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1. General information 

Catalytic reactions were carried out in Sealing tubes under an air atmosphere with dry toluene. All the 

3-ylidene oxindole (1) [1] and 2-naphthol (2) [2] have been synthesized following procedures reported in 

the literature. Other chemical reagent was obtained from commercial sources and was used without further 

purification. The 1H and 13C NMR spectra were recorded on JEOL at 400 MHz for 1H or at 100 MHz for 

13C, respectively. The chemical shifts (δ) for 1H and 13C are given in ppm relative to residual signals of 

the solvent (CDCl3 7.26 ppm 1H NMR, 77.16 ppm 13C NMR). Mass spectra and high-resolution mass 

spectra were measured on a Thermo-DFS mass spectrometer. Optical rotation data were examined in 

CHCl3 solution at 25 oC and λ = 589 nm. For thin layer chromatography (TLC) analysis throughout this 

work, Merck precoated TLC plates (silica gel 60 GF254, 0.25 mm) were used, Silica gel 60H (200-300 

mesh) manufactured by Qingdao Haiyang Chemical Group Co. (China) were used for general 

chromatography, using UV light as the visualizing agent. Organic solutions were concentrated under 

reduced pressure on a Büchi rotary evaporator. 

 

2. General Procedure for the Asymmetric Synthesis of 3. 

 

The reaction was carried out with 3-ylideneoxidole 1 (0.1 mmol), 2-naphthol 2 (0.15 mmol) and catalyst 

F (3.2 mg, 5 mol %) in toluene (0.4 mL) at 0 oC for 48 h. The reaction mixture was direct purified by 

flash column chromatography on a silica gel (Petroleum Ether/EtOAc) to afford the desired product 3. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrofuro[2,3-b]n

aphtho[1,2-d]furan-10-yl)phenyl)carbamate (3a) 

The reaction was carried out following the general procedure to furnish the crude product. 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl Acetate = 40:1) in 
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85% yield as white solid. The enantiomeric excess was determined to be 90% ee by HPLC analysis on a 

Daicel Chiralpak IA column: 95/5 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 215nm, tminor = 12.5 min, 

tmajor = 15.0 min; [α]D
25 = -155.0 (c = 0.55, CHCl3), m.p. 90 – 92 oC. 1H NMR (400 MHz, CDCl3) δ 7.92 

(d, J = 8.8 Hz, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.63 – 7.60 (m, 2H), 7.54 (br s, 1H), 7.52 – 7.48 (m, 3H), 

7.46 – 7.39 (m, 2H), 7.37 – 7.32 (m, 2H), 7.24 (d, J = 8.0 Hz, 1H), 7.0 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.0 

Hz, 1H), 4.90 (d, J = 2.4 Hz, 1H), 4.69 (d, J = 2.4 Hz, 1H), 1.43 (s, 9H) ppm. 13C NMR (100 MHz,CDCl3) 

δ 175.8, 154.9, 153.8, 137.8, 137.3, 131.8, 130.7, 130.2, 129.6, 129.5, 129.2, 129.1, 128.4, 126.3, 125.5, 

125.2, 124.5, 121.9, 118.4, 117.7, 112.3, 80.8, 55.5, 48.5, 28.4 ppm. HR-MS (ESI) m/z calcd for 

C31H27NO5 [M+Na]+ 516.17814, found 516.17844. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-7a-(o-tolyl)-7a,9,10,10a-tetrahydrofuro[2,3-b]

naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3b) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 40:1) in 63% yield as white solid. The enantiomeric excess was determined to be 90% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

215 nm, tmajor = 6.2 min, tminor = 7.4 min; [α]D
25 = -76.0 (c = 0.37, CHCl3), m.p. 88 – 90 oC. 1H NMR (400 

MHz, CDCl3) δ 7.96 – 7.93 (m, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.65 (br s, 1H), 7.62 (d, J = 7.6 Hz, 1H), 

7.52 – 7.48 (m, 1H), 7.46 – 7.40 (m, 2H), 7.36 – 7.30 (m, 4H), 7.28 – 7.24 (m, 2H), 6.86 (t, J = 7.6 Hz, 

1H), 6.49 (d, J = 7.6 Hz, 1H), 4.93 (s, 1H), 4.76 (d, J = 1.2 Hz, 1H), 2.29 (s, 3H), 1.44 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 175.3, 154.4, 153.9, 137.3, 136.3, 134.9, 132.6, 132.2, 130.8, 130.4, 129.6, 

129.4, 129.0, 128.4, 127.0, 126.6, 126.3, 126.1, 125.8, 125.0, 124.5, 121.8, 118.4, 112.5, 80.8, 54.1, 47.5, 

28.4, 20.5 ppm. HR-MS (ESI) m/z calcd for C32H29NO5 [M+Na]+ 530.19379, found 530.19358. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-7a-(m-tolyl)-7a,9,10,10a-tetrahydrofuro[2,3-

b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3c) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 61% yield as white solid. The enantiomeric excess was determined to be 
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88% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 254 nm, tminor = 4.9 min, tmajor = 6.1 min, [α]D
25 = -118.0 (c = 0.55, CHCl3), m.p. 85 – 87 oC. 

