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General information  
All reactions were carried out under argon atmosphere using Schlenk techniques, 

unless otherwise stated. Reagents were purchased at the highest commercial quality and 
used without further purification, unless otherwise stated. Cuprous iodide (99.999%) 
was purchased from Sigma-Aldrich. Lithium tert-butoxide (99%) was purchased from 
Macklin, which was dry at 90 oC for 3 h under reduced pressure. N, N-
dimethylformamide (DMF) was purchased from Titan, which was distilled over CaH2 
prior to use. NMR spectra were recorded for 1H NMR (400 MHz), 13C NMR (101 MHz) 
and 19F NMR (376 MHz) using TMS as an internal standard and Bruker AV 400 as an 
instrument. The chemical shifts are expressed in ppm and coupling constants are given 
in Hertz (Hz). Data for 1H NMR are recorded as follows: chemical shift (ppm), 
multiplicity (s = singlet; d = doublet; dd = doublet of doublets; t = triplet; td = triplet of 
doublets; q = quarter; m = multiplet), coupling constant (Hz), integration. Data for 13C 
NMR are reported in terms of chemical shift (δ, ppm). High-resolution mass 
spectroscopy (HRMS) was obtained on Thermo Scientific Q Exactive mass 
spectrometer using ESI and APCI ion source by TOF and orbitrap mass analyzer. 
Enantiomeric excess (ee) was determined by Agilent and Shimadzu high-performance 
liquid chromatography (HPLC) with a Hatachi detector (at appropriate wavelength). 
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The optimization of reaction conditions 
Table S1. Screening of other NNP-Ligandsa 

 
entry L yield of 3 (%) ee of 3 (%) 

1 L12 17 31 
2 L13 30 38 
3 L14 30 40 
4 L15 23 28 
5 L16 20 36 
6 L17 16 28 
7 L18 18 35 

aReaction conditions: (±)-1a (0.30 mmol), 2a (0.20 mmol), CuI (5 mol%), L (7.5 mol%), LiOtBu 
(2.0 equiv) and H2O (1.0 equiv) in DMF (2.0 mL) at room temperature for 2 d under argon. Yield 
was based on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Ee values 
were based on HPLC analysis. 
 
Table S2. Screening of different boronate estersa 

 
entry 2 yield of 3 (%) ee of 3 (%) 

1 2a1 4 50 
2 2a2 8 59 
3 2a3 65 93 
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aReaction conditions: (±)-1a (0.30 mmol), 2 (0.20 mmol), CuI (5 mol%), L9 (7.5 mol%), LiOtBu 
(2.0 equiv) and H2O (1.0 equiv) in DMF (2.0 mL) at −20 oC for 4 d under argon. Yield was based 
on 1H NMR analysis of the crude product using CH2Br2 as an internal standard. Ee values were 
based on HPLC analysis. 
 
Scheme S1. Investigation of protodeboronation side productsa 

 
entry base yield of 8 (%) yield of 8' (%) ee of 8 (%)

1 LiOtBu 45 5 89 
2 Cs2CO3 6 30 18 
3b LiOtBu 78 trace 94 

aReaction conditions: (±)-1a (0.30 mmol), 2f (0.20 mmol), CuI (5 mol%), L9 (7.5 mol%), base (2.0 
equiv) and H2O (1.0 equiv) in DMF (2.0 mL) at room temperature for 2 d under argon. bThe reaction 
was conducted at −20 oC for 4 d. Yield was based on 1H NMR analysis of the crude product using 
CH2Br2 as an internal standard. Ee values were based on HPLC analysis. mp = methylpentanediol. 
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The structures and synthesis of alkenylboronate esters 

 

2a was prepared from (E)-styrylboronic acid  

 
Under an argon atmosphere, (E)-styrylboronic acid (3.551 g, 24 mmol) was 

dissolved in dry dichloromethane (24.0 mL), followed by the addition of 2-
methylpentane-2,4-diol (3.121 g, 26.4 mmol, 1.1 equiv) and magnesium sulfate (19.2 
g). The reaction mixture was stirred at room temperature overnight. After completion 
of the reaction, the reaction mixture was filtered, and concentrated under reduced 
pressure. The residue was purified by flash chromatography on silica gel (petroleum 
ether/ethyl acetate = 20/1) to afford the desired product 2a as a colorless oil (4.3958 g, 
80% yield). 

 
2b-2p, 2r-2v, 2y were prepared according to previously reported procedure and slightly 
modified from the corresponding alkyne.1 
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Under an argon atmosphere, to a solution of bis(cyclopentadienyl)zirconium 

chloride hydride Cp2ZrHCl (10 mol%) in CH2Cl2 (1 M) was added alkynes (1 equiv) 
and 4,4,6-trimethyl-1,3,2-dioxaborinane MPBH (1.1 equiv) at ice water bath. The 
reaction mixture was stirred at room temperature overnight. After completion of the 
reaction, water was poured into the above reaction mixture, and the mixture was 
extracted with CH2Cl2 at three times. The combined organic phase was dried over 
Na2SO4, filtered and concentrated under reduced pressure. The crude product was 
purified by flash chromatography on silica gel to provide the desired product. 
 
2q was from boronic acid, which was obtained by hydrolysis of commercial boronic 
acid pinacol ester according to previously reported hydrolysis procedure.2 

 
 

2w was prepared according to previously reported procedure.3 
 
2x was prepared from boronic acid, which was obtained according to previously 
reported procedure.4 

 
 
Characterization data for alkenylboronate esters 
(E)-4,4,6-trimethyl-2-styryl-1,3,2-dioxaborinane (2a) 

  
1H NMR (400 MHz, CDCl3) δ 7.51 – 7.45 (m, 2H), 7.35 – 7.21 (m, 4H), 6.11 (d, J = 
18.3 Hz, 1H), 4.33 – 4.23 (m, 1H), 1.86 – 1.79 (m, 1H), 1.61 – 1.51 (m, 1H), 1.38 – 
1.29 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 146.5, 138.0, 128.4, 128.3, 126.9 70.9, 64.8, 46.0, 31.3, 
28.1, 23.2. 
HRMS (ESI) m/z calcd. for C14H20BO2 [M+H]+ 231.1551, found 231.1545. 
 
(E)-2-(4-methoxystyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2b) 
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1H NMR (400 MHz, CDCl3) δ 7.44 – 7.37 (m, 2H), 7.26 (d, J = 18.2 Hz, 1H), 6.85 – 
6.80 (m, 2H), 5.95 (d, J = 18.2 Hz, 1H), 4.29 – 4.19 (m, 1H), 3.75 (s, 3H), 1.80 – 1.73 
(m, 1H), 1.56 – 1.45 (m, 1H), 1.35 – 1.25 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 145.9, 130.8, 128.1, 113.7, 70.6, 64.6, 55.0, 45.9, 
31.2, 28.0, 23.1. 
HRMS (ESI) m/z calcd. for C15H22BO3 [M+H]+ 261.1657, found 261.1660. 
 
