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1. General Information  

Unless otherwise noted, all experiments were carried out in flame-dried glassware using 

argon manifolds or in a glovebox. Reactions were monitored by thin-layer 

chromatography (TLC). TLC was performed using Huanghai 8±0.2 μm precoated glass 

plates (0.25 mm) and visualized by UV fluorescence quenching and KMnO4. Huanghai 

silica gel (particle size 200 – 300 mesh) was used for chromatography. 1H NMR spectra 

were recorded at room temperature on a Bruker ADVANCE III 400 MHz spectrometer 

and were reported relative to residual CDCl3 (δ 7.26 ppm) or acetone-d6 (δ 2.05 ppm). 

13C NMR spectra were recorded on a Bruker ADVANCE III 400 MHz spectrometer 

(100 MHz) and were reported relative to CDCl3 (δ 77.00 ppm) or acetone-d6 (δ 29.80 

ppm). 19F NMR spectra were recorded on a Bruker ADVANCE III 400 MHz 

spectrometer (376 MHz). Data for 1H NMR were reported as chemical shift (δ ppm) 

(multiplicity, coupling constant (Hz), integration) using standard abbreviations for 

multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Data for 

13C NMR and 19F NMR were reported in terms of chemical shifts (δ ppm). High 

resolution mass spectra (HRMS) were obtained by use of a Bruker Compact TOF mass 

spectrometer in electrospray ionization mode (ESI+). Single crystal diffraction data 

were collected using a Bruker SMART APEXII diffractometer. Enantiomeric ratios (er) 

were determined by an Agilent 1260 Series HPLC utilizing DAICEL Chiralpak (AD-

H, IB, AS-H or IC) or Chiralcel (OD-H, OJ-H) columns (4.6 mm x 250 mmL). Optical 

rotations were measured with a Perkin Elmer 343 Polarimeter and were reported as: 

[]D
T (concentration in g/100 mL, solvent).  

Unless otherwise noted, all reagents were purchased commercially and used without 

further purification. Petroleum ether (PE) (60 ~ 90 oC), ethyl acetate (EA) and 

dichloromethane (DCM) were used as eluent for silica gel chromatography. Dry 

solvents were purchased commercially or were dried by passage through an activated 

alumina column under argon.1 
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2. General Procedure for Preparation of Substrates 1a – 1z and 1ab 

 

Synthesis of 2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile (1a): 

General Procedure:2 To a solution of ethyl cyanoacetate (1.13 g, 10.0 mmol, 1 equiv) 

in acetonitrile (30 mL) was added anhydrous potassium carbonate (5.52 g, 40.0 mmol, 

4 equiv), and the mixture was stirred at room temperature for 30 min. Then, 2-

bromobenzyl bromide (5.00 g, 20.0 mmol, 2 equiv) was added slowly and the mixture 

was stirred at ambient temperature until the starting material was reacted completely. 

The resulted suspension was filtered to remove the solid and the solid was washed with 

EA (30 mL). The filtrates were concentrated under reduced pressure to give a crude 

residue which was used directly for next step without further purification.  

The residue obtained above was dissolved in ethanol (30 mL) and sodium borohydride 

(1.14 g, 30.0 mmol, 3 equiv) was added slowly at 0 oC. The mixture was warmed up to 

room temperature and stirred for 12 h. Then, the reaction was quenched by saturated 

ammonium chloride aqueous solution and the aqueous layer was extracted by EA (30 

mL x 3). The combined organic phase was washed with brine, dried over anhydrous 

sodium sulfate, and concentrated under reduced pressure to give a crude mixture. The 

desired product was purified by flash column chromatography to provide the desired 

product 1a (3.40 g) in 84% yield as a white solid. Rf = 0.3 (PE : EA = 5 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.59 (dd, J = 8.0, 1.2 Hz, 2H), 7.52 (dd, J = 7.6, 1.2 Hz, 2H), 7.31 

(td, J = 7.6, 1.2 Hz, 2H), 7.16 (td, J = 8.0, 1.6 Hz, 2H), 3.75 (s, 2H), 3.35 (AB, J = 14.0 

Hz, 2H), 3.20 (BA, J = 14.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 134.9, 133.1, 

132.3, 129.2, 127.7, 125.9, 121.1, 64.4, 47.2, 38.3. HRMS (ESI+) m/z calc’d for 

C17H15Br2NONa [M+Na]+: 429.9413, found 429.9415. 

 

2,2-Bis(2-bromo-5-methylbenzyl)-3-hydroxypropanenitrile (1b): 
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Following the general procedure, the desired product 1b (0.76 g) was obtained in 59% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

1-bromo-2-(bromomethyl)-4-methylbenzene (1.58 g, 6.0 mmol). Rf = 0.4 (PE : EA = 

5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 2.0 Hz, 2H), 

6.97 (dd, J = 8.4, 2.0 Hz, 2H), 3.74 (s, 2H), 3.30 (AB, J = 14.1 Hz, 2H), 3.14 (BA, J = 

14.1 Hz, 2H), 2.31 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 137.7, 134.5, 133.0, 132.8, 

130.1, 122.5, 121.2, 64.6, 47.2, 38.2, 20.9. HRMS (ESI+) m/z calc’d for 

C19H19Br2NONa [M+Na]+: 457.9726, found 457.9728. 

 

2,2-Bis(2-bromo-4-methylbenzyl)-3-hydroxypropanenitrile (1c): 

Following the general procedure, the desired product 1c (0.59 g) was obtained in 90% 

yield as a white solid over two steps from ethyl cyanoacetate (170.0 mg, 1.5 mmol) and 

2-bromo-1-(bromomethyl)-4-methylbenzene (0.79 g, 3.0 mmol). Rf = 0.2 (PE : EA = 

10 : 1). 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 1.2 Hz, 2H), 7.39 (d, J = 7.9 Hz, 

2H), 7.12 (dd, J = 8.0, 1.2 Hz, 2H), 3.72 (s, 2H), 3.29 (AB, J = 14.0 Hz, 2H), 3.14 (BA, 

J = 14.0 Hz, 2H), 2.32 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 139.3, 133.5, 132.0, 

131.7, 128.6, 125.6, 121.3, 64.4, 47.3, 37.9, 20.6. HRMS (ESI+) m/z calc’d for 

C19H19Br2NONa [M+Na]+: 457.9726, found 457.9719. 

 

2,2-Bis(2-bromo-5-methoxybenzyl)-3-hydroxypropanenitrile (1d): 

Following the general procedure, the desired product 1d (1.14 g) was obtained in 81% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

1-bromo-2-(bromomethyl)-4-methoxybenzene (1.67 g, 6.0 mmol). Rf = 0.3 (PE : EA = 

5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.8 Hz, 2H), 7.11 (d, J = 3.2 Hz, 2H), 

6.76 (dd, J = 8.8, 3.2 Hz, 2H), 3.82 (s, 6H), 3.77 (s, 2H), 3.34 (AB, J = 14.1 Hz, 2H), 

3.17 (BA, J = 14.1 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 158.9, 135.7, 133.6, 121.4, 
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117.1, 116.1, 115.7, 64.4, 55.5, 47.1, 38.6. HRMS (ESI+) m/z calc’d for 

C19H19Br2NO3Na [M+Na]+: 489.9624, found 489.9629. 

 

2,2-Bis(2-bromo-4-methoxybenzyl)-3-hydroxypropanenitrile (1e): 

Following the general procedure, the desired product 1e (1.10 g) was obtained in 78% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

2-bromo-1-(bromomethyl)-4-methoxybenzene (1.67 g, 6.0 mmol). Rf = 0.3 (PE : EA = 

5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 2.4 Hz, 2H), 

6.87 (dd, J = 8.4, 2.8 Hz, 2H), 3.79 (s, 6H), 3.72 (s, 2H), 3.25 (AB, J = 14.3 Hz, 2H), 

3.12 (BA, J = 14.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 159.3, 132.6, 126.7, 126.0, 

121.4, 118.2, 113.9, 64.3, 55.5, 47.4, 37.5. HRMS (ESI+) m/z calc’d for C19H20Br2NO3 

[M+H]+: 467.9804, found 467.9801. 

 

2,2-Bis(2-bromo-4,5-dimethoxybenzyl)-3-hydroxypropanenitrile (1f): 

Following the general procedure, the desired product 1f (2.04 g) was obtained in 97% 

yield as a white solid over two steps from ethyl cyanoacetate (452.0 mg, 4.0 mmol) and 

1-bromo-2-(bromomethyl)-4,5-dimethoxybenzene (2.46 g, 8.0 mmol). Rf = 0.2 (PE : 

EA = 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.04 (s, 2H), 7.00 (s, 2H), 3.86 (s, 6H), 3.85 

(s, 6H), 3.70 (s, 2H), 3.25 (AB, J = 14.0 Hz, 2H), 3.07 (BA, J = 14.0 Hz, 2H). 13C NMR 

(100 MHz, CDCl3) δ 148.7, 148.3, 126.7, 121.9, 115.6, 115.3, 114.2, 64.4, 56.1, 56.0, 

47.3, 38.2. HRMS (ESI+) m/z calc’d for C21H24Br2NO5 [M+H]+: 528.0016, found 

528.0017. 

 

3-(6-Bromobenzo[d][1,3]dioxol-5-yl)-2-((6-bromobenzo[d][1,3]dioxol-5-

yl)methyl)-2-(hydroxymethyl)propanenitrile (1g): 
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Following the general procedure, the desired product 1g (1.58 g) was obtained in 98% 

yield as a white solid over two steps from ethyl cyanoacetate (380.0 mg, 3.3 mmol) and 

5-bromo-6-(bromomethyl)benzo[d][1,3]dioxole (1.91 g, 6.6 mmol). Rf = 0.3 (PE : EA 

= 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.03 (s, 2H), 7.01 (s, 2H), 5.99 (s, 4H), 3.73 (s, 

2H), 3.23 (AB, J = 14.3 Hz, 2H), 3.10 (BA, J = 14.3 Hz, 2H), 2.65 (s, 1H). 13C NMR 

(100 MHz, CDCl3) δ 147.9, 147.6, 127.7, 121.3, 116.2, 112.8, 111.4, 102.0, 64.2, 46.9, 

38.4. HRMS (ESI+) m/z calc’d for C19H15Br2NO5Na [M+Na]+: 517.9209, found 

517.9215. 

 

2,2-Bis(2-bromo-5-fluorobenzyl)-3-hydroxypropanenitrile (1h): 

Following the general procedure, the desired product 1h (1.22 g) was obtained in 92% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

1-bromo-2-(bromomethyl)-4-fluorobenzene (1.61 g, 6.0 mmol). Rf = 0.4 (PE : EA = 5 : 

1). 1H NMR (400 MHz, CDCl3) δ 7.56 (dd, J = 8.8, 5.4 Hz, 2H), 7.28 (dd, J = 9.0, 3.0 

Hz, 2H), 6.92 (ddd, J = 8.8, 7.7, 3.0 Hz, 2H), 3.75 (s, 2H), 3.31 (AB, J = 14.0 Hz, 2H), 

3.19 (BA, J = 14.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.8 (d, J = 247.0 Hz), 

136.7 (d, J = 7.6 Hz), 134.3 (d, J = 8.0 Hz), 120.6, 120.0 (d, J = 3.3 Hz), 119.1 (d, J = 

22.9 Hz), 116.6 (d, J = 22.2 Hz), 64.0, 46.5, 38.3. 19F NMR (376 MHz, CDCl3) δ –

 113.40. HRMS (ESI+) m/z calc’d for C17H13Br2F2NONa [M+Na]+: 465.9224, found 

465.9221. 

  

2,2-Bis(2-bromo-4-fluorobenzyl)-3-hydroxypropanenitrile (1i): 

Following the general procedure, the desired product 1i (1.13 g) was obtained in 97% 

yield as a white solid over two steps from ethyl cyanoacetate (300.0 mg, 2.6 mmol) and 

2-bromo-1-(bromomethyl)-4-fluorobenzene (1.41 g, 5.2 mmol). Rf = 0.4 (PE : EA = 5 : 

1). 1H NMR (400 MHz, CDCl3) δ 7.50 (dd, J = 8.8, 6.0 Hz, 2H), 7.35 (dd, J = 8.0, 2.4 

Hz, 2H), 7.07 (ddd, J = 8.4, 7.8, 2.4 Hz, 2H), 3.73 (s, 2H), 3.30 (AB, J = 14.2 Hz, 2H), 



SI-7 
 

3.16 (BA, J = 14.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 161.6 (d, J = 250.2 Hz), 

133.1 (d, J = 8.0 Hz), 130.7 (d, J = 3.0 Hz), 125.8 (d, J = 9.3 Hz), 120.8, 120.3 (d, J = 

24.2 Hz), 115.1 (d, J = 20.8 Hz), 64.2, 47.1, 37.5. 19F NMR (376 MHz, CDCl3) δ –

 112.02. HRMS (ESI+) m/z calc’d for C17H13Br2F2NONa [M+Na]+: 465.9224, found 

465.9227. 

  

2,2-Bis(2-bromo-4,5-difluorobenzyl)-3-hydroxypropanenitrile (1j): 

Following the general procedure, the desired product 1j (0.83 g) was obtained in 87% 

yield as a white solid over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol) and 

1-bromo-2-(bromomethyl)-4,5-difluorobenzene (1.13 g, 4.0 mmol). Rf = 0.4 (PE : EA 

= 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.49 – 7.33 (m, 4H), 3.72 (s, 2H), 3.26 (AB, J 

= 14.2 Hz, 2H), 3.14 (BA, J = 14.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 149.46 (dd, 

J = 253.8, 13.8 Hz), 149.45 (dd, J = 251.2, 12.1 Hz), 131.4 (dd, J = 6.0, 4.6 Hz), 121.9 

(d, J = 19.7 Hz), 120.40 (d, J = 18.4 Hz), 120.35, 119.2 (dd, J = 7.1, 3.7 Hz), 63.7, 46.4, 

37.6. 19F NMR (376 MHz, CDCl3) δ – (134.95 – 135.08) (m), – (136.54 – 136.66) (m). 

