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1. General method 

The reactions and manipulations were performed under an atmosphere of argon by 

using standard Schlenk techniques and Drybox (Mikrouna, Supper 1220/750). 

Oxobenzonorbornadienes 1a[1], 1b[2], 1c[3], 1d[4], 1e[5], 1f[6] and 1g[6] were prepared by 

the literature procedures. Unless the stated cases, all the thiols 2a-2q and other 

reagents were purchased from commercial domestic chemical company such as 

Energy, J&K, Alfa and Acros. Anhydrous toluene, DME (Dimethoxyethane), THF 

(Tetrahydrofuran) and dioxane were distilled from sodium benzophenone ketyl prior 

to use. Anhydrous DCE (sym-Dichloroethane) and CH3CN (Acetonitrile) were 

distilled from calcium hydride and stored under argon. Anhydrous DMF (N, 

N-Dimethylformamide) was distilled from calcium hydride under reduced pressure 

and stored under argon. 1H NMR and 13C NMR spectra were recorded on 

Bruker-Avance 400 MHz spectrometer. CDCl3 was used as solvent. Chemical shifts (δ) 

were reported in ppm with tetramethylsilane as internal standard, and J values were 

given in Hz. The enantioselective excesses were determined by Agilent 1260 Series 

HPLC using Daicel AD-H, OD-H, OJ-3, or AS-H chiral columns eluted with a 

mixture of isopropyl alcohol and hexane. Melting points were measured on X-4 

melting point apparatus and uncorrected. High resolution mass spectra (HRMS) were 

performed on Q Exactive HF MS from Thermo Scientific. The specific rotation of all 

products was measured by Atopol I from Rudolph Research Analytical. Column 

chromatography was performed with silica gel (200-300 mesh) by using 

EtOAc/hexane as eluent. 

2. Typical procedure for Ir-catalyzed addition of oxabenzonorbornadienes with 

thiophenols or benzyl mercaptan. 

Ir(COD)2BF4 (5.0 mg, 0.01 mmol), (S)-xyl-Binap (8.8 mg, 0.012mmol) and 1.0 mL 

THF were added to a Schlenk tube in argon atmosphere. The resulting solution was 

stirred at room temperature for 30 min, then oxabenzonorbornadiene 1a (28.8 mg, 0.2 

mmol) in THF (1.0 mL) was added, and the mixture was stirred for additional 20 min. 
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After the addition of thiophenol 2a (42 μL, 0.4 mmol), the mixture was stirred at 

room temperature under argon atmosphere with TLC monitoring until the completed 

consumption of 1a. The reaction mixture was then poured into ethyl acetate and 

washed three times with 5% aqueous NaOH. The aqueous layers were combined and 

back extracted three times with ethyl acetate. The organic layers were combined, 

washed with brine, dried over Na2SO4, and concentrated in vacuo, the residue was 

purified by silica gel column chromatography (using 10% EtOAc/hexane as eluent) to 

afford the desired product 3aa (48.7 mg, 96% yield). The enantioselective excess of 

the product was determined to be 97% ee by chiral HPLC. 

3. Characterization data (1H-NMR, 13C-NMR and HPLC) of asymmetric 

addition products 

 

(1S,2R,4S)-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3aa  

White solid, 48.7 mg, 96% yield, mp 66 – 68 oC, 97% ee, []20
D = -117.9 (c = 1.24, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.37 (m, 2H), 7.35 – 7.29 (m, 2H), 7.28 

– 7.19 (m, 3H), 7.20 – 7.14 (m, 2H), 5.47 (d, J = 4.2 Hz, 1H), 5.23 (s, 1H), 3.34 (dd, J 

= 7.2, 4.5 Hz, 1H), 2.05 – 1.96 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.52, 143.73, 136.41, 129.80, 129.15, 127.31, 

127.00, 126.51, 119.38, 119.26, 83.20, 79.22, 46.22, 35.66. 

HRMS calcd for C 16 H 15 OS [M+H]+: 255.08381. Found: 255.08304. The ee of 3aa 

was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 9.42 

min, t minor = 11.15 min. 

 

(1S,2R,4S)-2-((4-fluorophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ab  

White solid, 49.5 mg, 91% yield, mp 63 – 64 oC, 96% ee, []20
D = -102.4 (c = 1.08, 
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CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.47 – 7.39 (m, 2H), 7.25 – 7.21 (m, 1H), 7.20 

– 7.13 (m, 3H), 7.08 – 6.99 (m, 2H), 5.50 – 5.38 (m, 1H), 5.18 (s, 1H), 3.27 – 3.21 (m, 

1H), 1.99 – 1.92 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 163.37, 160.91, 145.54, 143.60, 133.23, 133.15, 

131.04, 127.33, 127.00, 119.39, 119.24, 116.43, 116.21, 83.04, 79.25, 47.59, 35.67. 

HRMS calcd for C 16 H 14 OFS [M+H]+: 273.07439. Found: 273.07376. The ee of 3ab 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 11.18 

min, t minor = 13.46 min. 

 

(1S,2R,4S)-2-((4-chlorophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ac  

White solid, 53.0 mg, 92% yield, mp 74 – 75 oC, 97% ee, []20
D = -114.5 (c = 1.14, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.27 (m, 4H), 7.26 – 7.21 (m, 2H), 7.20 

– 7.14 (m, 2H), 5.47 (d, J = 4.5 Hz, 1H), 5.19 (s, 1H), 3.29 (dd, J = 7.5, 4.3 Hz, 1H), 

2.03 – 1.93 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.45, 143.54, 134.86, 132.63, 131.28, 129.30, 

127.41, 127.06, 119.39, 119.29, 83.08, 79.22, 46.58, 35.66. 