(E)-4,4,6-trimethyl-2-(4-methylstyryl)-1,3,2-dioxaborinane (2c) 

 
1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 18.0 Hz, 1H), 7.12 
(d, J = 7.9 Hz, 2H), 6.05 (d, J = 18.2 Hz, 1H), 4.33 – 4.21 (m, 1H), 2.33 (s, 1H), 1.86 – 
1.78 (m, 1H), 1.60 – 1.49 (m, 1H), 1.37 – 1.27 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 146.4, 138.2, 135.3, 129.3, 126.9, 70.8, 64.8, 46.0, 
31.3, 28.1, 23.2, 21.3. 
HRMS (ESI) m/z calcd. for C15H22BO2 [M+H]+ 245.1707, found 245.1710. 
 
(E)-2-(4-fluorostyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2d) 

 
1H NMR (400 MHz, CDCl3) δ 7.48 – 7.40 (m, 2H), 7.25 (d, J = 18.2 Hz, 1H), 7.03 – 
6.95 (m, 2H), 6.01 (d, J = 18.2 Hz, 1H), 4.31 – 4.21 (m, 1H), 1.84 – 1.77 (m, 1H), 1.58 
– 1.49 (m, 1H), 1.35 – 1.28 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 162.8 (d, JC-F = 247.7 Hz), 145.1, 134.2 (d, JC-F = 3.2 
Hz), 128.5 (d, JC-F = 8.0 Hz), 115.3 (d, JC-F = 21.5 Hz), 70.9, 64.8, 46.0, 31.2, 28.1, 
23.1. 
19F NMR (376 MHz, CDCl3) δ -113.48. 
HRMS (ESI) m/z calcd. for C14H19BFO2 [M+H]+ 249.1457, found 249.1457. 

 
(E)-4,4,6-trimethyl-2-(2-(naphthalen-1-yl)vinyl)-1,3,2-dioxaborinane (2e) 
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1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 7.9 Hz, 1H), 8.11 (d, J = 17.9 Hz, 1H), 7.86 
– 7.81 (m, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.72 (d, J = 7.2 Hz, 1H), 7.55 – 7.40 (m, 3H), 
6.19 (d, J = 17.9 Hz, 1H), 4.37 – 4.27 (m, 1H), 1.89 – 1.81 (m, 1H), 1.65 – 1.55 (m, 
1H), 1.42 – 1.31 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 143.4, 135.9, 133.6, 131.2, 128.41, 128.42, 125.9, 125.6, 
123.90, 123.86, 70.9, 64.9, 46.0, 31.3, 28.2, 23.2. 
HRMS (ESI) m/z calcd. for C18H22BO2 [M+H]+ 281.1707, found 281.1705. 
 
(E)-4,4,6-trimethyl-2-(2-(naphthalen-2-yl)vinyl)-1,3,2-dioxaborinane (2f) 

 
1H NMR (400 MHz, CDCl3) δ 7.86 – 7.75 (m, 4H), 7.70 (m, 1H), 7.51 – 7.41 (m, 3H), 
6.23 (d, J = 18.2 Hz, 1H), 4.36 – 4.25 (m, 1H), 1.87 – 1.80 (m, 1H), 1.63– 1.51 (m, 1H), 
1.40 – 1.30 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 146.5, 135.5, 133.54, 133.49, 128.3, 128.1, 127.6, 127.5, 
126.12, 126.05, 123.7, 70.9, 64.9, 46.0, 31.3, 28.2, 23.2. 
HRMS (ESI) m/z calcd. for C18H22BO2 [M+H]+ 281.1707, found 281.1707. 

 
(E)-4,4,6-trimethyl-2-(2-(thiophen-2-yl)vinyl)-1,3,2-dioxaborinane (2g) 

 
1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 17.9 Hz, 1H), 7.21 – 7.17 (m, 1H), 7.04 (d, 
J = 2.9 Hz, 1H), 6.98 – 6.94 (m, 1H), 5.86 (d, J = 17.9 Hz, 1H), 4.31 – 4.20 (m, 1H), 
1.84 – 1.78 (m, 1H), 1.59 – 1.49 (m, 2H), 1.35 – 1.28 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 144.6, 138.9, 127.4, 126.8, 125.5, 70.9, 64.8, 46.0, 31.2, 
28.1, 23.2. 
HRMS (ESI) m/z calcd. for C12H18BO2S [M+H]+ 237.1115, found 237.1117. 
 
(E)-4,4,6-trimethyl-2-(2-(thiophen-3-yl)vinyl)-1,3,2-dioxaborinane (2h) 
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1H NMR (400 MHz, CDCl3) δ 7.33 – 7.20 (m, 4H), 5.89 (d, J = 18.1 Hz, 1H), 4.31 – 
4.21 (m, 1H), 1.84 – 1.77 (m, 1H), 1.58 – 1.49 (m, 1H), 1.35 – 1.27 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 141.7, 140.2, 125.7, 125.2, 123.8, 70.8, 64.8, 46.0, 
31.2, 28.1, 23.2. 
HRMS (ESI) m/z calcd. for C12H18BO2S [M+H]+ 237.1115, found 237.1117. 

 
(E)-3-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)vinyl)pyridine (2i) 

 
1H NMR (400 MHz, CDCl3) δ 8.67 (d, J = 2.3 Hz, 1H), 8.47 (dd, J = 4.8, 1.6 Hz, 1H), 
7.81 – 7.75 (m, 1H), 7.31 – 7.21 (m, 2H), 6.19 (d, J = 18.3 Hz, 1H), 4.33 – 4.23 (m, 
1H), 1.87 – 1.79 (m, 1H), 1.60 – 1.50 (m, 1H), 1.37 – 1.28 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 149.0, 148.9, 142.5, 133.3, 132.9, 123.3, 70.9, 64.8, 
45.8, 31.1, 28.0, 23.0. 
HRMS (ESI) m/z calcd. for C13H19BNO2 [M+H]+ 232.1503, found 232.1505. 
 
(E)-4-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)vinyl)pyridine (2j) 

 
1H NMR (400 MHz, CDCl3) δ 8.58 – 8.53 (m, 2H), 7.35 – 7.29 (m, 2H), 7.20 (d, J = 
18.2 Hz, 1H), 6.32 (d, J = 18.2 Hz, 1H), 4.34 – 4.24 (m, 1H), 1.88 – 1.81 (m, 1H), 1.61 
– 1.51 (m, 1H), 1.38 – 1.30 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 150.1, 145.0, 143.6, 121.2, 71.2, 65.1, 45.9, 31.2, 28.1, 
23.1. 
HRMS (ESI) m/z calcd. for C13H19BNO2 [M+H]+ 232.1503, found 232.1505. 
 

(E)-3-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)vinyl)quinoline (2k) 
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1H NMR (400 MHz, CDCl3) δ 9.10 (d, J = 2.2 Hz, 1H), 8.14 (d, J = 2.2 Hz, 1H), 8.07 
(d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.72 – 7.64 (m, 1H), 7.57 – 7.49 (m, 1H), 
7.45 (d, J = 18.3 Hz, 1H), 6.36 (d, J = 18.3 Hz, 1H), 4.36 – 4.27 (m, 1H), 1.90 – 1.81 
(m, 1H), 1.63 – 1.57 (m, 1H), 1.41 – 1.31 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 149.7, 147.9, 142.9, 133.3, 130.7, 129.4, 129.2, 128.1, 
128.0, 126.9, 71.1, 65.0, 46.0, 31.2, 28.2, 23.2. 
HRMS (ESI) m/z calcd. for C17H21BNO2 [M+H]+ 282.1660, found 282.1662. 
 