HRMS (ESI+) m/z calc’d for C17H11Br2F4NONa [M+Na]+: 501.9036, found 501.9032. 

 

2,2-Bis(2-bromo-5-chlorobenzyl)-3-hydroxypropanenitrile (1k): 

Following the general procedure, the desired product 1k (1.31 g) was obtained in 91% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

1-bromo-2-(bromomethyl)-4-chlorobenzene (1.69 g, 6.0 mmol). Rf = 0.4 (PE : EA = 5 : 

1). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 2.4 Hz, 2H), 

7.16 (dd, J = 8.8, 2.8 Hz, 2H), 3.75 (s, 2H), 3.29 (AB, J = 14.1 Hz, 2H), 3.17 (BA, J = 

14.1 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 136.4, 134.2, 133.8, 132.1, 129.5, 123.8, 

120.4, 64.0, 46.6, 38.1. HRMS (ESI+) m/z calc’d for C17H13Br2Cl2NONa [M+Na]+: 

497.8633, found 497.8635. 



SI-8 
 

 

2,2-Bis(2-bromo-4-chlorobenzyl)-3-hydroxypropanenitrile (1l): 

Following the general procedure, the desired product 1l (1.23 g) was obtained in 64% 

yield as a colorless oil over two steps from ethyl cyanoacetate (452.0 mg, 4.0 mmol) 

and 2-bromo-1-(bromomethyl)-4-chlorobenzene (2.26 g, 8.0 mmol). Rf = 0.3 (PE : EA 

= 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 2.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 

2H), 7.32 (dd, J = 8.4, 2.0 Hz, 2H), 3.72 (s, 2H), 3.30 (AB, J = 14.0 Hz, 2H), 3.15 (BA, 

J = 14.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 134.3, 133.3, 132.9, 132.8, 128.1, 

126.1, 120.7, 64.2, 47.0, 37.7. HRMS (ESI+) m/z calc’d for C17H13Br2Cl2NONa 

[M+Na]+: 497.8633, found 497.8628. 

 

2,2-Bis(2,4-dibromobenzyl)-3-hydroxypropanenitrile (1m): 

Following the general procedure, the desired product 1m (1.12 g) was obtained in 87% 

yield as a white solid over two steps from ethyl cyanoacetate (260.0 mg, 2.3 mmol) and 

2,4-dibromo-1-(bromomethyl)benzene (1.49 g, 4.6 mmol). Rf = 0.4 (PE : EA = 5 : 1). 

1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 1.6 Hz, 2H), 7.46 (dd, J = 8.0, 2.0 Hz, 2H), 

7.38 (d, J = 8.4 Hz, 2H), 3.72 (s, 2H), 3.29 (AB, J = 14.1 Hz, 2H), 3.13 (BA, J = 14.1 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 135.5, 133.8, 133.3, 131.0, 126.4, 122.1, 120.7, 

64.1, 46.9, 37.8. HRMS (ESI+) m/z calc’d for C17H13Br4NONa [M+Na]+: 585.7623, 

found 585.7625. 

 

2,2-Bis(2-bromo-5-(trifluoromethyl)benzyl)-3-hydroxypropanenitrile (1n): 

Following the general procedure, the desired product 1n (1.04 g) was obtained in 76% 

yield as a white solid over two steps from ethyl cyanoacetate (283.0 mg, 2.5 mmol) and 

1-bromo-2-(bromomethyl)-4-(trifluoromethyl)benzene (1.58 g, 5.0 mmol). Rf = 0.4 

(PE : EA = 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.80 – 7.74 (m, 4H), 7.43 (dd, J = 8.4, 
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2.0 Hz, 2H), 3.76 (s, 2H), 3.40 (AB, J = 14.0 Hz, 2H), 3.29 (BA, J = 14.0 Hz, 2H). 13C 

NMR (100 MHz, CDCl3) δ 135.8, 133.9, 130.3 (q, J = 33.0 Hz), 129.8 (q, J = 1.4 Hz), 

129.0 (q, J = 3.8 Hz), 126.0 (q, J = 3.6 Hz), 123.5 (q, J = 272.5 Hz), 120.0, 63.9, 46.4, 

38.2. 19F NMR (376 MHz, CDCl3) δ – 62.76. HRMS (ESI+) m/z calc’d for 

C19H13Br2F6NONa [M+Na]+: 565.9160, found 565.9159.  

 

2,2-Bis(2-bromo-4-(trifluoromethyl)benzyl)-3-hydroxypropanenitrile (1o): 

Following the general procedure, the desired product 1o (1.39 g) was obtained in 85% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

2-bromo-1-(bromomethyl)-4-(trifluoromethyl)benzene (1.90 g, 6.0 mmol). Rf = 0.4 

(PE : EA = 5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.88 (s, 2H), 7.66 (d, J = 8.0 Hz, 2H), 

7.60 (d, J = 8.0 Hz, 2H), 3.76 (s, 2H), 3.43 (AB, J = 14.0 Hz, 2H), 3.25 (BA, J = 14.0 

Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 138.8, 132.6, 131.5 (q, J = 34.0 Hz), 130.2 (q, 

J = 3.8 Hz), 126.1, 124.6 (q, J = 3.6 Hz), 122.9 (q, J = 271.2 Hz), 120.3, 64.1, 46.9, 

38.2. 19F NMR (376 MHz, CDCl3) δ – 62.82. HRMS (ESI+) m/z calc’d for 

C19H13Br2F6NONa [M+Na]+: 565.9160, found 565.9170. 

  

2,2-Bis(2-bromo-5-nitrobenzyl)-3-hydroxypropanenitrile (1p): 

Following the general procedure, the desired product 1p (0.84 g) was obtained in 94% 

yield as a white solid over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol) and 

1-bromo-2-(bromomethyl)-4-nitrobenzene (1.20 g, 4.0 mmol). Rf = 0.2 (PE : EA = 2 : 

1). 1H NMR (400 MHz, (CD3)2CO) δ 8.48 (d, J = 2.8 Hz, 2H), 8.12 (dd, J = 8.8, 2.8 

Hz, 2H), 7.99 (d, J = 8.8 Hz, 2H), 3.90 (s, 2H), 3.57 (AB, J = 14.0 Hz, 2H), 3.50 (BA, 

J = 14.0 Hz, 2H). 13C NMR (100 MHz, (CD3)2CO) δ 148.1, 138.4, 135.2, 133.9, 127.7, 

124.6, 120.6, 64.2, 46.7, 38.6. HRMS (ESI+) m/z calc’d for C17H13Br2N3O5Na [M+Na]+: 

519.9114, found 519.9115. 
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3-(2-Bromocyclohex-1-en-1-yl)-2-((2-bromocyclohex-1-en-1-yl)methyl)-2-

(hydroxymethyl)propanenitrile (1q): 

Following the general procedure, the desired product 1q (0.78 g) was obtained in 63% 

yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol) 

and 1-bromo-2-(bromomethyl)cyclohex-1-ene (1.51 g, 6.0 mmol). Rf = 0.2 (PE : EA = 

10 : 1). 1H NMR (400 MHz, CDCl3) δ 3.78 (s, 2H), 2.74 (AB, J = 14.0 Hz, 2H), 2.66 

(BA, J = 14.0 Hz, 2H), 2.60 – 2.53 (m, 4H), 2.48 – 2.28 (m, 4H), 1.76 – 1.65 (m, 8H). 

13C NMR (100 MHz, CDCl3) δ 131.5, 124.9, 123.4, 66.6, 41.8, 41.4, 37.2, 32.0, 24.7, 

22.5. HRMS (ESI+) m/z calc’d for C17H23Br2NONa [M+Na]+: 438.0039, found 

438.0036. 

 

3-(2-Bromo-5,5-dimethylcyclohex-1-en-1-yl)-2-((2-bromo-5,5-dimethylcyclohex-

1-en-1-yl)methyl)-2-(hydroxymethyl)propanenitrile (1r): 

Following the general procedure, the desired product 1r (0.96 g) was obtained in 68% 

yield as a white solid over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) and 

1-bromo-2-(bromomethyl)-4,4-dimethylcyclohex-1-ene (1.68 g, 6.0 mmol). Rf = 0.4 

(PE : EA = 5 : 1). 1H NMR (400 MHz, CDCl3) δ 3.78 (s, 2H), 2.72 (AB, J = 14.0 Hz, 

2H), 2.63 (BA, J = 14.4 Hz, 2H), 2.58 (t, J = 6.4 Hz, 4H), 2.24 (AB, J = 16.9 Hz, 2H), 

2.13 (BA, J = 16.9 Hz, 2H), 1.47 (t, J = 6.4 Hz, 4H), 0.97 (s, 12H). 13C NMR (100 MHz, 

CDCl3) δ 130.2, 123.8, 123.2, 66.5, 45.4, 41.6, 41.4, 37.1, 35.0, 29.7, 27.7, 27.6. HRMS 

(ESI+) m/z calc’d for C21H31Br2NONa [M+Na]+: 494.0665, found 494.0668. 

 

3-(2-Bromo-4,4-dimethylcyclohex-1-en-1-yl)-2-((2-bromo-4,4-dimethylcyclohex-

1-en-1-yl)methyl)-2-(hydroxymethyl)propanenitrile (1s): 
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Following the general procedure, the desired product 1s (1.34 g) was obtained in 93% 

yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol) 

and 2-bromo-1-(bromomethyl)-4,4-dimethylcyclohex-1-ene (1.68 g, 6.0 mmol). Rf = 

0.4 (PE : EA = 10 : 1). 1H NMR (400 MHz, CDCl3) δ 3.78 (s, 2H), 2.76 (AB, J = 14.0 

Hz, 2H), 2.67 (BA, J = 14.0 Hz, 2H), 2.53 – 2.42 (m, 2H), 2.41 – 2.31 (m, 6H), 1.46 (t, 

J = 6.0 Hz, 4H), 0.97 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 130.1, 124.1, 123.4, 66.6, 

50.8, 41.6, 41.4, 35.2, 32.0, 29.6, 28.0, 27.8. HRMS (ESI+) m/z calc’d for 

C21H31Br2NONa [M+Na]+: 494.0665, found 494.0676. 

 

3-(4-Bromo-5,6-dihydro-2H-pyran-3-yl)-2-((4-bromo-5,6-dihydro-2H-pyran-3-

yl)methyl)-2-(hydroxymethyl)propanenitrile (1t): 

Following the general procedure, the desired product 1t (0.24 g) was obtained in 38% 

yield as a colorless oil over two steps from ethyl cyanoacetate (170.0 mg, 1.5 mmol) 

and 4-bromo-5-(bromomethyl)-3,6-dihydro-2H-pyran (0.76 g, 3.0 mmol). Rf = 0.3 (PE : 

EA = 2 : 1). 1H NMR (400 MHz, CDCl3) δ 4.41 – 4.28 (m, 4H), 3.84 (t, J = 5.6 Hz, 

4H), 3.79 (s, 2H), 2.75 – 2.63 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 130.9, 122.7, 

121.4, 69.6, 66.0, 65.6, 42.0, 38.2, 36.5. HRMS (ESI+) m/z calc’d for C15H19Br2NO3Na 

[M+Na]+: 441.9624, found 441.9632. 

 

3-(2-Bromocyclohept-1-en-1-yl)-2-((2-bromocyclohept-1-en-1-yl)methyl)-2-

(hydroxymethyl)propanenitrile (1u): 

Following the general procedure, the desired product 1u (1.13 g) was obtained in 86% 

yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol) 

and 1-bromo-2-(bromomethyl)cyclohept-1-ene (1.60 g, 6.0 mmol). Rf = 0.2 (PE : EA = 

10 : 1). 1H NMR (400 MHz, CDCl3) δ 3.79 (s, 2H), 2.86 – 2.79 (m, 4H), 2.76 (AB, J = 

14.0 Hz, 2H), 2.67 (BA, J = 13.8 Hz, 2H), 2.53 – 2.44 (m, 4H), 1.82 – 1.73 (m, 4H), 

1.62 – 1.47 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 137.5, 128.3, 122.2, 66.2, 43.6, 
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42.4, 41.7, 34.2, 31.5, 25.7, 25.2. HRMS (ESI+) m/z calc’d for C19H27Br2NONa 

[M+Na]+: 466.0352, found 466.0355. 

 

3-((Z)-2-Bromocyclooct-1-en-1-yl)-2-(((Z)-2-bromocyclooct-1-en-1-yl)methyl)-2-

(hydroxymethyl)propanenitrile (1v): 

Following the general procedure, the desired product 1v (0.81 g) was obtained in 86% 

yield as a colorless oil over two steps from ethyl cyanoacetate (230.0 mg, 2.0 mmol) 

and (Z)-1-bromo-2-(bromomethyl)cyclooct-1-ene (1.12 g, 4.0 mmol). Rf = 0.4 (PE : EA 

= 5 : 1). 1H NMR (400 MHz, CDCl3) δ 3.83 (s, 2H), 2.86 – 2.64 (m, 8H), 2.62 – 2.49 

(m, 4H), 1.74 – 1.55 (m, 8H), 1.54 – 1.44 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 

134.5, 127.6, 122.8, 66.3, 42.5, 40.1, 37.5, 31.9, 29.4, 27.9, 26.4, 25.8. HRMS (ESI+) 

m/z calc’d for C21H31Br2NONa [M+Na]+: 494.0665, found 494.0669. 

