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General information 

All of the reactions were carried out in flame-dried tubes under an argon atmosphere. Anhydrous 

toluene was distilled from sodium and benzophenone to use; anhydrous dichloromethane (DCM), 

1,2-dichloroethane (DCE), and MeCN were distilled from CaH2 to use. Commercially obtained 

reagents were used as received. Analytical thin layer chromatography (TLC) was carried out using 

pre-coated (0.20 mm thickness) silica gel plates with F254 indicator. For column chromatography, 

200-300 mesh silica gel was used. 1H NMR spectra were recorded on Bruker 300 MHz, 400 MHz 

or 500 MHz spectrometer in CDCl3. 13C NMR spectra were recorded on Bruker 75 MHz, 100 

MHz or 125 MHz spectrometer in CDCl3. 19F NMR spectra were recorded on Bruker 282 MHz 

spectrometer in CDCl3. Data for 1H NMR spectra were reported relative to tetramethylsilane 

(TMS) as an internal standard (0 ppm) and were reported as follows: chemical shift (δ ppm), 

multiplicity, coupling constant (Hz) and integration. Multiplicities are denoted as follows: s = 

singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, td = triplet of doublets, and m 

= multiplet. Data for 13C NMR spectra were reported relative to CDCl3 as an internal standard 

(77.16 ppm) and were reported in terms of chemical shift (δ ppm). High resolution mass spectra 

(HRMS) were performed on Agilent 6540 Q-TOF or Agilent 6230A TOF mass spectrometer 

(ESI). Chiral HPLC analysis was determined in an Agilent HPLC 1260 Series with Daicel 

Chiralpak IA column. Melting points were uncorrected and determined on a SGW X-4B melting 

point apparatus. Optical rotations were determined on a Rudolph Autopol IV polarimeter and 

reported as follows: [α]D
T (c: g/100 mL, in solvent). 

(2,4-tBu2C6H3O)3PAuCl1
 and AgNTf2

2 were known compounds and prepared according to the 

literature procedures. Chiral gold complexes were prepared according to the literature procedures.3 

 

Preparation of substrates 

1. General procedure for preparation of N-allenamides (2):4 

 

To a solution of S2 (5 mmol, 1 eq) in anhydrous THF (15 mL) was added KOtBu (0.168 g, 1.5 

mmol) in three portions under an argon atmosphere at 0 oC in an ice water bath. The reaction 

mixture was allowed to stir at rt for 2 h. The mixture was filtered through celite, washed with 

EtOAc and concentrated. The crude residue was purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 30:1 to 20:1) to give 2. All of 2 were known compounds. 

 

2. General procedure for preparation of Anthranils (1):5 

 
To a solution of S1 (3 mmol) in MeOH/EtOAc (20 mL, 1:1) was added SnCl2 (1.7 g, 9 mmol) in 

three portions at rt. The mixture was stirred at rt for 24 h. The reaction was quenched by sat. 

NaHCO3 (20 ml) and filtered. The aqueous phase was extracted with EtOAc (10 mL*3), the 

combined organic layers was washed with brine (30 mL), dried over NaSO4, filtered and 
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concentrated. The residue was purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 20:1) to give 1. The new compound was listed below. 

 

 
benzo[c]isoxazol-5-yl pivalate (1h): 

After purification by column chromatography (petroleum ether/ethyl acetate = 20/1), 1h was 

obtained as a white solid (578 mg, 88%), mp: 45-48 oC. 1H NMR (300 MHz, CDCl3) δ 9.10 (s, 

1H), 7.62 (d, J = 9.5 Hz, 1H), 7.25 (d, J = 1.9 Hz, 1H), 7.02 (dd, J = 9.5, 1.9 Hz, 1H), 1.37 (s, 9H). 
13C NMR (75 MHz, CDCl3) δ 177.1, 154.8, 154.7, 147.3, 128.4, 117.7, 116.5, 109.1, 39.2, 27.1. 

HRMS (ESI) m/z: [M + H]+ Calcd for C12H14NO3 220.0968; Found 220.0965. 

 

3. Preparation of compound 5: 

 
To a dry tube was added (2,4-tBu2C6H3O)3PAuCl (44.0 mg, 0.05 mmol, 0.05 eq), AgNTf2 (19.4 

mg, 0.05 mmol, 0.05 eq) and CH2Cl2 (3 mL) under an argon atmosphere, then 2a (285 mg, 1 

mmol) in CH2Cl2 (1 mL) was added into the reaction mixture in a portion. The reaction was stirred 

at 40 oC in a heating block for 2 h. The mixture was concentrated and purified by neutral alumina 

column chromatography (petroleum ether/CH2Cl2 = 2:1 to 1:1) to give 56 (182 mg, 64%) as a 

white solid. 1H NMR (500 MHz, CDCl3) δ 7.41-7.27 (m, 9H), 7.26-7.22 (m, 5H), 7.20 (d, J = 8.1 

Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 6.36 (q, J = 2.3 Hz, 1H), 5.10-5.06 (m, 1H), 4.97 (d, J = 2.2 Hz, 

1H), 4.93 (d, J = 2.2 Hz, 1H), 2.86 (dd, J = 20.6, 2.2 Hz, 1H), 2.76-2.69 (m, 1H), 2.40 (s, 3H), 

2.39 (s, 3H). 

 

Optimization of the asymmetric reaction conditions for 3aa 
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Entry Au* (x mol %) AgX Solvent T (oC) Yield (%)b Erc 

1 (S,R,R)-Au1 (5) AgNTf2 DCM 30 58 80:20 

2 (R,R,R)-Au2 (5) AgNTf2 DCM 30 48 39:61 

3 (S,R,R)-Au2 (5) AgNTf2 DCM 30 59 75:25 

4 (S,R,R)-Au3 (5) AgNTf2 DCM 30 15 62:38 

5 (R)-Au4 (2.5) AgNTf2 DCM 30 26 52:48 

6 (R)-Au5 (2.5) AgNTf2 DCM 30 20 50:50 

7 (R)-Au6 (2.5) AgNTf2 DCM 30 7 50:50 

8 (R,R)-Au7 (2.5) AgNTf2 DCM 30 14 50:50 

9 (R)-Au8 (2.5) AgNTf2 DCM 30 17 50:50 

10 (R)-Au9 (2.5) AgNTf2 DCM 30 0 -- 

11 (S,S)-Au10 (2.5) AgNTf2 DCM 30 0 -- 

12 (R,R)-Au11 (2.5) AgNTf2 DCM 30 0 -- 

13 (S,S,S)-Au12 (2.5) AgNTf2 DCM 30 0 -- 

14 (S,R,R)-Au1 (5) AgSbF2 DCM 30 45 80:20 

15 (S,R,R)-Au1 (5) AgOTf DCM 30 31 78:22 

16 (S,R,R)-Au1 (5) AgNTf2 DCE 30 55 79:21 

17 (S,R,R)-Au1 (5) AgNTf2 CHCl3 30 0 -- 

18 (S,R,R)-Au1 (5) AgNTf2 DCM/n-Hexane (3:1) 30 50 83:17 

19 (S,R,R)-Au1 (5) AgNTf2 DCM/MeCN (3:1) 30 0 -- 

20 (S,R,R)-Au1 (5) AgNTf2 DCM/benzene (3:1) 30 64 88.5:11.5 

21 (S,R,R)-Au1 (5) AgNTf2 DCM/benzene (3:1) 10 31 92:8 

22 (S,R,R)-Au1 (5) AgNTf2 DCM/benzene (3:1) 0 20 91:9 

[a] Reaction condition: Au* (x mol %), AgX (5 mol %), 1a (0.1 mmol), 2a (0.4 mmol), 4 Å MS 

(50 mg), solvent (4 mL), 12 h. [b] Isolated yield. [c] Er value was determined by chiral HPLC 

analysis on Daicel Chiralpak IA column. 