HRMS calcd for C 16 H 14 OClS [M+H]+: 289.04484. Found: 289.04391. The ee of 3ac 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 11.57 

min, t minor = 14.51 min. 

 

(1S,2R,4S)-2-((3-chlorophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ad 

Yellow paste, 50.7 mg, 88% yield, 96% ee, []20
D = -93.9 (c = 1.12, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.36 – 7.32 (m, 1H), 7.30 – 7.23 (m, 4H), 7.22 

– 7.16 (m, 3H), 5.48 (d, J = 4.6 Hz, 1H), 5.22 (s, 1H), 3.33 (dd, J = 7.6, 4.2 Hz, 1H), 

2.06 – 1.95 (m, 2H). 
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13C NMR (101 MHz, CDCl3) δ 145.38, 143.51, 138.79, 134.89, 130.15, 128.72, 

127.47, 127.22, 127.13, 126.40, 119.42, 119.34, 83.14, 79.22, 45.90, 35.65. 

HRMS calcd for C 16 H 14 OClS [M+H]+: 289.04484. Found: 289.04428. The ee of 

3ad was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm 

× 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 

8.50 min, t minor = 10.63 min. 

 

(1S,2R,4S)-2-((2-chlorophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ae  

White solid, 36.9 mg, 64% yield, mp 79 – 80 oC, 48% ee, []20
D = -43.7 (c = 1.03, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.44 (dd, J = 7.9, 1.4 Hz, 1H), 7.38 (dd, J = 7.8, 

1.6 Hz, 1H), 7.31 – 7.25 (m, 3H), 7.23 – 7.14 (m, 3H), 5.51 (d, J = 3.2 Hz, 1H), 5.27 

(s, 1H), 3.40 – 3.34 (m, 1H), 2.10 – 2.02 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.46, 143.58, 135.95, 133.93, 130.04, 129.34, 

127.44, 127.32, 127.10, 127.08, 119.39, 119.35, 83.06, 79.19, 44.98, 35.66. 

HRMS calcd for C 16 H 14 OClS [M+H]+: 289.04484. Found: 289.04416. The ee of 3ae 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 10.21 

min, t minor = 14.56 min. 

 

(1S,2R,4S)-2-((4-bromophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3af  

White solid, 61.1 mg, 92% yield, mp 81 – 83 oC, 98% ee, []20
D = -89.4 (c = 1.31, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.49 – 7.45 (m, 1H), 7.44 – 7.40 (m, 2H), 7.28 

– 7.26 (m, 1H), 7.26 – 7.21 (m, 3H), 7.20 – 7.13 (m, 2H), 5.47 (d, J = 4.5 Hz, 1H), 

5.19 (s, 1H), 3.30 (dd, J = 7.5, 4.1 Hz, 1H), 2.05 – 1.94 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.45, 143.53, 135.63, 132.21, 131.34, 127.43, 

127.08, 120.45, 119.41, 119.31, 83.08, 79.22, 46.37, 35.67. 

HRMS calcd for C 16 H 12 OBrS [M-H]- : 330.97977. Found: 330.98132. The ee of 3af 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 12.48 
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min, t minor = 16.02 min. 

 

(1S,2R,4S)-2-((3-bromophenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ag  

Yellow paste, 57.1 mg, 86% yield, 96% ee, []20
D = -80.6 (c = 1.11, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.49 (t, J = 1.9 Hz, 1H), 7.36 – 7.31 (m, 1H), 

7.30 – 7.23 (m, 3H), 7.22 – 7.13 (m, 3H), 5.48 (d, J = 4.6 Hz, 1H), 5.22 (s, 1H), 3.33 

(dd, J = 7.6, 4.2 Hz, 1H), 2.06 – 1.91 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 145.38, 143.51, 139.10, 131.55, 130.43, 129.28, 

127.70, 127.47, 127.14, 123.04, 119.42, 119.34, 83.13, 79.22, 45.94, 35.64. 

HRMS calcd for C 16 H 14 OBrS [M+H]+: 332.99432. Found: 332.99326. The ee of 

3ag was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 8.92 

min, t minor = 11.31 min. 

 

(1S,2R,4S)-2-((4-(trifluoromethyl)phenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthale

ne 

 3ah 

White solid, 57.3 mg, 89% yield, mp 131 – 133 oC, 91% ee, []20
D = -91.6 (c = 1.08, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.57 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.2 Hz, 

2H), 7.33 – 7.27 (m, 2H), 7.25 – 7.18 (m, 2H), 5.51 (d, J = 4.7 Hz, 1H), 5.24 (s, 1H), 

3.42 (dd, J = 7.7, 4.1 Hz, 1H), 2.13 – 1.99 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.33, 143.40, 142.18, 127.91, 127.56, 127.17, 

125.96, 125.92, 125.89, 125.85, 125.45, 122.75, 119.37, 83.13, 79.19, 45.15, 35.67. 

HRMS calcd for C 17 H 14 OF 3 S [M+H]+: 323.07120. Found: 323.07025. The ee of 

3ah was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm 

× 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 

9.79 min, t minor = 13.16 min. 

 

 

(1S,2R,4S)-2-((4-methoxyphenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 
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 3ai  

Yellow paste, 49.9 mg, 88% yield, 93% ee, []20
D = -105.6 (c = 1.14, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.47 – 7.41 (m, 2H), 7.24 – 7.19 (m, 1H), 7.19 

– 7.09 (m, 3H), 6.93 – 6.86 (m, 2H), 5.45 (t, J = 2.6 Hz, 1H), 5.18 (s, 1H), 3.82 (s, 

3H), 3.21 – 3.16 (m, 1H), 1.98 – 1.92 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 159.38, 145.66, 143.78, 134.08, 127.16, 126.87, 

126.12, 119.39, 119.14, 114.78, 83.03, 79.28, 55.39, 48.22, 35.59. 