 

3-(2-Bromocyclopent-1-en-1-yl)-2-((2-bromocyclopent-1-en-1-yl)methyl)-2-

(hydroxymethyl)propanenitrile (1w): 

Following the general procedure, the desired product 1w (1.03 g) was obtained in 88% 

yield as a colorless oil over two steps from ethyl cyanoacetate (340.0 mg, 3.0 mmol) 

and 1-bromo-2-(bromomethyl)cyclopent-1-ene (1.43 g, 6.0 mmol). Rf = 0.3 (PE : EA = 

10 : 1). 1H NMR (400 MHz, CDCl3) δ 3.69 (s, 2H), 2.71 – 2.47 (m, 12H), 2.04 – 1.04 

(m, 4H). 13C NMR (100 MHz, CDCl3) δ 135.8, 122.7, 122.3, 66.0, 41.3, 39.9, 35.1, 

34.9, 22.1. HRMS (ESI+) m/z calc’d for C15H19Br2NONa [M+Na]+: 409.9726, found 

409.9729. 

 

(Z)-5-Bromo-2-((Z)-3-bromobut-2-en-1-yl)-2-(hydroxymethyl)hex-4-enenitrile 

(1x): 

Following the general procedure, the desired product 1x (0.56 g) was obtained in 56% 
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yield as a colorless oil over two steps from ethyl cyanoacetate (339.0 mg, 3.0 mmol) 

and (Z)-1,3-dibromobut-2-ene (1.29 g, 6.0 mmol). Rf = 0.2 (PE : EA = 10 : 1). 1H NMR 

(400 MHz, CDCl3) δ 5.80 – 5.74 (m, 2H), 3.67 (s, 2H), 2.62 – 2.46 (m, 4H), 2.36 (s, 

6H). 13C NMR (100 MHz, CDCl3) δ 127.4, 122.4, 121.5, 65.1, 43.2, 35.7, 29.1. HRMS 

(ESI+) m/z calc’d for C11H15Br2NONa [M+Na]+: 357.9413, found 357.9413.  

  

2,2-Bis(2-bromo-3-chlorobenzyl)-3-hydroxypropanenitrile (1y): 

Following the general procedure, the desired product 1y (0.62 g) was obtained in 72% 

yield as a white solid over two steps from ethyl cyanoacetate (203.4 mg, 1.8 mmol) and 

2-bromo-1-(bromomethyl)-3-chlorobenzene (1.02 g, 3.6 mmol). Rf = 0.4 (PE : EA = 5 : 

1). 1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 8.0, 1.2 Hz, 2H), 7.39 (dd, J = 8.0, 1.2 

Hz, 2H), 7.09 (t, J = 8.0 Hz, 2H), 3.98 (s, 2H), 3.58 (AB, J = 14.3 Hz, 2H), 3.52 (BA, 

J = 14.3 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 136.7, 134.0, 132.2, 129.7, 129.4, 

127.4, 120.3, 67.1, 46.7, 36.7. HRMS (ESI+) m/z calc’d for C17H13Br2Cl2NONa 

[M+Na]+: 497.8633, found 497.8634. 

 

2,2-Bis(2-bromo-3-methylbenzyl)-3-hydroxypropanenitrile (1z): 

Following the general procedure, the desired product 1z (0.47 g) was obtained in 89% 

yield as a white solid over two steps from ethyl cyanoacetate (150.0 mg, 1.3 mmol) and 

2-bromo-1-(bromomethyl)-3-methylbenzene (0.78 g, 2.6 mmol). Rf = 0.4 (PE : EA = 

5 : 1). 1H NMR (400 MHz, CDCl3) δ 7.34 (dd, J = 6.8, 2.0 Hz, 2H), 7.23 – 7.14 (m, 

4H), 3.76 (s, 2H), 3.40 (AB, J = 14.1 Hz, 2H), 3.26 (BA, J = 14.1 Hz, 2H), 2.44 (s, 6H). 

13C NMR (100 MHz, CDCl3) δ 138.9, 135.3, 130.0, 129.6, 128.5, 126.9, 121.3, 64.5, 

47.2, 38.8, 24.5. HRMS (ESI+) m/z calc’d for C19H19Br2NONa [M+Na]+: 457.9726, 

found 457.9728. 

 



SI-14 
 

3-Hydroxy-2,2-bis(2-iodobenzyl)propanenitrile (1ab):  

Following the general procedure, the desired product 1ab (3.99 g) was obtained in 80% 

yield as a white solid over two steps from ethyl cyanoacetate (1.13 g, 10.0 mmol) and 

1-(bromomethyl)-2-iodobenzene (3.92 g, 20.0 mmol). Rf = 0.3 (PE : EA = 10 : 1). 1H 

NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.6 Hz, 2H), 7.53 (dd, J = 8.0, 1.2 Hz, 2H), 7.35 

(t, J = 7.2 Hz, 2H), 6.98 (td, J = 7.6, 1.6 Hz, 2H), 3.78 (s, 2H), 3.37 (AB, J = 14.0 Hz, 

2H), 3.22 (BA, J = 14.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 140.0, 138.4, 131.3, 

129.3, 128.6, 121.2, 102.9, 64.5, 47.4, 42.9. HRMS (ESI+) m/z calc’d for 

C17H15I2NONa [M+Na]+: 525.9135, found 525.9132. 

3. Synthesis of Substrate 1aa 

 

2-(2-Bromobenzyl)-3-(2-bromophenyl)-2-(2-hydroxyphenyl)propanenitrile (1aa): 

A solution of 2-(2-methoxyphenyl)acetonitrile (1.47 g, 10.0 mmol, 1.0 equiv) in 10 mL 

of THF was slowly added to a fresh prepared LDA solution (44.0 mL, 0.5 M in THF, 

22.0 mmol, 2.2 equiv) at – 78 oC and stirred at that temperature for 30 min. A solution 

of 1-bromo-2-(bromomethyl)benzene (5.50 g, 22.0 mmol, 2.2 equiv) in 10 mL of THF 

was added dropwise. The reaction was stirred at – 78 oC until the fully consumption of 

2-(2-methoxyphenyl)acetonitrile as monitored by TLC. Then, the mixture was 

quenched with saturated NH4Cl aqueous solution at 0 oC, and the aqueous phase was 

extracted with EA (30 mL x 3). The combined organic phase was washed with brine, 

dried over anhydrous sodium sulfate, and filtered. The solvents were removed under 

reduced pressure and the residue was purified by silica gel chromatography (PE : EA = 

30 : 1) to give compound S1 (4.12 g) in 85% yield as a yellow solid. Rf = 0.4 (PE : EA 

= 10 : 1). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.6 Hz, 

2H), 7.15 – 7.01 (m, 6H), 6.98 (d, J = 8.0 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 3.98 (s, 

3H), 3.82 (s, 4H). 13C NMR (100 MHz, CDCl3) δ 157.0, 135.7, 132.9, 131.8, 130.2, 
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129.8, 128.6, 127.0, 126.2, 124.2, 121.4, 120.8, 111.7, 55.4, 49.7, 40.6. HRMS (ESI+) 

m/z calc’d for C23H19Br2NONa [M+Na]+: 505.9726, found 505.9726. 

Following the literature procedure,3 the obtained compound S1 (725.0 mg, 1.5 mmol, 

1.0 equiv) was dissolved in 10 mL of DCM, and AlCl3 (0.99 g, 7.5 mmol, 5.0 equiv) 

was added slowly to keep the temperature of the reaction mixture below 20 oC. Then, 

ethyl mercaptan (0.6 mL, 7.5 mmol, 5.0 equiv) was added slowly and the mixture was 

stirred at 20 oC for 4 h. Water was added to the mixture and the aqueous phase was 

extracted with EA (10 mL x 3). The combined organic layers were washed with brine, 

dried over anhydrous sodium sulfate, and filtered. The filtrate was concentrated under 

reduced pressure. The residue was purified by silica gel chromatography (PE : EA = 

50 : 1) to give the desired product 1aa (0.40 g) in 57% yield as a white solid. Rf = 0.4 

(PE : EA = 10 : 1). 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 7.6 Hz, 2H), 7.14 – 7.04 

(m, 6H), 7.01 – 6.95 (m, 2H), 6.91 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 3.69 

(AB, J = 14.1 Hz, 2H), 3.58 (BA, J = 14.1 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 

154.2, 135.6, 132.9, 131.0, 128.9, 128.5, 127.1, 126.1, 125.8, 122.6, 109.3, 53.9, 43.7. 

HRMS (ESI+) m/z calc’d for C22H17Br2NONa [M+Na]+: 491.9569, found 491.9569. 

4. General Procedure for Enantioselective Synthesis of Chromanes   

and 3,4-Dihydropyrans and their Spectroscopic Data 

Please note that the absolute configuration was determined for compound 2a via X-ray 

analysis. The absolute configuration for other products has been inferred by analogy. 

 

(S)-3-(2-Bromobenzyl)chromane-3-carbonitrile (2a): 

General Procedure: In a glovebox, CuI (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 

(3.2 mg, 0.022 mmol, 22 mol %) and 1,4-dioxane (1 mL) was added to a 10 mL Schlenk 

tube equipped with a magnetic stirring bar. After the mixture was stirred at room 

temperature for 10 min, 2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile 1a (40.7 mg, 

0.1 mmol, 1.0 equiv) and Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 equiv) was added. The tube 
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was sealed, taken out of glovebox, and then stirred at 10 oC for 24 h. The mixture was 

filtered and the solid was washed with EA (30 mL) and the filtrates were concentrated 

under reduced pressure. The residue was purified by silica gel chromatography (PE : 

EA = 50 : 1) to give the desired product 2a (29.2 mg) in 89% yield as a white solid. Rf 

= 0.3 (PE : EA = 15 : 1). er = 96 : 4. [α]D
20 – 23.10 (c 1.0, CHCl3). Enantiopure product 

(> 99% ee) was obtained after recrystallization in IPA/hexane. Crystals were obtained 

by recrystallization again and the absolute configuration was determined by X-ray 

analyses as (S). 1H NMR (400 MHz, CDCl3) δ 7.63 (dd, J = 8.0, 1.2 Hz, 1H), 7.55 (dd, 

J = 7.6, 1.6 Hz, 1H), 7.36 (td, J = 7.6, 1.2 Hz, 1H), 7.23 – 7.14 (m, 2H), 7.05 (dd, J = 

7.6, 1.2 Hz, 1H), 6.97 – 6.88 (m, 2H), 4.31 (dd, J = 11.2, 1.6 Hz, 1H), 4.11 (d, J = 10.8 

Hz, 1H), 3.28 (AB, J = 14.4 Hz, 1H), 3.19 (BA, J = 14.0 Hz, 1H), 3.15 (AB, J = 16.4 

Hz, 1H), 3.10 (BA, J = 16.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 152.9, 133.9, 

133.4, 132.1, 129.7, 129.4, 128.4, 127.8, 125.7, 121.9, 120.7, 117.5, 117.0, 69.4, 38.8, 

36.9, 34.7. HRMS (ESI+) m/z calc’d for C17H14BrNONa [M+Na]+: 350.0151, found 

350.0157. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 

mmL) column, λ = 230 nm, tR (min): major = 29.61, minor = 32.23.  

 

(S)-3-(2-Bromo-5-methylbenzyl)-6-methylchromane-3-carbonitrile (2b): 

Following the general procedure, the reaction was performed with 1b (43.5 mg, 0.1 

mmol, 1.0 equiv), CuI (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (65.4 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2b (32.2 mg) was obtained in 91% yield as a white solid. 

Rf = 0.4 (PE : EA = 10 : 1). er = 96 : 4. [α]D
20 – 28.00 (c 0.15, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 1.6 Hz, 1H), 7.00 (dd, J = 8.0, 2.0 

Hz, 1H), 6.97 (dd, J = 8.4, 2.0 Hz, 1H), 6.85 (d, J = 0.8 Hz, 1H), 6.80 (d, J = 8.4 Hz, 

1H), 4.28 (d, J = 10.4 Hz, 1H), 4.06 (d, J = 10.8 Hz, 1H), 3.21 (AB, J = 14.0 Hz, 1H), 

3.13 (BA, J = 14.0 Hz, 1H), 3.07 (s, 2H), 2.34 (s, 3H), 2.26 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 150.8, 137.8, 133.6, 133.0, 132.7, 130.9, 130.3, 129.9, 129.0, 122.3, 

120.9, 117.2, 116.7, 69.5, 38.7, 37.0, 34.8, 20.9, 20.5. HRMS (ESI+) m/z calc’d for 
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C19H18BrNONa [M+Na]+: 378.0464, found 378.0467. HPLC conditions: 2% IPA, 0.8 

mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major = 

12.69, minor = 13.95. 

