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I. General Information

1. Chemicals and Reagents

All manipulations were carried out under an atmosphere of nitrogen using standard Schlenk or 

glove box techniques. Anhydrous THF was distilled by sodium/benzophenone ketyl prior to use. 1,4-

Dioxane (99.5%, extra dry, Acros) was purchased and used directly. Deuterated solvents were used as 

received (CDCl3 from Maclin Co., China). NiBr2 (Alfa Aesar), NiCl2 (Alfa Aesar), Ni(COD)2 (Alfa 

Aesar), NiCl2•DME (Alfa Aesar), NiBr2•DME (Alfa Aesar)，LiOMe (J＆K), B2pin2 (Alfa Aesar) 

were used as received. L1•NiBr2 were synthesized according to literature procdures[1,2]. 2,9-Dimethyl-

1,10-phenanthroline (>99%, Alfa Aesar)were purchased and used directly. Unless otherwise noted, all 

other reagents and starting materials were purchased from commercial sources and used without 

further purification.

2. Physical Methods

Column chromatography was performed using silica gel 200-300 mesh (purchased from 

Qingdao-Haiyang Co., China) as the solid support. All NMR spectra were recorded on Bruker Avance 

500 MHz spectrometers. 1H NMR and 13C NMR chemical shifts are reported in δ units, parts per 

million (ppm) relative to the chemical shift of residual solvent. Reference peaks for chloroform in 1H 

NMR and 13C NMR spectra were set at 7.26 ppm and 77.16 ppm, respectively. High-resolution mass 

spectra (HRMS) were obtained using a Bruker APEXIII 7.0 or IonSpec 4.7 TESLA FTMS 

instruments. Melting points were recorded on a micro melting point apparatus (X-4, YUHUA Co., Ltd, 

Gongyi, China). GC chromatograms were recorded on a GCMS-QP2010 SE (SHIMADZU) using an 

Agilent column CP7502 and Rxi-5 ms (Restek). Ultra Fast liquid chromatography was performed on 

Shimadzu Chromatographs (LC-2030 Plus) using Daicel Chiralcel columns (250 mm). Optical 

rotation analyses were performed on an Anton Paar MCP-500 optical instrument, using a 100 mm 

pathlength cell at 589 nm with [α]D values reported in degrees; concentration (c) is in g/100 mL.



S3

S3

II. Nickel-Catalyzed Enantioselective 1,2-Vinylboration
1. Reaction Conditions Optimization

Table S1. Optimization for the reaction of 1 with 2.

Ph

LiOMe (150 mol %)
1,4-Dioxane (1 mL)
10 oC, 14 h

1 (0.15 mmol) 2 (1.3 equiv) 3

Br
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B2pin2 (120 mol %)
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iPr iPr
L10L9L8

PPh2 N

O

Bn
entry Variation from standard conditionsa Yield [%]b ee [%]c

1 none 92 (93) 96
2 2 (1 equiv) 78 96
3 DMA instead of 1,4-dioxane 41 93
4 NiCl2, L1 instead of L1•NiBr2 60 82
5 NiBr2, L1 instead of L1•NiBr2 39 83
6 Ni(COD)2, L1 instead of L1•NiBr2 27 80
7 NiCl2•DME, L1 instead of L1•NiBr2 76 94
8 NiBr2•DME, L6 instead of L1•NiBr2 0 0
9 NiBr2•DME, L7 instead of L1•NiBr2 50 71
10 NiBr2•DME, L8 instead of L1•NiBr2 30 33
11 NiBr2•DME, L9 instead of L1•NiBr2 26 8
12 NiBr2•DME, L10 instead of L1•NiBr2 60 57
13 NiBr2•DME, L11 instead of L1•NiBr2 32 57

aStandard conditions: 1 (0.150 mmol, 1.0 equiv), 2 (0.195 mmol, 1.3 equiv), B2pin2 (0.180 mmol, 1.2 
equiv), L1•NiBr2 (10 mol%), LiOMe (0.225 mmol, 1.5 equiv), 1,4-dioxane (1.0 mL), 10 oC, 14 h. bYields 
determined by crude 1H NMR using 2,5-dimethylfuran as the internal standard. The yield in parentheses is 
the isolated yield. cThe ee values were determined by HPLC on a chiral stationary phase.

Ineffective Substrates:
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Ph Br
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2. General Procedure for Nickel-Catalyzed Enantioselective 1,2-Vinylboration

To an oven-dried 8 mL screw-cap vial equipped with a magnetic stir bar was charged with alkenyl 

bromide (0.195 mmol, 1.3 equiv, if solid)), alkene (0.150 mmol, 1.0 equiv, if solid), L1•NiBr2 (8.6 mg, 

0.015 mmol, 10 mol%). The vial was introduced into a glove box, to which LiOMe (8.6 mg, 0.225 

mmol, 1.5 equiv) and B2pin2 (45.7 mg, 0.180 mmol, 1.2 equiv) was added. The tube was sealed with a 

teflon-lined screw cap, removed from the glove box. Alkenyl bromide (0.195 mmol, 1.3 equiv, if 

liquid), alkene (0.150 mmol, 1.0 equiv, if liquid), and 1,4-dioxane (1.0 mL) were added via a syringe. 

The reaction mixture was allowed to stir at 10 oC for 14 h. After the reaction was complete, the 

reaction mixture was directly filtered through a short pad of silica gel (using ethyl acetate in petroleum 

ether) to give the product. All yields were an average of two runs.

3. Details of the Experimental Data

(R,E)-2-(2,4-Diphenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (3).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). 

After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 93% yield (46.6 mg, 96% ee) as a colorless oil.

This compound was also prepared according to the general procedure using styrene (15.6 mg, 0.150 

mmol, 1.0 equiv), (E)-(2-chlorovinyl)benzene (27.0 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated 

in 89% yield (44.6 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.30 (d, J = 7.4 Hz, 2H), 7.26–7.20 (m, 6H), 7.14 (dt, J = 14.4, 5.5 Hz, 

2H), 6.43–6.29 (m, 2H), 3.76 (dd, J = 14.6, 7.8 Hz, 1H), 1.36 (dd, J = 16.7, 7.3 Hz, 2H), 1.11 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.88, 137.74, 135.76, 128.53, 128.47, 128.43, 127.59, 127.04, 

126.29, 126.23, 83.29, 44.51, 29.83, 24.88 (d, J = 16.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H28BO2: 335.2177. Found: 335.2179.

Ph

Bpin



S5

S5

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.5 min, tR (major) = 10.5 min.

[α]D
20 = –2 (c = 0.18, CHCl3).

Methyl-(R,E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-1-en-1-yl)benzoate (4).

The title compound was prepared following the general procedure 

using styrene (15.6 mg, 0.150 mmol, 1.0 equiv), methyl (E)-4-(2-bromovinyl)benzoate (47.0 mg, 

0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in 

petroleum ether), the title compound was isolated in 86% yield (50.5 mg, 93% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.94 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.32–7.27 (m, 4H), 

7.22–7.17 (m, 1H), 6.49 (dt, J = 33.6, 11.5 Hz, 2H), 3.89 (s, 3H), 3.80 (q, J = 7.7 Hz, 1H), 1.42–1.34 (m, 

2H), 1.13 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 167.11, 145.31, 142.31, 138.66, 129.96, 128.58, 128.54, 127.68, 

127.60, 126.44, 126.15, 83.37, 52.12, 44.67, 29.83, 24.87 (d, J = 15.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H30BO4: 393.2232. Found: 393.2229.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 17.6 min, tR (major) = 19.1 min.

[α]D
20 = +2 (c = 0.26, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(4-

(trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (5).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-(trifluoromethyl)benzene (48.9 mg, 

0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in 

petroleum ether), the title compound was isolated in 80% yield (48.2 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.52 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.30 (tt, J = 8.2, 3.9 

Hz, 4H), 7.22–7.18 (m, 1H), 6.56–6.39 (m, 2H), 3.81 (dd, J = 15.0, 7.6 Hz, 1H), 1.43–1.36 (m, 2H), 1.14 (s, 

12H).

Ph

Bpin

MeO2C

F3C

Ph

Bpin
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13C NMR (126 MHz, CDCl3): δ 145.30, 141.25, 138.58, 129.02, 128.76, 128.60, 127.61, 127.25, 

126.47, 126.40, 125.53 (q, J = 3.7 Hz), 83.39, 44.58, 29.85, 24.88 (d, J = 16.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H27BF3O2: 403.2051. Found: 403.2050.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.1 min, tR (major) = 9.6 min.

[α]D
20 = +2 (c = 0.24, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(4-

(trifluoromethoxy)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (6).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-(trifluoromethoxy)benzene (52.1 

mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in 

petroleum ether), the title compound was isolated in 83% yield (52.0 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.34–7.31 (m, 2H), 7.28 (d, J = 6.5 Hz, 3H), 7.25 (s, 1H), 7.21–7.16 (m, 

1H), 7.11 (d, J = 8.1 Hz, 2H), 6.42–6.32 (m, 2H), 3.78 (dd, J = 13.9, 8.0 Hz, 1H), 1.41–1.34 (m, 2H), 1.13 

(s, 12H).

13C NMR (126 MHz, CDCl3): δ 148.18, 145.53, 136.96, 136.56, 128.55, 127.59, 127.44, 127.01, 

126.38, 121.11, 83.35, 44.49, 29.84, 24.87 (d, J = 15.5 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H27BF3O3: 419.2000. Found: 419.2003.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.0 min, tR (major) = 9.9 min.

[α]D
20 = +4 (c = 0.20, CHCl3).

(R,E)-2-(4-(4-Fluorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (7).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-fluorobenzene (39.2 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 91% yield (48.0 mg, 97% ee) as a colorless oil.

F3CO

Ph

Bpin

F

Ph

Bpin
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1H NMR (500 MHz, CDCl3): δ 7.33–7.27 (m, 6H), 7.21–7.17 (m, 1H), 6.96 (t, J = 8.7 Hz, 2H), 6.32 

(dt, J = 15.8, 11.5 Hz, 2H), 3.77 (q, J = 7.7 Hz, 1H), 1.39 (dd, J = 14.8, 6.6 Hz, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.78, 135.55, 133.87, 128.52, 127.73, 127.57, 127.28, 126.30, 

115.49, 115.32, 83.32, 44.50, 29.84, 24.88 (d, J = 16.0 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BFO2: 353.2083. Found: 353.2086.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.0 min, tR (major) = 9.6 min.

[α]D
20 = –2 (c = 0.25, CHCl3).

(R,E)-2-(4-(4-Bromophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (8).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-bromo-4-(2-bromovinyl)benzene (51.1 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 81% yield (50.2 mg, 80% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.39 (d, J = 8.5 Hz, 2H), 7.32–7.27 (m, 4H), 7.19 (dd, J = 7.4, 3.5 Hz, 

3H), 6.43–6.31 (m, 2H), 3.77 (dd, J = 13.7, 7.9 Hz, 1H), 1.38 (dt, J = 18.7, 7.5 Hz, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.55, 136.68, 136.63, 131.62, 128.54, 127.83, 127.56, 127.32, 

126.36, 120.70, 83.33, 44.54, 29.83, 24.88 (d, J = 16.6 Hz).

HRMS (ESI) m/z ([M+Na]+) calcd for C22H26BBrNaO2: 435.1101. Found: 435.1084.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 10.1 min, tR (major) = 10.8 min.

[α]D
20 = –1 (c = 0.36, CHCl3).

(R,E)-2-(4-(2,6-Difluorophenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (9).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)-1,3-difluorobenzene (42.7 mg, 0.195 mmol, 

1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), 

Br

Ph

Bpin

Ph

F

Bpin
F
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the title compound was isolated in 94% yield (52.2 mg, 92% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.32–7.28 (m, 4H), 7.18 (ddd, J = 6.8, 5.2, 3.4 Hz, 1H), 7.09–7.05 (m, 

1H), 6.82 (t, J = 8.4 Hz, 2H), 6.72 (dd, J = 16.2, 7.7 Hz, 1H), 6.46 (dd, J = 16.3, 0.9 Hz, 1H), 3.80 (q, J = 

7.8 Hz, 1H), 1.42–1.36 (m, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 161.95, (d, J = 8.0 Hz), 159.96 (d, J = 8.1 Hz), 145.51, 142.91 (t, J = 

7.5 Hz), 128.53, 127.61, 127.40 (t, J = 10.1 Hz), 126.33, 115.08, 111.46 (dd, J = 20.7, 6.0 Hz), 83.34, 

45.84, 29.84, 24.85 (d, J = 14.1 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H26BF2O2: 371.1988. Found: 371.1990.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 8.2 min, tR (major) = 9.6 min.