1H NMR (400 MHz, CDCl3) δ 7.93 – 7.91 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.54 (br s, 1H), 7.47 – 7.42 

(m, 2H), 7.40 – 7.36 (m, 4H), 7.35 – 7.30 (m, 3H), 7.23 (d, J = 8.0 Hz, 1H), 7.00 (t, J = 7.2 Hz, 1H), 6.80 

(d, J = 7.6 Hz, 1H), 4.88 (d, J = 2.4 Hz, 1H), 4.67 (d, J = 2.8 Hz, 1H), 2.40 (s, 3H), 1.42 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 175.9, 154.9, 153.8, 139.0, 137.7, 137.3, 131.7, 130.9, 130.7, 129.6, 129.5, 

129.1, 129.0, 128.4, 126.4, 126.1, 125.2, 124.5, 122.6, 121.9, 118.4, 117.8, 112.3, 80.8, 55.4, 48.4, 28.4, 

21.6 ppm. HR-MS (ESI) m/z calcd for C32H29NO5 [M+Na]+ 530.19379, found 530.19365. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-7a-(p-tolyl)-7a,9,10,10a-tetrahydrofuro[2,3-b]

naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3d) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 63% yield as white solid. The enantiomeric excess was determined to be 

86% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 8.5 min, tmajor = 9.7 min, [α]D
25 = -96.0 (c = 0.53, CHCl3), m.p. 126 – 128 

oC. 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.90 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.55 (br s, 1H), 7.50 – 

7.47 (m, 2H), 7.45 – 7.38 (m, 2H), 7.37 – 7.33 (m, 1H), 7.30 (t, J = 9.2 Hz, 3H), 7.23 (d, J = 8.4 Hz, 1H), 

7.01 (td, J = 8.0, 0.8 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 4.87 (d, J = 2.8 Hz, 1H), 4.67 (d, J = 2.8 Hz, 1H), 

2.44 (s, 3H), 1.42 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.9, 154.9, 153.8, 140.2, 137.2, 134.9, 

131.7, 130.6, 129.72, 129.65, 129.5, 129.1, 128.4, 126.4, 125.4, 125.2, 124.4, 121.9, 118.5, 118.0, 112.3, 

80.7, 55.4, 48.5, 28.3, 21.4 ppm. HR-MS (ESI) m/z calcd for C32H29NO5 [M+Na]+ 530.19379, found 

530.19358. 

 

tert-butyl (2-((7aR,10S,10aS)-7a-(4-methoxyphenyl)-9-oxo-7a,9,10,10a-tetrahyd

rofuro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3e) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 20:1) in 73% yield as white solid. The enantiomeric excess was determined to be 
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93% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 11.0 min, tmajor = 14.7 min; [α]D
25 = -85.0 (c = 0.5, CHCl3), m.p. 130 – 132 

oC. 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.90 (m, 2H), 7.82 (d, J = 7.6 Hz, 1H), 7.57 (br s, 1H), 7.53 (dd, 

J = 6.4, 2.4 Hz, 2H), 7.47 – 7.39 (m, 2H), 7.37 – 7.33 (m, 1H), 7.31 (d, J = 8.8 Hz, 1H), 7.24 (d, J = 8.0 

Hz, 1H), 7.03 (dd, J = 7.2, 1.2 Hz, 1H), 6.99 (dd, J = 6.8, 2.0 Hz, 2H), 6.82 (d, J = 7.6 Hz, 1H), 4.87 (d, 

J = 2.8 Hz, 1H), 4.68 (d, J = 2.4Hz, 1H), 3.87 (s, 3H), 1.43 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 

175.8, 160.9, 154.8, 153.9, 137.2, 131.7, 130.6, 129.8, 129.6, 129.5, 129.1, 128.3, 127.0, 126.4, 125.3, 

124.4, 121.9, 118.4, 118.0, 114.3, 112.3, 80.8, 55.6, 55.3, 48.5, 28.3 ppm. HR-MS (ESI) m/z calcd for 

C32H29NO6 [M+Na]+ 546.18871, found 546.18845. 

 

tert-butyl (2-((7aR,10S,10aS)-7a-(2-fluorophenyl)-9-oxo-7a,9,10,10a-tetrahydrofur

o[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3f) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 40:1) in 80% yield as white solid. The enantiomeric excess was determined to be 90% ee by 

HPLC analysis on a Daicel Chiralpak IA column: 90/10 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

254 nm, tminor = 7.7 min, tmajor = 9.1 min; [α]D
25 = -74.0 (c = 0.52, CHCl3), m.p. 93 – 95 oC. 1H NMR (400 

MHz, CDCl3) δ 7.93 – 7.90 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.74 (td, J = 7.6, 1.6 Hz, 1H), 7.56 – 7.47 

(m, 2H), 7.46 – 7.39 (m, 2H), 7.36 – 7.32 (m, 1H), 7.31 – 7.28 (m, 2H), 7.24 – 7.21 (m, 1H), 6.99 (t, J = 

7.2 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 5.09 (s, 1H), 4.71 (d, J = 2.8 Hz, 1H), 1.43 (s, 9H) ppm. 13C NMR 

(100 MHz, CDCl3) δ 13C NMR (101 MHz, ) δ 175.3, 160.3 (d, JCF = 250.7 Hz), 154.4, 153.8, 137.3, 132.4 

(d, JCF = 8.5 Hz), 131.7, 130.7, 129.6, 129.5, 129.1, 128.3, 127.6 (d, JCF = 2.5 Hz), 125.8, 125.3, 125.1, 

125.0, 124.6 (d, JCF = 3.9 Hz), 124.4, 121.9, 118.5, 116.9 (d, JCF = 20.7 Hz), 115.5 (d, JCF = 1.7 Hz), 