HRMS calcd for C 17 H 17 O 2 S [M+H]+: 285.09438. Found: 285.09332. The ee of 3ai 

was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 13.90 

min, t minor = 16.79 min. 

 

4-(((1S,2R,4S)-1,2,3,4-tetrahydro-1,4-epoxynaphthalen-2-yl)thio)phenol 

  3aj  

White solid, 44.2 mg, 82% yield, mp 138 – 140 oC, 88% ee, []20
D = -93.2 (c = 1.18, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.40 – 7.32 (m, 2H), 7.24 – 7.21 (m, 1H), 7.19 

– 7.11 (m, 3H), 6.85 – 6.77 (m, 2H), 5.48 (t, J = 2.6 Hz, 1H), 5.21 (s, 1H), 3.18 (t, J = 

5.8 Hz, 1H), 1.94 (dd, J = 5.8, 2.4 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 156.01, 145.35, 143.45, 134.50, 127.32, 127.04, 

125.48, 119.48, 119.20, 116.44, 83.11, 79.43, 48.22, 35.49. 

HRMS calcd for C 16 H 15 O 2 S [M+H]+: 271.07873. Found: 271.07794. The ee of 3aj 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; t major = 8.25 

min, t minor = 10.32 min. 

 

(1S,2R,4S)-2-(p-tolylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ak  

White solid, 52.1 mg, 97% yield, mp 85 – 87 oC, 97% ee, []20
D = -108.9 (c = 1.05, 

CHCl3).  
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1H NMR (400 MHz, Chloroform-d) δ 7.35 – 7.30 (m, 2H), 7.23 – 7.17 (m, 2H), 7.17 

– 7.11 (m, 4H), 5.45 (d, J = 5.0 Hz, 1H), 5.20 (s, 1H), 3.37 – 3.19 (m, 1H), 2.34 (s, 

3H), 2.00 – 1.93 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.60, 143.80, 136.84, 132.47, 130.77, 129.95, 

127.24, 126.94, 119.39, 119.22, 83.16, 79.24, 46.89, 35.65, 21.13. 

HRMS calcd for C 17 H 17 OS [M+H]+: 269.09946. Found: 269.09879. The ee of 3ak 

was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 8.22 

min, t minor = 10.36 min. 

 

 

 

 

(1S,2R,4S)-2-(m-tolylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3al  

White solid, 48.2 mg, 90% yield, mp 54 – 56 oC, 98% ee, []20
D = -102.4 (c = 1.22, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.25 – 7.9 (m, 5H), 7.18 – 7.14 (m, 2H), 7.07 – 

7.00 (m, 1H), 5.46 (d, J = 4.2 Hz, 1H), 5.22 (s, 1H), 3.33 (dd, J = 7.2, 4.6 Hz, 1H), 

2.34 (s, 3H), 2.05 – 1.91 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 145.56, 143.80, 138.92, 136.15, 130.47, 129.00, 

127.37, 127.30, 126.99, 126.73, 119.37, 119.28, 83.23, 79.24, 46.15, 35.66, 21.46. 

HRMS calcd for C 17 H 17 OS [M+H]+: 269.09946. Found: 269.09869. The ee of 3al 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 8.21 

min, t minor = 10.90 min. 

 

(1S,2R,4S)-2-((3,5-dimethylphenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3am  

White solid, 52.4 mg, 93% yield, mp 85 – 86 oC, 98% ee, []20
D = -108.4 (c = 1.17, 

CHCl3).  
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1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.22 (m, 2H), 7.21 – 7.15 (m, 2H), 7.04 

– 7.00 (m, 2H), 6.87 (s, 1H), 5.47 (d, J = 4.1 Hz, 1H), 5.23 (s, 1H), 3.33 (dd, J = 7.2, 

4.6 Hz, 1H), 2.31 (s, 6H), 2.04 – 1.92 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.58, 143.86, 138.72, 135.88, 128.35, 127.43, 

127.27, 126.97, 119.33, 119.27, 83.26, 79.24, 46.07, 35.65, 21.33. 

HRMS calcd for C 18 H 19 OS [M+H]+: 283.11511. Found: 283.11426. The ee of 3am 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 7.41 

min, t minor = 10.03 min. 

 

(1S,2R,4S)-2-((2,4-dimethylphenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3an  

Yellow paste, 47.9 mg, 85% yield, 75% ee, []20
D = -80.3 (c = 1.30, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.27 – 7.20 (m, 3H), 7.19 – 7.13 (m, 2H), 7.06 

– 7.00 (m, 2H), 5.47 (t, J = 2.6 Hz, 1H), 5.18 (s, 1H), 3.24 (t, J = 5.6 Hz, 1H), 2.39 (s, 

3H), 2.31 (s, 3H), 2.02 – 1.97 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 145.59, 143.84, 138.33, 136.42, 131.98, 131.38, 

129.79, 127.36, 127.25, 126.96, 119.39, 119.24, 83.14, 79.24, 45.73, 35.68, 20.98, 

20.56. 

HRMS calcd for C 18 H 19 OS [M+H]+: 283.11511. Found: 283.11426. The ee of 3an 

was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 14.12 

min, t minor = 16.42 min. 