[α]D
20 = –4 (c = 0.31, CHCl3).

(R,E)-2-(4-(2-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (10).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-2-methoxybenzene (41.6 mg, 0.195 mmol, 

1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), 

the title compound was isolated in 83% yield (45.3 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.41 (dd, J = 7.6, 1.6 Hz, 1H), 7.33–7.26 (m, 4H), 7.20–7.14 (m, 2H), 

6.87 (t, J = 7.5 Hz, 1H), 6.85–6.78 (m, 2H), 6.37 (dd, J = 15.9, 7.6 Hz, 1H), 3.86–3.77 (m, 4H), 1.44–1.36 

(m, 2H), 1.15 (d, J = 0.7 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 156.60, 146.27, 136.13, 128.42, 128.02, 127.61, 126.82, 126.63, 

126.09, 122.98, 120.65, 110.88, 83.25, 55.50, 44.96, 29.84, 24.87 (d, J = 12.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO3: 365.2283. Found: 365.2284.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 11.6 min, tR (major) = 14.3 min.

[α]D
20 = –10 (c = 0.25, CHCl3).

Ph

Bpin
OMe
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(R,E)-2-(4-(3-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (11).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-3-methoxybenzene (41.6 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 85% yield (46.4 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.29 (d, J = 4.3 Hz, 4H), 7.22–7.15 (m, 2H), 6.93 (d, J = 7.7 Hz, 1H), 

6.91–6.85 (m, 1H), 6.74 (dd, J = 7.9, 2.2 Hz, 1H), 6.39 (d, J = 4.9 Hz, 2H), 3.83–3.74 (m, 4H), 1.40 (dd, J 

= 16.6, 7.4 Hz, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 159.86, 145.82, 139.23, 136.07, 129.49, 128.49, 128.36, 127.62, 

126.26, 119.05, 112.86, 111.44, 83.31, 55.30, 44.47, 31.72, 24.89 (d, J = 16.0 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO3: 365.2283. Found: 365.2287.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 12.5 min, tR (major) = 14.9 min.

[α]D
20 = –2 (c =0.29, CHCl3).

(R,E)-2-(4-(4-Methoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (12).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-methoxybenzene (41.6 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 80% yield (43.7 mg, 96% ee) as a colorless oil.

This compound was also prepared according to the general procedure using styrene (15.6 mg, 0.150 

mmol, 1.0 equiv), (Z)-1-(2-bromovinyl)-4-methoxybenzene (41.6 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 76% yield (41.5 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.29 (d, J = 4.5 Hz, 4H), 7.28–7.25 (m, 2H), 7.18 (dt, J = 12.4, 4.1 Hz, 

1H), 6.82 (d, J = 8.8 Hz, 2H), 6.37 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.8, 7.3 Hz, 1H), 3.79 (s, 3H), 3.78–

Ph

Bpin

MeO

MeO

Ph

Bpin
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3.74 (m, 1H), 1.41–1.34 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 158.85, 146.17, 133.66, 130.58, 128.45, 127.83, 127.58, 127.38, 

126.16, 113.97, 83.27, 55.39, 44.51, 29.83, 24.89 (d, J = 16.7 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO3: 365.2283. Found: 365.2287.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 11.2 min, tR (major) = 12.1 min.

[α]D
20 = +127 (c = 0.25, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(p-tolyl)but-3-en-1-yl)-1,3,2-

dioxaborolane (13).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-1-(2-bromovinyl)-4-methylbenzene (38.4 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 89% yield (46.4 mg, 96% ee) as a pale yellow oil.

1H NMR (500 MHz, CDCl3): δ 7.29 (d, J = 4.5 Hz, 4H), 7.23 (d, J = 8.0 Hz, 2H), 7.20–7.17 (m, 1H), 

7.08 (d, J = 8.0 Hz, 2H), 6.35 (dt, J = 15.8, 11.4 Hz, 2H), 3.78 (dd, J = 15.4, 7.6 Hz, 1H), 2.31 (s, 3H), 

1.40–1.34 (m, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 146.08, 136.74, 134.97, 134.73, 129.24, 128.46, 128.29, 127.60, 

126.38, 126.20, 83.29, 44.50, 29.84, 24.90 (d, J = 17.5 Hz), 21.27.

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO2: 349.2333. Found: 349.2332.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 8.7 min, tR (major) = 9.3 min.

[α]D
20 = –1 (c = 0.22, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-(3-phenyl-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)but-1-en-1-yl)phenyl)-1,3,2-dioxaborolane 

(14).

The title compound was prepared following the general procedure using styrene (15.6 mg, 0.150 

mmol, 1.0 equiv),  (E)-2-(4-(2-bromovinyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (60.3 
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mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in 

petroleum ether), the title compound was isolated in 89% yield (61.4 mg, 94% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.72 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 4.4 Hz, 

4H), 7.21–7.16 (m, 1H), 6.50–6.39 (m, 2H), 3.80 (dd, J = 13.4, 8.0 Hz, 1H), 1.43–1.37 (m, 2H), 1.34 (s, 

12H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.75, 140.51, 136.82, 135.07, 128.55, 128.50, 127.59, 126.28, 

125.84, 125.63, 83.80, 83.31, 44.62, 29.83, 24.99, 24.88 (d, J = 17.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C28H39B2O4: 461.3029. Found: 461.3028.

M.p.: 119-120 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.9 min, tR (major) = 10.4 min.

[α]D
20 = –3 (c = 0.24, CHCl3).

(R,E)-N,N-Dimethyl-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-1-en-1-yl)aniline (15).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-4-(2-bromovinyl)-N,N-

dimethylaniline (44.1 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 88% yield (49.7 mg, 

94% ee) as a pale yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.30 (t, J = 6.8 Hz, 4H), 7.24 (d, J = 8.8 Hz, 2H), 7.20–7.15 (m, 1H), 

6.68 (d, J = 8.5 Hz, 2H), 6.36 (d, J = 15.8 Hz, 1H), 6.19 (dd, J = 15.8, 7.3 Hz, 1H), 3.77 (q, J = 7.7 Hz, 1H), 

2.94 (s, 6H), 1.42–1.36 (m, 2H), 1.16 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 146.53, 131.77, 130.91, 128.37, 128.20, 127.58, 127.31, 127.17, 

126.03, 112.82, 83.22, 44.49, 40.85, 29.82, 24.89 (d, J = 17.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H33BNO2: 378.2599. Found: 378.2597.

M.p.: 81-82 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 
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detector, tR (minor) = 12.7 min, tR (major) = 14.9 min.

[α]D
20 = +2 (c = 0.29, CHCl3).

(R,E)-2-(4-(3,4-Dimethoxyphenyl)-2-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (16).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-4-(2-bromovinyl)-1,2-dimethoxybenzene (47.4 mg, 

0.195 mmol, 1.3 equiv). After purification by column chromatography (using 5% ethyl acetate in 

petroleum ether), the title compound was isolated in 90% yield (53.2 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.29 (d, J = 4.3 Hz, 4H), 7.20–7.15 (m, 1H), 6.89 (d, J = 1.8 Hz, 1H), 

6.85 (dd, J = 8.3, 1.9 Hz, 1H), 6.77 (d, J = 8.3 Hz, 1H), 6.35 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.8, 7.2 Hz, 

1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.77 (q, J = 7.7 Hz, 1H), 1.41–1.34 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 149.05, 148.42, 146.05, 133.85, 130.88, 128.47 128.12, 127.61, 

126.21, 119.35, 111.18, 108.67, 83.29, 56.02, 55.90, 44.47, 29.82, 24.89 (d, J = 14.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H32BO4: 395.2388. Found: 395.2387.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (minor) = 6.6 min, tR (major) = 7.3 min.

[α]D
20 = –1 (c = 0.17, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(3,4,5-

trimethoxyphenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (17).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv),  (E)-5-(2-iodovinyl)-1,2,3-

trimethoxybenzene (62.4 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 5% ethyl acetate in petroleum ether), the title compound was isolated in 86% yield (54.7 mg, 

94% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.31–7.28 (m, 4H), 7.19 (ddd, J = 8.6, 5.7, 3.1 Hz, 1H), 6.55 (s, 2H), 

6.37–6.26 (m, 2H), 3.84 (s, 6H), 3.82 (s, 3H), 3.78 (dd, J = 14.8, 8.5 Hz, 1H), 1.41–1.35 (m, 2H), 1.15 (s, 

12H).
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13C NMR (126 MHz, CDCl3): δ 153.35, 145.77, 137.45, 135.33, 133.51, 128.51, 128.37, 127.67, 

126.30, 103.30, 83.33, 61.04, 56.17, 44.39, 29.83, 24.90 (d, J = 12.6 Hz).

HRMS (ESI) m/z ([M+H+) calcd for C25H34BO5: 425.2494. Found: 425.2495.

M.p.: 111-112 ºC.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 14.2 min, tR (major) = 15.1 min.

[α]D
20 = –3 (c = 0.16, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-

yl)-1,3,2-dioxaborolane (18).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)naphthalene (45.4 mg, 0.195 mmol, 

1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), 

the title compound was isolated in 84% yield (48.4 mg, 96% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.75 (dd, J = 15.1, 8.8 Hz, 3H), 7.68 (s, 1H), 7.56 (dd, J = 8.6, 1.6 Hz, 

1H), 7.45–7.39 (m, 2H), 7.35–7.29 (m, 4H), 7.22–7.18 (m, 1H), 6.64–6.48 (m, 2H), 3.85 (dd, J = 15.5, 7.6 

Hz, 1H), 1.48–1.39 (m, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.89, 136.23, 135.24, 133.81, 132.86, 128.61, 128.54, 128.12, 

127.97, 127.74, 127.63, 126.30, 126.21, 125.83, 125.62, 123.89, 83.35, 44.70, 29.84, 24.91 (d, J = 18.2 

Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C26H30BO2: 385.2333. Found: 385.2352.

M.p.: 75-76 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.1% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (major) = 13.2 min, tR (minor) = 14.1 min.

[α]D
20 = –3 (c = 0.10, CHCl3).

tert-Butyl-(R,E)-4-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)but-1-en-1-yl)-1H-indole-1-carboxylate (19).

The title compound was prepared following the general procedure using 
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styrene (15.6 mg, 0.150 mmol, 1.0 equiv), tert-butyl (E)-4-(2-bromovinyl)-1H-indole-1-carboxylate 

(62.8 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 70% yield (49.7 mg, 93% ee) as a 

yellow oil.

1H NMR (500 MHz, CDCl3): δ 8.01 (d, J = 7.7 Hz, 1H), 7.60 (d, J = 3.6 Hz, 1H), 7.35–7.29 (m, 5H), 

7.25–7.16 (m, 2H), 6.78 (dd, J = 22.8, 9.8 Hz, 2H), 6.53 (dd, J = 15.8, 7.5 Hz, 1H), 3.87 (q, J = 7.8 Hz, 1H), 

1.68 (s, 9H), 1.44 (dt, J = 15.2, 7.3 Hz, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 149.92, 145.95, 137.07, 135.60, 130.35, 128.87, 128.52, 127.59, 

126.26, 125.76, 125.55, 124.40, 119.38, 113.81, 105.72, 83.75, 83.33, 44.92, 29.83, 28.32, 24.91 (d, J = 

12.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C29H37BNO4: 474.2810. Found: 474.2812.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.5 min, tR (major) = 10.4 min.

[α]D
20 = –9 (c = 0.26, CHCl3).

(R,E)-2-(4-(Furan-2-yl)-2-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (20).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)furan (33.7 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 84% yield (40.8 mg, 95% ee) as a yellow oil.

1H NMR (500 MHz, CDCl3): δ 7.32–7.26 (m, 5H), 7.20–7.15 (m, 1H), 6.39–6.31 (m, 2H), 6.20 (d, J = 

15.9 Hz, 1H), 6.13 (d, J = 3.2 Hz, 1H), 3.74 (q, J = 7.5 Hz, 1H), 1.36 (dd, J = 8.1, 3.7 Hz, 2H), 1.14 (s, 

12H).

13C NMR (126 MHz, CDCl3): δ 153.29, 145.53, 141.47, 134.87, 128.48, 127.68, 126.29, 117.25, 

111.20, 106.69, 83.31, 44.26, 29.84, 24.84 (d, J = 8.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C20H26BO3: 325.1970. Found: 325.1975.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 
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detector, tR (minor) = 8.9 min, tR (major) = 9.9 min.