 

General procedure for synthesis of compound 3 

 

To a dry tube was added (2,4-tBu2C6H3O)3PAuCl (4.4 mg, 0.005 mmol, 0.05 eq), AgNTf2 (1.9 mg, 

0.005 mmol, 0.05 eq) and CH2Cl2 (3 mL) under an argon atmosphere, then the mixture was stirred 

for 15 min at rt. 1 (0.1 mmol, 1 eq) and 2 (0.25 mmol, 2.5 eq) in CH2Cl2 (1 mL) was added into 

the reaction mixture in a portion and stirred at 40 oC in a heating block for 3 h. Another portion of 

2 (0.15 mmol, 1.5 eq) was added, the mixture was stirred 40 oC in a heating block for further 9 h. 

The reaction mixture was concentrated and purified by silica gel column chromatography to give 

3. 
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General procedure of asymmetric reaction for 3 

 

To a dry tube was added (S,R,R)-Au1 (4.6 mg, 0.005 mmol, 0.05 eq), AgNTf2 (1.9 mg, 0.005 

mmol, 0.05 eq), 4 Å MS (50 mg) and DCM/benzene (3 mL, 3:1) under an argon atmosphere, the 

mixture was stirred for 15 min. A solution of 1 (0.1 mmol) and 2 (0.25 mmol) in DCM/benzene (1 

mL, 3:1) was added. The reaction was stirred at 30 oC in a heating block for 3 h. Another portion 

of 2 (0.15 mmol) was added, the mixture was stirred at 30 oC in a heating block for further 9 h. 

The reaction mixture was concentrated under vacuum and purified by silica gel column 

chromatography to give chiral sample of 3. 

 

 
N-((E)-((Z)-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-epoxybe

nzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3a): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3a was purified 

by column chromatography (petroleum ether/ethyl acetate = 15:1 to 3:1) and obtained as a white 

solid (48.3 mg, 70%), mp: 194-196 oC. 1H NMR (300 MHz, CDCl3) δ 7.38 (d, J = 8.2 Hz, 2H), 

7.32-7.19 (m, 7H), 7.15 (d, J = 8.2 Hz, 2H), 7.08-6.95 (m, 6H), 6.80-6.70 (m, 2H), 6.54-6.40 (m, 

3H), 6.01 (s, 1H), 5.72 (s, 1H), 5.65 (s, 1H), 4.26 (d, J = 14.4 Hz, 1H), 3.63 (d, J = 14.4 Hz, 1H), 

3.33 (d, J = 14.0 Hz, 1H), 3.07 (d, J = 14.0 Hz, 1H), 2.44 (s, 3H), 2.37 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 148.1, 144.3, 144.1, 141.4, 140.4, 137.3, 134.7, 134.1, 133.6, 131.6, 129.7, 129.6, 

129.3, 129.1, 128.7, 128.3, 128.2, 127.8, 127.7, 127.5, 127.2, 126.5, 125.5, 123.0, 120.8, 113.3, 

80.5, 67.6, 33.9, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for C39H36N3O5S2 690.2091; Found 

690.2094. 

Chiral sample of 3a was prepared via general procedure of asymmetric version from 11.9 mg of 

benzo[c]isoxazole (1a) and purified by column chromatography (petroleum ether/ethyl acetate = 

15:1 to 3:1). White solid, 44.1 mg, 64% yield, 88.5:11.5 er. Er was determined by HPLC: Daicel 

Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

10.87 min, tR (minor) = 12.84 min. [α]D
27 = +6.4 (c = 0.50 in CHCl3). 

 

 
N-((E)-((Z)-7-fluoro-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3b): 
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Prepared according to general procedure from 13.7 mg of 4-fluorobenzo[c]isoxazole (1b). 3b was 

purified by column chromatography (petroleum ether/ethyl acetate = 10:1 to 3:1) and obtained as a 

white solid (38.2 mg, 54%), mp: 152-154 oC. 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.1 Hz, 

2H), 7.30-7.22 (m, 7H), 7.17 (d, J = 8.1 Hz, 2H), 7.08-6.94 (m, 5H), 6.86 (d, J = 7.3 Hz, 1H), 

6.58-6.46 (m, 4H), 6.01 (s, 1H), 5.86 (s, 1H), 5.63 (s, 1H), 4.25 (d, J = 14.5 Hz, 1H), 3.62 (d, J = 

14.5 Hz, 1H), 3.21 (d, J = 14.4 Hz, 1H), 3.05 (d, J = 14.4 Hz, 1H), 2.43 (s, 3H), 2.40 (s, 3H). 13C 

NMR (75 MHz, CDCl3) δ 158.6, 155.3, 151.6, 151.5, 144.1, 140.3, 140.0, 134.1, 134.0, 130.9, 

130.4, 130.3, 129.6, 129.4, 129.2, 129.1, 129.0, 128.4, 128.37, 128.1, 127.9, 127.8, 127.7, 127.0, 

122.0, 121.5, 121.2, 112.6, 112.3, 109.4, 109.37, 78.63, 78.6, 67.7, 34.8, 21.8, 21.7. 19F NMR (282 

MHz, CDCl3) δ -111.8. HRMS (ESI) m/z: [M + H]+ Calcd for C39H35FN3O5S2 708.1997; Found 

708.1992. 

Chiral sample of 3b was prepared via general procedure of asymmetric version from 13.7 mg of 

4-fluorobenzo[c]isoxazole (1b) and purified by column chromatography (petroleum ether/ethyl 

acetate = 10:1 to 3:1). White solid, 33.3 mg, 47% yield, 90:10 er. Er was determined by HPLC: 

Daicel Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR 

(major) = 11.10 min, tR (minor) = 14.79 min. [α]D
27 = -4.6 (c = 0.35 in CHCl3). 

 

 
N-((E)-((Z)-7-chloro-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3c): 

Prepared according to general procedure from 15.3 mg of 4-chlorobenzo[c]isoxazole (1c). 3c was 

purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 3:1) and obtained as a 

white solid (31.9 mg, 44%), mp: 113-115 oC. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.1 Hz, 

2H), 7.32-7.13 (m, 12H), 7.05-6.98 (m, 3H), 6.81 (d, J = 7.9 Hz, 1H), 6.68-6.60 (m, 3H), 5.91 (s, 

2H), 5.61 (s, 1H), 4.19 (d, J = 14.6 Hz, 1H), 3.61 (d, J = 14.6 Hz, 1H), 3.04 (d, J = 15.1 Hz, 1H), 

2.94 (d, J = 15.1 Hz, 1H), 2.43 (s, 3H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 151.1, 144.2, 

140.5, 140.3, 134.1, 134.0, 132.4, 129.9, 129.6, 129.56, 129.5, 129.2, 128.8, 128.5, 128.1, 128.0, 

127.9, 127.7, 127.3, 126.1, 125.6, 123.7, 111.6, 79.8, 67.5, 34.0, 21.74, 21.7. HRMS (ESI) m/z: 

[M + H]+ Calcd for C39H35ClN3O5S2 724.1701; Found 724.1704. 