(E)-2-(hept-1-en-1-yl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2l) 

 
1H NMR (400 MHz, CDCl3) δ 6.60 – 6.46 (m, 1H), 5.34 (d, J = 17.7 Hz, 1H), 4.26 – 
4.15 (m, 1H), 2.17 – 2.06 (m, 2H), 1.82 –1.77 (m, 1H), 1.55 – 1.36 (m, 3H), 1.35 – 1.21 
(m, 13H), 0.88 (t, J = 6.7 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 151.2, 70.5, 64.5, 46.0, 35.4, 31.5, 31.2, 28.1, 23.2, 
22.5, 14.0. 
HRMS (ESI) m/z calcd. for C13H26BO2 [M+H]+ 225.2020, found 225.2024. 
 
(E)-2-(2-cyclopropylvinyl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2m) 

 
1H NMR (400 MHz, CDCl3) δ 6.01 (dd, J = 17.6, 9.1 Hz, 1H), 5.40 (d, J = 17.4 Hz, 
1H), 4.24 – 4.14 (m, 1H), 1.80 – 1.72 (m, 1H), 1.53 – 1.43 (m, 2H), 1.33 – 1.21 (m, 
9H), 0.80 – 0.72 (m, 2H), 0.54 – 0.46 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 154.9, 70.5, 64.5, 46.0, 31.2, 28.0, 23.2, 16.5, 7.6. 
HRMS (ESI) m/z calcd. for C11H20BO2 [M+H]+ 195.1551, found 195.1554. 

 
(E)-4,4,6-trimethyl-2-(3-phenylprop-1-en-1-yl)-1,3,2-dioxaborinane (2n) 

 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.24 (m, 2H), 7.22 – 7.15 (m, 3H), 6.65 (td, J = 
17.6, 6.4 Hz, 1H), 5.37 (td, J = 17.6, 1.6 Hz, 1H), 4.25 – 4.14 (m, 1H), 3.44 (dd, J = 
6.4, 1.6 Hz, 2H), 1.79 – 1.72 (m, 1H), 1.52 – 1.44 (m, 1H), 1.30 – 1.22 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 149.0, 139.7, 128.9, 128.4, 126.0, 70.6, 64.6, 45.9, 42.0, 
31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C15H22BO2 [M+H]+ 245.1707, found 245.1711. 
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(E)-4,4,6-trimethyl-2-(3-methylbuta-1,3-dien-1-yl)-1,3,2-dioxaborinane (2o) 

 
1H NMR (400 MHz, CDCl3) δ 7.02 (d, J = 18.0 Hz, 1H), 5.49 (d, J = 18.0 Hz, 1H), 
5.12 – 5.08 (m, 2H), 4.29 – 4.18 (m, 1H), 1.84 (s, 3H), 1.82 – 1.76 (m, 1H), 1.56 –
1.46 (m, 1H), 1.35 – 1.25 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 149.2, 143.3, 118.7, 70.7, 64.7, 46.0, 31.2, 28.1, 23.1, 
18.0. 
HRMS (ESI) m/z calcd. for C11H20BO2 [M+H]+ 195.1551, found 195.1546. 
 
(E)-2-(2-(cyclohex-1-en-1-yl)vinyl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2p) 

 
1H NMR (400 MHz, CDCl3) δ 6.94 (d, J = 18.0 Hz, 1H), 5.94 – 5.86 (m, 1H), 5.36 (d, 
J = 18.0 Hz, 1H), 4.28 – 4.17 (m, 1H), 2.19 – 2.10 (m, 4H), 1.82 – 1.74 (m, 1H), 1.69 
– 1.41 (m, 5H), 1.35 – 1.23 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 150.3, 137.3, 132.7, 70.6, 64.6, 46.0, 31.3, 28.1, 26.1, 
24.0, 23.2, 22.50, 22.45. 
HRMS (ESI) m/z calcd. for C14H24BO2 [M+H]+ 235.1864, found 235.1866. 
 
Ethyl (E)-3-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)acrylate (2q) 

 
1H NMR (400 MHz, CDCl3) δ 6.72 (d, J = 18.0 Hz, 1H), 6.54 (d, J = 18.0 Hz, 1H), 
4.30 – 4.15 (m, 3H), 1.86 –1.79 (m, 1H), 1.57 – 1.47 (m, 1H), 1.34 – 1.23 (m, 12H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 136.0, 71.3, 65.1, 60.3, 45.8, 31.0, 28.0, 22.9, 
14.2. 
HRMS (ESI) m/z calcd. for C11H20BO4 [M+H]+ 227.1449, found 227.1451. 
 
(E)-2-(3-methoxyprop-1-en-1-yl)-4,4,6-trimethyl-1,3,2-dioxaborinane (2r) 
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1H NMR (400 MHz, CDCl3) δ 6.52 (td, J = 17.9, 5.1 Hz, 1H), 5.58 (td, J = 17.9, 1.6 
Hz, 1H), 4.27 – 4.17 (m, 1H), 3.98 (dd, J = 5.1, 1.6 Hz, 2H), 3.34 (s, 3H), 1.82 – 1.75 
(m, 1H), 1.54 – 1.45 (m, 1H), 1.31 – 1.23 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 145.6, 74.5, 70.7, 64.7, 58.1, 45.9, 31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C10H20BO3 [M+H]+ 199.1500, found 199.1503. 
 
(E)-4,4,6-trimethyl-2-(3-phenoxyprop-1-en-1-yl)-1,3,2-dioxaborinane (2s) 

 
1H NMR (400 MHz, CDCl3) δ 7.29 – 7.22 (m, 2H), 6.96 – 6.87 (m, 3H), 6.66 (td, J = 
17.9, 4.7 Hz, 1H), 5.73 (td, J = 17.9, 1.7 Hz, 1H), 4.58 (dd, J = 4.8, 1.8 Hz, 2H), 4.27 
– 4.17 (m, 1H), 1.82 – 1.74 (m, 1H), 1.55 – 1.45 (m, 1H), 1.34 – 1.23 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 158.7, 143.9, 129.4, 120.6, 114.7, 70.8, 69.5, 64.8, 45.9, 
31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C15H22BO3 [M+H]+ 261.1657, found 261.1661. 
 
(E)-3-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)allyl acetate (2t) 

 
1H NMR (400 MHz, CDCl3) δ 6.59 – 6.41 (m, 1H), 5.59 (m, 1H), 4.62 (m, 2H), 4.27 – 
4.16 (m, 1H), 2.08 (d, J = 1.7 Hz, 3H), 1.83 –1.76 (m, 1H), 1.55 – 1.45 (m, 1H), 1.33 – 
1.23 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 170.6, 142.5, 70.8, 65.8, 64.8, 45.9, 31.1, 28.0, 23.0, 
20.8. 
HRMS (ESI) m/z calcd. for C11H20BO4 [M+H]+ 227.1449, found 227.1450. 
 