[α]D
20 = +8 (c = 0.15, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)-

1,3,2-dioxaborolane (21).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), (E)-2-(2-bromovinyl)thiophene (36.8 mg, 0.195 mmol, 1.3 equiv). 

After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 83% yield (42.3 mg, 95% ee) as a yellow oil.

1H NMR (500 MHz, CDCl3): δ 7.32–7.26 (m, 4H), 7.22–7.17 (m, 1H), 7.08 (d, J = 5.1 Hz, 1H), 6.91 

(dd, J = 5.0, 3.6 Hz, 1H), 6.86 (d, J = 3.3 Hz, 1H), 6.52 (d, J = 15.7 Hz, 1H), 6.24 (dd, J = 15.7, 7.1 Hz, 

1H), 3.75 (q, J = 7.6 Hz, 1H), 1.40–1.33 (m, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.55, 143.02, 135.69, 128.51, 127.66, 127.29, 126.32, 124.76, 

123.48, 121.90, 83.34, 44.31, 29.84, 24.88 (d, J = 14.0 Hz).

HRMS (ESI) m/z ([M+H+) calcd for C20H26BO2S: 341.1741. Found: 341.1740.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.5 min, tR (major) = 10.4 min.

[α]D
20 = –1 (c = 0.24, CHCl3).

(R,E)-4-(3-Phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-

1-yl)pyridine (22).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-4-(2-bromovinyl)pyridine (35.9 mg, 0.195 mmol, 1.3 

equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the 

title compound was isolated in 68% yield (34.2 mg, 70% ee) as a yellow oil.

1H NMR (500 MHz, CDCl3): δ 7.57 (d, J = 8.4 Hz, 2H), 7.27 (dd, J = 12.0, 5.0 Hz, 4H), 7.19–7.16 (m, 

1H), 7.05 (d, J = 8.4 Hz, 2H), 6.42–6.28 (m, 2H), 3.75 (dd, J = 15.3, 7.6 Hz, 1H), 1.39–1.33 (m, 2H), 1.12 

(s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.54, 137.60, 137.29, 136.77, 128.55, 128.12, 127.50 (d, J = 17.3 
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Hz), 126.37, 92.09, 83.35, 44.54, 29.84, 24.89 (d, J = 17.0 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C21H27BNO2: 336.2129. Found: 336.2180.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.6 min, tR (major) = 10.0 min.

[α]D
20 = +1 (c = 0.09, CHCl3).

(R,E)-2-Methoxy-5-(3-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-1-en-1-yl)pyridine (23).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-5-(2-bromovinyl)-2-methoxypyridine (41.7 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 2% ethyl acetate in petroleum 

ether), the title compound was isolated in 72% yield (39.4 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 8.04 (d, J = 2.3 Hz, 1H), 7.62 (dd, J = 8.7, 2.4 Hz, 1H), 7.32–7.25 (m, 

4H), 7.20–7.16 (m, 1H), 6.67 (d, J = 8.6 Hz, 1H), 6.35 (d, J = 15.9 Hz, 1H), 6.27 (dd, J = 15.9, 7.1 Hz, 1H), 

3.92 (s, 3H), 3.77 (q, J = 7.6 Hz, 1H), 1.42–1.32 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 163.26, 145.73, 144.99, 135.74, 135.35, 128.55, 127.52, 126.95, 

126.34, 124.43, 110.93, 83.34, 53.74, 44.58, 29.83, 24.89 (d, J = 17.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H29BNO3: 366.2235. Found: 366.2236.

HPLC analysis: CHIRALCEL OD-H column, 3% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.1 min, tR (major) = 9.6 min.

[α]D
20 = –3 (c = 0.32, CHCl3).

2-((R,3E,5E)-2,6-Diphenylhexa-3,5-dien-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (24).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (1E,3E)-4-bromobuta-1,3-dien-1-yl)benzene (40.8 mg, 

0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in 

petroleum ether), the title compound was isolated in 86% yield (46.4 mg, 86% ee) as a yellow oil.

1H NMR (500 MHz, CDCl3): δ 7.37–7.33 (m, 2H), 7.31–7.27 (m, 3H), 7.27–7.25 (m, 3H), 7.20–7.16 
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(m, 2H), 6.74 (dd, J = 15.6, 10.4 Hz, 1H), 6.45 (d, J = 15.7 Hz, 1H), 6.22 (dd, J = 15.2, 10.4 Hz, 1H), 5.99 

(dd, J = 15.1, 7.4 Hz, 1H), 3.71 (q, J = 7.8 Hz, 1H), 1.34 (t, J = 7.6 Hz, 2H), 1.15 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 145.83, 140.41, 137.73, 133.65, 130.89, 129.38, 129.16, 128.67, 

128.49, 127.56, 127.28, 126.29, 83.32, 44.42, 29.84, 24.90 (d, J = 15.4 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H30BO2: 361.2333. Found: 361.2332.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 12.8 min, tR (major) = 14.1 min.

[α]D
20 = –2 (c = 0.19, CHCl3).

(R)-2-(2-(1H-Inden-2-yl)-2-phenylethyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (25).

The title compound was prepared following the general procedure using styrene 

(15.6 mg, 0.150 mmol, 1.0 equiv), 2-bromo-1H-indene (38.0 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 74% yield (38.4 mg, 98% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.27 (dd, J = 7.3, 3.9 Hz, 2H), 7.24 (t, J = 3.6 Hz, 4H), 7.16 (ddd, J = 

13.1, 11.8, 5.9 Hz, 2H), 7.06 (t, J = 7.4 Hz, 1H), 6.63 (s, 1H), 4.05 (t, J = 8.2 Hz, 1H), 3.27–3.10 (m, 2H), 

1.52 (ddd, J = 59.6, 15.3, 8.3 Hz, 2H), 1.09 (d, J = 5.5 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 155.19, 145.93, 145.35, 143.57, 128.43, 127.80, 126.30, 126.29, 

125.91, 123.92, 123.56, 120.40, 83.31, 43.38, 40.23, 29.84, 24.78 (d, J = 6.8 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H28BO2: 347.2177. Found: 347.2179.

HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (major) = 5.0 min, tR (minor) = 5.5 min.

[α]D
20 = +2 (c = 0.22, CHCl3).

(R,E)-2-(2,6-Diphenylhex-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (26).

The title compound was prepared following the general procedure using 

styrene (15.6 mg, 0.150 mmol, 1.0 equiv), (E)-(4-bromobut-3-en-1-yl)benzene (41.1 mg, 0.195 mmol, 
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1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum ether), 

the title compound was isolated in 70% yield (38.0 mg, 31% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.27 (d, J = 6.2 Hz, 4H), 7.22–7.15 (m, 6H), 5.65 (dd, J = 15.3, 7.1 Hz, 

1H), 5.54–5.49 (m, 1H), 3.58 (q, J = 7.7 Hz, 1H), 2.73–2.64 (m, 2H), 2.32 (dd, J = 15.2, 7.0 Hz, 2H), 1.28–

1.24 (m, 2H), 1.16 (d, J = 1.8 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 146.57, 142.22, 136.25, 128.60, 128.38, 128.33, 128.07, 127.50, 

125.97, 125.83, 83.19, 44.11, 36.07, 34.49, 29.84, 24.87 (d, J = 13.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H32BO2: 363.2490. Found: 363.2492.

HPLC analysis: CHIRALCEL AS-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (major) = 3.5 min, tR (minor) = 4.4 min.

[α]D
20 = +2 (c = 0.21, CHCl3).

Methyl-(R,E)-4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzoate (27).

The title compound was prepared following the general procedure using 

methyl 4-vinylbenzoate (24.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 89% yield (52.3 mg, 

97% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.96 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 7.2 Hz, 

2H), 7.27 (dd, J = 10.6, 4.4 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H), 6.34 (dd, J = 15.8, 

7.0 Hz, 1H), 3.90 (s, 3H), 3.84 (q, J = 7.6 Hz, 1H), 1.45–1.34 (m, 2H), 1.13 (d, J = 4.3 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 167.28, 151.34, 137.47, 134.78, 129.90, 129.13, 128.62, 128.20, 

127.69, 127.28, 126.33, 83.44, 52.12, 44.54, 29.84, 24.89 (d, J = 10.9 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H30BO4: 393.2232. Found: 393.2233.

M.p.: 119-120 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (major) = 8.4 min, tR (minor) = 9.5 min.
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[α]D
20 = +6 (c = 0.16, CHCl3).

(R,E)-4-(4-Phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-

3-en-2-yl)benzaldehyde (28).

The title compound was prepared following the general procedure using 4-

ethenylbenzaldehyde (19.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 3% ethyl acetate in petroleum ether), the title compound was isolated in 72% yield (39.1 mg, 

95% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 9.97 (s, 1H), 7.82 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 7.33 (d, 

J = 7.3 Hz, 2H), 7.28 (d, J = 7.4 Hz, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.50–6.27 (m, 2H), 3.87 (q, J = 7.7 Hz, 

1H), 1.40 (dd, J = 14.2, 6.1 Hz, 2H), 1.14 (d, J = 4.1 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 192.19, 153.30, 137.35, 134.89, 134.36, 130.17, 129.43, 128.65, 

128.36, 127.40, 126.35, 83.50, 44.73, 29.84, 24.89 (d, J = 11.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H28BO3: 363.2126. Found: 363.2125.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (major) = 12.1 min, tR (minor) = 12.8 min.

[α]D
20 = +6 (c = 0.09, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(4-

(trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (29).

The title compound was prepared following the general procedure using 4-

(trifloromethyl)styrene (25.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 90% yield (54.3 mg, 

99% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.55 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 7.2 Hz, 

2H), 7.29 (d, J = 7.4 Hz, 2H), 7.20 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.5 Hz, 2H), 3.85 (q, J = 7.6 Hz, 

1H), 1.39 (dd, J = 18.5, 8.0 Hz, 2H), 1.14 (d, J = 2.1 Hz, 12H).
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13C NMR (126 MHz, CDCl3): δ 150.05, 137.38, 134.60, 129.27, 128.64, 127.98, 127.36, 126.34, 

125.44 (dd, J = 7.3, 3.6 Hz), 112.20, 100.12, 83.48, 44.36, 29.85, 24.88 (d, J = 14.6 Hz).

HRMS (ESI) m/z ([M+Na]+) calcd for C23H26BF3NaO2: 425.1870. Found: 425.1889.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.8 min, tR (major) = 10.4 min.

[α]D
20 = –1 (c = 0.26, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(3-

(trifluoromethyl)phenyl)but-3-en-1-yl)-1,3,2-dioxaborolane (30).

The title compound was prepared following the general procedure using 3-

(trifluoromethyl)styrene (25.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 84% yield (50.6 mg, 

91% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.54 (s, 1H), 7.44 (dd, J = 12.4, 7.3 Hz, 2H), 7.38 (t, J = 5.4 Hz, 1H), 

7.33–7.31 (m, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.20–7.16 (m, 1H), 6.36 (dt, J = 15.8, 11.5 Hz, 2H), 3.83 (q, J 

= 7.6 Hz, 1H), 1.42–1.33 (m, 2H), 1.11 (d, J = 3.3 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 146.85, 137.40, 134.73, 132.96, 131.09, 129.19, 128.91, 128.63, 

127.33, 126.36, 124.53 (q, J = 3.8 Hz), 123.15 (q, J = 3.7 Hz), 83.45, 44.36, 29.84, 24.84 (d, J = 13.4 Hz).

HRMS (ESI) m/z ([M+K]+) calcd for C23H26BF3KO2: 441.1610. Found: 441.1623.

HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (minor) = 4.2 min, tR (major) = 4.8 min.

[α]D
20 = –1 (c = 0.15, CHCl3).

(R,E)-2-(2-(4-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (31).

The title compound was prepared following the general procedure using 4-

fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 
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acetate in petroleum ether), the title compound was isolated in 88% yield (46.5 mg, 93% ee) as a 

colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 7.4 Hz, 2H), 7.31–7.27 (m, 2H), 7.26–7.22 (m, 2H), 7.19 (t, 

J = 7.2 Hz, 1H), 6.98 (t, J = 8.7 Hz, 2H), 6.36 (dt, J = 15.8, 11.3 Hz, 2H), 3.78 (dd, J = 14.8, 7.7 Hz, 1H), 

1.38–1.33 (m, 2H), 1.15 (d, J = 2.6 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 162.47, 160.53, 141.50 (d, J = 3.1 Hz), 137.60, 135.61, 129.02 (d, J = 

7.8 Hz), 128.56 (d, J = 6.8 Hz), 127.17, 126.30, 115.15 (d, J = 10.7 Hz), 83.36, 43.74, 29.84, 24.88 (d, J = 

10.7 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BFO2: 353.2083. Found: 353.2084.

