9, 133.6, 133.0, 129.2, 126.7, 125.9, 112.0, 87.5, 43.8, 

32.3, 28.6, 21.5; IR (KBr) 3452, 2922, 2157, 1782, 1637, 1452, 1169, 1028, 928, 742, 

605, 517; HRMS (+ESI) m/z calcd. for C13H13NaNO2S (M+Na)+：270.0565, found 

270.0566. 
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Flash column chromatography (SiO2, PE:EtOAc = 3:1, v/v) to afford 3c as a white 

solid (43.9 mg, 89%), Rf = 0.3 (silica gel, hexanes:EtOAc 2:1); 1H NMR (500 MHz, 

Chloroform-d) δ 7.31 (m, 1H), 7.23 – 7.15 (m, 3H), 3.55 (d, J = 14.0 Hz, 1H), 3.48 (d, 

J = 14.0 Hz, 1H), 2.79 – 2.68 (m, 2H), 2.66 – 2.51 (m, 2H), 2.38 (s, 3H); 13C NMR 

(126 MHz, Chloroform-d) δ 174.9, 139.8, 139.1, 129.9, 129.1, 125.5, 121.9, 112.0, 

86.6 , 45.2, 33.0, 28.6 , 21.6; IR (KBr)：3448, 2922, 2157, 1781, 1640, 1422, 1258, 

1168, 1038, 915, 740, 612, 518; HRMS (+ESI) m/z calcd. for C13H13NaNO2S 

(M+Na)+：270.0565, found 270.0567. 

 

Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 3d as a white 

solid (47.4 mg, 96%), Rf = 0.45 (silica gel, hexanes:EtOAc 1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.25 (d, J = 4.0 Hz, 2H), 7.23 (d, J = 4.0 Hz, 2H), 3.54 (d, J = 14.0 

Hz, 1H), 3.47 (d, J = 14.0 Hz, 1H), 2.78 – 2.66 (m, 2H), 2.65 – 2.50 (m, 2H), 2.37 (s, 

3H); 13C NMR (101 MHz, Chloroform-d) δ 174.9, 139.2, 136.8, 129.9, 124.8, 112.0, 

86.7, 45.3, 33.0, 28.6, 21.2；IR (KBr): 3452, 2920, 2156, 1779, 1454, 1260, 1170, 

1043, 926, 743, 660, 509; HRMS (+ESI) m/z calcd. for C13H13NaNO2S (M+Na)+： 

270.0565, found 270.0563. 
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Flash column chromatography (SiO2, PE:EtOAc = 3:1, v/v) to afford 3e as a white 

solid (45.8 mg, 91%), Rf = 0.5 (silica gel, hexanes:EtOAc 1:1); 1H NMR (500 MHz, 

Chloroform-d) δ 7.42 – 7.36 (m, 2H), 7.12 (m, 2H), 3.51 (d, J = 14.2 Hz, 1H), 3.46 (d, 

J = 14.2 Hz, 1H), 2.80 – 2.70 (m, 2H), 2.65 – 2.51 (m, 2H); 13C NMR (101 MHz, 

Chloroform-d) δ 174.6, 162.9 (d, J = 124.7 Hz), 135.6 (d, J = 3.3 Hz), 127.0 (d, J = 

8.4 Hz), 116.2 (d, J = 21.8 Hz), 111.8, 86.3, 45.1, 33.1, 28.5; 19F NMR (471 MHz, 

CDCl3) δ -112.11; IR (KBr): 3449, 2930, 2156, 1780, 1631, 1418, 1198, 1055, 930, 

811, 710, 603, 526; HRMS (+ESI) m/z calcd. for C12H10FNaNO2S (M+Na)+：

274.0314, found 274.0321. 

 

Flash column chromatography (SiO2, PE:EtOAc = 3:1, v/v) to afford 3f as a white 

solid (50.5 mg, 95%), Rf = 0.5 (silica gel, hexanes:EtOAc 1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.41 (d, J = 8.7 Hz, 2H), 7.34 (d, J = 8.7 Hz, 2H), 3.51 (d, J = 12.0 

Hz, 1H), 3.47 (d, J = 12.0 Hz, 1H), 2.81 – 2.68 (m, 2H), 2.64 – 2.48 (m, 2H); 13C 

NMR (101 MHz, Chloroform-d) δ 174.5, 138.4, 135.2, 129.4, 126.5, 111.7, 86.2, 44.9, 

33.1, 28.4；IR (KBr): 3451, 2947, 2161, 1779, 1638, 1489, 1163, 1044, 926, 828, 743, 

651, 510; HRMS (+ESI) m/z calcd. for C12H10ClNaNO2S (M+Na)+：290.0018, found 

290.0022. 
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Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3g as a white 

solid (52.8 mg, 85%), Rf = 0.25 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.56 (d, J = 8.6 Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 3.51 (d, J = 16 Hz, 

1H), 3.45 (d, J = 16 Hz, 1H), 2.81 – 2.65 (m, 2H), 2.63 – 2.50 (m, 2H); 13C NMR 

(101 MHz, CDCl3) δ 174.5, 139.0, 132.4, 126.7, 123.4, 111.7, 86.2, 44.9, 33.0, 28.4; 

IR (KBr): 3451, 2960, 2157, 1783, 1647, 1484, 1397, 1259, 1170, 1041, 927, 825, 

738, 605, 507; HRMS (+ESI) m/z calcd. for C12H10BrNaNO2S (M+Na)+：333.9513, 

found 333.9523. 