112.2, 80.8, 54.2, 47.7, 28.4 ppm.19F NMR (376 MHz, CDCl3) δ -112.431 ppm. HR-MS (ESI) m/z calcd 

for C31H26FNO5 [M+Na]+ 534.16872, found 534.16898. 
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tert-butyl (2-((7aR,10S,10aS)-7a-(4-fluorophenyl)-9-oxo-7a,9,10,10a-tetrahydrofu

ro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3g) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 84% yield as white solid. The enantiomeric excess was determined to be 

91% ee by HPLC analysis on a Daicel Chiralpak IA column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 12.8 min, tmajor = 15.6 min; [α]D
25 = -129.0 (c = 0.5, CHCl3), m.p. 88 – 89 

oC. 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.62 – 7.58 (m, 2H), 

7.49 (br s, 1H), 7.48 – 7.41 (m, 2H), 7.39 – 7.35 (m, 1H), 7.31 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 8.0 Hz, 

1H), 7.20 – 7.15 (m, 2H), 7.01 (td, J = 7.6, 0.8 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 4.84 (d, J = 2.8 Hz, 1H), 

4.66 (d, J = 2.8 Hz, 1H), 1.40 (s, 9H) ppm. 13C NMR (100 MHz,CDCl3) δ 175.7, 163.8 (d, JCF = 250.0 

Hz), 154.7, 153.9, 137.3, 133.9 (d, JCF = 3.3 Hz), 131.7, 130.7, 129.6, 129.4 (d, JCF = 23.4 Hz), 128.2, 

127.7 (d, JCF = 8.6 Hz), 126.2, 125.3, 124.6, 121.9, 118.3, 117.3, 116.3, 116.1, 112.2, 80.8, 55.5, 48.4, 

28.4 ppm. 19F NMR (376 MHz,CDCl3) δ -110.712 ppm. HR-MS (ESI) m/z calcd for C31H26FNO5 

[M+Na]+ 534.16872, found 534.16845. 

 

tert-butyl (2-((7aR,10S,10aS)-7a-(2-chlorophenyl)-9-oxo-7a,9,10,10a-tetrahydrofur

o[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3h) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 40:1) in 64% yield as white solid. The enantiomeric excess was determined to be 91% ee by 

HPLC analysis on a Daicel Chiralpak IC column: 95/5 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 254 

nm, tmajor = 8.5 min, tminor = 9.3 min; [α]D
25 = -59.0 (c = 0.53, CHCl3), m.p. 97 – 98 oC. 1H NMR (400 

MHz, CDCl3) δ 7.95 – 7.92 (m, 2H), 7.83 – 7.79 (m, 2H), 7.63 (br s, 1H), 7.58 (dd, J = 8.0, 1.2 Hz, 1H), 

7.51 – 7.46 (m, 2H), 7.45 – 7.41 (m, 1H), 7.40 – 7.29 (m, 4H), 6.90 (t, J = 8.0 Hz, 1H), 6.58 (d, J = 8.0 

Hz, 1H), 5.26 (d, J = 1.6 Hz, 1H), 4.77 (d, J = 2.0 Hz, 1H), 1.45 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) 

δ 175.2, 154.8, 153.8, 137.3, 134.2, 132.9, 131.8, 131.71, 131.68, 130.8, 129.6, 129.5, 129.1, 128.4, 128.3, 

127.3, 125.7, 125.0, 124.4, 121.9, 118.5, 116.9, 112.4, 80.8, 53.4, 47.2, 28.4 ppm. HR-MS (ESI) m/z calcd 

for C31H26ClNO5 [M+Na]+ 550.13917, found 550.13946 
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tert-butyl (2-((7aR,10S,10aS)-7a-(4-chlorophenyl)-9-oxo-7a,9,10,10a-tetrahydrofu

ro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3i) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 76% yield as white solid. The enantiomeric excess was determined to be 

93% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 8.6 min, tmajor = 9.9 min; [α]D
25 = -57.0 (c = 0.5, CHCl3), m.p. 92 – 94 oC. 

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 7.2 Hz, 1H), 7.47 (dd, J = 6.8, 2.0 

Hz, 2H), 7.41 – 7.35 (m, 4H), 7.34 – 7.26 (m, 2H), 7.23 (d, J = 9.2 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 6.97 

(t, J = 7.6 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 4.78 (d, J = 2.0 Hz, 1H), 4.59 (d, J = 2.8 Hz, 1H), 1.34 (s, 

9H) ppm. 13C NMR (100 MHz, CDCl3) δ 174.5, 153.5, 152.6, 136.0, 135.23, 135.16, 130.7, 129.5, 128.3, 

128.2, 127.3, 125.9, 125.0, 124.2, 123.4, 120.7, 117.0, 116.0, 111.0, 79.7, 54.2, 47.2, 27.2 ppm. HR-MS 

(ESI) m/z calcd for C31H26ClNO5 [M+Na]+ 550.13917, found 550.13931. 

 

tert-butyl (2-((7aR,10S,10aS)-7a-(4-bromophenyl)-9-oxo-7a,9,10,10a-tetrahydrof

uro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3j) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 88% yield as white solid. The enantiomeric excess was determined to be 

92% ee by HPLC analysis on a Daicel Chiralpak IA column: 95/5 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 20.7 min, tmajor = 22.1 min; [α]D
25 = -33.0 (c = 0.5, CHCl3), m.p. 90 – 92 oC. 