HPLC analysis: CHIRALCEL OJ-H column, 0.1% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 14.0 min, tR (major) = 17.2 min.

[α]D
20 = –2 (c = 0.27, CHCl3).

(R,E)-2-(2-(3-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (32).

The title compound was prepared following the general procedure using 3-

fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 84% yield (44.4 mg, 96% ee) as a 

colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.34–7.31 (m, 2H), 7.28 (t, J = 6.7 Hz, 2H), 7.23 (d, J = 7.9 Hz, 1H), 

7.19 (dd, J = 10.3, 4.3 Hz, 1H), 7.07 (d, J = 7.7 Hz, 1H), 7.02–6.97 (m, 1H), 6.87 (ddd, J = 8.2, 2.5, 1.7 Hz, 

1H), 6.37 (dt, J = 15.8, 11.5 Hz, 2H), 3.78 (q, J = 7.7 Hz, 1H), 1.39–1.35 (m, 2H), 1.15 (d, J = 2.2 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 164.03, 162.08, 148.61 (d, J = 6.6 Hz), 137.52, 134.95, 129.87 (d, J = 

8.2 Hz), 128.61, 127.24, 126.34, 123.24 (d, J = 2.7 Hz), 114.52 (d, J = 10.1 Hz), 113.06 (d, J = 10.7 Hz), 

83.41, 44.27, 29.84, 24.89 (d, J = 14.2 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BFO2: 353.2083. Found: 353.2081.

HPLC analysis: CHIRALCEL OJ-3 column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV 
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detector, tR (major) = 58.7 min, tR (minor) = 62.2 min.

[α]D
20 = –4 (c = 0.24, CHCl3).

(R,E)-2-(2-(2-Fluorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (33).

The title compound was prepared following the general procedure using 2-

fluorostyrene (18.3 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 86% yield (45.4 mg, 92% ee) as a pale 

yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 7.5 Hz, 2H), 7.27 (dd, J = 10.6, 3.1 Hz, 3H), 7.19–7.14 (m, 

2H), 7.08 (t, J = 7.5 Hz, 1H), 6.99 (dd, J = 14.0, 5.6 Hz, 1H), 6.48–6.34 (m, 2H), 4.10 (dd, J = 14.9, 7.7 Hz, 

1H), 1.44–1.37 (m, 2H), 1.13 (d, J = 6.2 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 137.65, 134.19, 129.00, 128.82, 128.56, 127.73, 127.14, 126.52, 

126.33, 124.14, 115.63, 115.45, 83.34, 37.78, 29.84, 24.86 (d, J = 14.1 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BFO2: 353.2083. Found: 353.2080.

M.p.: 90-91 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV 

detector, tR (minor) = 14.7 min, tR (major) = 15.5 min.

[α]D
20 = +2 (c = 0.28, CHCl3).

(R,E)-2-(2-(3-Clorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (34).

The title compound was prepared following the general procedure using 3-

chlorostyrene (20.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 83% yield (45.9 mg, 

68% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 7.3 Hz, 2H), 7.31–7.27 (m, 3H), 7.23–7.14 (m, 4H), 6.37 
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(dt, J = 15.8, 11.5 Hz, 2H), 3.76 (q, J = 7.6 Hz, 1H), 1.40–1.32 (m, 2H), 1.15 (d, J = 1.9 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 148.02, 137.47, 134.81, 134.19, 129.74, 129.02, 128.60, 127.89, 

127.25, 126.39, 126.34, 125.81, 83.41, 44.22, 29.83, 24.88 (d, J = 11.8 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BClO2: 369.1787. Found: 369.1788.

HPLC analysis: CHIRALCEL AD-H column, 10% EtOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 7.7 min, tR (major) = 8.2 min.

[α]D
20 = +2 (c = 0.26 CHCl3).

(R,E)-2-(2-(2-Chlorophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (35).

The title compound was prepared following the general procedure using 2-

chlorostyrene (20.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 80% yield (44.2 mg, 77% ee) as a 

yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.36–7.33 (m, 4H), 7.29 (d, J = 6.2 Hz, 2H), 7.22 (d, J = 7.6 Hz, 1H), 

7.18 (t, J = 7.3 Hz, 1H), 7.12 (td, J = 7.7, 1.6 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 6.35 (dd, J = 15.9, 6.8 Hz, 

1H), 4.34 (q, J = 7.6 Hz, 1H), 1.39 (s, 1H), 1.34 (d, J = 10.6 Hz, 1H), 1.14 (d, J = 8.6 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 143.08, 137.65, 134.00, 133.83, 132.95, 129.67, 129.17, 128.79, 

128.56, 127.36, 127.04, 126.32, 83.34, 40.30, 29.84, 24.83 (d, J = 13.6 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BClO2: 369.1787. Found: 369.1788.

M.p.: 81-82 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.9 min, tR (major) = 12.2 min.

[α]D
20 = +24 (c = 0.18, CHCl3).

(R,E)-2-(2-(2-Bromophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-
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1,3,2-dioxaborolane (36).

The title compound was prepared following the general procedure using 2-bromostyrene (27.5 mg, 

0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 60% yield (37.2 mg, 57% ee) as a yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.54 (dd, J = 8.0, 1.1 Hz, 1H), 7.35–7.32 (m, 3H), 7.28 (d, J = 7.6 Hz, 

3H), 7.20–7.18 (m, 1H), 7.05 (td, J = 7.9, 1.7 Hz, 1H), 6.44 (d, J = 16.0 Hz, 1H), 6.34 (dd, J = 15.9, 6.8 Hz, 

1H), 4.31 (q, J = 7.5 Hz, 1H), 1.33 (dd, J = 10.4, 6.4 Hz, 2H), 1.14 (d, J = 8.0 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 144.70, 137.65, 134.05, 132.99, 129.18, 128.67, 128.56, 127.70, 

127.15, 126.51, 126.33, 124.70, 83.35, 42.90, 29.84, 24.83 (d, J = 11.4 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C22H27BBrO2: 413.1282. Found: 413.1280.

M.p.: 63-64 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 10.3 min, tR (major) = 14.2 min.

[α]D
20 = +25 (c = 0.20, CHCl3).

(R,E)-2-(2-(4-Iodophenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (37).

The title compound was prepared following the general procedure using 4-

iodostyrene (34.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 62% yield (42.8 mg, 46% ee) as a 

colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.57 (d, J = 8.3 Hz, 1H), 7.37 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 7.2 Hz, 

2H), 7.25–7.22 (m, 2H), 7.14 (dd, J = 14.0, 7.7 Hz, 2H), 7.01 (d, J = 8.3 Hz, 1H), 6.41–6.24 (m, 2H), 3.70 

(dd, J = 15.6, 7.8 Hz, 1H), 1.37–1.29 (m, 2H), 1.12 (d, J = 2.4 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 145.63, 137.50, 134.98, 131.51, 129.77, 129.43, 128.90, 128.60, 

127.23, 126.30, 83.41, 44.01, 29.83, 24.89 (d, J = 13.1 Hz).
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HRMS (ESI) m/z ([M+H]+) calcd for C22H27BIO2: 461.1143. Found: 461.1140.

HPLC analysis: CHIRALCEL OJ-3 column, 5% EtOH in hexane, 0.3 mL/min, 254 nm UV 

detector, tR (minor) = 14.7 min, tR (major) = 15.6 min.

[α]D
20 = +2 (c = 0.26 CHCl3).

(R,E)-2-(2-(4-Methoxyphenyl)-4-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (38).

The title compound was prepared following the general procedure using 

4-methoxystyrene (20.1 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 92% yield (50.2 mg, 

99% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.32 (d, J = 7.2 Hz, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.20 (d, J = 8.6 Hz, 

2H), 7.16 (t, J = 7.3 Hz, 1H), 6.83 (d, J = 8.7 Hz, 2H), 6.43–6.31 (m, 2H), 3.78 (s, 3H), 3.74 (dd, J = 14.3, 

7.9 Hz, 1H), 1.37–1.32 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 158.08, 138.04, 137.81, 136.13, 128.54, 128.53, 128.14, 127.00, 

126.29, 113.86, 83.30, 55.42, 43.65, 29.84, 24.91 (d, J = 13.4 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO3: 365.2283. Found: 365.2280.

HPLC analysis: CHIRALCEL OJ-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (major) = 8.3 min, tR (minor) = 9.5 min.

[α]D
20 = +14 (c = 0.09, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)phenyl)-1,3,2-dioxaborolane (39).

The title compound was prepared following the general procedure using 

4,4,5,5-tetramethyl-2-(4-vinylphenyl)-1,3,2-dioxaborolane (34.5 mg, 

0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 91% yield (62.8 mg, 98% ee) as a white solid.
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1H NMR (500 MHz, CDCl3): δ 7.74 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 8.0 Hz, 4H), 7.26 (s, 2H), 7.17 (t, 

J = 7.2 Hz, 1H), 6.38 (dt, J = 15.8, 11.3 Hz, 2H), 3.80 (dd, J = 15.3, 7.2 Hz, 1H), 1.39 (dd, J = 14.6, 5.6 Hz, 

2H), 1.33 (s, 12H), 1.15 (d, J = 1.8 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 149.32, 137.73, 135.39, 135.26, 135.10, 128.70, 128.54, 127.06, 

127.04, 126.31, 83.76, 83.34, 44.65, 29.84, 24.97, 24.93 (d, J = 17.9 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C28H39B2O4: 461.3029. Found: 461.3027.

M.p.: 162-163 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.25 mL/min, 254 nm UV 

detector, tR (minor) = 18.1 min, tR (major) = 18.5 min.

[α]D
20 = +2 (c = 0.28, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)-1,3,2-

dioxaborolane (40).

The title compound was prepared following the general procedure using 4-

methylstyrene (17.7 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 91% yield (47.5 mg, 

95% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.33 (d, J = 7.3 Hz, 2H), 7.27 (dd, J = 9.6, 5.7 Hz, 2H), 7.18 (t, J = 8.5 

Hz, 3H), 7.11 (d, J = 7.8 Hz, 2H), 6.39 (dt, J = 15.8, 11.3 Hz, 2H), 3.76 (dd, J = 15.6, 7.2 Hz, 1H), 2.32 (s, 

3H), 1.41–1.35 (m, 2H), 1.16 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 142.93, 137.82, 135.92, 135.67, 129.16, 128.52, 128.29, 127.43, 

126.98, 126.29, 83.29, 44.08, 29.84, 24.91 (d, J = 18.2 Hz), 21.13.

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO2: 349.2333. Found: 349.2329.

HPLC analysis: CHIRALCEL OJ-H column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (minor) = 47.6 min, tR (major) = 52.7 min.

[α]D
20 = –3 (c = 0.25, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)-1,3,2-
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dioxaborolane (41).

The title compound was prepared following the general procedure using 3-methylstyrene (17.7 mg, 

0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After 

purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 86% yield (44.9 mg, 94% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.35–7.32 (m, 2H), 7.28–7.24 (m, 2H), 7.17 (dt, J = 7.2, 2.7 Hz, 2H), 

7.08 (d, J = 7.9 Hz, 2H), 6.99 (d, J = 7.5 Hz, 1H), 6.47–6.32 (m, 2H), 3.75 (dd, J = 15.2, 7.5 Hz, 1H), 2.32 

(s, 3H), 1.39–1.32 (m, 2H), 1.14 (s, 12H).

13C NMR (150 MHz, CDCl3): δ 145.87, 137.87 (d, J = 16.0 Hz), 135.82, 132.95, 129.38, 128.79, 

128.53, 128.38, 127.01, 126.51, 126.31, 124.59, 83.27, 44.45, 29.84, 24.89 (d, J = 16.5 Hz), 21.61.

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO2: 349.2333. Found: 349.2331.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV 

detector, tR (minor) = 13.9 min, tR (major) = 14.6 min.

[α]D
20 = –2 (c = 0.24, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yl)-1,3,2-

dioxaborolane (42).