 

(1S,2R,4S)-2-((4-isopropylphenyl)thio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ao  

Yellow paste, 53.9 mg, 91% yield, 96% ee, []20
D = -114.0 (c = 1.12, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.37 – 7.32 (m, 2H), 7.25 – 7.19 (m, 3H), 7.19 

– 7.17 (m, 1H), 7.17 – 7.13 (m, 2H), 5.53 – 5.39 (m, 1H), 5.22 (s, 1H), 3.35 – 3.25 (m, 

1H), 2.97 – 2.84 (m, 1H), 2.01 – 1.93 (m, 2H), 1.26 (s, 3H), 1.24 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 147.67, 145.60, 143.82, 132.93, 130.49, 127.34, 

127.25, 126.94, 119.42, 119.23, 83.23, 79.23, 46.68, 35.72, 33.77, 23.98. 
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HRMS calcd for C 19 H 21 OS [M+H]+: 297.13076. Found: 297.12982. The ee of 3ao 

was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 6.40 

min, t minor = 7.45 min. 

 

(1S,2R,4S)-2-(naphthalen-2-ylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ap  

White solid, 56.0 mg, 92% yield, mp 121 – 122 oC, 98% ee, []20
D = -186.1 (c = 1.10, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.87 – 7.73 (m, 4H), 7.54 – 7.42 (m, 3H), 7.29 

– 7.23 (m, 2H), 7.22 – 7.11 (m, 2H), 5.49 (d, J = 3.8 Hz, 1H), 5.27 (s, 1H), 3.46 (dd, J 

= 6.9, 4.9 Hz, 1H), 2.10 – 1.99 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.55, 143.76, 133.93, 133.82, 131.98, 128.70, 

127.87, 127.81, 127.79, 127.37, 127.24, 127.05, 126.76, 126.00, 119.40, 119.32, 

83.17, 79.28, 46.18, 35.63. 

HRMS calcd for C 20 H 17 OS [M+H]+: 305.09946. Found: 305.09851. The ee of 3ap 

was determined by HPLC analysis using Daicel Chiralcel OJ-3 column (25 cm × 0.46 

cm ID), conditions: n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; t major = 20.54 

min, t minor = 23.63 min. 

 

(1S,2R,4S)-2-(benzylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

3aq  

White solid, 30.0 mg, 56% yield, mp 90 – 91 oC, 14% ee, []20
D = -27.6 (c = 1.16, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.40 – 7.31 (m, 4H), 7.29 – 7.24 (m, 1H), 7.20– 

7.16 (m, 1H), 7.15 – 7.08 (m, 3H), 5.36 (d, J = 4.5 Hz, 1H), 4.89 (s, 1H), 3.97 – 3.74 

(m, 2H), 2.68 (dd, J = 7.7, 4.6 Hz, 1H), 1.90 – 1.80 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 145.42, 143.95, 138.52, 129.00, 128.72, 127.22, 

127.05, 126.82, 119.31, 119.14, 83.34, 78.78, 43.96, 37.25, 35.90. 

HRMS calcd for C 17 H 17 OS [M+H]+: 269.09946. Found: 269.09869. The ee of 3aq 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t minor = 8.77 
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min, t major = 14.01 min. 

 

(1S,2R,4S)-5,8-dimethoxy-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ba  

Brown solid, 50.9 mg, 81% yield, mp 81 – 82 oC, 97% ee, []20
D = -90.4 (c = 1.24, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.42 – 7.37 (m, 2H), 7.34 – 7.27 (m, 2H), 7.23 

– 7.16 (m, 1H), 6.66 (s, 2H), 5.63 (d, J = 4.8 Hz, 1H), 5.44 (s, 1H), 3.78 (s, 3H), 3.76 

(s, 3H), 3.35 (dd, J = 7.6, 3.8 Hz, 1H), 2.07 – 1.90 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 146.90, 146.73, 137.02, 134.39, 132.82, 129.00, 

128.54, 125.86, 111.81, 111.68, 81.37, 77.41, 56.20, 56.11, 44.99, 34.92. 

HRMS calcd for C 18 H 19 O 3 S [M+H]+: 315.10494. Found: 315.10385. The ee of 3ba 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 12.50 

min, t minor = 19.40 min. 

 

(1S,2R,4S)-5,8-dimethyl-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ca  

White solid, 51.8 mg, 92% yield, mp 78 – 79 oC, 98% ee, []20
D = -90.7 (c = 1.09, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.44 – 7.39 (m, 2H), 7.35 – 7.29 (m, 2H), 7.25 

– 7.21 (m, 1H), 6.89 – 6.82 (m, 2H), 5.54 – 5.45 (m, 1H), 5.24 (s, 1H), 3.37 – 3.28 (m, 

1H), 2.27 (s, 3H), 2.17 (s, 3H), 1.98 – 1.90 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 143.63, 141.88, 136.64, 129.79, 129.09, 128.63, 

128.35, 126.51, 126.49, 126.43, 82.06, 78.12, 45.79, 34.58, 17.92, 17.82. 

HRMS calcd for C 18 H 19 OS [M+H]+: 283.11511. Found: 283.11429. The ee of 3ca 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 7.92 

min, t minor = 9.27 min. 
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(1S,2R,4S)-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxytriphenylene 

 3da  

Yellow solid, 60.7 mg, 86% yield, mp 167 – 168 oC, 96% ee, []20
D = -97.9 (c = 1.15, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 8.79 – 8.71 (m, 2H), 7.94 – 7.89 (m, 1H), 7.76 

– 7.59 (m, 5H), 7.52 – 7.44 (m, 2H), 7.42 – 7.34 (m, 2H), 7.33 – 7.27 (m, 1H), 6.09 (d, 

J = 4.7 Hz, 1H), 5.78 (s, 1H), 3.35 (dd, J = 7.7, 3.9 Hz, 1H), 2.17 – 2.08 (m, 1H), 2.01 

(dd, J = 12.1, 7.8 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 140.88, 138.64, 136.60, 130.37, 130.29, 129.78, 

129.20, 127.18, 127.14, 126.62, 126.47, 125.64, 125.53, 124.22, 123.84, 123.75, 

123.69, 82.68, 78.82, 46.09, 35.18. 