 

(S)-3-(2-Bromo-4-methylbenzyl)-7-methylchromane-3-carbonitrile (2c): 

Following the general procedure, the reaction was performed with 1c (44.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (65.4 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2c (34.1 mg) was obtained in 96% yield as a white solid. 

er = 96 : 4. [α]D
20 – 25.59 (c 0.59, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.45 (s, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.15 (dd, J = 8.0, 0.8 Hz, 1H), 

6.93 (d, J = 7.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.73 (s, 1H), 4.28 (dd, J = 10.8, 1.2 

Hz, 1H), 4.06 (d, J = 10.8 Hz, 1H), 3.21 (AB, J = 14.4 Hz, 1H), 3.13 (BA, J = 14.0 Hz, 

1H), 3.09 (AB, J = 16.3 Hz, 1H), 3.04 (BA, J = 16.3 Hz, 1H), 2.34 (s, 3H), 2.29 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 152.7, 139.6, 138.4, 133.7, 131.7, 130.8, 129.4, 128.6, 

125.4, 122.6, 120.9, 117.3, 114.5, 69.4, 38.4, 37.1, 34.5, 21.1, 20.7. HRMS (ESI+) m/z 

calc’d for C19H18BrNONa [M+Na]+: 378.0464, found 378.0468. HPLC conditions: 2% 

IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): 

major = 15.42, minor = 17.31.  

 

(S)-3-(2-Bromo-5-methoxybenzyl)-6-methoxychromane-3-carbonitrile (2d): 

Following the general procedure, the reaction was performed with 1d (47.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2d (36.8 mg) was obtained in 95% yield as a white solid. 

er = 97 : 3. [α]D
20 – 34.29 (c 0.56, CHCl3). Rf = 0.3 (PE : EA = 5 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.41 (d, J = 8.8 Hz, 1H), 7.03 (d, J = 3.2 Hz, 1H), 6.76 (d, J = 8.8 Hz, 
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1H), 6.71 – 6.64 (m, 2H), 6.48 (d, J = 2.8 Hz, 1H), 4.19 (d, J = 10.8 Hz, 1H), 3.98 (d, 

J = 10.8 Hz, 1H), 3.74 (s, 3H), 3.67 (s, 3H), 3.14 (AB, J = 14.0 Hz, 1H), 3.05 (BA, J = 

14.0 Hz, 1H), 3.00 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 159.0, 154.2, 146.9, 134.8, 

133.8, 121.0, 118.1, 117.7, 117.1, 115.9, 115.7, 114.7, 113.8, 69.5, 55.7, 55.5, 38.9, 37.0, 

34.9. HRMS (ESI+) m/z calc’d for C19H18BrNO3Na [M+Na]+: 410.0362, found 

410.0364. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralcel OD-H (4.6 mm x 250 

mmL) column, λ = 230 nm, tR (min): major = 34.53, minor = 26.21.  

 

(S)-3-(2-Bromo-4-methoxybenzyl)-7-methoxychromane-3-carbonitrile (2e): 

Following the general procedure, the reaction was performed with 1e (47.2 mg, 0.1 

mmol, 1.0 equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2e (36.9 mg) was obtained in 95% yield as a white solid. 

er = 96 : 4. [α]D
20 – 30.33 (c 0.30, CHCl3). Rf = 0.3 (PE : EA = 5 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.43 (d, J = 8.8 Hz, 1H), 7.16 (d, J = 2.4 Hz, 1H), 6.93 (d, J = 8.4 Hz, 

1H), 6.90 (dd, J = 8.4, 2.4 Hz, 1H), 6.52 (dd, J = 8.4, 2.4 Hz, 1H), 6.45 (d, J = 2.4 Hz, 

1H), 4.28 (dd, J = 10.8, 1.6 Hz, 1H), 4.06 (d, J = 10.8 Hz, 1H), 3.81 (s, 3H), 3.77 (s, 

3H), 3.18 (AB, J = 14.4 Hz, 1H), 3.11 (BA, J = 14.4 Hz, 1H), 3.06 (AB, J = 16.1 Hz, 

1H), 3.00 (BA, J = 16.1 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 159.7, 159.5, 153.7, 

132.4, 130.2, 125.9, 125.8, 121.0, 118.4, 113.9, 109.6, 108.8, 101.6, 69.5, 55.5, 55.3, 

38.0, 37.2, 34.2. HRMS (ESI+) m/z calc’d for C19H18BrNO3Na [M+Na]+: 410.0362, 

found 410.0366. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralcel OD-H (4.6 mm x 

250 mmL) column, λ = 210 nm, tR (min): major = 23.67, minor = 29.30. 

 

(S)-3-(2-Bromo-4,5-dimethoxybenzyl)-6,7-dimethoxychromane-3-carbonitrile (2f): 

Following the general procedure, the reaction was performed with 1f (53.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 
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22 mol %) and Cs2CO3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2f (43.1 mg) was obtained in 92% yield as a white solid. 

er = 97 : 3. [α]D
20 – 45.15 (c 0.33, CHCl3). Rf = 0.3 (PE : EA = 2 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.10 (s, 1H), 7.04 (s, 1H), 6.48 (s, 1H), 6.46 (s, 1H), 4.25 (d, J = 10.8 

Hz, 1H), 4.03 (d, J = 10.8 Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.83 (s, 3H), 3.80 (s, 3H), 

3.19 (AB, J = 14.2 Hz, 1H), 3.09 (BA, J = 14.2 Hz, 1H), 2.99 (s, 2H). 13C NMR (100 

MHz, CDCl3) δ 149.04, 149.03, 148.5, 146.9, 144.1, 125.8, 121.4, 115.49, 115.46, 

114.0, 111.8, 108.0, 100.8, 69.6, 56.3, 56.13, 56.11, 55.9, 38.6, 37.3, 34.1. HRMS (ESI+) 

m/z calc’d for C21H22BrNO5Na [M+Na]+: 470.0574, found 470.0584. HPLC conditions: 

20% IPA, 1.0 mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, λ = 254 nm, tR 

(min): major = 19.79, minor = 27.90. 

 

(S)-7-((6-Bromobenzo[d][1,3]dioxol-5-yl)methyl)-7,8-dihydro-6H-

[1,3]dioxolo[4,5-g]chromene-7-carbonitrile (2g): 

Following the general procedure, the reaction was performed with 1g (50.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (68.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2g (35.8 mg) was obtained in 86% yield as a white solid. 

er = 97 : 3. [α]D
20 – 40.32 (c 0.62, CHCl3). Rf = 0.3 (PE : EA = 5 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.05 (s, 1H), 7.00 (s, 1H), 6.46 (s, 1H), 6.43 (s, 1H), 6.01 (s, 2H), 5.90 

(AB, J = 1.3 Hz, 1H), 5.89 (BA, J = 1.3 Hz, 1H), 4.23 (dd, J = 10.8, 1.4 Hz, 1H), 4.02 

(d, J = 10.8 Hz, 1H), 3.15 (AB, J = 14.2 Hz, 1H), 3.06 (BA, J = 14.3 Hz, 1H), 3.01 (AB, 

J = 16.3 Hz, 1H), 2.95 (BA, J = 16.3 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 148.1, 

147.68, 147.65, 147.4, 142.5, 126.7, 120.9, 116.1, 113.0, 111.1, 109.0, 108.0, 102.0, 

101.2, 98.7, 69.4, 38.7, 36.9, 34.7. HRMS (ESI+) m/z calc’d for C19H14BrNO5Na 

[M+Na]+: 437.9948, found 437.9943. HPLC conditions: 20% IPA, 0.8 mL/min, 

Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): major = 29.59, 

minor = 27.50.  
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(S)-3-(2-Bromo-5-fluorobenzyl)-6-fluorochromane-3-carbonitrile (2h): 

Following the general procedure, the reaction was performed with 1h (44.5 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.5 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2h (32.3 mg) was obtained in 89% yield as a white solid. 

er = 94.5 : 5.5. [α]D
20 – 12.73 (c 0.55, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.59 (dd, J = 8.8, 5.6 Hz, 1H), 7.29 (dd, J = 8.8, 2.8 Hz, 1H), 6.99 

– 6.93 (m, 1H), 6.91 – 6.84 (m, 2H), 6.79 – 6.75 (m, 1H), 4.28 (dd, J = 11.2, 1.6 Hz, 

1H), 4.09 (d, J = 10.8 Hz, 1H), 3.25 (AB, J = 14.0 Hz, 1H), 3.16 (BA, J = 14.0 Hz 1H), 

3.13 (AB, J = 16.6 Hz, 1H), 3.06 (BA, J = 16.6 Hz 1H). 13C NMR (100 MHz, CDCl3) 

δ 161.8 (d, J = 247.0 Hz), 157.4 (d, J = 238.0 Hz), 148.9 (d, J = 2.1 Hz), 135.8 (d, J = 

8.0 Hz), 134.6 (d, J = 8.0 Hz), 120.2, 119.8 (d, J = 3.4 Hz), 119.0 (d, J = 23.0 Hz), 118.5 

(d, J = 8.0 Hz), 118.2 (d, J = 9.0 Hz), 117.0 (d, J = 22.0 Hz), 115.6 (d, J = 8.0 Hz), 

115.4 (d, J = 8.0 Hz), 69.3, 38.6, 36.5, 34.7. 19F NMR (376 MHz, CDCl3) δ – 113.17, –

 122.00. HRMS (ESI+) m/z calc’d for C17H12BrF2NONa [M+Na]+: 385.9963, found 

385.9971. HPLC conditions: 5% IPA, 1.0 mL/min, Chiralpak AD-H (4.6 mm x 250 

mmL) column, λ = 210 nm, tR (min): major = 12.84, minor = 16.60. 

 

(S)-3-(2-Bromo-4-fluorobenzyl)-7-fluorochromane-3-carbonitrile (2i): 

Following the general procedure, the reaction was performed with 1i (45.0 mg, 0.1 

mmol, 1.0 equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2i (30.5 mg) was obtained in 84% yield as a white solid. 

er = 96 : 4. [α]D
20 – 24.19 (c 0.31, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.53 (dd, J = 8.4, 6.0 Hz, 1H), 7.38 (dd, J = 8.4, 2.8 Hz, 1H), 7.14 – 

7.07 (m, 1H), 7.00 (dd, J = 8.4, 6.4 Hz, 1H), 6.70 – 6.61 (m, 2H), 4.29 (dd, J = 10.8, 
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1.6 Hz, 1H), 4.09 (d, J = 11.2 Hz, 1H), 3.23 (AB, J = 14.0 Hz, 1H), 3.14 (BA, J = 14.0 

Hz, 1H), 3.10 (AB, J = 16.3 Hz, 1H), 3.02 (BA, J = 16.3 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 162.4 (d, J = 244.0 Hz), 161.7 (d, J = 250.6 Hz), 153.7 (d, J = 12.0 Hz), 132.9 

(d, J = 8.5 Hz), 130.6 (d, J = 9.7 Hz), 129.8 (d, J = 3.7 Hz), 125.6 (d, J = 9.4 Hz), 120.6 

(d, J = 24.2 Hz), 120.4, 115.2 (d, J = 20.9 Hz), 113.1 (d, J = 3.2 Hz), 109.2 (d, J = 21.8 

Hz), 104.3 (d, J = 24.6 Hz), 69.3, 37.9, 36.9, 34.2. 19F NMR (376 MHz, CDCl3) δ –

 111.51, – 113.04. HRMS (ESI+) m/z calc’d for C17H12BrF2NONa [M+Na]+: 385.9963, 

found 385.9971. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 

250 mmL) column, λ = 230 nm, tR (min): major = 25.26, minor = 30.11. 

 

(S)-3-(2-Bromo-4,5-difluorobenzyl)-6,7-difluorochromane-3-carbonitrile (2j): 

Following the general procedure, the reaction was performed with 1j (48.6 mg, 0.1 

mmol, 1.0 equiv), CuI (4.1 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2j (34.7 mg) was obtained in 89% yield as a white solid. 

er = 92.5 : 7.5. [α]D
20 – 13.00 (c 0.30, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.48 (dd, J = 9.6, 7.2 Hz, 1H), 7.41 (dd, J = 10.4, 8.0 Hz, 1H), 

6.87 (t, J = 9.6 Hz, 1H), 6.75 (dd, J = 13.6, 6.8 Hz, 1H), 4.26 (dd, J = 11.2, 1.2 Hz, 1H), 

4.08 (d, J = 11.2 Hz, 1H), 3.20 (AB, J = 14.0 Hz, 1H), 3.10 (BA, J = 14.2 Hz, 1H), 3.08 

(AB, J = 16.4 Hz, 1H), 2.99 (BA, J = 16.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

149.70 (dd, J = 241.2, 13.8 Hz), 149.68 (dd, J = 254.4, 13.1 Hz), 149.62 (dd, J = 251.3, 

12.3 Hz), 148.65 (dd, J = 9.7, 2.3 Hz), 145.6 (dd, J = 241.4, 13.1 Hz), 130.5 (dd, J = 

5.6, 4.6 Hz), 122.2 (d, J = 19.8 Hz), 120.2 (d, J = 18.5 Hz), 119.9, 119.1 (dd, J = 7.1, 

3.8 Hz), 117.1 (d, J = 19.0 Hz), 112.8 (dd, J = 5.5, 3.8 Hz), 106.3 (d, J = 20.3 Hz), 69.2, 

37.9, 36.5, 34.0. 19F NMR (376 MHz, CDCl3) δ – 134.45 (d, J = 21.4 Hz), – 136.20 (d, 

J = 21.6 Hz), – 136.29 (d, J = 22.2 Hz), – 145.76 (d, J = 21.8 Hz). HRMS (ESI+) m/z 

calc’d for C17H10BrF4NONa [M+Na]+: 421.9774, found 421.9780. HPLC conditions: 
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2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 210 nm, tR 

(min): major = 21.21, minor = 25.03. 