The title compound was prepared following the general procedure using 2-

methylstyrene (17.7 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 83% yield (43.3 mg, 84% ee) as a 

colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.32 (dd, J = 8.3, 1.1 Hz, 2H), 7.28–7.24 (m, 3H), 7.20–7.16 (m, 2H), 

7.14–7.08 (m, 2H), 6.38–6.28 (m, 2H), 4.02 (td, J = 8.1, 5.4 Hz, 1H), 2.42 (s, 3H), 1.39 (dd, J = 8.0, 5.3 Hz, 

2H), 1.12 (d, J = 11.0 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 143.60, 137.81, 135.95, 135.52, 132.96, 130.33, 128.53, 128.28, 

126.99, 126.68, 126.25, 126.04, 83.25, 39.92, 31.58, 24.82 (d, J = 16.1 Hz), 19.84.

HRMS (ESI) m/z ([M+H]+) calcd for C23H30BO2: 349.2333. Found: 349.2335.
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HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 8.5 min, tR (major) = 10.5 min.

[α]D
20 = –1 (c = 0.21, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-

yl)-1,3,2-dioxaborolane (43).

The title compound was prepared following the general procedure using 2-

vinylnaphthalene (23.1 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 85% yield (48.9 mg, 

92% ee) as a yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.80 (dd, J = 12.6, 4.7 Hz, 3H), 7.74 (s, 1H), 7.48–7.41 (m, 3H), 7.37–

7.33 (m, 2H), 7.28 (t, J = 7.7 Hz, 2H), 7.19 (dd, J = 10.4, 4.2 Hz, 1H), 6.52–6.43 (m, 2H), 3.98 (dd, J = 

12.7, 7.9 Hz, 1H), 1.55–1.45 (m, 2H), 1.14 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 143.35, 137.73, 135.58, 133.73, 132.37, 128.78, 128.58, 128.07, 

127.81, 127.69, 127.11, 126.63, 126.33, 125.95, 125.56, 125.36, 83.35, 44.55, 29.84, 24.90 (d, J = 12.8 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C26H30BO2: 385.2333. Found: 385.2331.

M.p.: 76-77 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.1% iPrOH in hexane, 0.2 mL/min, 254 nm UV 

detector, tR (minor) = 30.5 min, tR (major) = 32.1 min.

[α]D
20 = –5 (c = 0.19, CHCl3).

(R,E)-2-(2-(Benzo[b]thiophen-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (44).

The title compound was prepared following the general procedure using 2-

vinylbenzo[b]thiophene (24.0 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 74% yield (43.3 mg, 

90% ee) as a colorless oil.
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1H NMR (500 MHz, CDCl3): δ 7.76 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.37 (d, J = 7.3 Hz, 

2H), 7.30 (d, J = 7.3 Hz, 3H), 7.25 (d, J = 6.9 Hz, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.10 (s, 1H), 6.54 (d, J = 

15.8 Hz, 1H), 6.39 (dd, J = 15.7, 7.8 Hz, 1H), 4.11 (dd, J = 15.5, 7.8 Hz, 1H), 1.52 (dt, J = 28.0, 7.6 Hz, 

2H), 1.18 (d, J = 2.4 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 151.36, 140.19, 139.51, 137.35, 134.10, 129.70, 128.63, 127.39, 

126.47, 124.13, 123.61, 123.09, 122.33, 119.70, 83.54, 40.73, 29.84, 24.94 (d, J = 13.8 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H28BO2S: 391.1898. Found: 391.1891.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV 

detector, tR (minor) = 18.1 min, tR (major) = 18.8 min.

[α]D
20 = +9 (c = 0.04, CHCl3).

(R,E)-2-(2-(Benzofuran-2-yl)-4-phenylbut-3-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (45).

The title compound was prepared following the general procedure using 2-

vinylbenzofuran (21.6 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 83% yield (46.6 mg, 

96% ee) as a yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.49–7.47 (m, 1H), 7.41 (d, J = 8.1 Hz, 1H), 7.36 (d, J = 7.3 Hz, 2H), 

7.29 (d, J = 7.3 Hz, 2H), 7.23–7.15 (m, 3H), 6.54 (d, J = 15.8 Hz, 1H), 6.45 (s, 1H), 6.37 (dd, J = 15.8, 7.9 

Hz, 1H), 3.98 (q, J = 7.9 Hz, 1H), 1.51 (dd, J = 15.5, 7.1 Hz, 1H), 1.39 (dd, J = 15.5, 8.3 Hz, 1H), 1.20 (d, J 

= 6.0 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 162.06, 154.90, 137.38, 132.96, 131.73, 130.47, 128.62, 127.39, 

126.44, 123.37, 122.50, 120.54, 111.06, 101.51, 83.51, 38.73, 29.84, 25.95 (d, J = 10.7 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C24H28BO3: 375.2126. Found: 375.2129.

M.p.: 84-85 ºC.

HPLC analysis: CHIRALCEL OJ-3 column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (minor) = 85.7 min, tR (major) = 92.0 min.
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[α]D
20 = –1 (c = 0.13, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)-1,3,2-

dioxaborolane (46).

The title compound was prepared following the general procedure using 2-

vinylthiophene (16.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene 

(35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 70% yield (35.7 mg, 67% ee) as a 

yellow solid.

1H NMR (500 MHz, CDCl3): δ 7.35 (d, J = 7.3 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.20 (t, J = 7.3 Hz, 

1H), 7.14 (dd, J = 5.1, 1.1 Hz, 1H), 6.93 (dd, J = 5.1, 3.5 Hz, 1H), 6.89 (d, J = 3.4 Hz, 1H), 6.48 (d, J = 

15.8 Hz, 1H), 6.35 (dd, J = 15.7, 7.8 Hz, 1H), 4.06 (dd, J = 15.6, 7.8 Hz, 1H), 1.52–1.39 (m, 2H), 1.18 (d, J 

= 2.8 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 150.37, 137.49, 134.94, 129.01, 128.58, 127.24, 126.71, 126.42, 

123.38, 123.27, 83.43, 40.05, 29.84, 24.92 (d, J = 13.8 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C20H26BO2S: 341.1741. Found: 341.1748.

M.p.: 93-94 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 15.5 min, tR (major) = 16.0 min.

[α]D
20 = –5 (c = 0.19, CHCl3).

(R,E)-4,4,5,5-Tetramethyl-2-(4-phenyl-2-(5-phenylfuran-2-yl)but-3-en-

1-yl)-1,3,2-dioxaborolane (47).

The title compound was prepared following the general procedure using 2-

phenyl-5-vinylfuran (25.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 67% yield (40.2 mg, 

82% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.65 (d, J = 7.2 Hz, 2H), 7.36 (dd, J = 14.6, 7.4 Hz, 4H), 7.30 (t, J = 
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7.6 Hz, 2H), 7.24–7.18 (m, 2H), 6.57 (d, J = 3.3 Hz, 1H), 6.51 (d, J = 15.8 Hz, 1H), 6.35 (dd, J = 15.8, 7.8 

Hz, 1H), 6.17–6.13 (m, 1H), 3.92 (q, J = 7.8 Hz, 1H), 1.50 (dd, J = 15.5, 7.1 Hz, 1H), 1.36 (dd, J = 15.5, 

8.5 Hz, 1H), 1.20 (d, J = 7.0 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 158.53, 152.58, 137.57, 132.57, 131.35, 129.83, 128.67, 128.59, 

127.25, 126.92, 126.41, 123.61, 106.71, 105.77, 83.43, 38.53, 29.84, 24.95 (d, J = 15.0 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C26H30BO3: 401.2283. Found: 401.2281.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.3 mL/min, 254 nm UV 

detector, tR (minor) = 17.8 min, tR (major) = 18.9 min.

[α]D
20 = +7 (c = 0.28, CHCl3).

(R,E)-2-Chloro-5-(4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)but-3-en-2-yl)pyridine (48).

The title compound was prepared following the general procedure using 2-

chloro-5-vinylpyridine (20.9 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 2% ethyl acetate in petroleum ether), the title compound was isolated in 72% yield (39.8 mg, 

91% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 8.34 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.3, 2.4 Hz, 1H), 7.31 (dd, J = 

6.7, 5.8 Hz, 3H), 7.28 (d, J = 1.6 Hz, 1H), 7.28–7.26 (m, 1H), 7.21 (t, J = 7.0 Hz, 1H), 6.42 (d, J = 15.9 Hz, 

1H), 6.29 (dd, J = 15.8, 7.1 Hz, 1H), 3.81 (q, J = 7.6 Hz, 1H), 1.44–1.37 (m, 1H), 1.33 (t, J = 3.8 Hz, 1H), 

1.15 (d, J = 3.5 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 149.01, 148.93, 140.39, 138.43, 137.04, 133.68, 129.92, 128.70, 

127.59, 126.37, 124.24, 83.65, 41.25, 29.84, 24.91 (d, J = 6.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C21H26BClNO2: 370.1740. Found: 370.1745.

M.p.: 90-91 ºC.

HPLC analysis: CHIRALCEL OD-H column, 3% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (major) = 12.6 min, tR (minor) = 14.0 min.

[α]D
20 = +4 (c = 0.24, CHCl3).
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4,4,5,5-Tetramethyl-2-((1R,2S)-1-((E)-styryl)-2,3-dihydro-1H-inden-2-yl)-

1,3,2-dioxaborolane (49).

The title compound was prepared following the general procedure using indene 

(17.4 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 45% yield (23.3 mg, 40% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.42–7.34 (m, 2H), 7.31 (dd, J = 14.8, 7.3 Hz, 2H), 7.26–7.12 (m, 5H), 

6.58 (d, J = 15.7 Hz, 1H), 6.24 (dd, J = 15.7, 8.7 Hz, 1H), 4.05–3.92 (m, 1H), 3.02 (ddd, J = 26.7, 15.6, 

10.1 Hz, 2H), 1.76 (dd, J = 19.9, 10.7 Hz, 1H), 1.26 (d, J = 3.6 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 146.60, 144.50, 137.84, 133.26, 130.88, 128.62, 127.16, 126.66, 

126.38, 126.28, 124.38, 124.35, 83.47, 52.14, 34.53, 32.08, 29.85, 29.52, 24.94 (d, J = 13.5 Hz), 22.85, 

14.27.

HRMS (ESI) m/z ([M+H]+) calcd for C23H28BO2: 347.2177. Found: 347.2178.

HPLC analysis: CHIRALCEL OD-H column, 0.2% iPrOH in hexane, 0.2 mL/min, 254 nm UV 

detector, tR (major) = 25.5 min, tR (minor) = 26.7 min.

[α]D
20 = –1 (c = 0.24, CHCl3).

(R,E)-2-(2,4-Di-ferrocene-but-3-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (50).

The title compound was prepared following the general procedure using alkene 

(31.8 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl 

acetate in petroleum ether), the title compound was isolated in 82% yield (54.4 mg, 74% ee) as a 

brown oil.

1H NMR (500 MHz, CDCl3): δ 7.38 (d, J = 7.6 Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.20 (t, J = 7.3 Hz, 

1H), 6.39 (dt, J = 15.8, 11.9 Hz, 2H), 4.15 (s, 4H), 4.11 (s, 2H), 4.08 (s, 3H), 3.47 (ddd, J = 10.1, 8.0, 5.1 

Hz, 1H), 1.40–1.33 (m, 2H), 1.21 (d, J = 1.7 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 137.96, 135.38, 128.62, 128.44, 126.99, 126.25, 95.03, 83.31, 69.58, 

Ph

Bpin

Fe

Ph

Bpin



S33

S33

68.52, 67.35, 67.15, 67.04, 66.72, 38.36, 25.06 (d, J = 12.0 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C26H32BFeO2: 443.1839. Found: 443.1833.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 10.3 min, tR (major) = 12.6 min.

[α]D
20 = +25 (c = 0.31, CHCl3).

1,4-Bis((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)but-3-en-2-yl)benzene (51).

The title compound was prepared following the general procedure 

using alkene (19.5 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (71.2 mg, 0.39 mmol, 2.6 equiv). After 

purification by column chromatography (using 2% ethyl acetate in petroleum ether), the title 

compound was isolated in 43% yield (36.3 mg, 86% de) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.31 (d, J = 7.5 Hz, 4H), 7.25 (dd, J = 9.2, 6.0 Hz, 4H), 7.20 (s, 4H), 

7.16 (t, J = 7.3 Hz, 2H), 6.47–6.28 (m, 4H), 3.74 (dd, J = 15.7, 7.0 Hz, 2H), 1.38–1.30 (m, 4H), 1.13 (s, 

24H).