 

Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3h as a yellow 

solid (51.7 mg, 85%), Rf = 0.4 (silica gel, hexanes:EtOAc 1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.70 (d, J = 8.2 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 3.53 (s, 2H), 2.87 

– 2.72 (m, 2H), 2.68 – 2.51 (m, 2H); 13C NMR (101 MHz, Chloroform-d) δ 174.4, 

143.9 (d, J = 1.4 Hz), 131.4 (q, J = 32.9 Hz), 126.3 (q, J = 3.7 Hz), 125.6, 123.7 (q, J 

= 272.5 Hz), 111.6, 86.2, 44.8, 33.2, 28.4; 19F NMR (376 MHz, CDCl3) δ -62.76; IR 

(KBr): 3448, 2161, 1783, 1620, 1412, 1324, 1168, 1046, 930, 842, 715, 611; HRMS 

(+ESI) m/z calcd. for C13H10F3NaNO2S (M+Na)+：324.0282, found 324.0281. 
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Flash column chromatography (SiO2, PE:EtOAc = 3:1, v/v) to afford 3i as a yellow 

solid (44.1 mg, 84%), Rf = 0.5 (silica gel, hexanes:EtOAc 1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.30 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H), 3.52 

(d, J = 14.0 Hz, 1H), 3.45 (d, J = 14.0 Hz, 1H), 2.76 – 2.65 (m, 2H), 2.64 – 2.50 (m, 

2H); 13C NMR (101 MHz, Chloroform-d) δ 174.9, 160.1, 131.5, 126.3, 114.5, 112.0, 

86.6,55.5, 45.3, 32.9, 28.6; IR (KBr): 3450, 2919, 2163, 1784, 1610, 1511, 1450, 

1265, 1163, 1044, 927, 831, 746, 663, 527; HRMS (+ESI) m/z calcd. for 

C13H13NaNO3S (M+Na)+：286.0514, found 286.0517. 

O

O

SCN

3j

OMe

Cl

 

Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3j as a white 

solid (46.4 mg, 78%), Rf = 0.25 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.39 (d, J = 2.4 Hz, 1H), 7.27 (dd, J = 8.6, 2.4 Hz, 1H), 6.96 (d, J = 

8.6 Hz, 1H), 3.91 (s, 3H), 3.50 (d, J = 14.1 Hz, 1H), 3.44 (d, J = 14.1 Hz, 1H), 2.79 – 

2.64 (m, 2H), 2.64 – 2.49 (m, 2H); 13C NMR (101 MHz, Chloroform-d) δ 174.6, 

155.5, 132.6, 127.0, 124.6, 123.3, 112.3, 111.7, 86.0, 56.4, 45.1, 32.9, 28.5; IR (KBr): 

3447, 2936, 2162, 1778, 1604, 1506, 1405, 1278, 1164, 1065, 940, 814, 726, 592;  

HRMS (+ESI) m/z calcd. for C13H12NaClO3NS (M+Na)+：320.0124, found 320.0125. 
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Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3k as a white 

solid (58.3 mg, 83%), Rf = 0.2 (silica gel, hexanes:EtOAc1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.63 (s, 1H), 6.56 (s, 1H), 3.99 (s, 3H), 3.97 (s, 3H), 3.79 (d, J = 14.2 

Hz, 1H), 3.52 (d, J = 14.2 Hz, 1H), 2.80 – 2.36 (m, 4H); 13C NMR (101 MHz, CDCl3) 

δ 174.7, 160.8, 158.8, 132.3, 121.0, 112.1, 110.9, 102.7, 96.6, 85.6, 56.7, 56.2, 42.8, 

32.4, 28.3; IR (KBr): 3447, 2949, 2155, 1792, 1603, 1468, 1265, 1161, 1091, 931, 

742, 539; HRMS (+ESI) m/z calcd. for C15H14NaN2O4S2 (M+Na)+：373.0293, found 

373.0291. 

 

Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3l as a white 

solid (35.1 mg,73%), Rf = 0.3 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.38 (dd, J = 5.1, 1.2 Hz, 1H), 7.12 (dd, J = 3.7, 1.2 Hz, 1H), 7.05 

(dd, J = 5.1, 3.6 Hz, 1H), 3.62 (d, J = 14.1 Hz, 1H), 3.51 (d, J = 14.1 Hz, 1H), 2.86 – 

2.60 (m, 4H); 13C NMR (101 MHz, Chloroform-d) δ 174.4, 142.7, 127.7, 126.8, 125.7, 

111.6, 85.3, 45.1, 33.7, 28.8；IR (KBr): 3448, 2924, 2158, 1777, 1640, 1458, 1271, 

1161, 1023, 915, 720, 622, 514; HRMS (+ESI) m/z calcd. for C10H9NaNO2S2 

(M+Na)+：261.9972, found 261.9968. 
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Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 3m as a yellow 

oil (30.5 mg, 60%), Rf = 0.4 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.53 – 7.46 (m, 2H), 7.46 – 7.30 (m, 3H), 3.56 (d, J = 14.0 Hz, 1H), 

3.50 (d, J = 14.0 Hz, 1H), 3.01 – 2.87 (m, 1H), 2.79 – 2.67 (m, 2H), 2.60 – 2.46 (m, 

1H); 13C NMR (101 MHz, Chloroform-d) δ 174.3, 132.1, 129.8, 128.6, 120.7, 111.7, 

89.3, 84.4, 79.7, 43.1, 34.3, 28.8; IR (KBr): 3453, 2921, 2235, 2157, 1787, 1633, 

1490, 1165, 1026, 917, 759, 692, 525; HRMS (+ESI) m/z calcd. for C14H11NaNO2S 

(M+Na)+：280.0408, found 280.0407. 

 

AcCl was used instead of TMSCl. Flash column chromatography (SiO2, PE:EtOAc = 

3:1, v/v) to afford 3n as a yellow oil (28.9 mg, 85%), Rf = 0.4 (silica gel, 

hexanes:EtOAc1:1); 1H NMR (400 MHz, Chloroform-d) δ 3.30 (d, J = 14.1 Hz, 1H), 

3.24 (d, J = 14.1 Hz, 1H), 2.75 – 2.69 (m, 2H), 2.37 (dt, J = 13.4, 8.9 Hz, 1H), 2.22 – 

2.13 (m, 1H), 1.58 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 175.1, 112.2, 84.3, 

43.7, 31.8, 28.9, 25.6; IR (KBr): 3523, 2983, 2156, 1775, 1633, 1457, 1383, 1291, 

1180, 1077, 945, 719, 652, 516; HRMS (+ESI) m/z calcd. for C7H9NaNO2S (M+Na)+：

194.0252, found 194.0257. 