 

 
N-((E)-((Z)-8-chloro-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3d): 

Prepared according to general procedure from 15.3 mg of 5-chlorobenzo[c]isoxazole (1d). 3d was 

purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 3:1) and obtained as a 

white solid (47.8 mg, 66%), mp: 218-220 oC. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.2 Hz, 

2H), 7.34-7.25 (m, 5H), 7.22 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.2 Hz, 2H), 7.09-7.02 (m, 3H), 

7.02-6.97 (m, 1H), 6.97-6.89 (m, 2H), 6.66 (d, J = 8.2 Hz, 1H), 6.51-6.41 (m, 2H), 5.99 (s, 1H), 
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5.98 (s, 1H), 5.75 (s, 1H), 5.67 (s, 1H), 4.27 (d, J = 14.6 Hz, 1H), 3.59 (d, J = 14.6 Hz, 1H), 3.40 

(d, J = 15.0 Hz, 1H), 3.09 (d, J = 15.0 Hz, 1H), 2.46 (s, 3H), 2.39 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 147.0, 144.4, 144.3, 141.6, 140.4, 136.7, 136.6, 133.9, 133.6, 130.8, 130.5, 129.7, 129.6, 

129.5, 129.3, 129.1, 128.3, 128.1, 127.9, 127.7, 127.5, 127.4, 126.4, 123.3, 121.4, 114.3, 80.4, 

67.7, 33.9, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for C39H35ClN3O5S2 724.1701; Found 

724.1704. 

Chiral sample of 3d was prepared via general procedure of asymmetric version from 15.3 mg of 

5-chlorobenzo[c]isoxazole (1d) and purified by column chromatography (petroleum ether/ethyl 

acetate = 20:1 to 3:1). White solid, 38.4 mg, 53% yield, 85:15 er. Er was determined by HPLC: 

Daicel Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR 

(major) = 11.73 min, tR (minor) = 12.67 min. [α]D
27 = +10.8 (c = 0.50 in CHCl3). 

 

 
N-((E)-((Z)-8-bromo-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3e): 

Prepared according to general procedure from 19.8 mg of 5-bromobenzo[c]isoxazole (1e). 3e was 

purified by column chromatography (petroleum ether/ethyl acetate = 10:1 to 4:1) and obtained as a 

white solid (48.4 mg, 63%), mp: 242-244 oC. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.2 Hz, 

2H), 7.35-7.26 (m, 5H), 7.24-7.13 (m, 5H), 7.10-7.03 (m, 3H), 6.98-6.88 (m, 2H), 6.62 (d, J = 8.2 

Hz, 1H), 6.54-6.40 (m, 2H), 6.07 (s, 1H), 6.01 (s, 1H), 5.76 (s, 1H), 5.65 (s, 1H), 4.27 (d, J = 14.5 

Hz, 1H), 3.59 (d, J = 14.5 Hz, 1H), 3.38 (d, J = 14.8 Hz, 1H), 3.09 (d, J = 14.8 Hz, 1H), 2.46 (s, 

3H), 2.40 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 147.6, 144.4, 144.3, 141.6, 140.5, 137.1, 136.7, 

133.9, 133.6, 131.2, 130.5, 129.7, 129.6, 129.5, 129.3, 129.2, 128.2, 128.0, 127.8, 127.6, 127.5, 

126.4, 126.2, 121.4, 118.0, 114.8, 80.3, 67.7, 33.9, 21.8, 21.75. HRMS (ESI) m/z: [M + H]+ Calcd 

for C39H35BrN3O5S2 768.1196; Found 768.1190. 

Chiral sample of 3e was prepared via general procedure of asymmetric version from 19.8 mg of 

5-bromobenzo[c]isoxazole (1e) and purified by column chromatography (petroleum ether/ethyl 

acetate = 10:1 to 4:1). White solid, 38.4 mg, 50% yield, 82:18 er. Er was determined by HPLC: 

Daicel Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR 

(major) = 12.41 min, tR (minor) = 13.43 min. [α]D
27 = +11.5 (c = 0.40 in CHCl3). 

 

 
N-((E)-((Z)-8-methyl-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6

-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3f): 

Prepared according to general procedure from 13.3 mg of 5-methylbenzo[c]isoxazole (1f). 3f was 

purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 4:1) and obtained as a 

white solid (43.6 mg, 62%), mp: 235-237 oC. 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.1 Hz, 

2H), 7.33-7.26 (m, 5H), 7.23 (d, J = 8.1 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 7.08-6.94 (m, 5H), 6.80 
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(d, J = 7.8 Hz, 1H), 6.61 (d, J = 7.8 Hz, 1H), 6.49 (d, J = 7.8 Hz, 2H), 5.97 (s, 1H), 5.96 (s, 1H), 

5.69 (s, 1H), 5.66 (s, 1H), 4.26 (d, J = 14.4 Hz, 1H), 3.58 (d, J = 14.4 Hz, 1H), 3.41 (d, J = 14.7 

Hz, 1H), 3.09 (d, J = 14.7 Hz, 1H), 2.45 (s, 3H), 2.39 (s, 3H), 1.99 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 145.8, 144.3, 144.1, 141.9, 140.4, 137.9, 134.9, 134.8, 134.2, 133.7, 132.4, 129.7, 129.5, 

129.3, 128.9, 128.8, 128.5, 128.2, 127.8, 127.5, 127.49, 127.1, 126.5, 123.4, 120.7, 112.9, 80.5, 

67.7, 34.0, 21.8, 21.7, 21.0. HRMS (ESI) m/z: [M + H]+ Calcd for C40H38N3O5S2 704.2247; Found 

704.2242. 

 

 
N-((E)-((Z)-8-methoxy-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,

6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3g): 

Prepared according to general procedure from 14.9 mg of 5-methoxybenzo[c]isoxazole (1g). 3g 

was purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 3:1) and 

obtained as a white solid (46.8 mg, 65%), mp: 240-242 oC. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, 

J = 8.1 Hz, 2H), 7.32-7.26 (m, 5H), 7.23 (d, J = 8.1 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 7.07-6.97 

(m, 5H), 6.64 (d, J = 8.5 Hz, 1H), 6.57 (dd, J = 8.5, 2.1 Hz, 1H), 6.55-6.48 (m, 2H), 6.08 (d, J = 

1.6 Hz, 1H), 6.03 (s, 1H), 5.68 (s, 1H), 5.65 (s, 1H), 4.27 (d, J = 14.4 Hz, 1H), 3.57 (d, J = 14.4 

Hz, 1H), 3.50 (d, J = 14.4 Hz, 1H), 3.43 (s, 3H), 3.09 (d, J = 14.4 Hz, 1H), 2.46 (s, 3H), 2.39 (s, 

3H). 13C NMR (75 MHz, CDCl3) δ 157.8, 144.4, 144.1, 141.6, 140.9, 140.5, 138.9, 136.1, 133.9, 

133.4, 133.3, 129.7, 129.6, 129.3, 128.9, 128.7, 128.2, 127.8, 127.6, 127.1, 127.08, 126.2, 120.4, 

115.5, 114.0, 106.7, 80.9, 67.8, 55.5, 34.0, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for 

C40H38N3O6S2 720.2197; Found 720.2194. 

Chiral sample of 3g was prepared via general procedure of asymmetric version from 14.9 mg of 

5-methoxybenzo[c]isoxazole (1g) and purified by column chromatography (petroleum ether/ethyl 

acetate = 20:1 to 3:1). White solid, 45.3 mg, 63% yield, 88.5:11.5 er. Er was determined by HPLC: 

Daicel Chiralpak IA column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR 

(major) = 14.54 min, tR (minor) = 16.77 min. [α]D
27 = -25.2 (c = 0.50 in CHCl3). 