(E)-tert-butyldimethyl((3-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-
yl)allyl)oxy)silane (2u) 

 
1H NMR (400 MHz, CDCl3) δ 6.55 (td, J = 17.7, 4.1 Hz, 1H), 5.61 (td, J = 17.7, 2.0 
Hz, 1H), 4.27 – 4.14 (m, 3H), 1.82 – 1.74 (m, 1H), 1.53 – 1.44 (m, 1H), 1.32 – 1.23 (m, 
9H), 0.91 (s, 9H), 0.06 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 148.7, 70.6, 64.9, 64.6, 46.0, 31.2, 28.1, 26.0, 23.2, 
18.4, -5.3. 
HRMS (ESI) m/z calcd. for C15H32BO3Si [M+H]+ 299.2208, found 299.2210. 

 
(E)-4,4,6-trimethyl-2-(3-(phenylthio)prop-1-en-1-yl)-1,3,2-dioxaborinane (2v) 
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1H NMR (400 MHz, CDCl3) δ 7.34 – 7.22 (m, 4H), 7.19 – 7.11 (m, 1H), 6.52 (td, J = 
17.4, 6.6 Hz, 1H), 5.52 (td, J = 17.4, 1.4 Hz, 1H), 4.24 – 4.14 (m, 1H), 3.61 (dd, J = 
6.6, 1.4 Hz, 2H), 1.80 – 1.73 (m, 1H), 1.52 – 1.43 (m, 1H), 1.30 – 1.21 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 144.2, 136.6, 128.8, 128.7, 125.7, 70.8, 64.7, 45.9, 38.2, 
31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C15H22BO2S [M+H]+ 277.1428, found 277.1432. 
 
4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane (2w) 

 
1H NMR (400 MHz, CDCl3) δ 6.10 – 5.99 (m, 1H), 5.91 – 5.72 (m, 2H), 4.28 – 4.17 
(m, 1H), 1.83 – 1.75 (m, 1H), 1.56 – 1.46 (m, 1H), 1.32 – 1.24 (m, 9H). 
13C NMR (101 MHz, CDCl3) δ 133.8, 70.7, 64.7, 45.9, 31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C8H16BO2 [M+H]+ 155.1238, found 155.1240. 

 
(E)-4,4,6-trimethyl-2-(2-phenylprop-1-en-1-yl)-1,3,2-dioxaborinane (2x) 

 
1H NMR (400 MHz, CDCl3) δ 7.53 – 7.45 (m, 2H), 7.35 – 7.19 (m, 3H), 5.66 (s, 1H), 
4.34 – 4.24 (m, 1H), 2.38 (s, 3H), 1.86 – 1.78 (m, 1H), 1.61 – 1.52 (m, 2H), 1.37 – 1.28 
(m, 9H). 
13C NMR (101 MHz, CDCl3) δ 154.7, 144.7, 128.0, 127.4, 125.8, 70.9, 64.8, 45.9, 31.4, 
28.3, 23.3, 19.3. 
HRMS (ESI) m/z calcd. for C15H22BO2 [M+H]+ 245.1707, found 245.1712. 
 
(E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane 

 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.18 (m, 2H), 7.10 – 7.02 (m, 2H), 6.84 – 6.79 
(m, 1H), 6.10 (d, J = 18.2 Hz, 1H), 4.37 – 4.19 (m, 1H), 3.80 (s, 3H), 1.85 – 1.78 (m, 
1H), 1.59 – 1.50 (m, 1H), 1.37 – 1.28 (m, 9H). 
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13C NMR (101 MHz, CDCl3) δ 159.6, 146.3, 139.4, 129.3, 119.8, 114.4, 111.4, 70.8, 
64.8, 55.1, 45.9, 31.2, 28.1, 23.1. 
HRMS (ESI) m/z calcd. for C15H22BO3 [M+H]+ 261.1657, found 261.1651. 
 
The synthesis of benzyl/propargyl halides 
The synthesis of benzyl bromides 

 
To a solution of ketone (3.0 mmol) in MeOH (9.0 mL) was added NaBH4 (136.2 

mg, 3.6 mmol) at ice bath and the reaction mixture was stirred at room temperature for 
0.5–2 h. After completion of reaction (monitored by TLC), the reaction was quenched 
by water, and the mixture was extracted with CH2Cl2 three times. The combined organic 
phase was washed with brine, dried over Na2SO4, filtered and concentrated under 
reduced pressure to afford the corresponding alcohol. The crude product was purified 
by flash chromatography on silica gel to provide the desired product. 

To a solution of the residue obtained above in CH2Cl2 (9.0 mL) was added PBr3 
(0.20 mL, 2.1 mmol) under an argon atmosphere at ice water bath and the resulting 
reaction mixture was stirred at room temperature. After completion of reaction 
(monitored by TLC), the mixture was quenched by water at ice water bath, and the 
mixture was extracted with CH2Cl2 three times. The combined organic phase was 
washed by brine, dried over Na2SO4, filtered and concentrated under reduced pressure 
to afford the corresponding crude benzyl bromides, which was directly used in the next 
step without further purification or stored in a refridgerator.  
S58, S59 were prepared according to the above procedure. 
Benzyl bromide 1d was purchased form Bide Pharmatech. 
Other benzyl bromides were prepared according to previously reported procedure.5,6 

 
4-bromothiochromane (S58): 

 
1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 7.7 Hz, 1H), 7.12 – 6.87 (m, 3H), 3.70 (t, J 
= 12.8 Hz, 1H), 2.92 – 2.87 (m, 1H), 2.65 – 2.59 (m, 1H), 2.35 – 2.27 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 131.4, 128.8, 126.6, 124.1, 49.7, 31.4, 22.6. 
HRMS (APCI) m/z calcd. for C9H9S [M-Br]+ 149.0420, found 149.0418. 
 
5-bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulene (S59): 
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Br

S59  
1H NMR (400 MHz, CDCl3) δ 7.21 – 7.13 (m, 2H), 7.12 – 7.06 (m, 2H), 5.47 – 5.45 
(m, 1H), 3.30 – 3.23 (m, 1H), 2.77 – 2.69 (m, 1H), 2.39 – 2.21 (m, 2H), 2.07 – 1.99 (m, 
1H), 1.98 – 1.85 (m, 2H), 1.49 – 1.38 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 130.8, 128.9, 128.6, 126.0, 60.1, 36.4, 35.7, 28.0, 27.3. 
HRMS (APCI) m/z calcd. for C11H13 [M-Br]+ 145.1012, found 145.1009. 
 
The synthesis of propargyl bromides 
The propargyl bromides were prepared according to previously reported procedure.7 

 
nBuLi (2.4 M in hexane, 1.3 equiv) was added dropwise into a solution of alkynes 

(1.3 equiv) in anhydrous THF (1 M) at −78 °C. The mixture was stirred at room 
temperature for 30 min and cooled to −78 °C. Aldehyde (1.0 equiv) was added dropwise. 
Then the mixture was warmed up to room temperature and stirred for overnight. The 
mixture was quenched by a saturated NH4Cl aqueous solution, extracted with EtOAc, 
and dried over Na2SO4. The organic phase was concentrated under reduced pressure 
and then subjected to flash chromatography to afford the desired product. 