1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.8 Hz, 2H), 7.81 (d, J = 7.6 Hz, 1H), 7.62 (dd, J = 6.8, 2.0 

Hz, 2H), 7.49 – 7.45 (m, 3H), 7.44 – 7.35 (m, 3H), 7.31 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.05 

(td, J = 7.6, 0.8 Hz, 1H), 6.79 (d, J = 7.6 Hz, 1H), 4.84 (d, J = 2.8 Hz, 1H), 4.66 (d, J = 2.8 Hz, 1H), 1.41 

(s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.6, 154.7, 153.8, 137.2, 137.0, 132.3, 131.9, 130.7, 129.6, 

129.5, 129.3, 128.5, 127.3, 126.2, 125.5, 124.6, 121.9, 118.3, 117.2, 112.2, 80.9, 55.4, 48.5, 28.3 ppm. 

HR-MS (ESI) m/z calcd for C31H26BrNO5 [M+Na]+ 594.08866, found 594.08910. 
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tert-butyl (2-((7aR,10S,10aS)-7a-(4-nitrophenyl)-9-oxo-7a,9,10,10a-tetrahydrofu

ro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3k) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 30:1) in 91% yield as white solid. The enantiomeric excess was determined to be 

94% ee by HPLC analysis on a Daicel Chiralpak IA column: 90/10 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 20.1 min, tmajor = 23.9 min; [α]D
25 = -44.0 (c = 0.5, CHCl3), m.p. 105 – 106 

oC. 1H NMR (400 MHz, CDCl3) δ 8.36 – 8.33 (dd, J = 10.8, 2.4 Hz, 2H), 7.96 – 7.93 (m, 2H), 7.82 – 7.79 

(m, 3H), 7.48 – 7.43 (m, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.33 (d, J = 9.2 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 

7.05 (t, J = 7.6 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 4.88 (d, J = 2.8 Hz, 1H), 4.67 (d, J = 3.2 Hz, 1H), 1.41 

(s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.3, 154.6, 153.8, 149.1, 144.5, 137.2, 132.2, 130.8, 129.6, 

129.53, 129.49, 128.7, 126.9, 125.6, 124.8, 124.3, 121.9, 118.0, 116.3, 112.1, 81.0, 55.6, 48.6, 28.3 ppm. 

HR-MS (ESI) m/z calcd for C31H26N2O7 [M+Na]+ 561.16322, found 561.15395. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-7a-(4-(trifluoromethyl)phenyl)-7a,9,10,10a-t

etrahydrofuro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3l) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 30:1) in 71% yield as white solid. The enantiomeric excess was determined to be 

92% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 254 nm, tminor = 6.9 min, tmajor = 12.7 min; [α]D
25 = -125.0 (c = 0.5, CHCl3), m.p. 140 – 141 

oC. 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 9.2 Hz, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.67 (dd, J = 11.2, 

8.8 Hz, 4H), 7.40 – 7.28 (m, 4H), 7.25 (d, J = 8.8 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 6.96 (t, J = 7.6 Hz, 

1H), 6.68 (d, J = 8.0 Hz, 1H), 4.80 (d, J = 2.4 Hz, 1H), 4.59 (d, J = 2.8 Hz, 1H), 1.33 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 175.6, 154.7, 153.8, 141.7, 137.2, 132.4 (q, J = 32.7 Hz), 132.0, 130.7, 129.5, 

129.4, 128.6, 126.1, 125.5, 124.7, 123.8 (q, J = 272.5 Hz), 121.9, 118.1, 116.8, 112.1, 80.9, 55.5, 48.5, 

28.3 ppm. 19F NMR (376 MHz, CDCl3) δ -62.669 ppm. HR-MS (ESI) m/z calcd for C32H26F3NO5 

[M+Na]+ 584.16553, found 584.16492. 
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tert-butyl (2-((7aR,10S,10aS)-7a-(naphthalen-2-yl)-9-oxo-7a,9,10,10a-tetrahydr

ofuro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3m) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 30:1) in 92% yield as white solid. The enantiomeric excess was determined to be 

90% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tmajor= 8.7 min, tminor = 14.4 min; [α]D
25 = -89.0 (c = 0.56, CHCl3), m.p. 100 – 102 

oC. 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 7.99 – 7.89 (m, 5H), 7.81 (d, J = 8.0 Hz, 1H), 7.64 – 7.52 

(m, 4H), 7.49 – 7.41 (m, 2H), 7.36 (d, J = 8.8 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.26 – 7.25 (m, 2H), 6.89 

(t, J = 7.6 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 5.00 (d, J = 2.4 Hz, 1H), 4.73 (d, J = 2.4 Hz, 1H), 1.42 (s, 

9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.9, 154.9, 153.9, 137.2, 134.9, 134.0, 132.9, 131.8, 130.7, 

129.7, 129.5, 129.4, 129.1, 128.9, 128.4, 127.9, 127.5, 127.1, 126.3, 125.4, 125.1, 124.5, 122.6, 122.0, 

118.5, 117.9, 112.3, 80.8, 55.4, 48.5, 28.3 ppm. HR-MS (ESI) m/z calcd for C35H29NO5 [M+Na]+ 

566.19379, found 566.19430. 