 

 
N-((E)-((Z)-8-(pivaloyloxy)-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2

H-1,6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide 

(3h): 

Prepared according to general procedure from 21.9 mg of benzo[c]isoxazol-5-yl pivalate (1h). 3h 

was purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 5:1) and 

obtained as a white solid (49.8 mg, 63%), mp: 212-214 oC. 1H NMR (400 MHz, CDCl3) δ 7.38 (d, 

J = 8.2 Hz, 2H), 7.31-7.21 (m, 7H), 7.16 (d, J = 8.2 Hz, 2H), 7.01-6.95 (m, 3H), 6.95-6.89 (m, 2H), 

6.76 (dd, J = 8.3, 2.0 Hz, 1H), 6.72 (d, J = 8.3 Hz, 1H), 6.53-6.46 (m, 2H), 6.06 (s, 1H), 5.76 (s, 

1H), 5.69 (s, 1H), 5.62 (s, 1H), 4.29 (d, J = 14.6 Hz, 1H), 3.61 (d, J = 14.6 Hz, 1H), 3.39 (d, J = 
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14.4 Hz, 1H), 3.12 (d, J = 14.4 Hz, 1H), 2.45 (s, 3H), 2.38 (s, 3H), 1.31 (s, 9H). 13C NMR (75 

MHz, CDCl3) δ 176.6, 148.4, 145.7, 144.4, 144.2, 141.8, 140.6, 138.0, 136.0, 134.0, 133.6, 131.5, 

129.7, 129.6, 129.3, 129.0, 128.9, 128.1, 127.7, 127.6, 127.5, 127.0, 126.4, 121.5, 120.9, 116.3, 

113.6, 80.5, 67.7, 39.0, 33.8, 27.3, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for 

C44H44N3O7S2 790.2615; Found 790.2621. 

Chiral sample of 3h was prepared via general procedure of asymmetric version from 21.9 mg of 

benzo[c]isoxazol-5-yl pivalate (1h) and purified by column chromatography (petroleum 

ether/ethyl acetate = 20:1 to 5:1). White solid, 41.1 mg, 52% yield, 87.5:12.5 er. Er was 

determined by HPLC: Daicel Chiralpak IA column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 

mL/min, λ = 254 nm, tR (minor) = 14.55 min, tR (major) = 17.15 min. [α]D
27 = +10.5 (c = 0.40 in 

CHCl3).  

 

 
N-((E)-((Z)-9-bromo-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3i): 

Prepared according to general procedure from 19.8 mg of 6-bromobenzo[c]isoxazole (1i). 3i was 

purified by column chromatography (petroleum ether/ethyl acetate = 10:1 to 3:1) and obtained as a 

white solid (46.1 mg, 60%), mp: 207-209 oC. 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 8.2 Hz, 

2H), 7.32-7.18 (m, 9H), 7.13-7.00 (m, 5H), 6.87 (s, 1H), 6.74 (dd, J = 8.1, 1.1 Hz, 1H), 6.60-6.50 

(m, 2H), 6.27 (d, J = 8.1 Hz, 1H), 5.96 (s, 1H), 5.81 (s, 1H), 5.68 (s, 1H), 4.24 (d, J = 14.6 Hz, 

1H), 3.58 (d, J = 14.6 Hz, 1H), 3.49 (d, J = 14.8 Hz, 1H), 3.07 (d, J = 14.8 Hz, 1H), 2.46 (s, 3H), 

2.40 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 149.9, 144.4, 144.3, 141.5, 140.4, 136.8, 134.1, 133.8, 

133.4, 132.5, 129.7, 129.68, 129.4, 129.3, 129.1, 128.6, 128.2, 127.8, 127.75, 127.5, 127.3, 126.8, 

124.1, 121.7, 121.3, 116.5, 80.5, 67.5, 33.9, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for 

C39H35BrN3O5S2 768.1196; Found 768.1201. 

Chiral sample of 3i was prepared via general procedure of asymmetric version f from 19.8 mg of 

6-bromobenzo[c]isoxazole (1i) and purified by column chromatography (petroleum ether/ethyl 

acetate = 10:1 to 3:1). White solid, 47.6 mg, 62% yield, 80:20 er. Er was determined by HPLC: 

Daicel Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR 

(minor) = 11.92 min, tR (major) = 13.53 min. [α]D
27 = +45.5 (c = 0.40 in CHCl3). 

 

 
N-((E)-((Z)-9-(methoxycarbonyl)-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dih

ydro-2H-1,6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonami

de (3j): 

Prepared according to general procedure from 17.7 mg of methylbenzo[c]isoxazole-6-carboxylate 

(1j). 3j was purified by column chromatography (petroleum ether/ethyl acetate = 10:1 to 3:1) and 

obtained as a white solid (50.8 mg, 68%), mp: 181-183 oC. 1H NMR (300 MHz, CDCl3) δ 
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7.43-7.34 (m, 4H), 7.33-7.25 (m, 5H), 7.21 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 7.10-6.95 

(m, 5H), 6.48 (t, J = 7.7 Hz, 3H), 6.03 (s, 1H), 5.82 (s, 1H), 5.65 (s, 1H), 4.28 (d, J = 14.4 Hz, 1H), 

3.89 (s, 3H), 3.65 (d, J = 14.4 Hz, 1H), 3.48 (d, J = 14.4 Hz, 1H), 3.09 (d, J = 14.4 Hz, 1H), 2.46 

(s, 3H), 2.39 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 166.5, 148.6, 144.5, 144.2, 141.4, 140.4, 140.0, 

136.2, 133.9, 133.4, 132.6, 130.4, 129.7, 129.6, 129.4, 129.3, 129.1, 128.2, 127.8, 127.5, 127.4, 

126.6, 122.7, 121.5, 114.3, 80.5, 67.3, 52.4, 33.9, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd 

for C41H38N3O7S2 748.2146; Found 748.2149. 

Chiral sample of 3j was prepared via general procedure of asymmetric version from 17.7 mg of 

methylbenzo[c]isoxazole-6-carboxylate (1j) and purified by column chromatography (petroleum 

ether/ethyl acetate = 10:1 to 3:1). White solid, 35.9 mg, 48% yield, 86:14 er. Er was determined 

by HPLC: Daicel Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 

nm, tR (minor) = 14.99 min, tR (major) = 18.69 min. [α]D
27 = +56.4 (c = 0.50 in CHCl3). 

 

 

N-((E)-((Z)-10-methyl-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,

6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3k): 

Prepared according to general procedure from 13.3 mg of 7-methylbenzo[c]isoxazole (1k). 3k was 

purified by column chromatography (petroleum ether/ethyl acetate = 20:1 to 4:1) and obtained as a 

white solid (38.7 mg, 55%), mp: 200-202 oC. 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.1 Hz, 

2H), 7.32-7.27 (m, 4H), 7.26-7.21 (m, 3H), 7.17 (d, J = 8.1 Hz, 2H), 7.04-6.94 (m, 5H), 6.82 (d, J 

= 7.5 Hz, 1H), 6.69 (t, J = 7.5 Hz, 1H), 6.49-6.41 (m, 2H), 6.31 (d, J = 7.5 Hz, 1H), 5.99 (s, 1H), 

5.72 (s, 1H), 5.58 (s, 1H), 4.19 (d, J = 14.6 Hz, 1H), 3.69 (d, J = 14.6 Hz, 1H), 3.27 (d, J = 14.6 

Hz, 1H), 3.05 (d, J = 14.6 Hz, 1H), 2.45 (s, 3H), 2.40 (s, 3H), 2.17 (s, 3H). 13C NMR (75 MHz, 

CDCl3) δ 146.2, 144.3, 144.1, 141.5, 140.3, 137.5, 134.6, 134.2, 133.7, 130.6, 129.8, 129.6, 129.5, 

129.3, 129.1, 128.3, 128.2, 127.7, 127.67, 127.5, 127.3, 126.6, 125.8, 123.0, 120.7, 120.4, 80.8, 

64.7, 34.0, 21.8, 21.7, 17.2. HRMS (ESI) m/z: [M + H]+ Calcd for C40H38N3O5S2 704.2247; Found 

704.2247. 