S14



 

Flash column chromatography (SiO2, PE:EtOAc = 2:1, v/v) to afford 3o as a yellow 

oil (26.5 mg, 84%), Rf = 0.25 (silica gel, hexanes:EtOAc2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 4.91 – 4.71 (m, 1H), 3.29 – 3.18 (m, 2H), 2.65 (dd, J = 9.4, 6.9 Hz, 

2H), 2.60 – 2.46 (m, 1H), 2.17 – 2.02 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 175.4, 

111.4, 77.6, 37.7, 28.5, 26.8. IR (KBr): 3499, 2937, 2156, 1774, 1633, 1417, 1342, 

1174, 1034, 917, 804, 714, 651; HRMS (+ESI) m/z calcd. for C6H7NaNO2S (M+Na)+：

180.0095, found 180.0088. 

 
Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 3p as a white 

solid (55.8 mg, 99%), Rf = 0.6 (silica gel, hexanes:EtOAc2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.97 (d, J = 7.6 Hz, 1H), 7.77 (t, J = 7.4 Hz, 1H), 7.71 (d, J = 7.6 Hz, 

1H), 7.63 (t, J = 7.4 Hz, 1H), 7.57 (d, J = 7.0 Hz, 2H), 7.48 – 7.34 (m, 3H), 3.95 (d, J 

= 14.2 Hz, 1H), 3.89 (d, J = 14.2 Hz, 1H); 13C NMR (101 MHz, Chloroform-d) δ 

168.6, 148.6, 137.6, 135.0, 130.7, 129.5, 129.3, 126.5, 126.2, 125.2, 123.1, 111.2, 

87.1, 43.7; IR (KBr): 3443, 2975, 2153, 1771, 1613, 1467, 1288, 1090, 985, 699, 563; 

HRMS (+ESI) m/z calcd. for C16H11NaNO2S (M+Na)+：304.0408, found 304.0407. 
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Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 3q as a colorless 

oil (59 mg, 99%), Rf = 0.6 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) 1H NMR (500 MHz, Chloroform-d) δ 7.97 (d, J = 7.7 Hz, 1H), 7.77 

(td, J = 7.6, 1.1 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.63 (td, J = 7.5, 0.9 Hz, 1H), 7.43 

(d, 2H), 7.23 (d, J = 8.1 Hz, 2H), 3.93 (d, J = 14.2 Hz, 1H), 3.86 (d, J = 14.2 Hz, 1H),  

2.35 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.7, 148.8, 139.6, 135.0, 134.6, 130.6, 

130.0, 126.5, 126.3, 125.1, 123.1, 111.3, 87.1, 43.7, 21.2; IR (KBr): 3452, 2921, 2157, 

1772, 1613, 1466, 1286, 1084, 985, 820, 719, 584; HRMS (+ESI) m/z calcd. for 

C17H14NO2S (M+H)+：296.0745, found 296.0742. 

 
AcCl was used instead of TMSCl. Flash column chromatography (SiO2, PE:EtOAc = 

4:1, v/v) to afford 3r as a white solid (41.2 mg, 83%), Rf = 0.4 (silica gel, 

hexanes:EtOAc 1:1); 1H NMR (400 MHz, Chloroform-d) δ 7.49 – 7.32 (m, 5H), 3.46 

(d, J = 16 Hz, 1H), 3.42 (d, J = 16 Hz, 1H), 2.59 – 2.41 (m, 3H), 2.33 (ddd, J = 14.2, 

12.6, 4.4 Hz, 1H), 1.83 (m, 1H), 1.69 – 1.55 (m, 1H); 13C NMR (101 MHz, 

Chloroform-d) δ 169.9, 139.8, 129.5, 129.1, 125.3, 112.5, 85.7, 46.6, 30.6, 29.1, 16.3; 

IR (KBr): 3451, 2939, 2156, 1733, 1448, 1237, 1048, 936, 760, 696, 523; HRMS 

(+ESI) m/z calcd. for C13H13NaNO2S (M+Na)+：270.0565, found 270.0565. 
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Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 3s as a white 

solid (36.5 mg, 78%), Rf = 0.4 (silica gel, hexanes:EtOAc 1:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.46 – 7.35 (m, 5H), 5.32 (d, J = 9.2 Hz, 1H), 3.52 (td, J = 9.1, 5.6 

Hz, 1H), 2.95 (dt, J = 17.9, 7.1 Hz, 1H), 2.85 – 2.75 (m, 1H), 2.61 – 2.50 (m, 1H), 

2.46 – 2.32 (m, 1H)；13C NMR (101 MHz, Chloroform-d) δ 168.8, 135.8, 130.0, 129.2, 

127.1, 109.1, 83.2, 46.7, 28.9, 26.4; IR (KBr): 3418, 2926, 2149, 1730, 1456, 1357, 

1237, 1180, 1037, 948, 696, 547; HRMS (+ESI) m/z calcd. for C12H11NaNO2S 

(M+Na)+：256.0408, found 256.0400. 