HRMS calcd for C 24 H 19 OS [M+H]+: 355.11511. Found: 355.11417. The ee of 3da 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; t major = 

19.03 min, t minor = 28.74 min. 

 

(5S,6R,8S)-6-(phenylthio)-5,6,7,8-tetrahydro-5,8-epoxynaphtho[2,3-d][1,3]dioxole 

 3ea  

Yellow paste, 48.8 mg, 82% yield, 98% ee, []20
D = -118.5 (c = 1.08, CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.40 – 7.34 (m, 2H), 7.35 – 7.29 (m, 2H), 7.26 

– 7.20 (m, 1H), 6.74 (d, J = 7.2 Hz, 2H), 5.95 (s, 1H), 5.91 (s, 1H), 5.38 (d, J = 3.9 Hz, 

1H), 5.12 (s, 1H), 3.28 (dd, J = 7.1, 4.7 Hz, 1H), 1.99 – 1.89 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 146.84, 146.57, 139.32, 137.34, 136.42, 129.76, 

129.15, 126.51, 101.59, 101.58, 101.32, 83.24, 79.28, 46.31, 35.83. 

HRMS calcd for C 17 H 15 OS [M+H]+: 267.08381. Found: 267.08328. The ee of 3ea 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 21.77 

min, t minor = 23.69 min. 

 

(1S,2R,4S)-6,7-dimethyl-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 
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3fa  

White solid, 50.3 mg, 89% yield, mp 75 – 76 oC, 98% ee, []20
D = -129.6 (c = 1.19, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.26 (m, 2H), 7.36 – 7.29 (m, 2H), 7.24 

– 7.19 (m, 1H), 7.01 (d, J = 3.2 Hz, 2H), 5.40 (d, J = 3.8 Hz, 1H), 5.16 (s, 1H), 3.31 

(dd, J = 7.2, 4.4 Hz, 1H), 2.23 (s, 6H), 2.00 – 1.92 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 143.40, 141.59, 136.66, 135.43, 135.06, 129.66, 

129.14, 126.38, 120.68, 120.62, 83.11, 79.13, 46.46, 36.04, 20.06, 20.00. 

HRMS calcd for C 18 H 19 OS [M+H]+: 283.11511. Found: 283.11423. The ee of 3fa 

was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 9.76 

min, t minor = 11.30 min. 

 

(1S,2R,4S)-6,7-dibromo-2-(phenylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 3ga  

White solid, 73.6 mg, 90% yield, mp 99 – 101 oC, 98% ee, []20
D = -119.2 (c = 1.14, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.49 (s, 1H), 7.45 (s, 1H), 7.42 – 7.37 (m, 2H), 

7.36 – 7.31 (m, 2H), 7.28 – 7.23 (m, 1H), 5.41 (d, J = 4.0 Hz, 1H), 5.15 (s, 1H), 3.29 

(dd, J = 7.1, 4.8 Hz, 1H), 2.02 – 1.93 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 146.56, 144.78, 135.69, 130.35, 129.31, 127.00, 

124.80, 124.73, 123.24, 122.88, 82.64, 78.72, 46.19, 35.29. 

HRMS calcd for C 16 H 13 OBr 2 S [M+H]+: 410.90484. Found: 410.90375. The ee of 

3ga was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 11.17 

min, t minor = 13.01 min. 

 

(1S,2R,4S)-2-((4-bromophenyl)sulfonyl)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 4  

Product 3af (66.4 mg, 0.2 mmol), mCPBA (70.0 mg, 0.4 mmol), and 2.0 mL 
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dichloromethane were added to a Schlenk tube in argon atmosphere. Then the mixture 

was stirred at rt under argon atmosphere with TLC monitoring until the complete 

consumption of 3af. The reaction mixture was washed with aqueous Na2S2O3, and 

then extracted with ethyl acetate three times. The organic layers were combined, dried 

over Na2SO4, and concentrated in vacuo, the residue was purified by gel column 

chromatography (using 30% EtOAc/hexane as eluent) to afford the desired product 4. 

The enantioselective excess of the product was determined to be 98% ee by chiral 

HPLC. 

White solid, 69.7 mg, 96% yield, mp 168 – 169 oC, 98% ee, []20
D = -33.4 (c = 1.21, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.84 – 7.78 (m, 2H), 7.76 – 7.69 (m, 2H), 7.30 

– 7.27 (m, 1H), 7.25 – 7.23 (m, 1H), 7.21 – 7.15 (m, 2H), 5.80 (s, 1H), 5.46 (d, J = 

4.9 Hz, 1H), 3.31 – 3.20 (m, 1H), 2.44 – 2.32 (m, 1H), 1.84 – 1.77 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 145.46, 142.83, 137.36, 132.69, 130.33, 129.39, 

127.78, 127.38, 119.61, 119.48, 79.32, 79.10, 65.95, 31.16. 

HRMS calcd for C 16 H 14 O 3 BrS [M+H]+: 364.98415. Found: 364.98312. The ee of 4 

was determined by HPLC analysis using Daicel Chiralcel OD-H column (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; t major = 

16.85 min, t minor = 23.30 min. 