 

 

N-((E)-((Z)-10-chloro-5-((4-methyl-N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,

6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-phenylbenzenesulfonamide (3l): 

Prepared according to general procedure from 15.3 mg of 7-chlorobenzo[c]isoxazole (1l). 3l was 

purified by column chromatography (petroleum ether/ethyl acetate = 10:1 to 3:1) and obtained as a 

white solid (34.0 mg, 47%), mp: 212-214 oC. 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.2 Hz, 

2H), 7.34-7.27 (m, 5H), 7.25-7.22 (m, 2H), 7.19 (d, J = 8.2 Hz, 2H), 7.09-6.95 (m, 6H), 6.69 (t, J 

= 7.8 Hz, 1H), 6.49 (t, J = 7.8 Hz, 3H), 6.04 (s, 1H), 5.81 (s, 1H), 5.68 (s, 1H), 4.17 (d, J = 14.7 
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Hz, 1H), 4.06 (d, J = 14.7 Hz, 1H), 3.36 (d, J = 15.0 Hz, 1H), 3.05 (d, J = 15.0 Hz, 1H), 2.46 (s, 

3H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 144.8, 144.4, 144.2, 141.3, 140.3, 137.1, 136.7, 

134.0, 133.5, 130.7, 129.7, 129.6, 129.4, 129.2, 129.1, 128.8, 128.2, 127.84, 127.8, 127.5, 127.4, 

127.1, 126.9, 121.4, 121.3, 119.2, 81.4, 64.0, 34.0, 21.8, 21.75. HRMS (ESI) m/z: [M + Na]+ 

Calcd for C39H34ClN3NaO5S2 746.1521; Found 746.1529. 

 

 
N-((E)-((Z)-9-((4-methyl-N-phenylphenylsulfonamido)methylene)-9,10-dihydro-6H-5,10-epoxy[

1,3]dioxolo[4',5':4,5]benzo[1,2-b]azocin-7(8H)-ylidene)methyl)-4-methyl-N-phenyl-benzenesulf

onamide (3m): 

Prepared according to general procedure from 16.3 mg of [1,3]dioxolo[4',5':4,5]benzo[1,2-c] 

isoxazole (1m). 3m was purified by column chromatography (petroleum ether/ethyl acetate = 20:1 

to 5:1) and obtained as a white solid (25.7 mg, 35%), mp: 251-253 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.40 (d, J = 8.2 Hz, 2H), 7.34-7.27 (m, 7H), 7.21 (d, J = 8.2 Hz, 2H), 7.12-7.04 (m, 3H), 

7.03-6.97 (m, 2H), 6.65-6.57 (m, 2H), 6.24 (s, 1H), 5.88 (s, 1H), 5.84 (d, J = 1.2 Hz, 1H), 5.78 (s, 

1H), 5.77 (s, 1H), 5.75 (d, J = 1.2 Hz, 1H), 5.68 (s, 1H), 4.20 (d, J = 14.5 Hz, 1H), 3.53 (d, J = 

14.5 Hz, 1H), 3.48 (d, J = 14.6 Hz, 1H), 3.06 (d, J = 14.6 Hz, 1H), 2.46 (s, 3H), 2.41 (s, 3H). 13C 

NMR (75 MHz, CDCl3) δ 148.0, 145.3, 144.4, 144.2, 142.2, 141.6, 140.5, 137.4, 134.3, 133.6, 

133.1, 129.7, 129.65, 129.4, 129.0, 128.9, 128.2, 127.9, 127.7, 127.5, 127.4, 126.8, 126.6, 120.9, 

103.3, 101.6, 95.5, 80.8, 67.6, 34.0, 21.8, 21.7. HRMS (ESI) m/z: [M + H]+ Calcd for 

C40H36N3O7S2 734.1989; Found 734.1986. 

 

 
N-((E)-((Z)-5-((N-phenylmethanesulfonamido)methylene)-5,6-dihydro-2H-1,6-epoxybenzo[b]az

ocin-3(4H)-ylidene)methyl)-N-phenyl-methanesulfonamide (3o): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3o was purified 

by column chromatography (petroleum ether/ethyl acetate = 10:1 to 2:1) and obtained as a white 

solid (32.8 mg, 61%), mp: 197-199 oC. 1H NMR (400 MHz, CDCl3) δ 7.45-7.38 (m, 2H), 

7.38-7.31 (m, 3H), 7.29-7.22 (m, 3H), 7.22-7.15 (m, 1H), 7.01 (t, J = 7.6 Hz, 1H), 6.94 (d, J = 7.6 

Hz, 2H), 6.90 (d, J = 8.1 Hz, 2H), 6.05 (s, 1H), 5.88 (s, 1H), 5.73 (s, 1H), 4.25 (d, J = 14.4 Hz, 

1H), 3.67 (d, J = 14.4 Hz, 1H), 2.94 (s, 2H), 2.86 (s, 3H), 2.60 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 148.1, 140.7, 140.2, 136.0, 135.2, 130.0, 129.6, 128.9, 128.8, 128.4, 128.1, 127.3, 126.7, 

126.4, 125.6, 122.8, 120.5, 113.8, 80.1, 67.5, 38.5, 36.3, 33.6. HRMS (ESI) m/z: [M + Na]+ Calcd 

for C27H27N3NaO5S2 560.1284; Found 560.1275. 
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N-((E)-((Z)-5-((N-phenylphenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-epoxybenzo[b]azoc

in-3(4H)-ylidene)methyl)-N-phenylbenzenesulfonamide (3p): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3p was purified 

by column chromatography (petroleum ether/ethyl acetate = 20:1 to 3:1) and obtained as a white 

solid (50.3 mg, 76%), mp: 191-193 oC. 1H NMR (400 MHz, CDCl3) δ 7.67-7.59 (m, 1H), 

7.58-7.44 (m, 5H), 7.42-7.32 (m, 4H), 7.32-7.27 (m, 3H), 7.09-6.94 (m, 6H), 6.75 (t, J = 8.2 Hz, 

2H), 6.54-6.40 (m, 3H), 5.99 (s, 1H), 5.74 (s, 1H), 5.66 (s, 1H), 4.27 (d, J = 14.6 Hz, 1H), 3.63 (d, 

J = 14.6 Hz, 1H), 3.32 (d, J = 14.7 Hz, 1H), 3.07 (d, J = 14.7 Hz, 1H). 13C NMR (75 MHz, CDCl3) 

δ 148.2, 141.3, 140.3, 137.4, 137.0, 136.5, 134.6, 133.4, 133.2, 131.3, 129.4, 129.1, 129.0, 128.9, 

128.6, 128.3, 128.1, 127.8, 127.7, 127.5, 127.4, 126.6, 125.5, 122.9, 120.6, 113.3, 80.4, 67.6, 33.9. 

HRMS (ESI) m/z: [M + H]+ Calcd for C37H32N3O5S2 662.1778; Found 662.1775. 

Chiral sample of 3p was prepared via general procedure of asymmetric version from 11.9 mg of 

benzo[c]isoxazole (1a) and purified by column chromatography (petroleum ether/ethyl acetate = 

20:1 to 3:1). White solid, 43.6 mg, 66% yield, 88:12 er. Er was determined by HPLC: Daicel 

Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

9.87 min, tR (minor) = 11.60 min. [α]D
27 = +26.5 (c = 0.40 in CHCl3). 