 

tert-butyl (2-((7aS,10S,10aS)-7a-methyl-9-oxo-7a,9,10,10a-tetrahydrofuro[2,3-b]nap

htho[1,2-d]furan-10-yl)phenyl)carbamate (3n) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 30:1) in 60% yield as white solid. The enantiomeric excess was determined to be 83% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 95/5 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 254 

nm, tminor = 11.1 min, tmajor = 21.3 min; [α]D
25 = -118.0 (c = 0.5, CHCl3), m.p. 150 – 152 oC. 1H NMR (400 

MHz, CDCl3) δ 7.88 – 7.81 (m, 3H), 7.47 – 7.35 (m, 5H), 7.29 (d, J =7.6 Hz, 1H), 7.20 (d, J = 8.8 Hz, 

2H), 4.64 (d, J = 3.6 Hz, 1H), 4.46 (d, J = 3.6 Hz, 1H), 2.12 (s, 3H), 1.43 (s, 9H) ppm. 13C NMR (100 

MHz, CDCl3) δ 175.6, 154.4, 154.0, 137.2, 131.4, 130.4, 129.7, 129.38, 129.36, 128.2, 126.6, 125.6, 

124.3, 122.1, 119.0, 117.9, 112.2, 80.9, 52.2, 49.6, 28.4, 24.8 ppm. HR-MS (ESI) m/z calcd for C26H25NO5 

[M+Na]+ 454.16249, found 454.16281. 
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tert-butyl (4-methoxy-2-((7aR,10S,10aS)-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrof

uro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3o) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 20:1) in 90% yield as white solid. The enantiomeric excess was determined to be 90% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

215 nm, tmajor = 9.1 min, tminor = 11.7 min; [α]D
25 = -172.0 (c = 0.5, CHCl3), m.p. 103 – 105 oC. 1H NMR 

(400 MHz, CDCl3) δ 7.93 – 7.90 (m, 2H), 7.67 – 7.65 (m, 2H), 7.58 (d, J = 7.2 Hz, 1H), 7.52 – 7.49 (m, 

3H), 7.46 (d, J = 7.2 Hz, 1H), 7.41 (t, J = 7.2 Hz, 1H), 7.32 – 7.30 (m, 2H), 7.09 (br s, 1H), 6.87 (dd, J = 

8.8, 2.8 Hz, 1H), 6.25 (d, J = 2.4 Hz, 1H), 4.85 (d, J = 1.6 Hz, 1H), 4.69 (d, J = 2.4 Hz, 1H), 3.33 (s, 3H), 

1.39 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.4, 157.5, 154.8, 154.4, 138.1, 131.8, 130.7, 130.2, 

129.7, 129.6, 129.5, 129.2, 128.7, 128.4, 125.7, 124.5, 122.0, 118.3, 117.5, 115.6, 112.2, 110.9, 80.5, 56.0, 

55.1, 48.5, 28.4 ppm. HR-MS (ESI) m/zcalcd for C32H29NO6 [M+Na]+ 546.18871, found 546.18895. 

 

tert-butyl (5-chloro-2-((7aR,10S,10aS)-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrofur

o[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3p) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 40:1) in 84% yield as white solid. The enantiomeric excess was determined to be 

93% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 254 nm, tminor = 5.1 min, tmajor = 5.5 min; [α]D
25 = -86.0 (c = 0.5, CHCl3), m.p. 113 – 114 oC. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.92 (m, 3H), 7.73 (br s, 1H), 7.60 – 7.58 (m, 2H), 7.53 – 7.49 (m, 

3H), 7.48 – 7.41 (m, 2H), 7.33 (d, J = 9.2 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 6.95 (dd, J = 8.8, 2.4 Hz, 1H), 

6.67 (d, J = 8.8 Hz, 1H), 4.86 (d, J = 2.4 Hz, 1H), 4.61 (d, J = 2.8 Hz, 1H), 1.44 (s, 9H) ppm. 13C NMR 

(100 MHz, CDCl3) δ 175.5, 154.9, 153.4, 138.6, 137.6, 134.9, 131.9, 130.7, 130.3, 129.6, 129.5, 129.2, 

128.5, 127.2, 125.5, 125.3, 124.9, 124.6, 121.7, 118.0, 117.8, 112.3, 81.3, 55.4, 48.0, 28.3 ppm. HR-MS 

(ESI) m/z calcd for C31H26ClNO5 [M+Na]+ 550.13917, found 550.13945. 
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tert-butyl (5-bromo-2-((7aR,10S,10aS)-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrofu

ro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3q) 

1 mmol scale reaction: The reaction was carried out with 3-ylideneoxidole 1q (1 mmol, 

427mg), 2-naphthol 2q (1.5 mmol, 216mg) and catalyst F (32 mg, 5 mol %) in toluene 

(4 mL) at 0 oC for 48 h following the general procedure to furnish the crude product. The title compound 

was isolated by column chromatography (Petroleum Ether/Ethyl Acetate = 40:1) in 89% yield as white 

solid. The enantiomeric excess was determined to be 94% ee by HPLC analysis on a Daicel Chiralpak 

AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 254 nm, tminor = 5.3 min, tmajor = 5.8 min; 

[α]D
25 = -67.0 (c = 0.5, CHCl3), m.p. 120 – 122 oC. 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.94 – 

7.92 (m, 2H), 7.72 (br s, 1H), 7.60 – 7.58 (m, 2H), 7.52 – 7.46 (m, 4H), 7.45 – 7.41 (m, 1H), 7.33 (d, J = 

9.2 Hz, 1H), 7.20 (d, J= 8.0 Hz, 1H), 7.10 (dd, J = 8.4, 2.0 Hz, 1H), 6.61 (d, J = 8.8 Hz, 1H), 4.85 (d, J = 

2.0 Hz, 1H), 4.60 (d, J = 2.4 Hz, 1H), 1.44 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.5, 154.8, 

153.3, 138.7, 137.4, 131.9, 130.7, 130.3, 129.6, 129.5, 129.2, 128.5, 128.0, 127.8, 127.4, 125.4, 124.6, 

122.8, 121.7, 117.9, 117.8, 112.3, 81.3, 55.2, 48.0, 28.3 ppm. HR-MS (ESI) m/z calcd for C31H26BrNO5 

[M+Na]+ 594.08866, found 594.08910. 