3.2 General procedure for the synthesis of dihydrofurans 

 

An over-dried 10 mL flask was equipped with a stir bar and moved into 

glovebox. Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed 

from the glovebox, the flask was sealed with a septum. Anhydrous CH2Cl2 (2 mL) 

was added via syringe and the suspension was stirred at room temperature for 5 min 

before adding 4 (0.20 mmol).Then the mixture was added TMSCl (5.6 μL, 0.04 mmol) 

and stirred for 10-30 min before quenched with a saturated aqueous NaHCO3 solution 

(2 mL).The aqueous layer was extracted with CH2Cl2 (3 × 5 mL), and the combined 

organic layers were dried over anhydrous Na2SO4, filtered and concentrated. The 

crude products were purified by silica gel flash column chromatography to obtain 

pure products 5. 
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Flash column chromatography (SiO2, PE:EtOAc = 6:1, v/v) to afford 5a as a yellow 

solid18(78 mg, 98%), Rf = 0.3 (silica gel, hexanes:EtOAc 3:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.54 – 7.43 (m, 6H), 7.42 – 7.35 (m, 3H), 7.29 – 7.20 (m, 2H), 7.11 

(dt, J = 9.7, 7.7 Hz, 4H), 3.73 (d, J = 1.4 Hz, 2H), 3.70 (d, J = 13.8 Hz, 1H), 3.63 (d, J 

= 13.8 Hz, 1H); 13C NMR (101 MHz, Chloroform-d) δ 192.9, 163.7, 141.8 ,138.4, 

131.6, 130.5, 129.6, 129.2, 129.1, 129.0, 128.7, 127.9, 124.9, 112.2, 111.5, 88.1,45.6, 

45.0. 

O

Ph

O

Ph

SCN
F

5b

 

Flash column chromatography (SiO2, PE:EtOAc = 6:1, v/v) to afford 5b as a yellow 

solid18(80.0 mg, 96%), Rf = 0.3 (silica gel, hexanes:EtOAc 3:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.53 – 7.45 (m, 4H), 7.39 – 7.34 (m, 2H), 7.31 – 7.22 (m, 2H), 7.19 – 

7.09 (m, 6H), 3.73 (s, 2H), 3.71 (d, J = 13.8 Hz, 1H), 3.61 (d, J = 13.8 Hz, 1H); 13C 

NMR (101 MHz, Chloroform-d) δ 192.9 , 163.5 , 162.7 (d, J = 124 Hz), 138.3, 137.6 

(d, J = 1.6 Hz), 131.8, 130.6, 129.6 129.1, 129.0, 127.9, 127.0 (d, J = 4.2 Hz), 116.1 

(d, J = 10.9 Hz), 112.1, 111.5, 87.8, 45.6, 45.1; 19F NMR (376 MHz, CDCl3) δ 

-112.84. 
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Flash column chromatography (SiO2, PE:EtOAc = 6:1, v/v) to afford 5c as a yellow 

solid (34 mg, 40%), Rf = 0.15 (silica gel, hexanes:EtOAc 6:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.43 (ddd, J = 11.2, 7.5, 1.7 Hz, 4H), 7.36 – 7.32 (m, 2H), 7.27 – 

7.20 (m, 3H), 7.14 – 7.06 (m, 4H), 6.99 – 6.94 (m, 2H), 3.83 (s, 3H), 3.73 (d, J = 15.5 

Hz, 1H), 3.68 (d, J = 15.5 Hz, 1H), 3.66 (d, J = 13.7 Hz, 1H), 3.61 (d, J = 13.7 Hz, 

1H); 13C NMR (101 MHz, Chloroform-d) δ 193.0, 163.8 , 159.9, 138.5, 133.7, 131.7, 

130.5, 129.6, 129.3, 129.1, 127.9, 126.3, 114.4, 112.3, 111.7, 88.1, 55.5, 45.9, 44.9; 

IR (KBr): 3454, 2928, 2155, 1776, 1611, 1512, 1364, 1252, 1180, 1076, 888, 695, 

572; HRMS (+ESI) m/z calcd. for C26H21NO3SK (M+K)+：466.0879, found 466.0881. 

3.3 General procedure for the synthesis of furans 

 

An over-dried 10 mL flask was equipped with a stir bar and moved into glovebox. 

Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed from the 

glovebox, the flask was sealed with a Septum. Next, anhydrous CH3CN (2 mL) was 

added via syringe and the suspension was stirred at room temperature for 5 min before 

adding the olefinic alcohol 6 (0.20 mmol). Then the mixture was added TMSCl (5.6 

μL, 0.04 mmol) and stirred for 10-30 min before quenched with a saturated aqueous 

NaHCO3 solution (2 mL). The aqueous layer was extracted with CH2Cl2 (3×5 mL), 

and the combined organic layers were dried over anhydrous Na2SO4, filtered and 

concentrated. The crude products were purified by silica gel flash column 

chromatography to obtain pure products 7. 
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Flash column chromatography (SiO2, PE:EtOAc = 15:1, v/v) to afford 7a as a white 

solid (32.0 mg, 73%), Rf = 0.6 (silica gel, hexanes:EtOAc 3:1); 1H NMR (500 MHz, 

Chloroform-d) δ 7.42 – 7.34 (m, 4H), 7.33 – 7.28 (m, 1H), 4.08 (dt, J = 8.4, 7.0 Hz, 

1H), 3.96 (td, J = 8.0, 5.8 Hz, 1H), 3.47 (d, J = 13.0 Hz, 1H), 3.39 (d, J = 13.0 Hz, 

1H), 2.39 (dt, J = 12.6, 8.1 Hz, 1H), 2.30 (ddd, J = 12.7, 7.8, 5.3 Hz, 1H), 2.07 (dddt, 

J = 12.7, 8.2, 7.3, 5.5 Hz, 1H), 1.88 (dqd, J = 12.4, 7.8, 6.6 Hz, 1H); 13C NMR (126 

MHz, Chloroform-d) δ 143.5, 128.6, 127.8, 125.2, 113.4,85.2, 68.7, 45.9, 37.1, 26.0. 

IR (KBr): 3446, 2924, 2155, 1775, 1633, 1459, 1174, 1033, 917, 803, 703; HRMS 

(+ESI) m/z calcd. for C12H13NaNOS (M+Na)+：242.0615, found 242.0615. 