 

(1S,2R,4S)-2-([1,1'-biphenyl]-4-ylthio)-1,2,3,4-tetrahydro-1,4-epoxynaphthalene 

 5  

NiCl2 (2.6 mg, 0.02 mmol), dppe (9.6 mg, 0.024 mmol) and 1.0 mL toluene were 

added to a Schlenk tube in argon atmosphere. The resulting solution was stirred at 70 

oC for 30 min, then product 3af (64.4 mg, 0.2 mmol) in toluene (1.0 mL) was added, 

and the mixture was stirred for additional 20 min. After the addition of PhMgBr 

(60μL, 1.0 m in THF, 0.6 mmol), the mixture was stirred at 80 oC under argon 

atmosphere with TLC monitoring until the completed consumption of 3af. The 

reaction mixture was then poured into ethyl acetate and washed three times with 

saturated aqueous NH4Cl. The aqueous layers were combined and back extracted 

three times with ethyl acetate. The organic layers were combined, washed with brine, 
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dried over Na2SO4, and concentrated in vacuo; the residue was purified by silica gel 

column chromatography (using 10% EtOAc/hexane as eluent) to afford the desired 

product 5. The enantioselective excess of the product was determined to be 98% ee by 

chiral HPLC. 

White solid, 40.1 mg, 56% yield, mp 152 – 154 oC, 98% ee, []20
D = -157.5 (c = 1.32, 

CHCl3).  

1H NMR (400 MHz, Chloroform-d) δ 7.62 – 7.53 (m, 4H), 7.49 – 7.41 (m, 4H), 7.38 

– 7.32 (m, 1H), 7.28 – 7.25 (m, 2H), 7.21 – 7.15 (m, 2H), 5.49 (d, J = 4.1 Hz, 1H), 

5.27 (s, 1H), 3.38 (dd, J = 7.2, 4.6 Hz, 1H), 2.07 – 1.96 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 145.54, 143.73, 140.31, 139.44, 135.47, 130.12, 

128.90, 127.79, 127.49, 127.34, 127.02, 126.94, 119.42, 119.28, 83.24, 79.25, 46.28, 

35.71. 

HRMS calcd for C 22 H 19 OS [M+H]+: 331.11511. Found: 331.11432. The ee of 5 was 

determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 0.46 cm 

ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t major = 16.73 min, t 

minor = 22.41 min. 
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5. Crystal data and structure refinement of 3af 

 

  Table 1.  Crystal data and structure refinement for  SUWJ1 (29 Oct. 2015). 

Identification code  wj1 

Empirical formula  C16H13OSBr  .1/3(CHCl3) 

Formula weight  373.02 

Temperature  298(2) K 

Wavelength  0.71073 Å 

Crystal system  Trigonal 

Space group  R3 

Unit cell dimensions a = 25.8412(10) Å = 90°. 

 b = 25.8412(10) Å = 90°. 

 c = 5.9333(3) Å  = 120°. 

Volume 3431.2(3) Å3 

Z 9 

Density (calculated) 1.625 Mg/m3 

Absorption coefficient 3.000 mm-1 

F(000) 1686 

Crystal size 0.40 x 0.18 x 0.16 mm3 

Theta range for data collection 2.73 to 27.52°. 

Index ranges -33<=h<=33, -33<=k<=33, -7<=l<=7 

Reflections collected 24945 

Independent reflections 3244 [R(int) = 0.0335] 

Completeness to theta = 27.52° 93.6 %  

Absorption correction Semi-empirical from equivalents  

Max. and min. transmission 0.7232 and 0.5375 
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Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters  3244 / 1 / 192 

Goodness-of-fit on F2 1.003 

Final R indices [I>2sigma(I)] R1 = 0.0472, wR2 = 0.1290 

R indices (all data) R1 = 0.0583, wR2 = 0.1353 

Absolute structure parameter 0.037(13) 

Largest diff. peak and hole 0.648 and -0.703 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2 x 

103) 

for WJ1.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Br(1) 3323(1) 7884(1) 2355(1) 84(1) 

S(1) 952(1) 6728(1) 8405(1) 57(1) 

O(1) 838(1) 5532(1) 10772(3) 55(1) 

C(1) 548(1) 5930(1) 7849(4) 43(1) 

C(2) 918(1) 5621(1) 8405(5) 46(1) 

C(3) 543(1) 4989(1) 7531(4) 42(1) 

C(4) 73(1) 4713(1) 9088(4) 44(1) 

C(5) 190(1) 5196(1) 10762(5) 50(1) 

C(6) 32(1) 5628(1) 9609(5) 49(1) 

C(7) 568(1) 4703(1) 5610(5) 49(1) 

C(8) 96(1) 4102(1) 5314(6) 60(1) 

C(9) -359(1) 3833(1) 6836(6) 58(1) 

C(10) -384(1) 4133(1) 8727(6) 54(1) 

C(11) 1576(1) 7004(1) 6680(5) 49(1) 

C(12) 2099(2) 7527(1) 7385(5) 57(1) 

C(13) 2599(2) 7775(1) 6122(6) 60(1) 

C(14) 2612(1) 7516(1) 4099(5) 55(1) 

C(15) 2129(1) 7019(1) 3335(5) 55(1) 

C(16) 1606(1) 6760(1) 4611(5) 53(1) 

C(17) 3333 6667 8628(17) 85(2) 

Cl(1) 2615(1) 6473(1) 7733(3) 107(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  WJ1. 