Under an argon atmosphere, to a solution of imidazole (1.2 equiv) in dry CH2Cl2 
(1 M) was added propargyl alcohol (1.0 equiv). The solution was stirred for 15 min, 
followed by the addition of dibromotriphenylphosphorane (1.2 equiv). The reaction 
mixture was stirred at room temperature overnight. Then the reaction was quenched by 
the addition of silica gel. The solvent was removed under reduced pressure, and then 
the plug of silica gel was subjected to flash chromatography to afford the desired 
product. 
S65, S70, S71, S74, S75, S77, S80, S82, S83, S84 were prepared according to the above 
procedure. 
Other propargyl bromides were prepared according to previously reported procedure.5,7-

10 
Propargyl chloride was prepared according to previously reported procedure.7 

 
(3-bromohex-1-yn-1-yl)triisopropylsilane (S65): 

 
1H NMR (400 MHz, CDCl3) δ 4.55 (t, J = 6.8 Hz, 1H), 2.06 – 1.92 (m, 2H), 1.63 – 
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1.53 (m, 2H), 1.07 (s, 21H), 0.96 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 106.0, 88.6, 41.8, 37.3, 20.7, 18.5, 13.2, 11.2. 
HRMS (ESI) m/z calcd. for C15H30BrSi [M+H]+ 317.1295, found 317.1296. 
 
(3-bromo-5-(5-methylfuran-2-yl)pent-1-yn-1-yl)triisopropylsilane (S70)： 

 
1H NMR (400 MHz, CDCl3) δ 5.95 – 5.80 (m, 2H), 4.51 – 4.37 (m, 1H), 2.81 (t, J = 
7.6 Hz, 2H), 2.27 (s, 3H), 2.15 – 2.00 (m, 2H), 1.08 – 1.07 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 153.2, 150.5, 108.3, 105.79, 105.76, 85.9, 62.2, 36.3, 
23.8, 18.5, 13.5, 11.1. 
HRMS (ESI) m/z calcd. for C19H32BrOSi [M+H]+ 383.1400, found 383.1393. 
 
(3-bromooct-7-en-1-yn-1-yl)triisopropylsilane (S71): 

 
1H NMR (400 MHz, CDCl3) δ 5.84 – 5.74 (m, 1H), 5.11 – 4.93 (m, 2H), 4.55 (t, J = 
6.7 Hz, 1H), 2.15 – 1.95 (m, 4H), 1.74 – 1.60 (m, 2H), 1.07 (s, 21H). 
13C NMR (101 MHz, CDCl3) δ 137.9, 115.1, 105.8, 88.8, 39.2, 37.2, 32.7, 26.5, 18.6, 
11.2. 
HRMS (ESI) m/z calcd. for C17H31Si [M-Br]+ 263.2190, found 263.2186. 
 
4-bromo-6-(triisopropylsilyl)hex-5-ynenitrile (S74): 

 
1H NMR (400 MHz, CDCl3) δ 4.68 (t, J = 6.1 Hz, 1H), 2.72 – 2.62 (m, 2H), 2.38 – 
2.33 (m, 2H), 1.08 – 1.07 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 118.3, 103.2, 91.2, 35.0, 34.2, 18.5, 15.1, 11.0. 
HRMS (ESI) m/z calcd. for C15H27BrNSi [M+H]+ 328.1091, found 328.1086. 
 
(3-bromo-6-(5,5-dimethyl-1,3-dioxan-2-yl)hex-1-yn-1-yl)triisopropylsilane (S75): 
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1H NMR (400 MHz, CDCl3) δ 4.54 (t, J = 6.7 Hz, 1H), 4.42 (t, J = 4.4 Hz, 1H), 3.58 
(d, J = 10.9 Hz, 2H), 3.41 (d, J = 10.9 Hz, 2H), 2.14 – 1.94 (m, 2H), 1.82 – 1.59 (m, 
4H), 1.18 (s, 3H), 1.07 (s, 21H), 0.72 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 105.8, 101.7, 88.8, 77.2, 39.6, 37.2, 33.7, 30.1, 23.0, 
21.9, 21.8, 18.5, 11.1. 
HRMS (ESI) m/z calcd. for C21H40BrO2Si [M+H]+ 431.1975, found 431.1969. 
 
4-bromo-6-(triisopropylsilyl)hex-5-yn-1-yl benzoate (S77): 

 
1H NMR (400 MHz, CDCl3) δ 8.06 – 8.01 (m, 2H), 7.62 – 7.53 (m, 1H), 7.49 – 7.41 
(m, 2H), 4.65 (t, J = 6.4 Hz, 1H), 4.40 – 4.36 (m, 2H), 2.23 – 2.17 (m, 2H), 2.12 – 2.02 
(m, 2H), 1.07 (s, 21H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 133.0, 130.1, 129.6, 128.4, 105.2, 89.4, 63.9, 
36.6, 26.6, 18.5, 11.1. 
HRMS (ESI) m/z calcd. for C22H34BrO2Si [M+H]+ 437.1506, found 437.1499. 
 
(3-bromo-5-phenylpent-1-yn-1-yl)(tert-butyl)dimethylsilane (S80): 

Si

Br

Ph

tBu S80  
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.26 (m, 2H), 7.24 – 7.17 (m, 3H), 4.45 (t, J = 
6.8 Hz, 1H), 2.91 – 2.81 (m, 2H), 2.37 – 2.22 (m, 2H), 0.96 (s, 9H), 0.13 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 140.1, 128.6, 126.3, 104.2, 90.9, 41.2, 36.4, 33.4, 26.0, 
16.6, -4.8.  
HRMS (ESI) m/z calcd. for C17H25Si [M-Br]+ 257.1720, found 257.1718. 
 
(3-bromo-5-cyclohexylpent-4-yn-1-yl)benzene (S82)： 

 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.25 (m, 2H), 7.23 – 7.17 (m, 3H), 4.51 (td, J = 
6.7, 2.0 Hz, 1H), 2.85 (t, J = 7.6 Hz, 2H), 2.50 – 2.43 (m, 1H), 2.35 – 2.24 (m, 2H), 
1.83 – 1.66 (m, 4H), 1.54 – 1.40 (m, 3H), 1.35 – 1.26 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.3, 128.52, 128.48, 126.2, 92.7, 79.1, 41.8, 37.8, 
33.5, 32.33, 32.31, 29.1, 25.8, 24.7. 
HRMS (ESI) m/z calcd. for C17H21 [M-Br]+ 225.1638, found 225.1634. 
 
(3-bromonon-4-yn-1-yl)benzene (S83): 
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1H NMR (400 MHz, CDCl3) δ 7.34 – 7.26 (m, 2H), 7.23 – 7.16 (m, 3H), 4.52 – 4.47 
(m, 1H), 2.84 (t, J = 7.6 Hz, 2H), 2.32 – 2.25 (m, 4H), 1.60 – 1.33 (m, 4H), 0.92 (t, J = 
7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.3, 128.5, 128.5, 126.2, 88.8, 79.0, 41.7, 37.8, 33.5, 
30.5, 21.9, 18.6, 13.6. 
HRMS (ESI) m/z calcd. for C15H19 [M-Br]+ 199.1481, found 199.1479. 
 