 

 

N-((E)-((Z)-5-((N-phenylnaphthalene-2-sulfonamido)methylene)-5,6-dihydro-2H-1,6-epoxyben

zo[b]azocin-3(4H)-ylidene)methyl)-N-phenylnaphthalene-2-sulfonamide (3q): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3q was purified 

by column chromatography (petroleum ether/ethyl acetate = 20:1 to 4:1) and obtained as a white 

solid (54.8 mg, 72%), mp: 150-152 oC. 1H NMR (400 MHz, CDCl3) δ 8.11 (s, 1H), 8.00 (s, 1H), 

7.96-7.77 (m, 6H), 7.72-7.55 (m, 4H), 7.44 (d, J = 8.7 Hz, 1H), 7.31-7.21 (m, 4H), 7.04-6.90 (m, 

6H), 6.76-6.63 (m, 2H), 6.56-6.41 (m, 3H), 6.02 (s, 1H), 5.80 (s, 1H), 5.71 (s, 1H), 4.28 (d, J = 

14.6 Hz, 1H), 3.64 (d, J = 14.6 Hz, 1H), 3.34 (d, J = 14.5 Hz, 1H), 3.09 (d, J = 14.5 Hz, 1H). 13C 

NMR (75 MHz, CDCl3) δ 148.1, 141.3, 140.4, 137.4, 135.1, 135.0, 134.6, 134.1, 133.6, 132.1, 

132.0, 131.3, 129.6, 129.5, 129.4, 129.3, 129.2, 129.14, 129.1, 128.7, 128.3, 128.1, 128.0, 127.8, 

127.77, 127.7, 127.6, 127.3, 126.7, 125.4, 123.2, 122.9, 122.8, 120.7, 113.3, 80.4, 67.6, 34.0. 

HRMS (ESI) m/z: [M + H]+ Calcd for C45H36N3O5S2 762.2091; Found 762.2093. 

Chiral sample of 3q was prepared via general procedure of asymmetric version from 11.9 mg of 

benzo[c]isoxazole (1a) and purified by column chromatography (petroleum ether/ethyl acetate = 

20:1 to 4:1). White solid, 38.1 mg, 50% yield, 86:14 er. Er was determined by HPLC: Daicel 

Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

15.88 min, tR (minor) = 20.39 min. [α]D
27 = -44.0 (c = 0.80 in CHCl3). 
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N-((E)-((Z)-5-((4-fluoro-N-(4-fluorophenyl)phenylsulfonamido)methylene)-5,6-dihydro-2H-1,6-

epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-fluoro-N-(4-fluorophenyl)benzenesulfonamide 

(3r): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3r was purified 

by column chromatography (petroleum ether/ethyl acetate = 15:1 to 3:1) and obtained as a white 

solid (33.0 mg, 45%), mp: 143-145 oC. 1H NMR (300 MHz, CDCl3) δ 7.56-7.47 (m, 2H), 

7.40-7.30 (m, 2H), 7.23-7.14 (m, 2H), 7.13-6.95 (m, 7H), 6.88-6.72 (m, 4H), 6.64 (d, J = 7.6 Hz, 

1H), 6.52-6.42 (m, 2H), 5.92 (s, 1H), 5.67 (s, 2H), 4.27 (d, J = 14.4 Hz, 1H), 3.62 (d, J = 14.4 Hz, 

1H), 3.34 (d, J = 14.8 Hz, 1H), 3.07 (d, J = 14.8 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 167.4, 

167.3, 164.0, 163.9, 163.6, 163.1, 160.3, 159.8, 148.1, 137.5, 136.9, 136.8, 136.2, 136.17, 134.6, 

132.6, 132.59, 132.3, 132.28, 131.8, 130.9, 130.7, 130.6, 130.4, 129.2, 129.0, 128.6, 128.55, 128.5, 

128.47, 125.6, 122.8, 120.4, 116.7, 116.69, 116.6, 116.4, 116.39, 116.3, 116.1, 113.5, 80.3, 67.6, 

34.1. 19F NMR (282 MHz, CDCl3) δ -103.4, -103.5, -112.3, -112.6. HRMS (ESI) m/z: [M + H]+ 

Calcd for C37H28F4N3O5S2 734.1401; Found 734.1405. 

 

 

N-((E)-((Z)-5-((4-methyl-N-(3-chlorophenyl)phenylsulfonamido)methylene)-5,6-dihydro-2H-1,6

-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-(3-chlorophenyl)benzenesulfonamide 

(3s): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3s was purified 

by column chromatography (petroleum ether/ethyl acetate = 15:1 to 3:1) and obtained as a white 

solid (37.9 mg, 50%), mp: 119-121 oC. 1H NMR (300 MHz, CDCl3) δ 7.42-7.35 (m, 2H), 

7.34-7.28 (m, 3H), 7.26-7.17 (m, 5H), 7.12 (t, J = 7.6 Hz, 1H), 7.09-7.03 (m, 2H), 6.97 (t, J = 8.0 

Hz, 1H), 6.94-6.82 (m, 2H), 6.79 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H), 6.69 (t, J = 2.0 Hz, 

1H), 6.27-6.20 (m, 1H), 5.97 (s, 1H), 5.64 (s, 1H), 5.61 (s, 1H), 4.29 (d, J = 14.6 Hz, 1H), 3.64 (d, 

J = 14.6 Hz, 1H), 3.38 (d, J = 14.8 Hz, 1H), 3.08 (d, J = 14.8 Hz, 1H), 2.46 (s, 3H), 2.40 (s, 3H). 
13C NMR (75 MHz, CDCl3) δ 148.0, 144.7, 144.5, 142.5, 141.7, 138.5, 134.8, 134.5, 134.1, 133.6, 

133.4, 133.1, 130.4, 130.3, 129.9, 129.7, 128.5, 128.2, 128.0, 127.8, 127.5, 127.4, 125.9, 125.8, 

125.4, 124.7, 123.0, 120.2, 113.4, 80.5, 67.4, 34.0, 21.8, 21.75. HRMS (ESI) m/z: [M + H]+ Calcd 

for C39H34Cl2N3O5S2 758.1311; Found 758.1316. 
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N-((E)-((Z)-5-((4-methyl-N-(4-bromophenyl)phenylsulfonamido)methylene)-5,6-dihydro-2H-1,6

-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-(4-bromophenyl)benzenesulfonamide 

(3t): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3t was purified 

by column chromatography (petroleum ether/ethyl acetate = 10:1 to 3:1) and obtained as a white 

solid (51.7 mg, 61%), mp: 107-109 oC. 1H NMR (300 MHz, CDCl3) δ 7.49-7.36 (m, 4H), 7.30 (d, 

J = 8.1 Hz, 2H), 7.26-7.14 (m, 6H), 7.07 (t, J = 7.6 Hz, 1H), 6.96-6.87 (m, 2H), 6.85-6.73 (m, 2H), 

6.57 (d, J = 7.6 Hz, 1H), 6.44-6.35 (m, 2H), 5.93 (s, 1H), 5.73 (s, 1H), 5.59 (s, 1H), 4.27 (d, J = 

14.6 Hz, 1H), 3.62 (d, J = 14.6 Hz, 1H), 3.40 (d, J = 14.6 Hz, 1H), 3.09 (d, J = 14.6 Hz, 1H), 2.47 

(s, 3H), 2.40 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 148.1, 144.7, 144.5, 140.5, 139.6, 137.7, 134.6, 

133.8, 133.7, 133.2, 132.7, 132.3, 129.9, 129.8, 128.6, 128.4, 128.2, 128.1, 127.8, 127.75, 125.6, 

122.8, 121.6, 120.9, 120.6, 113.4, 80.4, 67.3, 34.0, 21.8, 21.75. HRMS (ESI) m/z: [M + H]+ Calcd 

for C39H34Br2N3O5S2 846.0301; Found 846.0298. 