 

(S)-3-(2-Bromo-5-chlorobenzyl)-6-chlorochromane-3-carbonitrile (2k): 

Following the general procedure, the reaction was performed with 1k (48.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (65.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2k (31.6 mg) was obtained in 80% yield as a white solid. 

er = 94 : 6. [α]D
20 – 46.97 (c 0.33, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.56 (d, J = 8.8 Hz, 1H), 7.50 (d, J = 2.4 Hz, 1H), 7.20 (dd, J = 8.4, 2.4 

Hz, 1H), 7.13 (dd, J = 8.4, 2.4 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.85 (d, J = 8.8 Hz, 

1H), 4.29 (dd, J = 11.2, 1.6 Hz, 1H), 4.09 (d, J = 10.8 Hz, 1H), 3.22 (AB, J = 14.4 Hz, 

1H), 3.13 (BA, J = 14.4 Hz, 1H), 3.12 (AB, J = 16.6 Hz, 1H), 3.04 (BA, J = 16.6 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 151.4, 135.5, 134.4, 133.9, 131.8, 129.8, 129.2, 

128.6 126.6, 123.5, 120.0, 118.9, 118.4, 69.3, 38.4, 36.4, 34.5. HRMS (ESI+) m/z calc’d 

for C17H12BrCl2NONa [M+Na]+: 417.9372, found 417.9373. HPLC conditions: 5% IPA, 

1.0 mL/min, Chiralpak IA (4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): major 

= 11.50, minor = 14.71. 

 

(S)-3-(2-Bromo-4-chlorobenzyl)-7-chlorochromane-3-carbonitrile (2l): 

Following the general procedure, the reaction was performed with 1l (48.6 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2l (37.0 mg) was obtained in 93% yield as a white solid. 

er = 96 : 4. [α]D
20 – 19.65 (c 0.57, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.64 (d, J = 2.4 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 8.0, 2.0 

Hz, 1H), 6.98 – 6.89 (m, 3H), 4.27 (dd, J = 10.8, 1.6 Hz, 1H), 4.08 (d, J = 10.8 Hz, 1H), 
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3.22 (AB, J = 14.0 Hz, 1H), 3.12 (BA, J = 14.4 Hz, 1H), 3.09 (AB, J = 16.5 Hz, 1H), 

3.01 (BA, J = 16.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 153.4, 134.7, 133.6, 133.0, 

132.7, 132.3, 130.6, 128.2, 125.9, 122.1, 120.2, 117.3, 115.9, 69.3, 38.0, 36.7, 34.3. 

HRMS (ESI+) m/z calc’d for C17H12BrCl2NONa [M+Na]+: 417.9372, found 417.9379. 

HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, 

λ = 210 nm, tR (min): major = 27.92, minor = 34.35. 

 

(S)-7-Bromo-3-(2,4-dibromobenzyl)chromane-3-carbonitrile (2m): 

Following the general procedure, the reaction was performed with 1m (57.6 mg, 0.1 

mmol, 1.0 equiv), CuI (3.8 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2m (39.2 mg) was obtained in 81% yield as a white solid. 

er = 94 : 6. [α]D
20 – 19.22 (c 0.64, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.80 (d, J = 2.0 Hz, 1H), 7.50 (dd, J = 8.4, 2.0 Hz, 1H), 7.41 (d, J = 8.0 

Hz, 1H), 7.10 – 7.04 (m, 2H), 6.91 (d, J = 8.0 Hz, 1H), 4.28 (dd, J = 11.2, 1.6 Hz, 1H), 

4.08 (d, J = 11.2 Hz, 1H), 3.21 (AB, J = 14.0 Hz, 1H), 3.11 (BA, J = 14.0 Hz, 1H), 3.08 

(AB, J = 16.4 Hz, 1H), 3.00 (BA, J = 16.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

153.4, 135.7, 133.0, 132.8, 131.1, 130.9, 126.2, 124.9, 122.5, 121.3, 120.2, 120.1, 116.4, 

69.3, 38.1, 36.6, 34.3. HRMS (ESI+) m/z calc’d for C17H12Br3NONa [M+Na]+: 

505.8361, found 505.8335. HPLC conditions: 2% IPA, 1.0 mL/min, Chiralcel OD-H 

(4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major = 25.09, minor = 30.23. 

 
(S)-3-(2-Bromo-5-(trifluoromethyl)benzyl)-6-(trifluoromethyl)chromane-3-

carbonitrile (2n): 

Following the general procedure, the reaction was performed with 1n (55.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.5 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 
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for 24 h. The desired product 2n (35.1 mg) was obtained in 76% yield as a white solid. 

er = 94.5 : 5.5. [α]D
20 – 19.06 (c 0.53, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.79 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 2.0 Hz, 1H), 7.48 (dd, J = 

8.4, 2.0 Hz, 1H), 7.45 (dd, J = 8.8, 2.0 Hz, 1H), 7.35 (s, 1H), 7.01 (d, J = 8.4 Hz, 1H), 

4.37 (dd, J = 11.2, 2.0 Hz, 1H), 4.17 (d, J = 10.8 Hz, 1H), 3.34 (AB, J = 14.0 Hz, 1H), 

3.25 (BA, J = 14.4 Hz, 1H), 3.22 (AB, J = 16.8 Hz, 1H), 3.12 (BA, J = 16.8 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 155.3, 134.8, 134.2, 130.5 (q, J = 33.0 Hz), 129.6 (q, J 

= 1.2 Hz), 128.7 (q, J = 3.8 Hz), 127.2 (q, J = 3.8 Hz), 126.3 (q, J = 3.6 Hz), 125.8 (q, 

J = 3.6 Hz), 124.2 (q, J = 32.7 Hz), 124.0 (q, J = 269.7 Hz), 123.4 (q, J = 270.1 Hz), 

119.7, 117.7, 117.6, 69.4, 38.6, 36.4, 34.6. 19F NMR (376 MHz, CDCl3) δ – 61.75, – 

62.80. HRMS (ESI+) m/z calc’d for C19H12BrF6NONa [M+Na]+: 485.9899, found 

485.9876. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 

mmL) column, λ = 230 nm, tR (min): major = 17.65, minor = 20.75. 

 

(S)-3-(2-Bromo-4-(trifluoromethyl)benzyl)-7-(trifluoromethyl)chromane-3-

carbonitrile (2o): 

Following the general procedure, the reaction was performed with 1o (54.6 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (68.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2o (29.8 mg) was obtained in 64% yield as a white solid. 

er = 95.5 : 4.5. [α]D
20 – 12.62 (c 0.65, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR 

(400 MHz, CDCl3) δ 7.91 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 

7.23 – 7.13 (m, 3H), 4.35 (d, J = 11.2 Hz, 1H), 4.17 (d, J = 11.2 Hz, 1H), 3.34 (AB, J 

= 14.1 Hz, 1H), 3.23 (BA, J = 14.1 Hz, 1H), 3.21 (AB, J = 16.4 Hz, 1H), 3.13 (BA, J 

= 16.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 152.9, 137.8, 132.5, 131.9 (q, J = 33.0 

Hz), 131.0 (q, J = 33.0 Hz), 130.40 (q, J = 4.0 Hz), 130.38, 125.8, 124.7 (q, J = 3.6 Hz), 

123.6 (q, J = 270.5 Hz), 122.8 (q, J = 271.3 Hz), 121.1, 119.8, 118.4 (q, J = 3.7 Hz), 

114.4 (q, J = 3.9 Hz), 69.4, 38.5, 36.6, 34.6. 19F NMR (376 MHz, CDCl3) δ – 62.80, – 
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62.87. HRMS (ESI+) m/z calc’d for C19H12BrF6NONa [M+Na]+: 485.9899, found 

485.9903. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 

mmL) column, λ = 210 nm, tR (min): major = 30.06, minor = 37.09. 

 

(S)-3-(2-Bromo-5-nitrobenzyl)-6-nitrochromane-3-carbonitrile (2p): 

Following the general procedure, the reaction was performed with 1p (51.2 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2p (33.3 mg) was obtained in 80% yield as a white solid. 

er = 91 : 9. [α]D
20 – 65.42 (c 0.59, CHCl3). Rf = 0.2 (PE : EA = 1 : 1). 1H NMR (400 

MHz, CDCl3) δ 8.39 (d, J = 2.4 Hz, 1H), 8.11 (t, J = 2.8 Hz, 1H), 8.09 (t, J = 2.8 Hz, 

1H), 8.05 (d, J = 2.4 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 8.8 Hz, 1H), 4.45 

(dd, J = 11.2, 1.6 Hz, 1H), 4.25 (d, J = 11.2 Hz, 1H), 3.39 (AB, J = 14.0 Hz, 1H), 3.30 

(BA, J = 14.4 Hz, 1H), 3.30 (AB, J = 16.5 Hz, 1H), 3.19 (BA, J = 16.5 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 157.8, 147.3, 142.2, 135.4, 134.7, 132.8, 126.6, 126.0, 124.7, 

124.4, 119.0, 117.9, 117.8, 69.7, 38.9, 36.3, 34.7. HRMS (ESI+) m/z calc’d for 

C17H12BrN3O5Na [M+Na]+: 439.9853, found 439.9855. HPLC conditions: 25% IPA, 

1.0 mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, λ = 254 nm, tR (min): 

major = 32.90, minor = 36.78.  

 

(S)-3-((2-Bromocyclohex-1-en-1-yl)methyl)-3,4,5,6,7,8-hexahydro-2H-chromene-

3-carbonitrile (2q): 

Following the general procedure, the reaction was performed with 1q (42.0 mg, 0.1 

mmol, 1.0 equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.5 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (68.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2q (30.3 mg) was obtained in 90% yield as a white solid. 

er = 98 : 2. [α]D
20 – 18.84 (c 0.43, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR (400 
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MHz, CDCl3) δ 4.06 (dd, J = 10.5, 1.6 Hz, 1H), 3.74 (d, J = 10.5 Hz, 1H), 2.70 (AB, J 

= 13.9 Hz, 1H), 2.60 – 2.53 (m, 2H), 2.50 (BA, J = 13.9 Hz, 1H), 2.43 – 2.33 (m, 2H), 

2.24 – 1.88 (m, 6H), 1.77 – 1.48 (m, 8H). 13C NMR (100 MHz, CDCl3) δ 147.1, 130.6, 

124.7, 122.7, 101.6, 69.5, 41.7, 37.1, 35.3, 34.8, 32.0, 28.3, 26.7, 24.7, 22.8, 22.6, 22.5. 

HRMS (ESI+) m/z calc’d for C17H22BrNONa [M+Na]+: 358.0777, found 358.0780. 

HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, 

λ = 210 nm, tR (min): major = 6.33, minor = 7.00.  

 

(S)-3-((2-Bromo-5,5-dimethylcyclohex-1-en-1-yl)methyl)-7,7-dimethyl-3,4,5,6,7,8-

hexahydro-2H-chromene-3-carbonitrile (2r): 

Following the general procedure, the reaction was performed with 1r (48.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2r (31.1 mg) was obtained in 78% yield as a white solid. 

er = 98 : 2. [α]D
20 – 24.24 (c 0.33, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR (400 

MHz, CDCl3) δ 4.06 (d, J = 10.8 Hz, 1H), 3.74 (d, J = 10.4 Hz, 1H), 2.69 (AB, J = 14.0 

Hz, 1H), 2.53 (BA, J = 14.0 Hz, 1H), 2.45 – 2.39 (m, 2H), 2.35 (s, 2H), 2.19 (s, 2H), 

1.94 (t, J = 5.2 Hz, 2H), 1.85 – 1.81 (m, 2H), 1.47 (t, J = 6.4 Hz, 2H), 1.38 – 1.30 (m, 

2H), 0.97 (s, 6H), 0.94 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 146.3, 129.2, 123.8, 

122.6, 99.8, 69.6, 50.7, 41.4, 40.3, 35.4, 35.3, 35.1, 34.9, 31.9, 30.2, 29.5, 28.8, 28.0, 

27.7, 27.2, 26.1. HRMS (ESI+) m/z calc’d for C21H30BrNONa [M+Na]+: 414.1403, 

found 414.1411. HPLC conditions: 1% IPA, 1.0 mL/min, Chiralpak IE (4.6 mm x 250 

mmL) column, λ = 210 nm, tR (min): major = 11.43, minor = 8.93. 

 

(S)-3-((2-Bromo-4,4-dimethylcyclohex-1-en-1-yl)methyl)-7,7-dimethyl-3,4,5,6,7,8-

hexahydro-2H-chromene-3-carbonitrile (2s): 
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Following the general procedure, the reaction was performed with 1s (48.7 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (65.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2s (37.1 mg) was obtained in 94% yield as a white solid. 

er = 95 : 5. [α]D
20 – 18.15 (c 0.65, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR (400 

MHz, CDCl3) δ 4.06 (d, J = 10.4 Hz, 1H), 3.74 (d, J = 10.4 Hz, 1H), 2.65 (AB, J = 14.0 

Hz, 1H), 2.57 (t, J = 6.4 Hz, 2H), 2.48 (BA, J = 14.0 Hz, 1H), 2.23 – 2.12 (m, 4H), 2.11 

– 2.02 (m, 2H), 1.72 (s, 2H), 1.51 – 1.36 (m, 4H), 0.970 (s, 3H), 0.967 (s, 3H), 0.95 (s, 

3H), 0.92 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 146.0, 129.4, 123.6, 122.5, 100.1, 

69.7, 45.4, 42.3, 41.6, 37.1, 35.7, 35.4, 35.0, 34.8, 29.7, 29.5, 28.5, 27.8, 27.52, 27.48, 

24.3. HRMS (ESI+) m/z calc’d for C21H30BrNONa [M+Na]+: 414.1403, found 414.1405. 

HPLC conditions: 1% IPA, 1.0 mL/min, Chiralpak IE (4.6 mm x 250 mmL) column, λ 

= 210 nm, tR (min): major = 14.32, minor = 10.09.  