13C NMR (126 MHz, CDCl3): δ 143.72, 137.84, 135.91, 128.52, 128.29, 127.54, 126.98, 126.28, 83.29, 

44.14, 29.84, 24.91 (d, J = 11.3 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C38H49B2O4: 591.3811. Found: 591.3808.

HPLC analysis: CHIRALCEL AD-H column, 5% EtOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (major) = 9.0 min, tR (medium) = 10.8 min, tR (minor) = 12.9 min.

[α]D
20 = +15 (c = 0.30, CHCl3).

2-(4-((Z)-4-Chloro-1,2-diphenylbut-1-en-1-

yl)phenoxy)ethyl-4-((R,E)-4-phenyl-1-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-
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2-yl)benzoate (52).

The title compound was prepared following the general procedure using alkene (76.4 mg, 0.150 mmol, 

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 3% ethyl acetate in petroleum ether), the title compound was isolated 

in 84% yield (93.1 mg, 95% ee) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.95 (d, J = 8.3 Hz, 2H), 7.39–7.34 (m, 3H), 7.34–7.30 (m, 3H), 7.30 – 

7.27 (m, 4H), 7.26 (d, J = 2.0 Hz, 1H), 7.22–7.17 (m, 3H), 7.16–7.12 (m, 3H), 6.82–6.77 (m, 2H), 6.62–

6.57 (m, 2H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 4.59–4.52 (m, 2H), 4.19–4.13 (m, 2H), 3.83 (q, J = 7.6 Hz, 

1H), 3.42 (t, J = 7.5 Hz, 2H), 2.92 (t, J = 7.5 Hz, 2H), 1.38 (dd, J = 16.4, 8.0 Hz, 2H), 1.14 (d, J = 4.2 Hz, 

12H).

13C NMR (126 MHz, CDCl3): δ 166.64, 156.90, 151.60, 142.98, 141.79, 141.06, 137.45, 135.45, 

135.41, 134.70, 131.89, 130.06, 129.66, 129.52, 129.18, 128.69, 128.50, 128.38, 127.90, 127.67, 127.29, 

127.10, 126.77, 126.33, 113.74, 83.45, 65.92, 63.29, 44.53, 42.99, 38.74, 29.84, 24.90 (d, J = 11.7 Hz).

HRMS (ESI) m/z ([M+H]+) calcd for C47H49BClO5: 739.3356. Found: 739.3351.

M.p.: 122-123 ºC.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (major) = 98.4 min, tR (minor) = 104.4 min.

[α]D
20 = +4 (c = 0.43, CHCl3).

sec-Butyl-2-(2-((4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)but-3-en-2-

yl)benzoyl)oxy)ethyl)piperidine-1-carboxylate (53).

The title compound was prepared following the general 

procedure using alkene (53.9 mg, 0.150 mmol, 1.0 equiv), (E)-

(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column 

chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated in 83% 

yield (73.3 mg, 96% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.97 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 7.2 Hz, 
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2H), 7.26 (dd, J = 9.2, 6.1 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 4.73 (dd, J = 

12.5, 6.2 Hz, 1H), 4.51 (s, 1H), 4.30 (dd, J = 11.4, 6.4 Hz, 2H), 4.08 (s, 1H), 3.84 (q, J = 7.6 Hz, 1H), 2.86 

(t, J = 12.9 Hz, 1H), 2.19 (tt, J = 15.4, 6.4 Hz, 1H), 1.89 (dt, J = 17.6, 5.1 Hz, 1H), 1.72–1.53 (m, 8H), 1.38 

(dd, J = 15.4, 8.0 Hz, 2H), 1.16 (d, J = 6.2 Hz, 3H), 1.14 (d, J = 4.2 Hz, 12H), 0.87 (d, J = 7.3 Hz, 3H).

13C NMR (126 MHz, CDCl3): δ 166.67, 155.63, 151.32, 137.45, 134.74, 129.90, 129.11, 128.58, 

128.34, 127.61, 127.25, 126.29, 83.41, 73.07, 62.65, 48.19, 44.50, 39.12, 29.18, 29.04, 28.71, 25.61, 24.87 

(d, J = 12.2 Hz), 19.89, 19.18, 14.31, 9.86.

HRMS (ESI) m/z ([M+H]+) calcd for C35H49BNO6: 590.3647. Found: 590.3648.

HPLC analysis: CHIRALCEL AS-H column, 2% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (minor) = 8.8 min, tR (major) = 9.6 min.

[α]D
20 = +3 (c = 0.34, CHCl3).

4-((R,E)-4-Phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzyl-2-(4-

isobutylphenyl)propanoate (54).

The title compound was prepared following the general 

procedure using alkene (48.4 mg, 0.150 mmol, 1.0 

equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 

mmol, 1.3 equiv). After purification by column chromatography (using 1% ethyl acetate in petroleum 

ether), the title compound was isolated in 86% yield (71.2 mg, 99% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.34 (d, J = 7.2 Hz, 2H), 7.27 (dd, J = 14.3, 7.1 Hz, 3H), 7.24 (s, 1H), 

7.22–7.16 (m, 5H), 7.09 (d, J = 8.1 Hz, 2H), 6.38 (dt, J = 15.8, 11.5 Hz, 2H), 5.08 (q, J = 12.5 Hz, 2H), 

3.78 (dd, J = 14.5, 6.5 Hz, 1H), 3.74 (t, J = 7.2 Hz, 1H), 2.45 (d, J = 7.2 Hz, 2H), 1.86 (td, J = 13.5, 6.8 Hz, 

1H), 1.51 (d, J = 7.2 Hz, 3H), 1.42–1.32 (m, 2H), 1.15 (s, 11H), 0.91 (d, J = 6.6 Hz, 7H).

13C NMR (150 MHz, CDCl3): δ 174.69, 145.88, 140.66, 137.72 (d, J = 15.3 Hz), 135.43, 133.97, 

129.43, 128.61,128.56, 128.12, 128.11, 127.67, 127.34, 127.11, 126.29, 83.34, 66.37, 45.29, 45.16, 44.23, 

30.31, 29.83, 24.89 (d, J = 18.2 Hz), 22.51, 18.58.

HRMS (ESI) m/z ([M+Na]+) calcd for C36H45BNaO4: 575.3303. Found: 575.3298.
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HPLC analysis: CHIRALCEL AD-H column, 0.5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (minor) = 6.1 min, tR (major) = 7.9 min.

[α]D
20 = +1 (c = 0.33, CHCl3).

3,7,11-Trimethyldodeca-2,6,10-trien-1-yl-4-(R-4-

phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)but-3-en-2-yl)benzoate (55).

The title compound was prepared following the 

general procedure using alkene (mixture of isomers) 

(53.0 mg, 0.150 mmol, 1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). 

After purification by column chromatography (using 1% ethyl acetate in petroleum ether), the title 

compound was isolated in 90% yield (78.6 mg, 97% ee) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 8.03–7.91 (m, 2H), 7.38–7.30 (m, 4H), 7.27 (dd, J = 10.3, 4.9 Hz, 2H), 

7.19 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.4 Hz, 2H), 5.47 (t, J = 7.0 Hz, 1H), 5.10 (ddd, J = 9.0, 6.9, 

3.5 Hz, 2H), 4.83 (d, J = 7.0 Hz, 2H), 3.84 (q, J = 7.6 Hz, 1H), 2.16–1.95 (m, 8H), 1.76 (s, 3H), 1.68 (s, 

3H), 1.60 (d, J = 6.0 Hz, 6H), 1.43–1.36 (m, 2H), 1.14 (d, J = 4.1 Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 166.82, 151.20, 142.32, 137.48, 135.58, 134.81, 131.43, 129.93, 

129.11, 128.60, 127.60, 127.25, 126.32, 124.60, 124.46, 123.78, 118.66, 83.43, 61.89, 44.52, 39.82 (t, J = 

18.9 Hz), 32.09 (d, J = 6.2 Hz), 29.84, 29.50, 26.78 (d, J = 15.2 Hz), 26.30 (d, J = 15.1 Hz), 25.85 (d, J = 

3.6 Hz), 24.89 (d, J = 11.6 Hz), 23.51, 22.83, 17.80 (d, J = 5.5 Hz), 16.71, 16.17, 14.26, 1.16.

HRMS (ESI) m/z ([M+H]+) calcd for C38H52BO4: 583.3953. Found: 583.3949.

HPLC analysis: CHIRALCEL AD-H column, 5% iPrOH in hexane, 1.0 mL/min, 254 nm UV 

detector, tR (major) = 5.0 min, tR (minor) = 5.4 min, tR (major) = 5.7 min, tR (minor) = 6.1 min.

[α]D
20 = +5 (c = 0.48, CHCl3).

((S)-4-(Prop-1-en-2-yl)cyclohex-1-en-1-yl)methyl-4-

((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-
Ph
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dioxaborolan-2-yl)but-3-en-2-yl)benzoate (56).

The title compound was prepared following the general procedure using alkene (42.4 mg, 0.150 mmol, 

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated 

in 72% yield (55.3 mg, 99% de) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.99 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 7.3 Hz, 

2H), 7.27 (dd, J = 10.4, 4.8 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.4 Hz, 2H), 5.83 (s, 1H), 

4.73 (d, J = 5.7 Hz, 2H), 4.70 (s, 2H), 3.84 (q, J = 7.6 Hz, 1H), 2.23–2.12 (m, 4H), 2.06–1.96 (m, 1H), 

1.90–1.84 (m, 1H), 1.74 (s, 3H), 1.52 (ddd, J = 11.8, 6.9, 3.2 Hz, 1H), 1.43–1.35 (m, 2H), 1.14 (d, J = 3.6 

Hz, 12H).

13C NMR (126 MHz, CDCl3): δ 166.64, 151.36, 149.79, 137.47, 134.76, 132.91, 129.96, 129.15, 

128.61, 128.43, 127.66, 127.28, 126.33, 125.59, 108.91, 83.45, 68.80, 44.54, 41.02, 30.61, 29.84, 27.48, 

26.58, 24.90 (d, J = 12.5 Hz), 20.90.

HRMS (ESI) m/z ([M+H]+) calcd for C33H42BO4: 513.3171. Found: 513.3171.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.2 mL/min, 254 nm UV 

detector, tR (minor) = 36.3 min, tR (major) = 39.5 min.

[α]D
20 = –12 (c = 0.16, CHCl3).

(7S,11R,E)-3,7,11,15-Tetramethylhexadec-2-en-1-

yl-4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzoate (57).

The title compound was prepared following the 

general procedure using alkene (64.0 mg, 0.150 mmol, 

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated 

in 80% yield (78.7 mg, 99% de) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.98 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 7.4 Hz, 

2H), 7.29–7.26 (m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.37 (dt, J = 15.8, 11.4 Hz, 2H), 5.46 (t, J = 6.6 Hz, 1H), 
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4.82 (d, J = 7.0 Hz, 2H), 3.84 (q, J = 7.6 Hz, 1H), 2.03 (t, J = 9.1 Hz, 2H), 1.75 (s, 3H), 1.52 (dt, J = 13.3, 

6.7 Hz, 1H), 1.45–1.33 (m, 7H), 1.31–1.24 (m, 11H), 1.14 (d, J = 4.0 Hz, 12H), 0.90–0.82 (m, 14H).

13C NMR (126 MHz, CDCl3): δ 166.84, 151.19, 142.81, 137.49, 134.81, 131.04, 129.93, 129.11, 

128.60, 127.60, 127.25, 126.32, 118.38, 83.42, 61.92, 44.52, 40.03, 39.51, 37.56, 37.49, 37.42, 36.79, 

32.92, 32.80, 29.84, 28.11, 25.20, 24.90 (d, J = 11.6 Hz), 24.60, 22.86, 22.77, 19.89, 19.86, 16.61.

HRMS (ESI) m/z ([M+H]+) calcd for C43H66BO4: 657.5049. Found: 657.5048.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (minor) = 9.6 min, tR (major) = 10.2 min.

[α]D
20 = +2 (c = 0.29, CHCl3).

(S)-3,7-Dimethyloct-6-en-1-yl-4-((R,E)-4-phenyl-1-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzoate 

(58).

The title compound was prepared following the general procedure 

using alkene (43.0 mg, 0.150 mmol, 1.0 equiv), (E)-(2-

bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by column chromatography 

(using 1% ethyl acetate in petroleum ether), the title compound was isolated in 78% yield (60.4 mg, 

99% de) as a colorless oil.