 

 

N-((E)-((Z)-5-((4-methyl-N-(4-methoxyphenyl)phenylsulfonamido)methylene)-5,6-dihydro-2H-

1,6-epoxybenzo[b]azocin-3(4H)-ylidene)methyl)-4-methyl-N-(4-methoxyphenyl)benzenesulfona

mide (3u): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a). 3u was purified 

by column chromatography (petroleum ether/ethyl acetate = 10:1 to 2:1) and obtained as a white 

solid (51.0 mg, 68%), mp: 143-145 oC. 1H NMR (300 MHz, CDCl3) δ 7.39 (d, J = 8.2 Hz, 2H), 

7.30-7.15 (m, 6H), 7.04 (t, J = 7.6 Hz, 1H), 6.94-6.88 (m, 2H), 6.83-6.72 (m, 4H), 6.65 (d, J = 7.6 

Hz, 1H), 6.63-6.56 (m, 2H), 6.45-6.38 (m, 2H), 5.87 (s, 1H), 5.73 (s, 1H), 5.70 (s, 1H), 4.23 (d, J 

= 14.3 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.59 (d, J = 14.3 Hz, 1H), 3.26 (d, J = 14.8 Hz, 1H), 

2.98 (d, J = 14.8 Hz, 1H), 2.46 (s, 3H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 159.0, 158.5, 

148.2, 144.2, 144.0, 135.1, 135.0, 134.1, 133.8, 133.7, 132.9, 129.6, 129.5, 129.4, 129.1, 129.0, 

128.5, 128.2, 127.9, 125.4, 122.9, 121.2, 114.6, 114.4, 113.3, 80.3, 68.0, 55.6, 55.4, 33.9, 21.8, 

21.7. HRMS (ESI) m/z: [M + H]+ Calcd for C41H40N3O7S2 750.2302; Found 750.2306. 

Chiral sample of 3u was prepared via general procedure of asymmetric version from 11.9 mg of 

benzo[c]isoxazole (1a) and purified by column chromatography (petroleum ether/ethyl acetate = 

10:1 to 2:1). White solid, 41.2 mg, 55% yield, 82:18 er. Er was determined by HPLC: Daicel 
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Chiralpak IA column, n-hexane/EtOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tR (major) = 

12.91 min, tR (minor) = 15.70 min. [α]D
27 = -2.8 (c = 0.35 in CHCl3). 

 

 
(Z)-N-benzyl-N-((2-((N-benzyl-4-methylphenyl)sulfonamido)-3-methylenecyclobutylidene)meth

yl)-4-methylbenzenesulfonamide (3w’): 

Prepared according to general procedure from 11.9 mg of benzo[c]isoxazole (1a), 3w’ was formed 

as byproduct. 3w’7 was purified by column chromatography (petroleum ether/DCM = 1:1) and 

obtained as a white solid (104.0 mg, 87%). 1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 8.2 Hz, 2H), 

7.51 (d, J = 8.2 Hz, 2H), 7.21-7.12 (m, 12H), 7.08-7.01 (m, 2H), 6.19 (s, 1H), 5.43 (s, 1H), 4.71 (d, 

J = 16.8 Hz, 2H), 4.43 (dd, J = 8.7, 7.2 Hz, 2H), 4.11 (d, J = 15.2 Hz, 1H), 3.96 (d, J = 15.2 Hz, 

1H), 2.87 (s, 2H), 2.36 (s, 3H), 2.32 (s, 3H). 

 

Application and elaboration for Scheme 5 

1. Scheme 5-a 

 

To a dry flask was added (2,4-tBu2C6H3O)3PAuCl (131.8 mg, 0.15 mmol), AgNTf2 (58.2 mg, 0.15 

mmol) and CH2Cl2 (90 mL) under argon atmosphere, then the mixture was stirred for 15 min at rt. 

1a (357 mg, 3 mmol) and 2a (2.14 g, 7.5 mmol) in CH2Cl2 (30 mL) was added into the reaction 

mixture in a portion and stirred at 40 oC in an oil bath for 3 h. Another portion of 2a (1.28 g, 4.5 

mmol) was added, the mixture was stirred at 40 oC for further 9 h. The mixture was concentrated, 

the residue was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 

10:1 to 3:1) to give 3a (1.35 g, 65%) as a white solid. 

 

2. Scheme 5-b 

 

To a solution of 3a (34.5 mg, 0.05 mmol) in HOAc (2.0 mL) was added Zn powder (65 mg) at rt. 

The mixture was stirred at rt for 3 h. The reaction mixture was quenched with sat. NaHCO3, 

extracted with EtOAc (5 mL); the organic layer was dried over Na2SO4, filtered and concentrated 

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

(petroleum ether/ethyl acetate = 5:1 to 1:1) to give 4 (30 mg, 87%) as a white solid, mp: 163-165 
oC. 1H NMR (300 MHz, CDCl3) δ 7.47 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.29-7.25 (m, 

3H), 7.21 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H), 7.09-6.94 (m, 4H), 6.93-6.81 (m, 3H), 6.68 
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(td, J = 7.5, 1.0 Hz, 1H), 6.56 (d, J = 8.1 Hz, 2H), 6.28 (d, J = 7.5 Hz, 1H), 6.01 (s, 1H), 5.85 (s, 

1H), 5.62 (s, 1H), 4.58 (brs, 1H), 3.82 (d, J = 13.5 Hz, 1H), 3.50 (d, J = 13.5 Hz, 1H), 3.13 (d, J = 

14.7 Hz, 1H), 3.06 (d, J = 14.7 Hz, 1H), 2.48 (s, 3H), 2.35 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 

144.4, 144.1, 142.2, 141.4, 140.5, 137.8, 135.6, 134.0, 133.8, 129.8, 129.5, 129.49, 129.3, 128.8, 

128.7, 128.2, 127.8, 127.5, 127.2, 126.4, 126.0, 125.97, 125.3, 125.2, 124.7, 71.4, 58.0, 30.5, 21.8, 

21.7. HRMS (ESI) m/z: [M + H]+ Calcd for C39H38N3O5S2 692.2247; Found 692.2241. 

 

Control experiments for Scheme 6 

1. Scheme 6-a 

 

To a dry tube was added (2,4-tBu2C6H3O)3PAuCl (4.4 mg, 0.005 mmol), AgNTf2 (1.9 mg, 0.005 

mmol) and CH2Cl2 (3 mL) under argon atmosphere, then the mixture was stirred for 15 min at rt. 

1a (11.9 mg, 0.1 mmol) and 2a (68.4 mg, 0.12 mmol) in CH2Cl2 (1 mL) was added into the 

reaction mixture. The reaction was stirred at 40 oC in a heating block for 12 h. TLC analysis 

indicated 1a and 5 were not consumed, and 3a was not formed. 

 

2. Scheme 6-b 

 

To a dry tube was added (2,4-tBu2C6H3O)3PAuCl (4.4 mg, 0.005 mmol), AgNTf2 (1.9 mg, 0.005 

mmol) and CH2Cl2 (3 mL) under argon atmosphere, then the mixture was stirred for 15 min at rt. 

1a (11.9 mg, 0.1 mmol), 2a (35.6 mg, 0.125 mmol) and 2b (26.1 mg, 0.125 mmol) in CH2Cl2 (1 

mL) was added into the reaction mixture in a portion and stirred at 40 oC in a heating block for 3 h. 