 

(S)-3-((4-Bromo-5,6-dihydro-2H-pyran-3-yl)methyl)-3,4,7,8-tetrahydro-2H,5H-

pyrano[4,3-b]pyran-3-carbonitrile (2t): 

Following the general procedure, the reaction was performed with 1t (43.4 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2t (31.1 mg) was obtained in 91% yield as a white solid. 

er = 96.5 : 3.5. [α]D
20 – 27.26 (c 0.62, CHCl3). Rf = 0.4 (PE : EA = 5 : 1). 1H NMR (400 

MHz, CDCl3) δ 4.44 – 4.27 (m, 2H), 4.12 (dd, J = 10.4, 1.2 Hz, 1H), 4.00 – 3.98 (m, 

2H), 3.94 – 3.86 (m, 1H), 3.86 – 3.76 (m, 4H), 2.70 (AB, J = 14.0 Hz, 1H), 2.68 – 2.64 

(m, 2H), 2.49 (BA, J = 14.0 Hz, 1H), 2.29 – 2.10 (m, 4H). 13C NMR (100 MHz, CDCl3) 

δ 144.8, 130.1, 121.8, 121.3, 100.7, 69.6, 69.4, 66.7, 65.5, 64.8, 38.0, 36.4, 34.7, 30.9, 

26.7. HRMS (ESI+) m/z calc’d for C15H18BrNO3Na [M+Na]+: 362.0362, found 

362.0367. HPLC conditions: 20% IPA, 0.5 mL/min, Chiralpak IB (4.6 mm x 250 mmL) 

column, λ = 210 nm, tR (min): major = 26.70, minor = 21.71. 
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(S)-3-((2-Bromocyclohept-1-en-1-yl)methyl)-2,3,4,5,6,7,8,9-

octahydrocyclohepta[b]pyran-3-carbonitrile (2u): 

Following the general procedure, the reaction was performed with 1u (45.4 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (68.9 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2u (33.8 mg) was obtained in 92% yield as a colorless oil. 

er = 95.5 : 4.5. [α]D
20 – 26.05 (c 0.43, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR 

(400 MHz, CDCl3) δ 4.03 (d, J = 10.4 Hz, 1H), 3.66 (d, J = 10.4 Hz, 1H), 2.84 – 2.76 

(m, 2H), 2.65 (AB, J = 14.0 Hz, 1H), 2.52 (BA, J = 14.2 Hz, 1H), 2.51 – 2.41 (m, 3H), 

2.28 – 2.20 (m, 4H), 2.01 – 1.95 (m, 2H), 1.80 – 1.73 (m, 2H), 1.71 – 1.63 (m, 2H), 

1.60 – 1.48 (m, 7H). 13C NMR (100 MHz, CDCl3) δ 152.3, 136.5, 128.2, 122.0, 105.2, 

69.3, 43.7, 41.6, 37.5, 35.4, 34.2, 32.5, 31.7, 31.5, 31.3, 26.4, 25.7, 25.3, 25.2. HRMS 

(ESI+) m/z calc’d for C19H26BrNONa [M+Na]+: 386.1090, found 386.1099. HPLC 

conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 

210 nm, tR (min): major = 5.95, minor = 6.37. 

 

(S)-(Z)-3-((2-Bromocyclooct-1-en-1-yl)methyl)-3,4,5,6,7,8,9,10-octahydro-2H-

cycloocta[b]pyran-3-carbonitrile (2v): 

Following the general procedure, the reaction was performed with 1v (48.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.2 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2v (33.1 mg) was obtained in 85% yield as a colorless oil. 

er = 85 : 15. [α]D
20 – 22.82 (c 0.39, CHCl3). Rf = 0.5 (PE : EA = 20 : 1). 1H NMR (400 

MHz, CDCl3) δ 4.12 (d, J = 10.4 Hz, 1H), 3.69 (d, J = 10.4 Hz, 1H), 2.81 – 2.69 (m, 

2H), 2.65 – 2.49 (m, 4H), 2.34 – 2.23 (m, 3H), 2.22 – 1.96 (m, 3H), 1.71 – 1.46 (m, 

16H). 13C NMR (100 MHz, CDCl3) δ 149.5, 133.4, 127.4, 122.4, 102.8, 69.6, 40.5, 37.4, 
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35.6, 35.5, 32.1, 30.1, 29.5, 29.3, 28.84, 28.76, 27.8, 26.42, 26.39, 26.3, 25.8. HRMS 

(ESI+) m/z calc’d for C21H30BrNONa [M+Na]+: 414.1403, found 414.1402. HPLC 

conditions: 1% IPA, 0.5 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 

210 nm, tR (min): major = 10.72, minor = 14.14. 

 

(S)-3-((2-Bromocyclopent-1-en-1-yl)methyl)-2,3,4,5,6,7-

hexahydrocyclopenta[b]pyran-3-carbonitrile (2w): 

Following the general procedure, the reaction was performed with 1w (39.6 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (66.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2w (29.5 mg) was obtained in 96% yield as a colorless 

oil. er = 73 : 27. [α]D
20 – 12.82 (c 0.39, CHCl3). Rf = 0.5 (PE : EA = 20 : 1). 1H NMR 

(400 MHz, CDCl3) δ 4.11 (dd, J = 10.8, 1.6 Hz, 1H), 3.79 (d, J = 10.8 Hz, 1H), 2.74 – 

2.49 (m, 5H), 2.47 – 2.08 (m, 7H), 2.07 – 1.95 (m, 2H), 1.88 – 1.82 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 151.6, 135.0, 122.4, 122.3, 104.2, 70.8, 39.9, 34.9, 34.8, 34.4, 

32.5, 31.7, 30.4, 22.1, 19.6. HRMS (ESI+) m/z calc’d for C15H18BrNONa [M+Na]+: 

330.0464, found 330.0465. HPLC conditions: 1% IPA, 0.5 mL/min, Chiralcel OD-H 

(4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): major = 12.49, minor = 14.50. 

 

(S)-(Z)-3-(3-Bromobut-2-en-1-yl)-6-methyl-3,4-dihydro-2H-pyran-3-carbonitrile 

(2x): 

Following the general procedure, the reaction was performed with 1x (34.0 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2x (17.1 mg) was obtained in 67% yield as a colorless oil. 

er = 66 : 34. [α]D
20 – 10.65 (c 0.31, CHCl3). Rf = 0.4 (PE : EA = 20 : 1). 1H NMR (400 

MHz, CDCl3) δ 5.81 (t, J = 7.2 Hz, 1H), 4.49 (t, J = 4.0 Hz, 1H), 4.09 (dd, J = 10.4, 1.6 
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Hz, 1H), 3.74 (d, J = 10.8 Hz, 1H), 2.52 – 2.45 (m, 2H), 2.44 – 2.33 (m, 4H), 2.18 – 

2.09 (m, 1H), 1.78 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 151.4, 127.5, 121.8, 121.6, 

92.3, 69.2, 36.5, 34.6, 30.8, 29.1, 19.5. HRMS (ESI+) m/z calc’d for C11H14BrNONa 

[M+Na]+: 278.0151, found 278.0152. HPLC conditions: 100% hexane, 0.6 mL/min, 

Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major = 14.85, 

minor = 17.36. 

 

(S)-3-(2-Bromo-6-chlorobenzyl)-5-chlorochromane-3-carbonitrile (2y): 

Following the general procedure, the reaction was performed with 1y (48.6 mg, 0.1 

mmol, 1.0 equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.7 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2y (38.5 mg) was obtained in 95% yield as a white solid. 

er = 78 : 22. [α]D
20 – 48.70 (c 0.46, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.59 (dd, J = 8.4, 1.2 Hz, 1H), 7.44 (dd, J = 8.0, 1.2 Hz, 1H), 7.17 – 

7.09 (m, 2H), 7.03 (dd, J = 8.0, 0.8 Hz, 1H), 6.85 (dd, J = 8.4, 0.8 Hz, 1H), 4.48 (dd, J 

= 10.8, 2.0 Hz, 1H), 4.11 (d, J = 10.8 Hz, 1H), 3.51 (AB, J = 14.4 Hz, 1H), 3.47 (BA, 

J = 14.4 Hz, 1H), 3.40 (dd, J = 17.1, 1.8 Hz, 1H), 3.12 (d, J = 17.2 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 154.0, 136.4, 134.5, 133.1, 132.3, 130.1, 129.5, 128.5, 127.1, 

122.3, 119.8, 116.8, 115.6, 70.1, 37.5, 36.9, 34.5. HRMS (ESI+) m/z calc’d for 

C17H12BrCl2NONa [M+Na]+: 417.9372, found 417.9371. HPLC conditions: 2% IPA, 

0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): major 

= 20.42, minor = 25.41. 

 

3-(2-Bromo-3-methylbenzyl)-8-methylchromane-3-carbonitrile (2z): 

Following the general procedure, the reaction was performed with 1z (44.2 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.4 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (65.8 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 
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for 24 h. The desired product 2z (26.8 mg) was obtained in 75% yield as a white solid. 

er = 51 : 49. Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 

6.8, 2.4 Hz, 1H), 7.25 – 7.20 (m, 2H), 7.02 (d, J = 7.2 Hz, 1H), 6.91 – 6.79 (m, 2H), 

4.35 (dd, J = 11.2, 1.4 Hz, 1H), 4.12 (d, J = 10.8 Hz, 1H), 3.32 (AB, J = 14.0 Hz, 1H), 

3.25 (BA, J = 14.0 Hz, 1H), 3.16 (AB, J = 16.8 Hz, 1H), 3.10 (BA, J = 16.8 Hz, 1H), 

2.47 (s, 3H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 151.2, 139.3, 134.5, 130.3, 

129.5, 129.4, 128.4, 127.2, 127.1, 126.3, 120.99, 120.96, 117.0, 69.4, 39.5, 36.9, 35.1, 

24.5, 15.9. HRMS (ESI+) m/z calc’d for C19H18BrNONa [M+Na]+: 378.0464, found 

378.0469. HPLC conditions: 2% IPA, 0.6 mL/min, Chiralcel OD-H (4.6 mm x 250 

mmL) column, λ = 210 nm, tR (min): major = 32.94, minor = 35.06. 

 

(R)-10-(2-Bromobenzyl)-10,11-dihydrodibenzo[b,f]oxepine-10-carbonitrile (2aa): 

Following the general procedure, the reaction was performed with 1aa (47.6 mg, 0.1 

mmol, 1.0 equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), ligand L7 (3.5 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (68.6 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2aa (6.5 mg) was obtained in 17% yield as a white solid. 

er = 75 : 25. [α]D
20 – 52.14 (c 0.14, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.39 – 7.29 (m, 4H), 7.28 – 7.22 (m, 1H), 7.19 (td, J = 7.2, 1.2 Hz, 1H), 

7.09 (td, J = 7.2, 1.2 Hz, 1H), 7.06 – 7.02 (m, 2H), 7.01 – 6.95 (m, 2H), 6.84 (dd, J = 

7.6, 1.2 Hz, 1H), 3.39 (AB, J = 15.6 Hz, 1H), 3.26 (AB, J = 13.6 Hz, 1H), 3.19 (BA, J 

= 16.0 Hz, 1H), 3.02 (BA, J = 13.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 174.5, 

156.0, 143.2, 134.8, 132.7, 131.4, 129.3, 129.2, 128.6, 128.5, 128.3, 126.8, 126.0, 

125.83, 125.77, 124.7, 123.7, 123.2, 110.5, 45.4, 38.3, 35.2. HRMS (ESI+) m/z calc’d 

for C22H16BrNONa [M+Na]+: 412.0307, found 412.0310. HPLC conditions: 5% IPA, 

0.6 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major 

= 18.76, minor = 11.87. 
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(S)-3-(2-Iodobenzyl)chromane-3-carbonitrile (2ab): 

Following the general procedure, the reaction was performed with 1ab (51.1 mg, 0.1 

mmol, 1.0 equiv), CuI (3.9 mg, 0.02 mmol, 20 mol %), ligand L7 (3.3 mg, 0.022 mmol, 

22 mol %) and Cs2CO3 (67.0 mg, 0.2 mmol, 2.0 equiv) in 1 mL of 1,4-dioxane at 10 oC 

for 24 h. The desired product 2ab (32.1 mg) was obtained in 86% yield as a white solid. 

er = 67 : 33. [α]D
20 – 4.43 (c 0.61, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.91 (dd, J = 

8.0, 1.2 Hz, 1H), 7.57 (dd, J = 7.6, 1.6 Hz, 1H), 7.40 (td, J = 7.6, 1.2 Hz, 1H), 7.20 – 

7.15 (m, 1H), 7.08 – 6.98 (m, 2H), 6.96 – 6.89 (m, 2H), 4.31 (d, J = 10.9 Hz, 1H), 4.14 

(d, J = 10.9 Hz, 1H), 3.27 (AB, J = 14.2 Hz, 1H), 3.21 (BA, J = 14.2 Hz, 1H), 3.13 (s, 

2H). 13C NMR (100 MHz, CDCl3) δ 153.0, 140.2, 137.5, 131.0, 129.8, 129.5, 128.7, 

128.4, 121.7, 120.8, 117.5, 117.0, 102.4, 69.4, 43.2, 37.0, 34.8. HRMS (ESI+) m/z 

calc’d for C17H14INONa [M+Na]+: 398.0012, found 398.0020. HPLC conditions: 2% 

IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): 

major = 33.42, minor = 29.92. 