 

Flash column chromatography (SiO2, PE:EtOAc = 16:1, v/v) to afford 7b as a white 

solid (32.3 mg, 69%), Rf = 0.7 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.68 – 7.56 (m, 1H), 7.30 – 7.15 (m, 3H), 4.10 (td, J = 7.9, 4.4 Hz, 

1H), 3.83 (td, J = 8.2, 6.5 Hz, 1H), 3.53 (d, J = 13.0 Hz, 1H), 3.49 (d, J = 13.0 Hz, 

1H), 2.53 (ddd, J = 13.4, 8.7, 5.1 Hz, 1H), 2.42 (s, 3H), 2.33 (dt, J = 12.8, 7.9 Hz, 1H), 

2.10 (dp, J = 12.1, 7.9 Hz, 1H), 2.00 – 1.89 (m, 1H); 13C NMR (101 MHz, 

Chloroform-d) δ 141.6, 133.6, 132.4, 128.0, 126.2, 125.9, 113.6, 85.3, 68.1, 44.7, 

36.7, 27.1, 21.5; IR (KBr): 3446, 2952, 2150, 1779, 1632, 1458, 1173, 1058, 917, 818, 

742, 558; HRMS (+ESI) m/z calcd. for C13H15NaNOS (M+Na)+：256.0772, found 

256.0773. 
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Flash column chromatography (SiO2, PE:EtOAc = 4:1, v/v) to afford 7c as a yellow 

oil (36 mg, 77%), Rf = 0.6 (silica gel, hexanes:EtOAc 3:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.26 (d, J = 8.1 Hz, 2H), 7.18 (d, J = 8.1 Hz, 2H), 4.06 (dt, J = 8.2, 

7.0 Hz, 1H), 3.95 (td, J = 8.0, 5.8 Hz, 1H), 3.46 (d, J = 12.9 Hz, 1H), 3.38 (d, J = 12.9 

Hz, 1H), 2.42 – 2.24 (m, 5H), 2.13 – 2.00 (m, 1H), 1.95 – 1.82 (m, 1H); 13C NMR 

(101 MHz, Chloroform-d) δ 143.5, 128.7, 127.8, 125.2, 113.4, 85.2, 68.7, 46.0, 37.1, 

26.0; IR (KBr): 3444, 2950, 2153, 1779, 1634, 1456, 1171, 1058, 917, 818, 735, 558; 

HRMS (+ESI) m/z calcd. for C13H15NaNOS (M+Na)+：256.0772, found 256.0773. 

 

Flash column chromatography (SiO2, PE:EtOAc = 18:1, v/v) to afford 7d as a white 

solid (39.7 mg, 84%), Rf = 0.6(silica gel, hexanes:EtOAc 3:1); 1H NMR (500 MHz, 

Chloroform-d) δ 7.35 (m, 2H), 7.05 (m, 2H), 4.10 – 4.03 (m, 1H), 3.95 (ddd, J = 8.4, 

5.7, 4.0 Hz, 1H), 3.42 (dd, J = 13.1, 2.5 Hz, 1H), 3.36 (dd, J = 13.1, 2.5 Hz, 1H), 2.37 

(ddt, J = 10.8, 8.2, 4.1 Hz, 1H), 2.27 (qd, J = 7.7, 2.5 Hz, 1H), 2.12 – 2.01 (m, 1H), 

1.93 – 1.82 (m, 1H); 13C NMR (101 MHz, Chloroform-d) δ 162.6 (d, J = 124 Hz), 

139.3 (d, J = 1.0 Hz), 127.1 (d, J = 4.1 Hz), 115.5 (d, J = 10.6 Hz), 113.3, 85.0, 68.8, 

45.9, 37.2, 26.1; 19F NMR (471 MHz, CDCl3) δ -114.72; IR (KBr): 3444, 2947, 2158, 

1789, 1599, 1505, 1405, 1217, 1061, 979, 833, 742, 528; HRMS (+ESI) m/z calcd. 

for C12H12FKNOS (M+K)+：276.0261, found 276.0259. 
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Flash column chromatography (SiO2, PE:EtOAc = 16:1, v/v) to afford 7e as a 

colorless oil (39.0 mg, 77%), Rf = 0.8 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 

MHz, Chloroform-d) δ 7.39 – 7.27 (m, 4H), 4.07 (dt, J = 8.5, 7.0 Hz, 1H), 3.94 (td, J 

= 8.0, 5.8 Hz, 1H), 3.41 (d, J = 13.1 Hz, 1H), 3.35 (d, J = 13.1 Hz, 1H), 2.38 (dt, J = 

12.5, 8.0 Hz, 1H), 2.25 (ddd, J = 12.7, 7.8, 5.3 Hz, 1H), 2.13 – 2.02 (m, 1H), 1.88 

(dqd, J = 12.4, 7.7, 6.6 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 142.2, 133.9, 128.9, 

126.9, 113.2, 85.1, 68.9, 45.8, 37.2, 26.1; IR (KBr): 3445, 2920, 2155, 1777,1634, 

1488, 1280, 1060, 979,828, 739, 612, 519. HRMS (+ESI) m/z calcd. for 

C12H12ClNaNOS (M+Na)+：276.0226, found 276.0216. 

 

Flash column chromatography (SiO2, PE:EtOAc = 16:1, v/v) to afford 7f as a yellow 

oil (39.5 mg, 80%), Rf = 0.8 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.29 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 4.05 (dt, J = 8.3, 

7.0 Hz, 1H), 3.93 (td, J = 8.1, 5.8 Hz, 1H), 3.81 (s, 3H), 3.44 (d, J = 12.9 Hz, 1H), 

3.35 (d, J = 12.9 Hz, 1H), 2.47 – 2.21 (m, 2H), 2.16 – 1.97 (m, 1H), 1.97 – 1.83 (m, 

1H); 13C NMR (126 MHz, Chloroform-d) δ 159.1, 135.4, 126.5, 113.9, 113.5, 85.0, 

68.6, 55.4, 46.1, 37.0 , 26.0; IR (KBr): 3433, 2950, 2151, 1775, 1609, 1509, 1248, 

1178, 1058, 831, 741, 588; HRMS (+ESI) m/z calcd. for C13H15NaNO2S (M+Na)+：

272.0721, found 272.0712. 
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3.4 General procedure for the synthesis of ethers 

 

An over-dried 10 mL flask was equipped with a stir bar and moved into glovebox. 

Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed from the 

glovebox, the flask was sealed with a Septum. Next, anhydrous alcohol (2 mL) was 

added via syringe and the suspension was stirred about 5 min at room temperature 

before adding 1,1-disubstituted alkene 8 (0.20 mmol). Since added TMSCl (5.6 μL, 

0.04 mmol) and stirred for 10-30 min, the mixture was quenched with a saturated 

aqueous NaHCO3 solution (2 mL). The aqueous layer was extracted with CH2Cl2 (3 × 

5 mL), and the combined organic layers were dried over anhydrous Na2SO4, filtered 

and concentrated. The crude products were purified by silica gel flash column 

chromatography to obtain products 9. 

OMe

SCN

9a

 

Flash column chromatography (SiO2, PE:EtOAc = 10:1, v/v) to afford 9a as a 

colorless oil19(35.7 mg, 86%), Rf = 0.5 (silica gel, hexanes:EtOAc 6:1); 1H NMR (400 

MHz, Chloroform-d) δ 7.43 – 7.31 (m, 5H), 3.41 (d, J = 12.8 Hz, 1H), 3.25 (d, J = 

12.8 Hz, 1H), 3.14 (s, 3H), 1.75 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 141.5, 

128.8, 128.3, 126.2, 113.4, 78.2, 51.0, 47.5, 21.5. 
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Flash column chromatography (SiO2, PE:EtOAc = 10:1, v/v) to afford 9b as a yellow 

oil (43.7 mg, 97%), Rf = 0.6 (silica gel, hexanes:EtOAc 3:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.41 – 7.32 (m, 2H), 7.13 – 7.04 (m, 2H), 3.36 (d, J = 12.9 Hz, 1H), 

3.22 (d, J = 12.9 Hz, 1H), 3.13 (s, 3H), 1.74 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 162.6 (d, J = 124.2 Hz), 137.2 (d, J = 3.2 Hz), 128.1 (d, J = 8.1 Hz), 

115.7 (d, J = 21.4 Hz), 113.2, 77.8, 50.9, 47.4, 21.5; 19F NMR(376 MHz, CDCl3) δ 

-113.83. IR (KBr): 3445, 2940, 2154, 1603, 1508, 1225, 1163, 1085, 839, 737, 582; 

HRMS (+ESI) m/z calcd. for C11H12FNaNOS (M+Na)+：248.0521, found 248.0528. 

 

Flash column chromatography (SiO2, PE:EtOAc = 20:1, v/v) to afford 9c as a white 

solid19(37.4 mg, 79%), Rf = 0.45 (silica gel, hexanes:EtOAc 6:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.32 – 7.27 (m, 2H), 6.94 – 6.88 (m, 2H), 3.82 (s, 3H), 3.39 (d, J = 

12.8 Hz, 1H), 3.21 (d, J = 12.7 Hz, 1H), 3.10 (s, 3H), 1.72 (s, 3H); 13C NMR (101 

MHz, Chloroform-d) δ 159.5, 133.3, 127.6, 114.1, 113.6, 77.9, 55.4, 50.9, 47.6, 21.4. 
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Flash column chromatography (SiO2, PE:EtOAc = 30:1, v/v) to afford 9d as a white 

solid19(37 mg, 69%), Rf = 0.45 (silica gel, hexanes:EtOAc 6:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.41 – 7.27 (m, 10H), 4.11 (s, 2H), 3.15 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 142.0, 128.5, 128.1, 126.9, 113.0, 81.3, 51.1, 42.8. 

 

Flash column chromatography (SiO2, PE:EtOAc = 36:1, v/v) to afford 9e as a white 

solid19(33.3 mg, 76%), Rf = 0.7 (silica gel, hexanes:EtOAc 3:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.42 – 7.30 (m, 5H), 3.46 – 3.34 (m, 2H), 3.27 – 3.15 (m, 2H), 1.75 

(s, 3H), 1.20 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 142.3, 128.8, 128.3, 

126.1, 113.6, 77.8, 58.7, 47.7, 22.2, 15.5. 

 

Flash column chromatography (SiO2, PE:DCM = 6:1, v/v) to afford 9f as a colorless 

oil (26.5 mg, 56%), Rf = 0.6(silica gel, hexanes:EtOAc 20:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.49 – 7.44 (m, 2H), 7.42 – 7.30 (m, 3H), 3.65 – 3.54 (m, 1H), 3.45 

(d, J = 12.7 Hz, 1H), 3.14 (d, J = 12.7 Hz, 1H), 1.81 (s, 3H), 1.18 (d, J = 6.1 Hz, 3H), 

1.01 (d, J = 6.1 Hz, 3H); 13C NMR (101 MHz, Chloroform-d) δ 143.0, 128.6, 128.4, 

126.7, 113.7, 78.2, 66.7, 48.5, 24.9, 24.4, 22.3; IR (KBr): 3453, 2978, 2153, 1781, 

1635, 1447, 1379, 1161, 989, 768, 605, 511; HRMS (+ESI) m/z calcd. for 

C13H17KNOS (M+K)+：274.0668, found 274.0657. 

3.5 General procedure for the synthesis of ketones 
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An over-dried 10 mL flask was equipped with a stir bar and moved into glovebox. 

Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed from the 

glovebox, the flask was sealed with a Septum. Next, anhydrous CH2Cl2 (2 mL) was 

added via syringe and the suspension was stirred about 5 min at room temperature 

before adding 10 (0.20 mmol). The mixture was quenched with triethylamine 

trihydrofluoride (0.5 mL) and saturated aqueous NaHCO3 solution (2 mL) after stirred 

for 10-30 min. The aqueous layer was extracted with CH2Cl2 (3×5 mL), and the 

combined organic layers were dried over anhydrous Na2SO4, filtered and concentrated. 

The crude products were purified by silica gel flash column chromatography to obtain 

product 11. 