1H NMR (500 MHz, CDCl3): δ 7.96 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 7.5 Hz, 

2H), 7.29–7.25 (m, 2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 5.09 (t, J = 7.0 Hz, 1H), 

4.33 (dt, J = 11.8, 5.9 Hz, 2H), 3.84 (q, J = 7.6 Hz, 1H), 1.99 (ddd, J = 21.6, 15.0, 7.2 Hz, 2H), 1.80 (td, J = 

12.5, 7.0 Hz, 1H), 1.67 (s, 3H), 1.65–1.62 (m, 1H), 1.60 (s, 3H), 1.55 (dd, J = 14.1, 6.8 Hz, 1H), 1.41 (ddd, 

J = 23.0, 9.7, 5.0 Hz, 3H), 1.34 (d, J = 4.7 Hz, 1H), 1.14 (d, J = 3.6 Hz, 12H), 0.96 (d, J = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCl3): δ 166.84, 151.23, 137.48, 134.78, 131.49, 129.87, 129.12, 128.60, 

128.57, 127.63, 127.26, 126.32, 124.72, 83.43, 63.48, 44.52, 37.13, 35.65, 29.83, 29.72, 25.84, 25.54, 

24.89 (d, J = 12.5 Hz), 19.64, 17.80.

HRMS (ESI) m/z ([M+H]+) calcd for C33H46BO4: 517.3484. Found: 517.3488.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

Ph

Bpin

O

O

Me



S39

S39

detector, tR (minor) = 12.4 min, tR (major) = 13.4 min.

[α]D
20 = +2 (c = 0.22, CHCl3).

(3S,5S,8R,9S,10S,13S,14S)-10,13-Dimethyl-17-

oxohexadecahydro-1H-cyclopenta[a]phenanthren-

3-yl-4-((R,E)-4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)but-3-en-2-yl)benzoate (59).

The title compound was prepared following the 

general procedure using alkene (63.1 mg, 0.150 mmol, 

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated 

in 94% yield (91.6 mg, 95% de) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.95 (d, J = 8.3 Hz, 2H), 7.33 (dd, J = 13.7, 7.8 Hz, 4H), 7.28–7.26 (m, 

2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 4.96–4.88 (m, 1H), 3.87–3.79 (m, 1H), 2.44 

(dd, J = 19.3, 8.7 Hz, 1H), 2.11–2.03 (m, 1H), 1.99–1.90 (m, 2H), 1.85–1.71 (m, 5H), 1.70–1.63 (m, 2H), 

1.56–1.46 (m, 3H), 1.46–1.27 (m, 10H), 1.14 (d, J = 3.7 Hz, 12H), 0.90 (s, 3H), 0.87 (s, 3H).

13C NMR (126 MHz, CDCl3): δ 166.29, 151.17, 137.49, 134.80, 129.86, 129.12, 128.91, 128.61, 

127.56, 127.26, 126.32, 100.12, 83.45, 74.06, 54.48, 51.52, 47.95, 44.87, 44.51, 36.91, 36.01, 35.86, 35.20, 

34.20, 31.68, 30.98, 29.84, 28.45, 27.68, 24.91 (d, J = 12.4 Hz), 21.93, 20.63, 13.97, 12.43.

HRMS (ESI) m/z ([M+H]+) calcd for C42H56BO5: 651.4215. Found: 651.4218.

M.p.: 159-160 ºC.

HPLC analysis: CHIRALCEL OD-H column, 5% iPrOH in hexane, 0.5 mL/min, 254 nm UV 

detector, tR (major) = 27.4 min, tR (minor) = 30.3 min.

[α]D
20 = +36 (c = 0.54, CHCl3).

(3S,8S,9S,10S,13R,14S,17R)-10,13-

Dimethyl-17-((R)-6-methylheptan-2-yl)-

Ph

Bpin

O

O

O

H

HH

H

Ph

Bpin

O

O
H

HH



S40

S40

2,3,4,5,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl-4-((R,E)-

4-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-2-yl)benzoate (60).

The title compound was prepared following the general procedure using alkene (77.5 mg, 0.150 mmol, 

1.0 equiv), (E)-(2-bromovinyl)benzene (35.6 mg, 0.195 mmol, 1.3 equiv). After purification by 

column chromatography (using 1% ethyl acetate in petroleum ether), the title compound was isolated 

in 91% yield (101.8 mg, 97% de) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.97 (d, J = 8.3 Hz, 2H), 7.33 (dd, J = 15.1, 7.8 Hz, 4H), 7.29–7.26 (m, 

2H), 7.18 (t, J = 7.2 Hz, 1H), 6.36 (dt, J = 15.8, 11.4 Hz, 2H), 5.41 (d, J = 3.9 Hz, 1H), 4.88–4.80 (m, 1H), 

3.84 (q, J = 7.5 Hz, 1H), 2.45 (d, J = 7.8 Hz, 2H), 2.06–1.95 (m, 3H), 1.94–1.81 (m, 2H), 1.77–1.68 (m, 

1H), 1.64–1.32 (m, 15H), 1.24–1.17 (m, 3H), 1.14 (d, J = 3.8 Hz, 12H), 1.07 (s, 3H), 1.05–0.96 (m, 4H), 

0.92 (d, J = 6.5 Hz, 3H), 0.87 (dd, J = 6.6, 2.2 Hz, 6H), 0.69 (s, 3H).

13C NMR (126 MHz, CDCl3): δ 166.17, 151.16, 139.89, 137.50, 134.83, 129.88, 129.11, 128.90,  

128.61, 127.58, 127.26, 126.33, 122.85, 83.45, 74.53, 56.85, 56.28, 50.19, 44.51, 42.47, 39.89, 39.67, 

38.38, 37.19, 36.80, 36.33, 35.95, 32.09, 32.03, 29.85, 28.39, 28.16, 28.04, 24.91 (d, J = 11.9 Hz), 24.44, 

23.98, 22.97, 22.71, 21.20, 19.53, 18.87, 12.01.

HRMS (ESI) m/z ([M+H]+) calcd for C50H72BO4: 747.5518. Found: 747.5517.

M.p.: 186-187 ºC.

HPLC analysis: CHIRALCEL OD-H column, 0.5% iPrOH in hexane, 0.1 mL/min, 254 nm UV 

detector, tR (major) = 66.8 min, tR (minor) = 85.3 min.

[α]D
20 = +3 (c = 0.51, CHCl3).

III. Preparation of Alkenyl Bromides

A general procedure for the preparation of vinyl bromides. [3-5]

R

O

H
R

Br

Br
CBr4 (150 mol %)
PPh3 (300 mol %)
CH2Cl2, 0oC
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Step 1: To a flame-dried flask was added aldehyde (20 mmol, 100 mol%), CBr4 (30 mmol, 150 mol%), 

and CH2Cl2 (80 mL). The flask was cooled to 0 °C, at which point a solution of PPh3 (60 mmol, 300 

mol%) in CH2Cl2 (70 mL) was added dropwise via addition funnel over 30 min. The solution was 

stirred at 0 °C under N2 for 1 h. About half of the volume of CH2Cl2 was removed under reduced 

pressure. Pentane (100 mL) was added, and triphenylphosphine oxide (TPPO) precipitated out. After 

filtration and evaporation of the solvent, the residue was dissolved in pentane (50 mL) which led to 

further precipitation of TPPO. Filtration and evaporation of the solvent afforded the crud dibromide 

which was directly used for the next step.

R
Br

Br
Diethyl Phosphite (300 mol %)

Et3N (300 mol %)

0 to 25oC
R

Br

Step 2: To a solution of the crude dibromide (~ 20.0 mmol, 100 mol%) and NEt3 (60 mmol, 300 mol%) 

in DMF (20 mL) was added dimethyl phosphonate (60.0 mmol, 300 mol%). The solution was stirred 

over night at room temperature. Water (60 mL) was added to the mixture, which was extracted with 

pentane (2 × 100 mL). The combined organic phases were washed with an aqueous solution of HCl (1 

M, 55 mL) and dried over Na2SO4, filtered, and concentrated. The crude material was purified by 

flash chromatography.

NaOH (85 mol %)

iPrOH, reflux R
Br

R
Br

Step 3: The crude product (~20.0 mmol, 100 mol%) from the previous step was dissolved in iPrOH 

(30 mL). Solid NaOH (17.0 mmol, 85 mol%) was added and the mixture was heated to reflux for 1.5 

hours. The reaction mixture was cooled to room temperature, diluted with pentane (100 mL), and 

partitioned with distillated H2O (2 × 100 mL). The organic phase was collected, and washed with an 

aqueous solution of HCl (1 M, 75 mL), dried over Na2SO4. The solvent was removed under reduced 

pressure. The crude material was purified by flash chromatography.

(E)-4-(2-Bromovinyl)-N,N-dimethylaniline.

This compound was prepared from according to general procedure. The 
Br

N
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crude residue was purified by silicagel chromatography (hexanes) to give the title compound in 84% 

yield (3.8 g) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.22–7.14 (m, 2H), 7.00 (d, J = 13.9 Hz, 1H), 6.68 (d, J = 8.5 Hz, 2H), 

6.52 (d, J = 13.9 Hz, 1H), 2.97 (s, 6H).

13C NMR (126 MHz, CDCl3): δ 150.52, 137.10, 127.28, 124.45, 112.38, 101.65, 40.49.

HRMS (ESI) m/z ([M+H]+) calcd for C10H13BrN: 226.0226. Found: 226.0227.

M.p.: 118-119 ºC.

(E)-2-(4-(2-Bromovinyl)phenyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane.

This compound was prepared according to general procedure. The crude 

residue was purified by silicagel chromatography (hexanes) to give the title compound in 65% yield 

(4.0 g) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.76 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 14.0 Hz, 

1H), 6.85 (d, J = 14.0 Hz, 1H), 1.34 (s, 12H).

13C NMR (126 MHz, CDCl3): δ 138.54, 137.34, 135.36, 125.50, 107.86, 84.04, 25.00.

HRMS (ESI) m/z ([M+H]+) calcd for C14H19BBrO2: 309.0656. Found: 309.0651.

M.p.: 36-37 ºC.

IV. Preparation Part of Alkenes

Alcohol (150 mol %)
DMAP (10 mol %)
DCC (150 mol %)

CH2Cl2, 0oCHOOC ROOC

To a flame-dried flask was added acid (10 mmol, 100 mol%), DMAP (1 mmol, 10 mol%), DCC 

Br

Bpin
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(15 mmol, 150 mol%), and CH2Cl2 (30 mL). The flask was cooled to 0 °C, at which point a solution 

of alcohol (15 mmol, 150 mol%) in CH2Cl2 (30 mL) was added dropwise via addition funnel over 30 

min. The solution was stirred at 0 °C under N2 over night. After the reaction was finshed the CH2Cl2 

was removed under reduced pressure. And The crude residue was purified by silicagel 

chromatography (hexanes) to give the target compound.

(Z)-2-(4-(4-Chloro-1,2-diphenylbut-1-en-1-

yl)phenoxy)ethyl 4-vinylbenzoate.

The title compound was prepared following the 

general procedure using 4-vinylbenzoic acid (1.5 g, 10 

mmol, 1.0 equiv), ospemifene (5.7 g, 15 mmol, 1.5 

equiv). After purification by column chromatography (using 5% ethyl acetate in petroleum ether), the 

title compound was isolated in 90% yield (4.6 g) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.98 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 7.40–7.35 (m, 2H), 

7.30 (dd, J = 7.2, 5.5 Hz, 3H), 7.23–7.18 (m, 2H), 7.17–7.13 (m, 3H), 6.85–6.79 (m, 2H), 6.75 (dd, J = 17.6, 

10.9 Hz, 1H), 6.60 (d, J = 8.8 Hz, 2H), 5.86 (d, J = 17.6 Hz, 1H), 5.39 (d, J = 10.9 Hz, 1H), 4.62–4.49 (m, 

2H), 4.26–4.12 (m, 2H), 3.42 (t, J = 7.5 Hz, 2H), 2.93 (t, J = 7.5 Hz, 2H).

13C NMR (126 MHz, CDCl3): δ 166.40, 156.89, 142.98, 142.24, 141.78, 141.06, 136.14, 135.48, 

135.45, 131.90, 130.18, 129.67, 129.53, 129.11, 128.50, 128.38, 127.11, 126.77, 126.23, 116.74, 113.75, 

65.89, 63.43, 42.98, 38.73.

HRMS (ESI) m/z ([M+H]+) calcd for C33H30ClO3: 509.1878. Found: 509.1882.

M.p.: 112-113 ºC.