_____________________________________________________  

Br(1)-C(14)  1.897(3) 

S(1)-C(11)  1.733(3) 

S(1)-C(1)  1.815(3) 

O(1)-C(2)  1.421(4) 

O(1)-C(5)  1.451(3) 

C(1)-C(2)  1.559(4) 

C(1)-C(6)  1.560(4) 

C(1)-H(1A)  0.9800 

C(2)-C(3)  1.514(4) 

C(2)-H(2A)  0.9800 

C(3)-C(7)  1.377(4) 

C(3)-C(4)  1.403(3) 

C(4)-C(10)  1.384(4) 

C(4)-C(5)  1.503(4) 

C(5)-C(6)  1.528(5) 

C(5)-H(5A)  0.97(3) 

C(6)-H(6A)  0.9700 

C(6)-H(6B)  0.9700 

C(7)-C(8)  1.427(4) 

C(7)-H(7A)  0.9300 

C(8)-C(9)  1.366(5) 

C(8)-H(8A)  0.9300 

C(9)-C(10)  1.383(5) 

C(9)-H(9A)  0.9300 

C(10)-H(10A)  0.95(2) 

C(11)-C(16)  1.400(4) 

C(11)-C(12)  1.416(4) 

C(12)-C(13)  1.346(5) 

C(12)-H(12A)  0.9300 

C(13)-C(14)  1.384(5) 

C(13)-H(13A)  0.9300 

C(14)-C(15)  1.346(4) 

C(15)-C(16)  1.395(5) 

C(15)-H(15A)  0.9300 

C(16)-H(16A)  0.9300 

C(17)-Cl(1)  1.747(3) 
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C(17)-Cl(1)#1  1.747(3) 

C(17)-Cl(1)#2  1.747(3) 

C(17)-H(17A)  0.9311 

 

C(11)-S(1)-C(1) 104.45(13) 

C(2)-O(1)-C(5) 97.08(18) 

C(2)-C(1)-C(6) 101.0(2) 

C(2)-C(1)-S(1) 113.03(16) 

C(6)-C(1)-S(1) 108.03(19) 

C(2)-C(1)-H(1A) 111.4 

C(6)-C(1)-H(1A) 111.4 

S(1)-C(1)-H(1A) 111.4 

O(1)-C(2)-C(3) 101.5(2) 

O(1)-C(2)-C(1) 102.5(2) 

C(3)-C(2)-C(1) 104.78(19) 

O(1)-C(2)-H(2A) 115.4 

C(3)-C(2)-H(2A) 115.4 

C(1)-C(2)-H(2A) 115.4 

C(7)-C(3)-C(4) 122.2(2) 

C(7)-C(3)-C(2) 133.3(2) 

C(4)-C(3)-C(2) 104.3(2) 

C(10)-C(4)-C(3) 120.1(3) 

C(10)-C(4)-C(5) 135.2(3) 

C(3)-C(4)-C(5) 104.5(2) 

O(1)-C(5)-C(4) 101.0(2) 

O(1)-C(5)-C(6) 102.5(2) 

C(4)-C(5)-C(6) 107.2(2) 

O(1)-C(5)-H(5A) 98.5(18) 

C(4)-C(5)-H(5A) 116(2) 

C(6)-C(5)-H(5A) 127(2) 

C(5)-C(6)-C(1) 101.1(2) 

C(5)-C(6)-H(6A) 111.6 

C(1)-C(6)-H(6A) 111.6 

C(5)-C(6)-H(6B) 111.6 

C(1)-C(6)-H(6B) 111.6 

H(6A)-C(6)-H(6B) 109.4 

C(3)-C(7)-C(8) 116.2(3) 

C(3)-C(7)-H(7A) 121.9 



S20 

 

C(8)-C(7)-H(7A) 121.9 

C(9)-C(8)-C(7) 121.5(3) 

C(9)-C(8)-H(8A) 119.3 

C(7)-C(8)-H(8A) 119.3 

C(8)-C(9)-C(10) 121.4(3) 

C(8)-C(9)-H(9A) 119.3 

C(10)-C(9)-H(9A) 119.3 

C(9)-C(10)-C(4) 118.6(3) 

C(9)-C(10)-H(10A) 118.7(15) 

C(4)-C(10)-H(10A) 122.7(15) 

C(16)-C(11)-C(12) 116.6(3) 

C(16)-C(11)-S(1) 125.6(2) 

C(12)-C(11)-S(1) 117.8(2) 

C(13)-C(12)-C(11) 121.4(3) 

C(13)-C(12)-H(12A) 119.3 

C(11)-C(12)-H(12A) 119.3 

C(12)-C(13)-C(14) 120.2(3) 

C(12)-C(13)-H(13A) 119.9 

C(14)-C(13)-H(13A) 119.9 

C(15)-C(14)-C(13) 121.2(3) 

C(15)-C(14)-Br(1) 119.9(3) 

C(13)-C(14)-Br(1) 118.9(2) 

C(14)-C(15)-C(16) 119.3(3) 

C(14)-C(15)-H(15A) 120.3 

C(16)-C(15)-H(15A) 120.3 

C(15)-C(16)-C(11) 121.2(3) 

C(15)-C(16)-H(16A) 119.4 

C(11)-C(16)-H(16A) 119.4 

Cl(1)-C(17)-Cl(1)#1 111.2(3) 

Cl(1)-C(17)-Cl(1)#2 111.2(3) 

Cl(1)#1-C(17)-Cl(1)#2 111.2(3) 

Cl(1)-C(17)-H(17A) 107.7 

Cl(1)#1-C(17)-H(17A) 107.7 

Cl(1)#2-C(17)-H(17A) 107.7 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 -x+y,-x+1,z    #2 -y+1,x-y+1,z       
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 Table 4.   Anisotropic displacement parameters  (Å 2x 103) for WJ1.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 78(1)  81(1) 81(1)  1(1) 18(1)  30(1) 

S(1) 68(1)  44(1) 58(1)  -8(1) 3(1)  26(1) 

O(1) 49(1)  64(1) 47(1)  7(1) -14(1)  25(1) 

C(1) 42(1)  47(1) 41(1)  1(1) -6(1)  23(1) 