 

tert-butyl (2-((7aR,10S,10aS)-3-methoxy-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrof

uro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3r) 

The reaction was carried out following the general procedure, but running the reaction 

over 72 hours, to furnish the crude product. The title compound was isolated by column 

chromatography (Petroleum Ether/Ethyl Acetate = 20:1) in 62% yield as white solid. The enantiomeric 

excess was determined to be 90% ee by HPLC analysis on a Daicel Chiralpak AD column: 95/5 n-

hexane/i-PrOH, flow rate 1.00 mL/min, λ = 215 nm, tminor = 31.3 min, tmajor = 35.0 min; [α]D
25 = -156.0 (c 

= 0.5, CHCl3), m.p. 95 – 96 oC. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 9.2 Hz, 2H), 7.61 – 7.59 (m, 

2H), 7.53 (br s, 1H), 7.51 – 7.48 (m, 3H), 7.36 – 7.32 (m, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.24 (t, J = 1.2 

Hz, 1H), 7.14 (d, J = 1.2 Hz, 2H), 6.98 (t, J = 7.2 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 4.85 (d, J = 2.8 Hz, 

1H), 4.64 (d, J = 2.8 Hz, 1H), 3.91 (s, 3H), 1.43 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.9, 156.7, 

153.9, 153.3, 137.9, 137.3, 131.8, 130.2, 130.1, 129.2, 129.1, 126.4, 125.6, 125.2, 124.9, 123.3, 112.6, 
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107.9, 80.8, 55.6, 55.5, 48.6, 28.4 ppm. HR-MS (ESI) m/z calcd for C32H29NO6 [M+Na]+ 546.18871, 

found 546.18859. 

tert-butyl (2-((7aR,10S,10aS)-2-methoxy-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrof

uro[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3s) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 20:1) in 67% yield as white solid. The enantiomeric excess was determined to be 95% eeby 

HPLC analysis on a Daicel Chiralpak IA column: 95/5 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 215 

nm, tminor = 12.0 min, tmajor = 15.8 min; [α]D
25 = -237.0 (c = 0.5, CHCl3), m.p. 85 – 87 oC. 1H NMR (400 

MHz, CDCl3) δ 7.81 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.63 – 7.61 

(m, 2H), 7.51 – 7.48 (m, 3H), 7.34 (td, J = 8.0, 1.2 Hz, 1H), 7.24 (br s, 1H), 7.16 (d, J = 8.8 Hz, 1H), 7.05 

(d, J = 7.6 Hz, 1H), 7.01 (dd, J = 8.8, 2.4 Hz, 1H), 6.87 (d, J = 7.6 Hz, 1H), 6.33 (d, J = 2.4 Hz, 1H), 4.80 

(d, J = 3.2 Hz, 1H), 4.64 (d, J = 3.6 Hz, 1H), 3.54 (s, 3H), 1.39 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) 

δ 175.7, 159.6, 155.6, 153.8, 138.1, 137.1, 131.2, 131.0, 130.2, 129.11, 129.10, 126.9, 126.6, 125.9, 125.5, 

125.4, 117.9, 117.6, 117.5, 109.4, 99.8, 80.9, 55.5, 55.2, 48.4, 28.3 ppm. HR-MS (ESI) m/z calcd for 

C32H29NO6 [M+Na]+ 546.18871, found 546.18866. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-3,7a-diphenyl-7a,9,10,10a-tetrahydrofuro[2,3-

b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3t) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 40:1) in 67% yield as white solid. The enantiomeric excess was determined to be 91% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

254 nm, tminor = 8.5 min, tmajor = 9.4 min; [α]D
25 = -198.0 (c = 0.5, CHCl3), m.p. 120 – 122 oC. 1H NMR 

(400 MHz, CDCl3) δ 8.13 (d, J = 1.6 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.73 (dd, 

J = 8.4, 1.6 Hz, 1H), 7.68 – 7.66 (m, 2H), 7.64 – 7.61 (m, 2H), 7.57 (br s, 1H), 7.52 – 7.50 (m, 3H), 7.49 

– 7.46 (m, 2H), 7.40 – 7.34 (m, 3H), 7.31 (d, J = 8.8 Hz, 1H), 7.01 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.6 Hz, 

1H), 4.92 (d, J = 2.4 Hz, 1H), 4.71 (d, J = 2.8 Hz, 1H), 1.42 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 

175.8, 155.0, 153.9, 140.7, 137.7, 137.3, 137.2, 132.1, 131.0, 130.2, 129.2, 129.1, 128.7, 128.1, 127.6, 
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127.3, 126.3, 125.5, 125.3, 122.5, 118.4, 117.8, 112.7, 80.8, 55.4, 48.5, 28.3 ppm. HR-MS (ESI) m/z calcd 

for C37H31NO5 [M+Na]+ 592.20944, found 592.20903. 