(3S,8S,9S,10S,13R,14S,17R)-10,13-Dimethyl-

17-((R)-6-methylheptan-2-yl)-

2,3,4,5,8,9,10,11,12,13,14,15,16,17-

tetradecahydro-1H-

cyclopenta[a]phenanthren-3-yl-4-

O

O
O

Cl

O

O
H

HH
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vinylbenzoate.

The title compound was prepared following the general procedure using 4-vinylbenzoic acid (1.5 g, 10 

mmol, 1.0 equiv), cholesterol (5.8 g, 15 mmol, 1.5 equiv). After purification by column 

chromatography (using 5% ethyl acetate in petroleum ether), the title compound was isolated in 85% 

yield (4.4 g) as a white solid.

1H NMR (500 MHz, CDCl3): δ 7.99 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 6.75 (dd, J = 17.6, 

10.9 Hz, 1H), 5.86 (d, J = 17.9 Hz, 1H), 5.42 (d, J = 3.8 Hz, 1H), 5.37 (d, J = 11.1 Hz, 1H), 4.95–4.77 (m, 

1H), 2.46 (d, J = 7.7 Hz, 2H), 2.07–1.95 (m, 3H), 1.95–1.69 (m, 3H), 1.65–1.42 (m, 7H), 1.42–1.09 (m, 

10H), 1.07 (s, 3H), 1.05–0.96 (m, 3H), 0.92 (d, J = 6.5 Hz, 3H), 0.87 (dd, J = 6.6, 2.3 Hz, 6H), 0.69 (s, 3H).

13C NMR (126 MHz, CDCl3): δ 165.91, 141.88, 139.83, 136.24, 130.13, 130.00, 126.16, 122.92, 

116.46, 74.71, 56.85, 56.29, 50.20, 42.47, 39.89, 39.67, 38.38, 37.19, 36.81, 36.34, 35.95, 32.09, 32.04, 

28.39, 28.17, 28.05, 24.45, 23.98, 22.97, 22.72, 21.21, 19.54, 18.87, 12.02.

HRMS (ESI) m/z ([M+H]+) calcd for C36H53O2: 517.4040. Found: 517.4042.

M.p.: 156-157 ºC.

V. Competition Experiments
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1 (0.15 mmol) 3

Ph

Bpin

standard condition

olefin+

(0.15 mmol) 3A-3D

Ph

Bpin+
2 + B2pin2

(1):

Ph MeO

O

(3):

(2):

(4):

3: 53%
3A:0%

3: 66%
3B: trace

3: 74%
3C:trace

3: 8%
3D: 0%

Under N2 atmosphere, an oven-dried 10 mL reaction tube which equipped with a magnetic stir bar and 

sealed with a rubber stopper sequentially was added L1•NiBr2 (8.6 mg, 0.015 mmol, 10 mol%), LiOMe 

(8.6 mg, 0.225 mmol, 1.5 equiv), bis(pinacolato)diboron (45.7 mg, 0.180 mmol, 1.2 equiv). Then 

anhydrous 1,4-dioxane (1 mL), styrene (1, 0.150 mmol, 1 equiv), olefin (0.150 mmol, 1 equiv), (E)-(2-

bromovinyl)benzene (2, 25 μL, 0.195 mmol, 1.3 equiv) were added and the mixture was stirred. After 14 h 

of stirring at 10 °C, the mixture was analyzed by NMR and purified by column chromatography.

VI. Mechanistic Investigations
1. Deuterium Crossover Experiment

1-d2 (0.15 mmol) 3-d2

Ph

Bpin
standard condition

2 + B2pin2
D

D

76% D D D

76% D
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D

D

76% D

1H NMR (500M, CDCl3)

3-d2

Ph

Bpin

D D

76% D

1H NMR (500M, CDCl3)
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Under N2 atmosphere, an oven-dried 10 mL reaction tube which equipped with a magnetic stir bar and 

sealed with a rubber stopper sequentially was added L1•NiBr2 (8.6 mg, 0.015 mmol, 10 mol%), LiOMe 

(8.6 mg, 0.225 mmol, 1.5 equiv), bis(pinacolato)diboron (45.7 mg, 0.180 mmol, 1.2 equiv). Then 

anhydrous 1,4-dioxane (1 mL), 4-(vinyl-2,2-d2)benzene[6] (1-d2, 17 μL, 0.150 mmol, 1 equiv), (E)-(2-

bromovinyl)benzene (2, 25 μL, 0.195 mmol, 1.3 equiv) were added and the mixture was stirred. After 14 h 

of stirring at 10 °C, the mixture was analyzed by NMR and purified by column chromatography.

2. Intermolecular Protoboration Studies

With respect to the mechanism, during our investigations it was observed that performing the 

vinylboration of alkene 1 in the presence of MeOH (2 equiv) led to formation of 3 and adduct 61 

(Figure S1). This observation led to the hypothesis that addition of Ni(I)-Bpin (II) to the alkene occurs 

to generate benzyl-Ni(I) complex (III). This complex can undergo reaction with a vinyl halide to 

generate 3 or, in the presence of MeOH, undergo protonation to provide 61 according to the catalytic 

cycle shown in Figure 5. Further support for this catalytic cycle was found was the addition of 5 equiv 

of MeOH resulted in increased amounts of 61 relative to 3.

3-d2

Ph

Bpin

D D

2H NMR (400M, CDCl3 as standard internal)



S48

S48

1 (0.15 mmol) 3
standard condition

61

2 + B2pin2

51%, 96% ee

23%, 96% ee

(2)

(3)

7%

30%

H
Bpin

Ph

Bpin

(1) no change

with MeOH (2 equiv)

with MeOH (5 equiv)

89%, 96% ee trace

Figure S1. Intermolecular protoboration studies. (Yields determined by crude 1H NMR using 2,5-
dimethylfuran as the internal standard. The ee values were determined by HPLC on a chiral stationary 
phase.)

In addition, reaction of alkenes with polar functional groups such as OH, NH2, and COOH, which 

increases the proximity of acidic hydrogens near the Ni-alkyl bond in Ni(I) complex (III) and thus 

give rise to an increasing generation of the protonation adduct, which did indeed result in exclusive 

formation of protonated product with trace amount of vinylboration product (Figure S2). Notably, the 

catalytic cycle was completely prevented when the alkenes with COOH group were used.

(0.15 mmol)
standard condition

2 + B2pin2
H

Bpin

Ph

Bpin
R

trace

0%

(2)

(3)

18%

0%

(1) R = CH2OH

R = NH2

R = COOH

trace 15%

R R

Figure S2. The alkenes with polar functional groups. (Yields determined by crude 1H NMR using 2,5-
dimethylfuran as the internal standard.)

3. Control Experiments

To elucidate the possible reaction mechanism, several control experiments were designed (Figure 

S3). Firstly, radical clock experiment was carried out, but this reaction did not work with this kind of 

alkene (eq 1). It may be due to the steric effect, which made it difficult for Ni(I) complex (III) reacted 

with vinyl halide to undergo oxidative addition process. However, in the presence of TEMPO and 

BHT, the reaction was not inhibited (eq 2-3). The above results suggested long-lived radical 
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intermediates might not be involved in the reaction processes. When the reaction was carried out 

under aerobic condition, it did not work (eq 4). These data indicated that the reaction is sensitive to O2.

standard condition

B2pin2, O2Ph

1 (0.15 mmol) 2 (1.3 equiv)

Br

Ph

Bpin+

standard condition

B2pin2, BHT (2 equiv)Ph

1 (0.15 mmol) 2 (1.3 equiv)

Br

Ph

Bpin+

standard condition

B2pin2, TEMPO (2 equiv)Ph

1 (0.15 mmol) 2 (1.3 equiv)
3, 74%, 96% ee

Br

Ph

Bpin+

3, not detected

3, 68%, 96% ee

(2)

(3)

(4)

standard condition

B2pin2Ph

1a (0.15 mmol) 2 (1.3 equiv) recovered

Br+ (1)1a 2

recovered

Figure S3. Control experiments. (Yields determined by crude 1H NMR using 2,5-dimethylfuran as the 
internal standard. The ee values were determined by HPLC on a chiral stationary phase.)
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IX. Spectral Data (HPLC Trace)
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Bpin



S139

S139

28, racemic

Ph

Bpin

O

H

28, 72% yield, 95% ee

Ph

Bpin

O

H



S140

S140

29, racemic

Ph

F3C

Bpin

29, 90% yield, 99% ee

Ph

F3C

Bpin



S141

S141

30, racemic

Ph

BpinF3C

30, 84% yield, 91% ee

Ph

BpinF3C



S142

S142

31, racemic

Ph

F

Bpin

31, 88% yield, 93% ee

Ph

F

Bpin



S143

S143

32, racemic

Ph

BpinF

32, 84% yield, 96% ee

Ph

BpinF



S144

S144

33, racemic

Ph

Bpin
F

33, 86% yield, 92% ee

Ph

Bpin
F



S145

S145

34, racemic

Ph

BpinCl

34, 83% yield, 68% ee

Ph

BpinCl



S146

S146

35, racemic

Ph

Bpin
Cl

35, 80% yield, 77% ee

Ph

Bpin
Cl



S147

S147

36, racemic

Ph

Bpin
Br

36, 60% yield, 57% ee

Ph

Bpin
Br



S148

S148

37, racemic

Ph

I

Bpin

37, 62% yield, 46% ee

Ph

I

Bpin



S149

S149

38, racemic

Ph

MeO

Bpin

38, 92% yield, 99% ee

Ph

MeO

Bpin



S150

S150

39, racemic

Ph

Bpin

Bpin

39, 91% yield, 98% ee

Ph

Bpin

Bpin



S151

S151

40, racemic

Ph

Me

Bpin

40, 91% yield, 95% ee

Ph

Me

Bpin



S152

S152

41, racemic

Ph

BpinMe

41, 86% yield, 94% ee

Ph

BpinMe



S153

S153

42, racemic

Ph

Bpin
Me

42, 83% yield, 84% ee

Ph

Bpin
Me



S154

S154

43, racemic

Ph

Bpin

43, 85% yield, 92% ee

Ph

Bpin



S155

S155

44, racemic

Ph

BpinS

44, 74% yield, 90% ee

Ph

BpinS



S156

S156

45, racemic

Ph

BpinO

45, 83% yield, 96% ee

Ph

BpinO



S157

S157

46, racemic

Ph

BpinS

46, 70% yield, 67% ee

Ph

BpinS



S158

S158

47, racemic

Ph

BpinO
Ph

47, 67% yield, 82% ee

Ph

BpinO
Ph



S159

S159

48, racemic
NCl

Ph

Bpin

48, 72% yield, 91% ee

NCl

Ph

Bpin



S160

S160

49, racemic

Ph

Bpin

49, 45% yield, 40% ee

Ph

Bpin



S161

S161

50, racemic

Fe

Ph

Bpin

50, 82% yield, 74% ee

Fe

Ph

Bpin



S162

S162

51, racemic

Ph

Bpin

Bpin

Ph

51, 43% yield, 86% de

Ph

Bpin

Bpin

Ph



S163

S163

52, racemic

Ph

Bpin

O

O
O

Cl

52, 84% yield, 95% ee

Ph

Bpin

O

O
O

Cl



S164

S164

53, racemic

N

O O

Et Me

O

O

Bpin

Ph

53, 83% yield, 96% ee

N

O O

Et Me

O

O

Bpin

Ph



S165

S165

54, racemic

Ph

Bpin

O

O

54, 86% yield, 99% ee

Ph

Bpin

O

O



S166

S166

55, racemic

Ph

Bpin

O

OMe

Me

Me Me

55, 90% yield, 97% ee
(mixture of isomers)

Ph

Bpin

O

OMe

Me

Me Me



S167

S167

56, racemic

Ph

Bpin

O

O

56, 72% yield, 99% de

Ph

Bpin

O

O



S168

S168

57, racemic

Ph

Bpin

O

OMe

Me

Me

Me

Me

57, 80% yield, 99% de

Ph

Bpin

O

OMe

Me

Me

Me

Me



S169

S169

58, racemic

Ph

Bpin

O

O

Me

58, 78% yield, 99% de

Ph

Bpin

O

O

Me



S170

S170

59, racemic

Ph

Bpin

O

O

O

H

HH

H

59, 94% yield, 95% de

Ph

Bpin

O

O

O

H

HH

H



S171

S171

60, racemic

Ph

Bpin

O

O
H

HH

60, 91% yield, 97% de

Ph

Bpin

O

O
H

HH