 

Flash column chromatography (SiO2, PE:EtOAc = 10:1, v/v) to afford 11a as a yellow 

oil20(35.3 mg, 99%), Rf = 0.25 (silica gel, hexanes:EtOAc 2:1); 1H NMR (400 MHz, 

Chloroform-d) δ 8.03 – 7.90 (m, 2H), 7.76 – 7.66 (m, 1H), 7.56 (m, 2H), 4.77 (s, 2H); 

13C NMR (101 MHz, Chloroform-d) δ 190.9, 134.9, 134.1, 129.3, 128.6, 112.0, 43.2. 
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Flash column chromatography (SiO2, PE:EtOAc = 8:1, v/v) to afford 11b as a yellow 

oil21(37.3 mg, 98%), Rf = 0.3(silica gel, hexanes:EtOAc 8:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.93 (d, J = 7.6 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.53 (t, J = 7.6 Hz, 

2H), 5.09 (q, J = 7.1 Hz, 1H), 1.85 (d, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 194.9, 134.7, 133.3, 129.3, 129.0, 111.6, 50.2, 20.0. 

O

SCN

11c

 

Flash column chromatography (SiO2, PE:EtOAc = 12:1, v/v) to afford 11c as a yellow 

solid20(21.2 mg, 56%), Rf = 0.15 (silica gel, hexanes:EtOAc 8:1); 1H NMR (400 MHz, 

Chloroform-d) δ 7.82 (d, J = 7.7 Hz, 1H), 7.70 (td, J = 7.5, 1.2 Hz, 1H), 7.54 – 7.43 

(m, 2H), 4.13 (dd, J = 8.1, 4.3 Hz, 1H), 3.82 (dd, J = 17.7, 8.1 Hz, 1H), 3.36 (dd, J = 

17.7, 4.3 Hz, 1H); 13C NMR (101 MHz, Chloroform-d) δ 198.2, 151.2, 136.6, 134.2, 

128.7, 126.6, 125.1, 110.0, 48.3, 34.9. 

3.5 General procedure for the synthesis of dihydrobenzofuran 

  

An over-dried 10 mL flask was equipped with a stir bar and moved into glovebox. 

Then 1e (85 mg, 0.24 mmol) was subsequently added. Before removed from the 

glovebox, the flask was sealed with a Septum. Next, anhydrous solvent (2 mL) was 

then added via syringe and the suspension was stirred about 5 min at room 

temperature before adding compound 12a (0.20 mmol). Since added catalyst (0.04 

mmol) and stirred for 10-20 min, the mixture was quenched with saturated aqueous 

NaHCO3 solution (2 mL). The aqueous layer was extracted with CH2Cl2 (3×5 mL), 

and the combined organic layers were dried over anhydrous Na2SO4, filtered and 

concentrated. The crude product was purified by silica gel flash column 

chromatography to obtain product 13a. 
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Date for 13a: Flash column chromatography (SiO2, PE:DCM = 4:1, v/v) to afford 13a 

as a colorless oil [41.2 mg,74% (TMSCl, CH2Cl2); 49.4mg, 88% (CH3COCl, 

CH3CN)], Rf = 0.3 (silica gel, hexanes:DCM 3:1); 1H NMR (400 MHz, Chloroform-d) 

δ 7.50 – 7.45 (m, 2H), 7.45 – 7.38 (m, 2H), 7.37 – 7.31 (m, 1H), 6.99 (d, J = 8.5 Hz, 

2H), 6.86 (d, J = 7.9 Hz, 1H), 3.74 – 3.43 (m, 4H), 2.28 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 156.1, 142.3 , 131.1 , 129.2, 128.9, 128.4, 125.6, 125.2, 125.1,112.6, 

109.7, 89.3, 45.5, 42.4, 20.9; IR (KBr): 3453, 2920, 2155, 1775, 1615, 1490, 1246, 

993, 811, 700, 545; HRMS (+ESI) m/z calcd. for C17H15NaNOS (M+Na)+：304.0772, 

found 304.0775. 

3.6 Synthetic applications 

COOH + N

SCN

S S
O

O

O

O

Ph Ph

2a 1e

TMSCl (20 mol%)

CH2Cl2, rt

O O
SCN

3a  

Gram-Scale: An over-dried 250 mL flask was equipped with a stir bar and moved 

into glovebox. Then 1e (2.4 g, 6.80 mmol) was subsequently added. Before removed 

from the glovebox, the flask was sealed with a septum. And then anhydrous CH2Cl2 

(30 mL) was added by using syringe and the suspension was stirred about 5 min at 

room temperature before adding 2a (1.0 g, 5.67 mmol). The mixture was added 

TMSCl (143.7 μL, 1.134 mmol) and stirred for 2 h. When the reaction was completed, 

the mixture was quenched with a saturated aqueous NaHCO3 solution and extracted 

with CH2Cl2, dried over Na2SO4, filtered and concentrated. The product was purified 

by silica gel flash column chromatography to obtain product 3a. 

Flash column chromatography (SiO2, PE:EtOAc = 1:1, v/v) to afford 3a as a 
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white solid (1.1101 g, 84%), Rf = 0.25 (silica gel, hexanes:EtOAc 2:1). 

 

Compound 7a (44.0 mg, 0.2 mmol) and LiCl (24.0 mg, 0.6 mmol) was dissolved 

in dry THF (3 mL) under argon, and then the mixture was added ethynylmagnesium 

chloride (1.2 mL of a 0.5 M solution in THF, 0.6 mmol) dropwise via syringe at 0 ℃. 