C(2) 35(1)  52(1) 54(1)  0(1) -4(1)  23(1) 

C(3) 42(1)  44(1) 46(1)  9(1) 1(1)  27(1) 

C(4) 46(1)  51(1) 38(1)  8(1) 2(1)  27(1) 

C(5) 50(1)  66(1) 34(1)  2(1) 0(1)  30(1) 

C(6) 46(1)  53(1) 50(1)  -4(1) -3(1)  27(1) 

C(7) 56(1)  50(1) 50(1)  6(1) 6(1)  33(1) 

C(8) 80(1)  55(1) 59(2)  -9(1) -8(1)  44(1) 

C(9) 62(1)  46(1) 67(2)  1(1) -3(1)  29(1) 

C(10) 51(1)  47(1) 64(2)  11(1) 6(1)  24(1) 

C(11) 67(1)  33(1) 43(1)  2(1) -7(1)  21(1) 

C(12) 75(2)  36(1) 46(1)  -6(1) -7(1)  19(1) 

C(13) 64(2)  44(1) 60(2)  -4(1) -6(1)  17(1) 

C(14) 61(1)  49(1) 53(2)  8(1) 4(1)  24(1) 

C(15) 76(1)  51(1) 46(1)  -4(1) -4(1)  38(1) 

C(16) 67(1)  39(1) 47(1)  -6(1) -9(1)  22(1) 

C(17) 75(2)  75(2) 104(6)  0 0  37(1) 

Cl(1) 72(1)  102(1) 149(1)  23(1) -6(1)  45(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for WJ1. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1A) 394 5844 6303 52 

H(2A) 1334 5834 7890 56 

H(5A) 126(14) 5073(14) 12330(60) 43(7) 

H(6A) 37 5917 10665 58 

H(6B) -356 5417 8882 58 

H(7A) 875 4891 4564 59 

H(8A) 99 3889 4056 72 

H(9A) -659 3440 6595 69 

H(10A) -724(11) 3940(11) 9680(40) 23(6) 

H(12A) 2098 7704 8750 68 

H(13A) 2936 8122 6612 72 

H(15A) 2144 6850 1971 66 

H(16A) 1270 6419 4077 64 

H(17A) 3333 6667 10197 101 

________________________________________________________________________________ 
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 Table 6.  Torsion angles [°] for WJ1. 

________________________________________________________________  

C(11)-S(1)-C(1)-C(2) 60.1(2) 

C(11)-S(1)-C(1)-C(6) 171.0(2) 

C(5)-O(1)-C(2)-C(3) -52.3(3) 

C(5)-O(1)-C(2)-C(1) 55.9(2) 

C(6)-C(1)-C(2)-O(1) -33.2(2) 

S(1)-C(1)-C(2)-O(1) 82.0(2) 

C(6)-C(1)-C(2)-C(3) 72.5(2) 

S(1)-C(1)-C(2)-C(3) -172.30(18) 

O(1)-C(2)-C(3)-C(7) -153.0(3) 

C(1)-C(2)-C(3)-C(7) 100.6(3) 

O(1)-C(2)-C(3)-C(4) 32.5(3) 

C(1)-C(2)-C(3)-C(4) -73.8(3) 

C(7)-C(3)-C(4)-C(10) 0.5(4) 

C(2)-C(3)-C(4)-C(10) 175.8(3) 

C(7)-C(3)-C(4)-C(5) -174.4(3) 

C(2)-C(3)-C(4)-C(5) 0.9(3) 

C(2)-O(1)-C(5)-C(4) 52.8(3) 

C(2)-O(1)-C(5)-C(6) -57.7(3) 

C(10)-C(4)-C(5)-O(1) 153.1(3) 

C(3)-C(4)-C(5)-O(1) -33.2(3) 

C(10)-C(4)-C(5)-C(6) -100.0(4) 

C(3)-C(4)-C(5)-C(6) 73.7(3) 

O(1)-C(5)-C(6)-C(1) 35.6(3) 

C(4)-C(5)-C(6)-C(1) -70.3(2) 

C(2)-C(1)-C(6)-C(5) -1.8(2) 

S(1)-C(1)-C(6)-C(5) -120.7(2) 

C(4)-C(3)-C(7)-C(8) -1.7(4) 

C(2)-C(3)-C(7)-C(8) -175.3(3) 

C(3)-C(7)-C(8)-C(9) 1.3(5) 

C(7)-C(8)-C(9)-C(10) 0.3(5) 

C(8)-C(9)-C(10)-C(4) -1.5(5) 

C(3)-C(4)-C(10)-C(9) 1.1(5) 

C(5)-C(4)-C(10)-C(9) 174.1(3) 

C(1)-S(1)-C(11)-C(16) 29.5(3) 

C(1)-S(1)-C(11)-C(12) -151.7(3) 

C(16)-C(11)-C(12)-C(13) 0.0(5) 
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S(1)-C(11)-C(12)-C(13) -178.9(3) 

C(11)-C(12)-C(13)-C(14) -0.7(6) 

C(12)-C(13)-C(14)-C(15) 0.8(6) 

C(12)-C(13)-C(14)-Br(1) 179.4(3) 

C(13)-C(14)-C(15)-C(16) -0.1(5) 

Br(1)-C(14)-C(15)-C(16) -178.7(3) 

C(14)-C(15)-C(16)-C(11) -0.7(5) 

C(12)-C(11)-C(16)-C(15) 0.7(5) 

S(1)-C(11)-C(16)-C(15) 179.5(3) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 -x+y,-x+1,z    #2 -y+1,x-y+1,z      
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6. NMR spectra and HPLC spectra of ring-addition compounds 
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