Another portion of 2a (21.4 mg, 0.075 mmol) and 2b (15.7 mg, 0.075 mmol) was added, the 

mixture was stirred at 40 oC for further 9 h. The reaction mixture was concentrated and purified by 

silica gel column chromatography (CH2Cl2: Petroleum ether = 50% to 100%) to give products 3a 

(18.0 mg, 26%), 3o (5.4 mg, 10%), and a mixture of cross-over product (11.1 mg, 18%) with 2:1 

ratio. The major isomer of cross-over product was isolated as a white solid, mp: 102-104 oC. 1H 

NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.2 Hz, 2H), 7.34-7.27 (m, 6H), 7.23 (d, J = 7.9 Hz, 2H), 

7.17-7.12 (m, 1H), 7.10-7.01 (m, 4H), 6.97-6.88 (m, 3H), 6.04 (s, 1H), 5.79 (s, 1H), 5.68 (s, 1H), 

4.24 (d, J = 14.5 Hz, 1H), 3.67 (d, J = 14.5 Hz, 1H), 2.89 (s, 2H), 2.62 (s, 3H), 2.45 (s, 3H). 13C 

NMR (75 MHz, CDCl3) δ 147.9, 144.5, 140.9, 140.2, 136.1, 135.5, 133.5, 129.7, 129.6, 129.5, 

128.8, 128.78, 128.7, 128.1, 127.9, 127.5, 127.2, 126.2, 125.6, 123.0, 120.9, 113.8, 80.4, 67.5, 

38.8, 33.7, 21.8. HRMS (ESI) m/z: [M + H]+ Calcd for C33H32N3O5S2 614.1778; Found 614.1771. 
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X-ray crystallographic data for 3a 

The crystal structures have been deposited at the Cambridge Crystallographic Data Centre (CCDC 

2011084, 3a). The data can be obtained free of charge via the internet at 

https://www.ccdc.cam.ac.uk/structures/. 

The measurements were taken in a Bruker APEX-II CCD diffractometer. The data were integrated 

by Bruker APEX2 with multi-scan absorption corrections. The structure solution and refinement 

were processed by SHELXL (2014/7).  

Method of crystallization: A solution of 3a in EtOAc/n-hexane was added to a 5 mL vial. The 

vial was closed with parafilm and poked a few of holes with a needle on the parafilm to slowly 

evaporation of solvent. 

Crystal data and structure for 3a 

 
Figure S1. ORTEP diagram of compound 3a. Thermal ellipsoids are shown at the 50% level. 

 

Empirical formula C39H35N3O5S2 

Formula weight 689.82 

Temperature 296 K 

Wavelength 0.71073 Å 

Crystal system monoclinic 

Space group P 21/n 

Unit cell dimensions a = 17.336(3) Å α = 90 o 

b = 8.5062(16) Å β = 90.342(4) o 

c = 23.660(4) Å γ = 90 o 

Volume 3488.9(11) Å3 

Z 4 

Density (calculated) 1.313 g/cm3 

Absorption coefficient 0.201 mm-1 

F(000) 1448.0 

Crystal size 0.28 x 0.26 x 0.22mm3 
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2θ range for data collection 2.35 to 24.31o 

Index ranges -20 ≤ h ≤ 20, -10 ≤ k ≤ 10, -28 ≤ l ≤ 25  

Reflections collected 18935 

Independent reflections 6138 

Completeness to θ = 25.01° 99.9 % 

Max. and min. transmission 0.957 and 0.945 

Data / restraints / parameters 6138 / 0 / 438 

Goodness-of-fit on F2 1.012 

Final R indices [I > 2σ(I)] R1 = 0.0433, wR2 = 0.1077 

R indices (all data) R1 = 0.0646, wR2 = 0.1230 

Largest diff. peak and hole 0.337 and -0.256 e.Å-3 
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-026-3a1.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  10.873 MM    0.3500 2.64151e4  1258.01978  88.5322

   2  12.840 MM    0.8372 3421.62231   68.11900  11.4678
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-026-3a_r.D)
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25

  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  10.911 MM    0.3583 6245.43457  290.49026  50.1029

   2  12.925 MM    0.5788 6219.77588  179.10886  49.8971

Peak RetTime Type  Width    Area       Height     Area

Peak RetTime Type  Width    Area       Height     Area
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3b1.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.096 MM    0.3700 4069.22339  183.31248  90.0213

   2  14.791 MM    1.9364  451.06418    3.88227   9.9787
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3b_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.193 MM    0.3704 4729.78809  212.80840  50.5634

   2  14.604 MM    1.9376 4624.37891   39.77841  49.4366

Peak RetTime Type  Width    Area       Height     Area
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3d1.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.728 MM    0.4118 1.47450e4   596.77631  84.9848

   2  12.674 MM    0.4414 2605.15894   98.36638  15.0152
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3d_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.678 MM    0.4171 1.09440e4   437.30441  48.0104

   2  12.585 MM    0.4166 1.18511e4   474.07538  51.9896
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3e.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  12.407 MM    0.4454 1.07255e4   401.34305  81.9599

   2  13.428 MM    0.4642 2360.78076   84.76794  18.0401
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3e_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  12.360 MM    0.4349 5479.74756  210.00047  48.1457

   2  13.349 MM    0.4303 5901.84033  228.56749  51.8543

Peak RetTime Type  Width    Area       Height     Area
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3g1.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.536 MM    0.4990 9215.66797  307.83490  88.5505

   2  16.769 MM    0.6014 1191.57495   33.02062  11.4495
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3g_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.615 MM    0.5121 1033.68250   33.64176  48.3308

   2  16.807 MM    0.5902 1105.08398   31.20912  51.6692

Peak RetTime Type  Width    Area       Height     Area
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3h1m.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.553 MM    0.5053  803.58948   26.50495  12.4417

   2  17.153 MM    0.6185 5655.27393  152.40157  87.5583
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3h_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.494 MM    0.5359 7241.30957  225.19420  50.0929

   2  17.131 MM    0.6262 7214.45508  192.01276  49.9071
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3i.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.918 MM    0.4245 2694.20117  105.76780  20.0033

   2  13.533 MM    0.4805 1.07746e4   373.75635  79.9967
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3i_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  11.779 MM    0.4282 7670.91309  298.59586  49.9314

   2  13.353 MM    0.4459 7691.99902  287.49155  50.0686
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3j1m.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.994 MM    0.9104 2771.74854   50.74047  14.0359

   2  18.690 MM    0.7735 1.69758e4   365.76663  85.9641
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3j_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  14.521 MM    1.0660 7460.93799  116.65170  49.4682

   2  18.057 MM    0.7453 7621.36670  170.43491  50.5318
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3p1m.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1   9.872 MM    0.3108 1.82103e4   976.37244  87.9473

   2  11.600 MM    0.5595 2495.61426   74.34258  12.0527
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3p_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1   9.894 MM    0.3057 8587.04395  468.10229  49.8678

   2  11.597 MM    0.4783 8632.58691  300.79465  50.1322
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3q.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  15.880 MM    0.6180 2.38224e4   642.44037  85.9986

   2  20.386 MM    1.1779 3878.53003   54.87817  14.0014
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3q_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  15.907 MM    0.5981 9565.73047  266.56561  50.1015

   2  20.458 MM    1.3646 9526.96777  116.35620  49.8985
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3u1m.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  12.908 BB    0.4313 8676.56934  308.36948  82.0917

   2  15.698 BB    0.7115 1892.79419   39.68184  17.9083
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 VWD1 A, Wavelength=254 nm (C:\CHEM32\1\DATA\DATA_XGY\KN013-027-3u_r.D)
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  #   [min]        [min]   [mAU*s]     [mAU]        %

----|-------|----|-------|----------|----------|--------|

   1  12.865 MM    0.4770 7834.55518  273.74176  50.4146

   2  15.571 MM    0.7426 7705.69678  172.95421  49.5854
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