(3-bromopent-1-yne-1,5-diyl)dibenzene (S84): 

 
1H NMR (400 MHz, CDCl3) δ 7.49 – 7.41 (m, 2H), 7.37 – 7.27 (m, 5H), 7.25 – 7.19 
(m, 3H), 4.71 (t, J = 6.7 Hz, 1H), 2.95 – 2.91 (m, 2H), 2.45 – 2.39 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 140.1, 131.8, 128.8, 128.6, 128.3, 126.3, 87.7, 87.26. 
41.3, 37.1, 33.5.  
HRMS (ESI) m/z calcd. for C17H15 [M-Br]+ 219.1168, found 219.1165. 
 
The synthesis of optimal chiral ligand L9 and L11. 

 

Quinine-derived chiral amine L9-1 was prepared from quinine according to the 
previously reported literature procedure.11 Under an argon atmosphere, chiral amine 
L9-1 (857.1 mg, 2.65 mmol) was dissolved in CH2Cl2 (6.0 mL), followed by the 
addition of triethylamine (402.2 mg, 3.98 mmol) and 2-methylquinoline-8-sulfonyl 
chloride (672.5 mg, 2.78 mmol) at ice water bath. The reaction mixture was allowed to 
warm up to room temperature and stirred overnight. After completion of the reaction, 
water was poured to above mixture, and the mixture was extracted with CH2Cl2. The 
combined organic phase was dried over Na2SO4, filtered and concentrated under 
reduced pressure. The crude product was purified by flash chromatography on silica gel 
using petroleum ether/ethyl acetate = 1/1 to ethyl acetate as eluent to provide the 
product L9 as a white solid (1.064 g, 76% yield). 
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1H NMR (400 MHz, CDCl3) δ 8.81 – 8.55 (m, 0.72H+0.27H), 8.25 – 8.07 (m, 
0.72H×2+0.27H×2), 8.03 – 7.98 (m, 0.72H×2+0.27H×3), 7.65 (d, J = 5.0 Hz, 0.72H), 
7.54 – 7.31 (m, 0.72H×3+0.27H×3), 7.09 (s, 0.72H), 5.70 – 5.47 (m, 1H), 4.89 (d, J = 
16.1 Hz, 2H), 4.65 (d, J = 10.4 Hz, 0.72H), 4.00 – 3.75 (m, 0.72H×3+0.27H×4),3.42 
(0.27H) 3.20 – 2.62 (m, 72H×6+0.27H×5), 2.10 (s, 1H), 1.69 (d, J = 43.5 Hz, 2H), 1.54 
– 1.39(s, 1H), 1.31 – 1.07 (m, 3H), 0.68 – 0.50 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 160.3, 157.5, 157.0, 147.6, 146.7, 145.1, 144.8, 144.2, 
142.8, 141.7, 141.1, 136.4, 135.0, 133.0, 132.9, 131.7, 131.1, 130.7, 128.3, 127.2, 126.7, 
124.3, 124.1, 123.0, 121.1, 120.7, 119.8, 114.4, 103.8, 100.9, 62.9, 61.3, 56.8, 55.7, 
55.2, 52.8, 39.3, 38.8, 27.6, 27.1, 25.5, 24.8. 
HRMS (ESI) m/z calcd. for C30H33N4O3S [M+H]+ 529.2268, found: 529.2278. 
 

 
Under an argon atmosphere, commercial (1R,2R)-N,N-dimethyl-1,2-

diphenylethane-1,2-diamine (432.6 mg, 1.8 mmol) was dissolved in dichloromethane 
(5.0 mL), followed by the addition of triethylamine (273.2 mg, 2.7 mmol) and 2-
methylquinoline-8-sulfonyl chloride (456.8 mg, 1.9 mmol) at an ice water bath. The 
reaction mixture was allowed to warm up to room temperature and stirred overnight. 
After completion of the reaction, water was poured to above mixture, and the mixture 
was extracted with CH2Cl2. The combined organic phase was dried over Na2SO4, 
filtered and concentrated under reduced pressure. The crude product was purified by 
flash chromatography on silica gel using petroleum ether/ethyl acetate = 1/1 to ethyl 
acetate as eluent to provide the product L11 as a white solid (641.7 mg, 80% yield). 
1H NMR (400 MHz, CDCl3) δ 8.32 (dd, J = 7.3, 1.5 Hz, 1H), 8.10 (d, J = 8.4 Hz, 2H), 
7.96 (dd, J = 8.2, 1.5 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H), 7.16 – 
7.11 (m, 2H), 7.10 – 7.05 (m, 3H), 7.04 – 6.93 (m, 3H), 6.84 – 6.77 (m, 2H), 4.47 (d, J 
= 10.8 Hz, 1H), 3.63 (d, J = 10.8 Hz, 1H), 2.88 (s, 3H), 1.58 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 160.1, 143.2, 140.5, 136.4, 136.1, 132.6, 131.4, 130.5, 
129.7, 128.0, 127.5, 127.4, 127.3, 126.84, 126.78, 124.5, 122.9, 73.8, 58.3, 40.1, 25.8. 
HRMS (ESI) m/z calcd. for C26H28N3O2S [M+H]+ 446.1897, found: 446.1904 
 
Experimental procedures 
Copper-Catalyzed Enantioconvergent Radical Cross-Coupling of 
Benzyl/Propargyl Halides with Alkenylboronate Esters 
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General procedure A: 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged 
with CuI (1.90 mg, 5 mol%), chiral ligand (7.5 mol%), LiOtBu (32.0 mg, 0.4 mmol, 2.0 
equiv). The tube was evacuated and backfilled with argon three times. Then DMF (2.0 
mL) and H2O (3.6 mg, 1.0 equiv) were added under a counter flow of argon. Finally, 
alkenylboronate esters (0.2 mmol, 1.0 equiv) and benzyl bromides (0.3 mmol, 1.5 equiv) 
were added by microsyringe under a counter flow of argon. The tube was sealed and 
the reaction mixture was allowed to stir at −20 oC for 4−6 d. Upon completion of the 
reaction (monitored by TLC), the mixture was quenched with water. The mixture was 
extracted with CH2Cl2 (3 × 5 mL). The combined organic phase was dried over 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude 
product was purified by column chromatography on silica gel to afford the desired 
product. 
 
General procedure B: 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged 
with CuI (1.90 mg, 5 mol%), chiral ligand (7.5 mol%), LiOtBu (32.0 mg, 0.4 mmol, 2.0 
equiv) and alkenylboronate esters (0.2 mmol, 1.0 equiv). The tube was evacuated and 
backfilled with argon three times. Then DMF (2.0 mL) and H2O (3.6 mg, 1.0 equiv) 
were added under a counter flow of argon. Finally, benzyl bromides (0.3 mmol, 1.5 
equiv) was added by microsyringe under a counter flow of argon. The tube was sealed 
and the mixture was allowed to stir at −20 oC for 4−6 d. Upon completion of the reaction 
(monitored by TLC), the mixture was quenched with water. The mixture was extracted 
with CH2Cl2 (3 × 5 mL). The combined organic phase was dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure. The crude product was 
purified by column chromatography on silica gel to afford the desired product. 
 