5. Gram-Scale Reaction and Synthetic Transformations  

5.1 Gram-Scale Reaction 

 

To a 100 mL Schlenk flask which was equipped with a magnetic stirring bar were added 

CuI (160.6 mg, 0.8 mmol, 20 mol %), ligand L7 (136.6 mg, 0.88 mmol, 22 mol %) and 

1,4-dioxane (40 mL).The mixture was stirred at room temperature for 10 min. Then 

2,2-bis(2-bromobenzyl)-3-hydroxypropanenitrile 1a (1.63 g, 4.0 mmol, 1.0 equiv) and 

Cs2CO3 (2.61 g, 8.0 mmol, 2.0 equiv) were added and the flask was sealed and taken 

out from the glovebox. Upon the reaction was stirred at 10 oC for 24 h, the mixture was 

filtered and the solid was washed with EA (100 mL). The filtrates were concentrated 
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under reduced pressure, and the residue was purified by silica gel chromatography (PE : 

EA = 50 : 1) to get the desired product 2a in 93% yield (1.28 g) with 96 : 4 er. 

5.2 Synthetic Transformations  

 

(R)-3-([1,1'-Biphenyl]-2-ylmethyl)chromane-3-carbonitrile (3): 

A mixture of 2a (33.6 mg, 0.1 mmol, 1.0 equiv), PhB(OH)2 (19.4 mg, 0.15 mmol, 1.5 

equiv), Pd(dppf)Cl2 (7.4 mg, 0.01 mmol, 0.1 equiv), K2CO3 (35.0 mg, 0.25 mmol, 2.5 

equiv) and 1 mL of 1,4-dioxane : H2O (3 : 1) were added to a 10 mL Schlenk tube 

equipped with a magnetic stirring bar under argon atmosphere. The mixture was stirred 

at 80 oC for 24 h. After the reaction was stopped, 5 mL of water was added and the 

mixture was extracted with EA (10 mL x 3). The combined organic phase was washed 

with water, dried over anhydrous sodium sulfate and filtered. The filtrate was 

concentrated under reduced pressure and the obtained residue was purified by silica gel 

chromatography (PE : EA = 60 : 1) to give 3 (29.3 mg) in 86% yield as a white solid 

with 95 : 5 er. [α]D
20 – 13.27 (c 0.49, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 

MHz, CDCl3) δ 7.66 (dd, J = 7.8, 2.0 Hz, 1H), 7.44 – 7.36 (m, 4H), 7.35 – 7.26 (m, 

4H), 7.09 (td, J = 8.4, 1.6 Hz, 1H), 6.92 – 6.82 (m, 2H), 6.76 (d, J = 8.0 Hz, 1H), 4.05 

(dd, J = 10.8, 1.6 Hz, 1H), 3.58 (d, J = 10.8 Hz, 1H), 3.17 (AB, J = 14.0 Hz, 1H), 3.12 

(BA, J = 14.0 Hz, 1H), 2.93 (AB, J = 16.4 Hz, 1H), 2.62 (BA, J = 16.4 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 152.7, 143.1, 140.9, 131.5, 131.0, 130.8, 129.7, 129.5, 128.4, 

128.1, 127.74, 127.69, 127.2, 121.4, 117.4, 116.8, 69.3, 36.9, 36.0, 34.8. HRMS (ESI+) 

m/z calc’d for C23H19NONa [M+Na]+: 348.1359, found 348.1360. HPLC conditions: 2% 

IPA, 0.8 mL/min, Chiralcel OD-H (4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): 

major = 23.21, minor = 26.98.  

 

(R)-3-(2-Bromobenzyl)-4-oxochromane-3-carbonitrile (4): 
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Following the reported procedure,4 a mixture of H5IO6 (110.2 mg, 0.46 mmol, 2.0 equiv) 

and 1.5 mL of acetonitrile was added to a 15 mL Schlenk tube under argon atmosphere. 

Then, CrO3 (18.6 mg, 0.18 mmol, 0.75 equiv) was added slowly. After the solid of CrO3 

was dissolved completely, a solution of 2a (75.9 mg, 0.23 mmol, 1.0 equiv) in 1.5 mL 

of acetonitrile was added. The reaction was stirred at 40 oC for 12 h. The mixture was 

cooled to room temperature, filtered and washed with EA (30 mL). The filtrates were 

concentrated under reduced pressure. The crude mixture was purified by silica gel 

chromatography (PE : EA = 80 : 1) to give product 4 (67.7 mg) in 88% yield as a white 

solid with 95.5 : 4.5 er. [α]D
20 – 33.64 (c 0.55, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H 

NMR (400 MHz, CDCl3) δ 7.98 (dd, J = 8.0, 1.6 Hz, 1H), 7.64 – 7.56 (m, 2H), 7.53 

(dd, J = 7.6, 1.6 Hz, 1H), 7.35 (td, J = 7.6, 1.2 Hz, 1H), 7.19 (td, J = 8.0, 1.6 Hz, 1H), 

7.16 – 7.11 (m, 1H), 7.06 (d, J = 8.4 Hz, 1H), 4.58 (AB, J = 11.8 Hz, 1H), 4.51 (BA, J 

= 11.8 Hz, 1H), 3.66 (AB, J = 14.0 Hz, 1H), 3.40 (BA, J = 14.4 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ 184.2, 160.7, 137.3, 133.4, 133.0, 132.2, 129.7, 128.6, 127.9, 125.6, 

122.8, 118.3, 118.1, 116.0, 70.3, 48.6, 35.2. HRMS (ESI+) m/z calc’d for 

C17H12BrNO2Na [M+Na]+: 363.9944, found 363.9950. HPLC conditions: 5% IPA, 1.0 

mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major 

= 13.43, minor = 16.18.  

 

(S)-Spiro[chromane-3,2'-inden]-1'(3'H)-one (5):  

Following the literature procedure,5 2a (33.0 mg, 0.1 mmol, 1.0 equiv), Pd(OAc)2 (2.4 

mg, 0.01 mmol, 10 mol %), PPh3 (6.9 mg, 0.02 mmol, 20 mol %), Et3N (22.0 μL, 0.15 

mmol, 1.5 equiv) and 1.8 mL of DMF and 0.2 mL of water (degassed) were added to a 

10 mL Schlenk tube equipped with a magnetic stirring bar. After the mixture was stirred 

at 130 oC for 48 h, 15 mL of water was added and the mixture was extracted with EA 

(15 mL x 3). The combined organic phase was washed with brine for three times, dried 

over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced 
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pressure. The residue was purified by silica gel chromatography (PE : EA = 50 : 1) to 

give the desired product 5 (12.1 mg) in 49% yield as a colorless oil with 95 : 5 er. [α]D
20 

12.36 (c 0.72, CHCl3). Rf = 0.4 (PE : EA = 10 : 1). 1H NMR (400 MHz, CDCl3) δ 7.81 

(d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.48 – 7.39 (m, 2H), 7.17 (t, J = 8.0 Hz, 

1H), 7.09 (d, J = 7.6 Hz, 1H), 6.94 – 6.87 (m, 2H), 4.11 (AB, J = 10.8 Hz, 1H), 3.97 

(ABX, J = 10.4, 2.8 Hz, 1H), 3.39 (AB, J = 16.4 Hz, 1H), 3.35 (AB, J = 17.6 Hz, 1H), 

2.90 (BA, J = 17.6 Hz, 1H), 2.54 (ABX, J = 16.0, 2.4 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 207.0, 153.7, 152.8, 135.7, 135.5, 130.2, 127.8, 127.7, 126.8, 124.3, 120.7, 

120.3, 116.6, 70.4, 48.0, 37.2, 34.3. HRMS (ESI+) m/z calc’d for C17H14ONa [M+Na]+: 

273.0886, found 237.0889. HPLC conditions: 2% IPA, 0.8 mL/min, Chiralcel OD-H 

(4.6 mm x 250 mmL) column, λ = 210 nm, tR (min): major = 15.72, minor = 14.26.  

 

(R)-1',4'-dihydro-2'H-spiro[chromane-3,3'-quinoline] (6): 

According to the literature procedure,6 a mixture of 2a (98.9 mg, 0.3 mmol, 1.0 equiv), 

KOH (68.0 mg, 0.3 mmol, 1.0 equiv), EtOH : H2O (3 mL : 3 mL) were added to a 25 

mL round-bottomed flask and the mixture was refluxed at 100 oC for 16 h. After the 

fully consumption of the starting material, 10 mL water was added and the mixture was 

extracted with EA (10 mL x 3), dried over anhydrous sodium sulfate and filtered. The 

filtrates were concentrated to provide the analytically pure amide S2 in quantity yield, 

which was directly used for the next step without further purification. er = 95 : 5. [α]D
20 

– 46.29 (c 0.35, CHCl3). Rf = 0.2 (PE : EA = 1 : 1). 1H NMR (400 MHz, CDCl3) δ 7.57 

(dd, J = 8.0, 1.2 Hz, 1H), 7.36 (dd, J = 7.6, 1.6 Hz, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 

7.11 (td, J = 7.6, 1.6 Hz, 2H), 7.05 (dd, J = 7.5, 1.2 Hz, 1H), 6.88 (td, J = 7.6, 1.2 Hz, 

1H), 6.82 (dd, J = 8.4, 0.8 Hz, 1H), 5.96 (brs, 1H), 5.61 (brs, 1H), 4.38 (ABX, J = 11.2, 

2.0 Hz, 1H), 4.16 (BA, J = 11.6 Hz, 1H), 3.32 (AB, J = 14.0 Hz, 1H), 3.22 (BA, J = 

14.0 Hz, 1H), 3.09 (ABX, J = 15.2, 1.6 Hz, 1H), 3.03 (BA, J = 16.8 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 175.9, 153.2, 135.8, 133.0, 132.0, 129.8, 128.6, 127.9, 127.6, 

125.8, 121.3, 119.7, 116.7, 70.2, 45.7, 40.2, 33.7. HRMS (ESI+) m/z calc’d for 
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C17H16BrNO2Na [M+Na]+: 368.0257, found 368.0255. HPLC conditions: 20% IPA, 0.8 

mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, λ = 230 nm, tR (min): major 

= 8.68, minor = 10.53. 

Following the reported literature procedure,7 the amide S2 (33.9 mg, 0.1 mmol, 1.0 

equiv), CuI (4.0 mg, 0.02 mmol, 20 mol %), rac-BINOL (6.5 mg, 0.022 mmol, 22 

mol %), Cs2CO3 (67.9 mg, 0.2 mmol, 2.0 equiv) and 1 mL of 1,4-dioxane were added 

to a 4 mL screw capped vial. After stirred at 100 oC for 24 h, the mixture was filtered 

through a celite pad and washed with EA (30 mL). The filtrates were concentrated under 

reduced pressure and the resultant residue was directly used for the next step. The crude 

products above synthesized (20.0 mg, 0.08 mmol, 1.0 equiv) was dissolved in 1.5 mL 

of anhydrous THF under argon atmosphere. The solution was cooled to 0 oC and LiAlH4 

(9.0 mg, 0.23 mmol, 3.0 equiv) was added slowly. The mixture was stirred at 0 oC for 

30 min and then warmed up to room temperature and stirred overnight. Upon the 

completion of the reaction, the mixture was quenched with saturated ammonium 

chloride aqueous solution, extracted with EA (10 mL x 3). The combined organic phase 

was washed with brine, dried over anhydrous sodium sulfate, and filtered. The filtrate 

was concentrated under reduced pressure to give the residue which was then purified 

by silica gel chromatography (PE : EA = 30 : 1) to provide the desired product 6 (16.9 

mg) in 89% yield as a white solid with 95 : 5 er. [α]D
20 – 2.42 (c 0.33, CHCl3). Rf = 0.4 

(PE : EA = 20 : 1). 1H NMR (400 MHz, CDCl3) δ 7.12 (t, J = 8.0 Hz, 1H), 7.06 – 7.00 

(m, 2H), 6.97 (d, J = 7.2 Hz, 1H), 6.90 – 6.82 (m, 2H), 6.66 (t, J = 7.6 Hz, 1H), 6.56 (d, 

J = 8.0 Hz, 1H), 4.04 (d, J = 10.8 Hz, 1H), 3.86 (d, J = 10.4 Hz, 1H), 3.20 (AB, J = 

11.6 Hz, 1H), 3.08 (BA, J = 11.2 Hz, 1H), 2.74 – 2.61 (m, 4H), 1.61 (brs, 1H). 13C NMR 

(100 MHz, CDCl3) δ 153.9, 143.4, 130.2, 130.1, 127.3, 127.1, 120.7, 120.5, 118.6, 

117.5, 116.5, 114.0, 71.2, 46.9, 35.7, 34.8, 30.0. HRMS (ESI+) m/z calc’d for 

C17H17NONa [M+Na]+: 274.1202, found 274.1203. HPLC conditions: 5% IPA, 1.0 

mL/min, Chiralpak AD-H (4.6 mm x 250 mmL) column, λ = 254 nm, tR (min): major 

= 13.22, minor = 11.90.  

6. X-ray Crystallography Data of 2a  

https://fanyi.so.com/?src=onebox#ammonium%20chloride
https://fanyi.so.com/?src=onebox#ammonium%20chloride
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Table S1.  Crystal data and structure refinement for 2a. 

Identification code  CCDC 1938342 

Empirical formula  C17 H14 Br N O 

Formula weight  328.20 

Temperature  250(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P212121 

Unit cell dimensions a = 6.3438(6) Å a= 90°. 

 b = 10.5541(10) Å b= 90°. 

 c = 20.794(2) Å g = 90°. 

Volume 1392.2(2) Å3 

Z 4 

Density (calculated) 1.566 Mg/m3 

Absorption coefficient 2.947 mm-1 

F(000) 664 

Crystal size 0.120 x 0.080 x 0.060 mm3 

Theta range for data collection 2.164 to 30.796°. 