 

tert-butyl (2-((7aR,10S,10aS)-9-oxo-2,7a-diphenyl-7a,9,10,10a-tetrahydrofuro[2,3-

b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3u) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 40:1) in 76% yield as white solid. The enantiomeric excess was determined to be 95% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

254 nm, tmajor = 12.0 min, tminor = 23.7 min; [α]D
25 = -368.0 (c = 0.57, CHCl3), m.p. 112 – 114 oC. 1H NMR 

(400 MHz, CDCl3) δ 8.00 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 5.2 Hz, 1H), 7.68 (dd, 

J = 8.8, 2.0 Hz, 1H), 7.64 – 7.62 (m, 2H), 7.52 – 7.49 (m, 3H), 7.45 – 7.31 (m, 9H), 7.32 – 7.30 (m, 1H), 

6.98 (t, J = 7.6 Hz, 1H), 6.80 (d, J = 7.6 Hz, 1H), 4.90 (d, J = 2.8 Hz, 1H), 4.80 (s, 1H), 1.37 (s, 9H) ppm. 

13C NMR (100 MHz, CDCl3) δ 175.7, 155.3, 153.6, 141.2, 140.4, 137.8, 137.2, 131.4, 130.2, 130.0, 129.7, 

129.2, 129.1, 127.9, 127.6, 126.5, 125.5, 125.2, 124.3, 119.8, 118.8, 117.8, 112.2, 80.8, 55.4, 48.7, 28.3 

ppm. HR-MS (ESI) m/z calcd for C37H31NO5 [M+Na]+ 592.20944, found 592.20890. 

 

tert-butyl (2-((7aR,10S,10aS)-3-bromo-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrofur

o[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3v) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 30:1) in 61% yield as white solid. The enantiomeric excess was determined to 

be 92% ee by HPLC analysis on a Daicel Chiralpak AD column: 80/20 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 254 nm, tminor = 6.5 min, tmajor = 10.4 min; [α]D
25 = -149.0 (c = 0.5, CHCl3), m.p. 88 – 90 oC. 

1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 2.0 Hz, 1H), 7.75 (d, J = 9.2 Hz, 1H), 7.71 (d, J = 7.6 Hz, 1H), 

7.54 – 7.51 (m, 2H), 7.46 – 7.41 (m, 4H), 7.31 – 7.28 (m, 1H), 7.28 – 7.25 (m, 1H), 7.02 (d, J = 9.2 Hz, 

1H), 6.94 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 8.0 Hz, 1H), 4.77 (d, J = 2.8 Hz, 1H), 4.53 (d, J = 2.8 Hz, 1H), 

1.35 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 174.4, 154.0, 152.7, 136.4, 135.9, 130.6, 130.5, 130.3, 
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129.7, 129.1, 128.1, 128.0, 126.9, 125.2, 124.4, 124.3, 122.5, 117.7, 117.0, 116.5, 112.2, 79.8, 54.3, 47.3, 

27.2 ppm. HR-MS (ESI) m/z calcd for C31H26BrNO5 [M+Na]+ 594.08866, found 594.07169. 

 

tert-butyl (2-((7aR,10S,10aS)-2-bromo-9-oxo-7a-phenyl-7a,9,10,10a-tetrahydrofur

o[2,3-b]naphtho[1,2-d]furan-10-yl)phenyl)carbamate (3w) 

The reaction was carried out following the general procedure to furnish the crude product. 

The title compound was isolated by column chromatography (Petroleum Ether/Ethyl 

Acetate = 30:1) in 60% yield as white solid. The enantiomeric excess was determined to be 96% ee by 

HPLC analysis on a Daicel Chiralpak AD column: 85/15 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 

215 nm, tminor = 13.3 min, tmajor = 19.6 min; [α]D
25 = -186.0 (c = 0.5, CHCl3), m.p. 82 – 83 oC. 1H NMR 

(400 MHz, CDCl3) δ 7.87 (d, J = 9.2 Hz, 1H), 7.78 – 7.75 (m, 2H), 7.60 – 7.58 (m, 2H), 7.51 – 7.47 (m, 

2H), 7.38 – 7.34 (m, 2H), 7.32 (d, J = 8.8 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 4.80 

(d, J = 3.2 Hz, 1H), 4.57 (d, J = 3.2 Hz, 1H), 1.42 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 175.4, 

155.8, 153.7, 137.6, 137.1, 131.8, 131.1, 130.9, 130.3, 129.4, 129.1, 129.0, 128.0, 126.9, 125.5, 125.4, 

124.3, 122.8, 118.0, 117.7, 112.7, 80.9, 55.4, 48.9, 28.3 ppm. HR-MS (ESI) m/z calcd for C31H26BrNO5 

[M+Na]+ 594.08866, found 594.08910. 

 

tert-butyl (2-((3S,3aS,8aR)-4,6-dimethoxy-2-oxo-8a-phenyl-2,3,3a,8a-tetrahydrof

uro[2,3-b]benzofuran-3-yl)phenyl)carbamate (3x) 

The reaction was carried out following the general procedure to furnish the crude 

product. The title compound was isolated by column chromatography (Petroleum 

Ether/Ethyl Acetate = 20:1) in 85% yield as white solid. The enantiomeric excess was determined to be 

96% ee by HPLC analysis on a Daicel Chiralpak IC column: 90/10 n-hexane/i-PrOH, flow rate 1.00 

mL/min, λ = 215 nm, tminor = 14.8 min, tmajor = 16.6 min; [α]D
25 = +39.0 (c = 0.5, CHCl3), m.p. 92 – 94 oC. 