General procedure C: 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged 
with CuI (1.90 mg, 5 mol%), chiral ligand (7.5 mol%), LiOtBu (32.0 mg, 0.4 mmol, 2.0 
equiv) and benzyl bromides (0.3 mmol, 1.5 equiv). The tube was evacuated and 
backfilled with argon three times. Then DMF (2.0 mL) and H2O (3.6 mg, 1.0 equiv) 
were added under a counter flow of argon. Finally, alkenyl boronates (0.2 mmol, 1.0 
equiv) was added by microsyringe under a counter flow of argon. The tube was sealed 
and the mixture was allowed to stir at −20 oC for 4−6 d. Upon completion of the reaction 
(monitored by TLC), the mixture was quenched with water. The mixture was extracted 
with CH2Cl2 (3 × 5 mL). The combined organic phase was dried over anhydrous 
Na2SO4, filtered and concentrated under reduced pressure. The crude product was 
purified by column chromatography on silica gel to afford the desired product. 
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General procedure D: 

An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged 
with CuI (1.90 mg, 5 mol%), chiral ligand L9 (5 mol%), LiOtBu (24.2 mg, 0.3 mmol, 
1.5 equiv). The tube was evacuated and backfilled with argon three times. Then DMF 
(1.0 mL) and H2O (10.8 mg, 3.0 equiv) were added by syringe and microsyringe under 
a counter flow of argon. Finally, alkenyl boronates (0.2 mmol, 1.0 equiv) and propargyl 
bromides (0.25 mmol, 1.25 equiv) were added by microsyringe under a counter flow of 
argon. The tube was sealed and the mixture was allowed to stir at −30 oC for 5 d. Upon 
completion of the reaction (monitored by TLC), the mixture was quenched with water. 
The mixture was extracted with dichloromethane (3 × 5 mL). The combined organic 
phase was dried over anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The crude product was purified by column chromatography on silica gel to 
afford the desired product. 
 

General procedure E: 
An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged 

with CuI (1.90 mg, 5 mol%), chiral ligand L9 (5 mol%), LiOtBu (24.2 mg, 0.3 mmol, 
1.5 equiv). The tube was evacuated and backfilled with argon three times. Then DMF 
(1.0 mL) and H2O (10.8 mg, 3.0 equiv) were added by syringe and microsyringe under 
a counter flow of argon. Finally, alkenyl boronates 2a (0.2 mmol, 1.0 equiv) and 
propargyl chloride (0.25 mmol, 1.25 equiv) were added by microsyringe under a 
counter flow of argon. The tube was sealed and the mixture was allowed to stir at 0 oC 
for 5 d. Upon completion of the reaction (monitored by TLC), the mixture was 
quenched with water. The mixture was extracted with CH2Cl2 (3 × 5 mL). The 
combined organic phase was dried over anhydrous Na2SO4, filtered and concentrated 
under reduced pressure. The crude product was purified by column chromatography on 
silica gel to afford the desired product 69 (33.0 mg, 41% yield, 90% ee). 
 
Determination of absolute configuration 

The absolute configuration of 3 was determined by comparing the HPLC spectrum 
and specific rotation with those reported in literature.5 Measured specific rotation of 3: 
[α]D22 = −40.30 (c 0.71 CH2Cl2, 95% ee), Reported specific optical rotation of 3: [α]D27 
= −24 (c 0.71 CH2Cl2, 96% ee).5 The product 3 was determined to be of an S absolute 
configuration according to the reported data. 
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Figure S1. Determination of absolute stereochemistry 
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Characteristic data of side products and products 
(1E,3E)-1,4-diphenylbuta-1,3-diene (3')12 

 
1H NMR (400 MHz, CDCl3) δ 7.50 – 7.40 (m, 4H), 7.38 – 7.29 (m, 4H), 7.28 – 7.19 
(m, 2H), 7.01 – 6.90 (m, 2H), 6.73 – 6.62 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 137.3, 132.8, 129.2, 128.7, 127.6, 126.4. 
 
2-vinylnaphthalene (8')13 

 
1H NMR (400 MHz, CDCl3) δ 7.85 – 7.77 (m, 3H), 7.75 (s, 1H), 7.64 (dd, J = 8.6, 1.8 
Hz, 1H), 7.49 – 7.40 (m, 2H), 6.93 – 6.83 (m, 1H), 5.87 (d, J = 17.6 Hz, 1H), 5.37 – 
5.31 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.9, 135.0, 133.5, 133.1, 128.1, 128.0, 127.7, 126.4, 
126.2, 125.9, 123.2, 114.2. 
 

(S,E)-pent-1-ene-1,3-diyldibenzene (3) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-styryl-1,3,2-dioxaborinane 2a (46.0 
mg, 0.20 mmol, 1.0 equiv) for 4 d. the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 3 as a colorless oil 
(35.4 mg, 80% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-H (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 14.36 min, tR (minor) = 22.46 min. 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.13 (m, 10H), 6.45 – 6.26 (m, 2H), 3.31 (q, J = 
7.3 Hz, 1H), 1.90 –1.76 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 137.6, 134.2, 129.4, 128.4, 127.7, 127.0, 126.2, 
126.1, 51.0, 28.8, 12.3. 
HRMS (APCI) m/z calcd. for C17H19 [M+H]+ 223.1481, found: 223.1480. 
 

(S,E)-1-methoxy-4-(3-phenylbut-1-en-1-yl)benzene (4) 
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According to general produce A with (1-bromoethyl)benzene 1d (55.5 mg, 0.30 mmol, 
1.5 equiv) and (E)-2-(4-methoxystyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane 2b (52.0 
mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 20/1) to yield the product 
4 as a colorless oil (34.2 mg, 72% yield, 89% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 14.29 min, tR(major) = 17.78 min. 
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.24 (m, 6H), 7.22 – 7.18 (m, 1H), 6.89 – 6.78 
(m, 2H), 6.35 (d, J = 15.6 Hz, 1H), 6.24 (dd, J = 15.9, 6.7 Hz, 1H), 3.79 (s, 3H), 3.65 – 
3.58 (m, 1H), 1.45 (d, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.8, 145.9, 133.1, 130.4, 128.4, 127.8, 127.3, 127.2, 
126.1, 113.9, 55.3, 42.5, 21.3. 
HRMS (APCI) m/z calcd. for C17H19O [M + H]+ 239.1430, found 239.1425. 
 
(S,E)-1-methyl-4-(3-phenylpent-1-en-1-yl)benzene (5) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(4-methylstyryl)-1,3,2-dioxaborinane 
2c (48.8 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 5 as a colorless oil 
(38.3 mg, 81% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 19.33 min, tR (minor) = 30.26 min. 
1H NMR (400 MHz, CDCl3) δ 7.30 (m, 2H), 7.26 – 7.16 (m, 5H), 7.08 (d, J = 7.9 Hz, 
2H), 6.42 – 6.22 (m, 2H), 3.29 (q, J = 7.4 Hz, 1H), 2.30 (s, 3H), 1.88 – 1.74 (m, 2H), 
0.90 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.7, 136.7, 134.8, 133.2, 129.3, 129.1, 128.4, 127.7, 
126.1, 126.0, 50.9, 28.8, 21.1, 12.3. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found: 237.1633. 
 