The reaction was allowed to warm to room temperature and stirred for 2h. When the 

reaction was completed, saturated NH4Cl (aq.) was added and the aqueous layer was 

extracted with EtOAc (3×10 mL), and the combined organic layers were dried over 

anhydrous Na2SO4, filtered and concentrated. The crude product was purified by 

silica gel flash column chromatography to obtain product 14.22 

 

Flash column chromatography (SiO2, PE:DCM = 4:1, v/v) to afford 14 as a yellow oil 

(17.2 mg, 40%), Rf = 0.3 (silica gel, hexanes:EtOAc 10:1)；1H NMR (400 MHz, 

Chloroform-d) δ 7.43 – 7.24 (m, 5H), 4.10 – 4.03 (m, 1H), 3.93 (td, J = 8.0, 5.8 Hz, 

1H), 3.33 (d, J = 13.1 Hz, 1H), 3.20 (d, J = 13.1 Hz, 1H), 2.66 (s, 1H), 2.47 (dt, J = 

12.5, 8.1 Hz, 1H), 2.25 (ddd, J = 12.7, 7.9, 5.2 Hz, 1H), 2.11 – 2.00 (m, 1H), 1.89 – 

1.78 (m, 1H); 13C NMR (101 MHz, Chloroform-d) δ 144.8, 128.3, 127.2, 126.9, 125.3, 

85.9, 80.5, 68.4, 47.9, 36.5, 26.0; IR (KBr): 3448, 2924, 2154, 1636, 1447, 1052, 920, 

701, 566; HRMS (+ESI) m/z calcd. for C13H14KOS (M+K)+：257.0390, found 

257.0402. 
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At room temperature, compound 9a (41.4 mg, 0.2 mmol) and diphenylphosphine 

oxide (60.6 mg, 0.3 mmol) was dissolved in dry toluene (3 mL) under argon, and then 

the mixture was added DBU (45 mg, 0.3 mmol) dropwise, via syringe. The reaction 

was completed when stirred for 3h. And then the residual solvent was removed under 

reduced pressure. The crude product was purified by silica gel flash column 

chromatography to obtain product 15.22 

 

Flash column chromatography (SiO2, MeOH:DCM = 1:25, v/v) to afford 15 as a 

colorless oil (54.4 mg, 72%), Rf = 0.25 (silica gel, hexanes:EtOAc 1:10); 1H NMR 

(400 MHz, Chloroform-d) δ 7.84 (ddt, J = 13.0, 8.3, 1.2 Hz, 4H), 7.57 – 7.41 (m, 6H), 

7.36 – 7.24 (m, 5H), 3.18 (d, J = 7.7 Hz, 2H), 3.10 (s, 3H), 1.65 (s, 3H); 13C NMR 

(126 MHz, Chloroform-d) δ 143.1, 133.4 (dd, J = 107.3, 36.1 Hz), 132.3 (dd, J = 8.1, 

3.1 Hz), 131.5(dd, J = 32.2, 10.4 Hz), 128.7 (dd, J = 13.2, 1.3 Hz), 128.4, 127.6, 

126.3, 78.5 (d, J = 5.5 Hz), 50.8, 40.8, 22.9; 31P NMR (162 MHz, CDCl3) δ 43.29; IR 

(KBr): 3445, 2956, 2155, 1732, 1637, 1511, 1422, 1271, 1149, 839, 718, 548; HRMS 

(+ESI) m/z calcd. for C22H23NaPO2S (M+Na)+：405.1054, found 405.1058. 

 

To a solution of 9a (41.4 mg, 0.2 mmol), ZnBr2 (45 mg, 0.2 mmol) and NaN3 (32 

mg, 0.5 mmol) were added a mixed solvent [H2O/i-PrOH (1:1, 3 mL)] and refluxed 
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for 1 h at 100 ℃. The aqueous layer was extracted with EtOAc (3×5 mL) when the 

reaction was completed，and the combined organic layers were dried over anhydrous 

Na2SO4, filtered and concentrated. Flash chromatography over silica gel to give 

product 16.22 

OMe

S

N
N

N
NH

16

 

Flash column chromatography (SiO2, PE:EtOAc = 1:4, v/v) to afford 16 as a yellow 

solid (31.0 mg, 62%), Rf = 0.2 (silica gel, hexanes:EtOAc 1:2); 1H NMR (400 MHz, 

Chloroform-d) δ 7.46 – 7.33 (m, 5H), 3.49 (d, J = 14.8 Hz, 1H), 3.35 (d, J = 14.8 Hz, 

1H), 3.30 (s, 3H), 1.85 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 155.2, 141.5, 

129.0, 128.5, 126.2, 80.3, 51.4, 47.1, 21.4; IR (KBr): 3444, 2925, 2532, 1711, 1513, 

1446, 1314, 1207, 1070, 1034, 977, 775, 719, 614, 541; HRMS (+ESI) m/z calcd. for 

C11H14NaN4OS (M+Na)+：273.0786, found 273.0794. 

Crystal of 1e: 

CCDC: 1909782 

  Table 1.  Crystal data and structure refinement for 1e.  
 
      Identification code               1e 
      Empirical formula                 C13 H10 N2 O4 S3  
      Formula weight                    354.41  
      Temperature                       173(2) K  
      Wavelength                        1.54178 A  
      Crystal system, space group       Monoclinic, P2(1)/c  
      Unit cell dimensions              a = 11.519(2) A alpha = 90 deg.  
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      b = 10.0036(12) A    beta = 104.921(14) deg.  
      c = 13.6724(13) A   gamma = 90 deg.  
      Volume                            1522.4(4) A^3  
      Z, Calculated density             4, 1.546 Mg/m^3  
      Absorption coefficient            4.637 mm^-1  

F(000)                            728  
      Crystal size                      0.200 x 0.200 x 0.200 mm  
      Theta range for data collection   5.547 to 68.353 deg.  
      Limiting indices                 -13<=h<=13, -12<=k<=12, -16<=l<=16  
      Reflections collected / unique    13011 / 2775 [R(int) = 0.0265]  
      Completeness to theta = 67.679    99.7 %  
      Refinement method                 Full-matrix least-squares on F^2  
      Data / restraints / parameters    2775 / 0 / 199  
      Goodness-of-fit on F^2            1.012  
      Final R indices [I>2sigma(I)]     R1 = 0.0272, wR2 = 0.0722  
      R indices (all data)              R1 = 0.0301, wR2 = 0.0749  
      Extinction coefficient            n/a  
      Largest diff. peak and hole       0.332 and -0.274 e.A^-3  
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