Index ranges -5<=h<=9, -11<=k<=15, -29<=l<=28 

Reflections collected 11572 

Independent reflections 4332 [R(int) = 0.0266] 

Completeness to theta = 25.242° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7461 and 0.6147 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4332 / 0 / 233 

Goodness-of-fit on F2 1.024 

Final R indices [I>2sigma(I)] R1 = 0.0411, wR2 = 0.0864 
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R indices (all data) R1 = 0.0555, wR2 = 0.0906 

Absolute structure parameter 0.043(6) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.702 and -0.455 e.Å-3 

Table S2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement 

parameters (Å2x 103) for 2a.   

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

_____________________________________________________________________ 

 x y z U(eq) 

_____________________________________________________________________ 

BR1 10797(1) 9877(1) 6904(1) 43(1) 

O(1) 9248(4) 5592(2) 6274(1) 35(1) 

N(1) 7061(5) 6914(3) 4872(2) 35(1) 

C(1) 5033(6) 6644(4) 6428(2) 29(1) 

C(2) 5589(5) 5290(3) 6584(2) 27(1) 

C(3) 4071(6) 4446(4) 6816(2) 34(1) 

C(4) 4536(6) 3179(4) 6910(2) 41(1) 

C(6) 8089(6) 3543(4) 6571(2) 37(1) 

C(5) 6529(7) 2733(4) 6785(2) 41(1) 

C(7) 7633(5) 4821(4) 6481(2) 29(1) 

C(8) 8938(5) 6907(3) 6396(2) 29(1) 

C(9) 6839(5) 7381(3) 6106(2) 25(1) 

C(10) 6508(6) 8829(4) 6224(2) 29(1) 

C(11) 7876(6) 9706(3) 5842(2) 28(1) 

C(12) 7190(7) 10053(4) 5223(2) 40(1) 

C(13) 8423(10) 10849(4) 4847(2) 54(1) 

C(14) 10295(10) 11322(4) 5064(2) 57(1) 

C(15) 10989(8) 11025(4) 5678(2) 44(1) 

C(16) 9773(6) 10231(3) 6057(2) 31(1) 

C(17) 6924(5) 7110(3) 5408(2) 27(1) 

_____________________________________________________________________ 

Table S3. Bond lengths [Å] and angles [°] for 2a. 

_____________________________________________________  

BR1-C(16)  1.915(4) 

O(1)-C(7)  1.378(4) 
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O(1)-C(8)  1.424(4) 

N(1)-C(17)  1.138(5) 

C(1)-C(2)  1.507(5) 

C(1)-C(9)  1.538(5) 

C(1)-H(1)  1.02(4) 

C(1)-H(2)  0.95(5) 

C(2)-C(3)  1.399(5) 

C(2)-C(7)  1.404(5) 

C(3)-C(4)  1.383(6) 

C(3)-H(3)  1.00(4) 

C(4)-C(5)  1.373(6) 

C(4)-H(4)  1.03(5) 

C(6)-C(5)  1.382(6) 

C(6)-C(7)  1.393(5) 

C(6)-H(6A)  0.9400 

C(5)-H(5)  0.88(5) 

C(8)-C(9)  1.545(4) 

C(8)-H(6)  0.95(4) 

C(8)-H(7)  0.95(3) 

C(9)-C(17)  1.481(5) 

C(9)-C(10)  1.561(5) 

C(10)-C(11)  1.497(5) 

C(10)-H(8)  0.90(5) 

C(10)-H(9)  0.80(4) 

C(11)-C(16)  1.398(5) 

C(11)-C(12)  1.408(5) 

C(12)-C(13)  1.389(7) 

C(12)-H(10)  0.83(5) 

C(13)-C(14)  1.365(8) 

C(13)-H(11)  0.94(6) 

C(14)-C(15)  1.387(7) 

C(14)-H(12)  1.05(7) 

C(15)-C(16)  1.384(6) 

C(15)-H(13)  0.97(6) 

C(7)-O(1)-C(8) 114.7(3) 

C(2)-C(1)-C(9) 113.5(3) 

C(2)-C(1)-H(1) 114(2) 

C(9)-C(1)-H(1) 108(2) 
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C(2)-C(1)-H(2) 112(3) 

C(9)-C(1)-H(2) 102(3) 

H(1)-C(1)-H(2) 106(3) 

C(3)-C(2)-C(7) 117.6(3) 

C(3)-C(2)-C(1) 121.2(3) 

C(7)-C(2)-C(1) 121.2(3) 

C(4)-C(3)-C(2) 121.2(4) 

C(4)-C(3)-H(3) 121(2) 

C(2)-C(3)-H(3) 117(2) 

C(5)-C(4)-C(3) 120.1(4) 

C(5)-C(4)-H(4) 119(3) 

C(3)-C(4)-H(4) 121(3) 

C(5)-C(6)-C(7) 119.6(4) 

C(5)-C(6)-H(6A) 120.2 

C(7)-C(6)-H(6A) 120.2 

C(4)-C(5)-C(6) 120.5(4) 

C(4)-C(5)-H(5) 123(3) 

C(6)-C(5)-H(5) 117(3) 

O(1)-C(7)-C(6) 117.3(3) 

O(1)-C(7)-C(2) 121.7(3) 

C(6)-C(7)-C(2) 120.9(3) 

O(1)-C(8)-C(9) 111.4(3) 

O(1)-C(8)-H(6) 108(2) 

C(9)-C(8)-H(6) 114(2) 

O(1)-C(8)-H(7) 105.4(19) 

C(9)-C(8)-H(7) 107.4(19) 

H(6)-C(8)-H(7) 110(3) 

C(17)-C(9)-C(1) 110.9(3) 

C(17)-C(9)-C(8) 106.8(3) 

C(1)-C(9)-C(8) 108.0(3) 

C(17)-C(9)-C(10) 110.4(3) 

C(1)-C(9)-C(10) 109.0(3) 

C(8)-C(9)-C(10) 111.8(3) 

C(11)-C(10)-C(9) 116.4(3) 

C(11)-C(10)-H(8) 109(3) 

C(9)-C(10)-H(8) 106(3) 

C(11)-C(10)-H(9) 111(3) 

C(9)-C(10)-H(9) 106(3) 
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H(8)-C(10)-H(9) 108(4) 

C(16)-C(11)-C(12) 117.0(3) 

C(16)-C(11)-C(10) 125.1(3) 

C(12)-C(11)-C(10) 117.8(3) 

C(13)-C(12)-C(11) 119.9(4) 

C(13)-C(12)-H(10) 118(4) 

C(11)-C(12)-H(10) 122(4) 

C(14)-C(13)-C(12) 121.7(5) 

C(14)-C(13)-H(11) 116(3) 

C(12)-C(13)-H(11) 122(3) 

C(13)-C(14)-C(15) 119.8(4) 

C(13)-C(14)-H(12) 138(4) 

C(15)-C(14)-H(12) 101(4) 

C(16)-C(15)-C(14) 118.9(5) 

C(16)-C(15)-H(13) 119(4) 

C(14)-C(15)-H(13) 122(4) 

C(15)-C(16)-C(11) 122.6(4) 

C(15)-C(16)-BR1 116.9(3) 

C(11)-C(16)-BR1 120.5(3) 

N(1)-C(17)-C(9) 177.6(4) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:   

Table S4. Anisotropic displacement parameters (Å2x 103) for 2a.   

The anisotropic displacement factor exponent takes the form: -2p2[ h2 a*2U11 + ...  

+ 2 h k a* b* U12 ] 

_____________________________________________________________________ 

 U11 U22  U33 U23 U13 U12 

_____________________________________________________________________  

BR1 40(1)  50(1) 40(1)  -6(1) -9(1)  -3(1) 

O(1) 20(1)  38(1) 47(2)  2(1) 5(1)  5(1) 

N(1) 28(2)  41(2) 35(2)  -5(1) -1(1)  -2(1) 

C(1) 19(1)  36(2) 33(2)  3(1) 4(1)  2(1) 

C(2) 25(2)  34(2) 22(1)  0(1) -2(1)  2(1) 

C(3) 26(2)  47(2) 30(2)  5(1) -1(2)  -4(2) 

C(4) 40(2)  46(2) 36(2)  6(2) -1(2)  -10(2) 
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C(6) 34(2)  36(2) 41(2)  -3(2) -3(2)  7(2) 

C(5) 52(2)  32(2) 38(2)  3(2) -5(2)  1(2) 

C(7) 25(1)  32(2) 30(2)  -2(1) -2(1)  2(2) 

C(8) 16(2)  39(2) 33(2)  1(1) 0(1)  2(1) 

C(9) 16(1)  32(2) 27(2)  1(1) 2(1)  2(1) 

C(10) 24(2)  34(2) 30(2)  -3(1) 3(1)  6(1) 

C(11) 33(2)  23(2) 29(2)  -2(1) 3(1)  6(1) 

C(12) 54(2)  30(2) 36(2)  -5(2) -5(2)  6(2) 

C(13) 104(4)  30(2) 29(2)  3(2) 7(2)  12(2) 

C(14) 93(4)  30(2) 47(3)  -2(2) 30(3)  -8(2) 

C(15) 52(2)  29(2) 51(2)  -7(2) 17(2)  -6(2) 

C(16) 37(2)  28(2) 29(2)  -6(1) 5(1)  5(1) 

C(17) 18(1)  28(2) 35(2)  -1(1) 0(1)  2(1) 

_____________________________________________________________________  

Table S5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters 

(Å2x 10 3) for 2a. 

_____________________________________________________________________ 

 x  y  z  U(eq) 

_____________________________________________________________________ 

H(1) 3710(60) 6740(40) 6152(19) 28(10) 

H(2) 4780(70) 7130(40) 6800(20) 37(11) 

H(3) 2600(70) 4770(40) 6872(19) 33(10) 

H(4) 3390(70) 2550(40) 7050(20) 40(12) 

H(6A) 9450 3232 6485 44 

H(6) 9060(60) 7040(40) 6850(20) 32(10) 

H(5) 6860(80) 1930(50) 6820(20) 48(13) 

H(7) 10040(50) 7320(30) 6176(15) 7(7) 

H(8) 5140(70) 8980(40) 6130(20) 33(11) 

H(9) 6650(60) 8940(40) 6600(20) 22(10) 

H(10) 6080(80) 9770(50) 5070(20) 50(14) 

H(11) 8090(80) 11030(50) 4420(30) 57(14) 

H(12) 11640(110) 11780(70) 4880(30) 90(20) 

H(13) 12340(90) 11300(60) 5840(30) 69(17) 

_____________________________________________________________________ 

Table S6. Torsion angles [°] for 2a. 

________________________________________________________________  

C(9)-C(1)-C(2)-C(3) -173.4(3) 
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C(9)-C(1)-C(2)-C(7) 4.7(5) 

C(7)-C(2)-C(3)-C(4) -3.3(5) 

C(1)-C(2)-C(3)-C(4) 174.8(4) 

C(2)-C(3)-C(4)-C(5) 1.2(6) 

C(3)-C(4)-C(5)-C(6) 0.5(6) 

C(7)-C(6)-C(5)-C(4) 0.1(6) 

C(8)-O(1)-C(7)-C(6) -159.7(3) 

C(8)-O(1)-C(7)-C(2) 21.8(4) 

C(5)-C(6)-C(7)-O(1) 179.2(3) 

C(5)-C(6)-C(7)-C(2) -2.4(6) 

C(3)-C(2)-C(7)-O(1) -177.7(3) 

C(1)-C(2)-C(7)-O(1) 4.2(5) 

C(3)-C(2)-C(7)-C(6) 3.9(5) 

C(1)-C(2)-C(7)-C(6) -174.2(3) 

C(7)-O(1)-C(8)-C(9) -55.4(4) 

C(2)-C(1)-C(9)-C(17) 81.7(4) 

C(2)-C(1)-C(9)-C(8) -34.9(4) 

C(2)-C(1)-C(9)-C(10) -156.6(3) 

O(1)-C(8)-C(9)-C(17) -57.9(4) 

O(1)-C(8)-C(9)-C(1) 61.3(4) 

O(1)-C(8)-C(9)-C(10) -178.7(3) 

C(17)-C(9)-C(10)-C(11) -46.7(4) 

C(1)-C(9)-C(10)-C(11) -168.7(3) 

C(8)-C(9)-C(10)-C(11) 72.0(4) 

C(9)-C(10)-C(11)-C(16) -95.2(4) 

C(9)-C(10)-C(11)-C(12) 86.1(4) 

C(16)-C(11)-C(12)-C(13) 2.2(5) 

C(10)-C(11)-C(12)-C(13) -179.0(4) 

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

C(12)-C(13)-C(14)-C(15) -1.0(7) 

C(13)-C(14)-C(15)-C(16) 1.1(6) 

C(14)-C(15)-C(16)-C(11) 0.5(6) 

C(14)-C(15)-C(16)-BR1 -179.1(3) 

C(12)-C(11)-C(16)-C(15) -2.1(5) 

C(10)-C(11)-C(16)-C(15) 179.1(3) 

C(12)-C(11)-C(16)-BR1 177.5(3) 

C(10)-C(11)-C(16)-BR1 -1.3(5) 

________________________________________________________________  
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Symmetry transformations used to generate equivalent atoms:  

 

Table S7.  Hydrogen bonds for final-LWB-CJH-III-193-20181231  [Å and °]. 

_____________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

_____________________________________________________________________ 
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8. HPLC Spectra 
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9. NMR Spectra 
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