1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.0 Hz, 1H), 7.71 (s, 1H), 7.53 – 7.50 (m, 2H), 7.42 – 7.38 (m, 

3H), 7.25 – 7.21 (m, 1H), 6.87 – 6.83 (m, 1H), 6.71 (dd, J = 8.0, 1.2 Hz, 1H), 6.23 (dd, J = 5.6, 2.0 Hz, 

2H), 4.50 (d, J = 2.0 Hz, 1H), 4.30 (d, J = 1.6 Hz, 1H), 3.92 (s, 3H), 3.82 (s, 3H), 1.54 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 175.5, 163.4, 159.0, 156.5, 153.5, 137.4, 136.7, 130.0, 128.8, 128.6, 127.0, 
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126.8, 125.6, 124.2, 124.0, 118.0, 105.5, 93.4, 89.3, 80.9, 56.2, 55.9, 54.3, 48.2, 28.5 ppm. HR-MS (ESI) 

m/z calcd for C29H29NO7 [M+Na]+ 526.18362, found 526.18307. 

 

3. Synthesis of 5 

 

To solution of 3q (114.2 mg, 0.2 mmol) in toluene (4 mL) was added DIBAL-H (1.0 mol/L in hexanes) 

at -78 oC and stirred until completed disappearance of the starting material (monitored by TLC, 8 h).Then 

the reaction was quenched by saturated ammonium chloride. The mixture was extracted with ethyl acetate 

and the organic phase was washed with saturated ammonium chloride, dried over Na2SO4, filtered and 

evaporated. The crude product was dissolved in a CH2Cl2 (2 ml) solution of Et3N (30.3 mg, 0.3 mmol) 

and DMAP (2.5 mg, 0.02 mmol). Then methanesulfonyl chloride (23 mg, 0.2 mmol) was added dropwise 

at 0 oC. The reaction mixture was stirred at rt until complete disappearance of the starting materials 

(monitored by TLC, 14 h). Then saturated ammonium chloride was added to quench the reaction. The 

mixture was extracted with EA and washed with saturated sodium chloride, the organic phase was dried 

over Na2SO4. After evaporation of the volatile, the residue was purified by silica gel column 

chromatography (Petroleum Ether/EtOAc =20:1) to obtained the product 5 in 30% yield as a white solid. 

The enantiomeric excess was determined to be 94% ee by HPLC analysis on a Daicel Chiralpak AD 

column: 80/20 n-hexane/i-PrOH, flow rate 1.00 mL/min, λ = 254 nm, tmajor= 4.1 min, tminor = 5.4 min; 

[α]D
25 = +304.0 (c = 0.5, CHCl3), m.p. 148 – 150 oC. 1H NMR (400 MHz, CDCl3) δ 8.20 (br s, 1H),7.91 

(d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.43 – 7.39 

(m, 1H), 7.33 (dd, J = 12.4, 8.4 Hz, 2H), 7.26 – 7.25 (m, 1H), 7.24 – 7.22 (m, 5H), 6.35 (s, 1H), 4.51 (s, 

1H), 4.21 (d, J = 5.2 Hz, 1H), 1.59 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 155.9, 151.6, 139.8, 131.0, 

130.0, 129.6, 128.9, 128.5, 127.7, 126.6, 125.5, 125.2, 123.7, 122.7, 121.3, 120.4, 119.1, 117.9, 112.4, 
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95.3, 58.9, 51.7, 28.4 ppm. HR-MS (ESI) m/z calcd for C31H26BrNO4 [M+Na]+ 578.09374, found 

578.09340. 
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5. Crystal Data of 3j 

  

Identification code  3j 

Empirical formula  C31H26BrNO5 

Formula weight  1231.04 

Temperature  150.0 K 

Wavelength  1.54178 Å 

Crystal system  Triclinic 

Space group  P1 

Unit cell dimensions a = 10.1246(4) Å α = 92.396(2)°. 

 b = 10.7766(4) Å β = 96.373(2)°. 

 c = 14.6208(5) Å γ = 104.996(2)°. 

Volume 1527.27(10) Å3 

Z 1 

Density (calculated) 1.338 Mg/m3 

Absorption coefficient 2.170 mm-1 

F(000) 638 

Crystal size 0.12 × 0.11 × 0.11 mm3 

Theta range for data collection 4.259 to 72.115°. 

Index ranges -12<=h<=12, -13<=k<=13, -17<=l<=9 

Reflections collected 19940 

Independent reflections 7654 [R(int) = 0.0327] 

Completeness to theta = 67.679° 98.3 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.0872 and 0.0108 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7654 / 3 / 747 
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Goodness-of-fit on F2 1.125 

Final R indices [I>2sigma(I)] R1 = 0.0565, wR2 = 0.1440 

R indices (all data) R1 = 0.0584, wR2 = 0.1474 

Absolute structure parameter 0.040(13) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.707 and -0.336 e.Å-3 
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6. 1H NMR, 13C NMR, 19F NMR Spectra 
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FigureS1. 2D-COSY Spectrum and Structure Assignment of Compound 6. 
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7. HPLC Chromatography 
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