(S,E)-1-fluoro-4-(3-phenylpent-1-en-1-yl)benzene (6) 

Et

Ph

F6  
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-2-(4-fluorostyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane 
2d (49.6 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 6 as a colorless oil 
(36.4 mg, 76% yield, 93% ee). 
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HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 20.06 min, tR (minor) = 29.48 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.26 (m, 4H), 7.25 – 7.17 (m, 3H), 7.00 – 6.92 
(m, 2H), 6.35 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.8, 7.7 Hz, 1H), 3.29 (q, J = 7.5 
Hz, 1H), 1.88 – 1.76 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H).  

13C NMR (101 MHz, CDCl3) δ 162.0 (d, JC-F = 245.8 Hz), 144.4, 134.0 (d, JC-F = 2.2 
Hz), 133.7 (d, JC-F = 3.3 Hz), 128.5, 128.3, 127.7, 127.5 (d, JC-F = 7.8 Hz), 126.2, 115.3 
(d, JC-F = 21.5 Hz), 50.9, 28.8, 12.3. 
19F NMR (376 MHz, CDCl3) δ -115.47. 
HRMS (APCI) m/z calcd. for C17H18F [M+H]+ 241.1387, found: 241.1383. 
 
(S,E)-1-(3-phenylpent-1-en-1-yl)naphthalene (7) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(2-(naphthalen-1-yl)vinyl)-1,3,2-
dioxaborinane 2e (56.0 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
7 as a colorless oil (37.8 mg, 69% yield, 93% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 11.37 min, tR (minor) = 15.60 min. 
1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.5 Hz, 1H), 7.85 – 7.78 (m, 1H), 7.72 (d, 
J = 8.2 Hz, 1H), 7.54 (d, J = 7.1 Hz, 1H), 7.51 – 7.26 (m, 7H), 7.26 – 7.19 (m, 1H), 
7.13 (d, J = 15.6 Hz, 1H), 6.39 – 6.31 (m, 1H), 3.44 (q, J = 7.6 Hz, 1H), 1.97 – 1.82 (m, 
2H), 0.98 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 137.5, 135.5, 133.6, 131.2, 128.5, 128.4, 127.7, 
127.4, 126.8, 126.2, 125.8, 125.6, 125.6, 123.9, 123.7, 51.3, 29.0, 12.4. 
HRMS (APCI) m/z calcd. for C21H21 [M+H]+ 273.1638, found: 273.1637. 
 
(S,E)-2-(3-phenylpent-1-en-1-yl)naphthalene (8) 

 

According to the general procedure B with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(2-(naphthalen-2-yl)vinyl)-1,3,2-
dioxaborinane 2f (56.0 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
8 as a white solid (39.7 mg, 73% yield, 94% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 33.50 min, tR (minor) = 39.70 min. 
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1H NMR (400 MHz, CDCl3) δ 7.74 (t, J = 8.3 Hz, 3H), 7.67 (s, 1H), 7.60 – 7.52 (m 
1H), 7.46 – 7.36 (m, 2H), 7.36 – 7.25 (m, 4H), 7.21 (m, 1H), 6.55 (d, J = 15.8 Hz, 1H), 
6.46 (dd, J = 15.8, 7.5 Hz, 1H), 3.36 (q, J = 7.4 Hz, 1H), 1.95 – 1.79 (m, 2H), 0.94 (t, J 
= 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 135.1, 134.7, 133.7, 132.7, 129.6, 128.5, 128.00, 
127.8, 127.7, 127.6, 126.2, 126.1, 125.7, 125.5, 123.6, 51.1, 28.8, 12.3. 
HRMS (APCI) m/z calcd. for C21H21 [M+H]+ 273.1638, found: 273.1631. 
 
(S,E)-2-(3-phenylpent-1-en-1-yl)thiophene (9) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(2-(thiophen-2-yl)vinyl)-1,3,2-
dioxaborinane 2g (47.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
9 as a colorless oil (32.3 mg, 71% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.25 mL/min, λ = 
254 nm), tR (major) = 58.31 min, tR (minor) = 62.88 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.27 (m, 2H), 7.27 – 7.17 (m, 3H), 7.08 (d, J = 
5.1 Hz, 1H), 6.93 – 6.90 (m, 1H), 6.87 (d, J = 3.6 Hz, 1H), 6.50 (d, J = 15.7 Hz, 1H), 
6.18 (dd, J = 15.7, 7.7 Hz, 1H), 3.26 (q, J = 7.5 Hz, 1H), 1.90 – 1.73 (m, 2H), 0.90 (t, J 
= 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.2, 142.8, 134.1, 128.5, 127.7, 127.2, 126.2, 124.7, 
123.4, 122.7, 50.8, 28.7, 12.3. 
HRMS (ESI) m/z calcd. for C15H17S [M+H]+ 229.1045, found: 229.1047. 
 
(S,E)-3-(3-phenylpent-1-en-1-yl)thiophene (10) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(2-(thiophen-3-yl)vinyl)-1,3,2-
dioxaborinane 2h (47.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
10 as a colorless oil (36.9 mg, 81% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 25.67 min, tR (minor) = 30.15 min. 
1H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.5 Hz, 2H), 7.25 – 7.15 (m, 5H), 7.05 (d, J 
= 1.7 Hz, 1H), 6.39 (d, J = 15.8 Hz, 1H), 6.18 (dd, J = 15.9, 7.7 Hz, 1H), 3.26 (q, J = 
7.6 Hz, 1H), 1.89 – 1.73 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H). 
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13C NMR (101 MHz, CDCl3) δ 144.5, 140.2, 134.2, 128.4, 127.7, 126.2, 125.7, 125.0, 
123.7, 120.9, 50.8, 28.7, 12.3. 
HRMS (ESI) m/z calcd. for C15H17S [M+H]+ 229.1045, found: 229.1047. 
 
(S,E)-3-(3-phenylpent-1-en-1-yl)pyridine (11) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-3-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-
yl)vinyl)pyridine 2i (46.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) 
to yield the product 11 as a colorless oil (39.0 mg, 87% yield, 89% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 27.19 min, tR (minor) = 30.06 min. 
1H NMR (400 MHz, CDCl3) δ 8.56 (s, 1H), 8.42 (d, J = 4.6 Hz, 1H), 7.68 – 7.62 (m, 
1H), 7.37 – 7.29 (m, 2H), 7.28 – 7.16 (m, 4H), 6.47 – 6.31 (m, 2H), 3.33 (q, J = 7.2 Hz, 
1H), 1.91 – 1.79 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 148.09, 148.05, 143.9, 136.7, 133.1, 132.5, 128.6, 127.6, 
126.4, 125.9, 123.3, 51.1, 28.6, 12.2. 
HRMS (ESI) m/z calcd. for C16H18N [M+H]+ 224.1434, found: 224.1435. 
 
(S,E)-4-(3-phenylpent-1-en-1-yl)pyridine (12) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-4-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)vinyl)pyridine 
2j (46.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to yield the product 
12 as a colorless oil (33.8 mg, 76% yield, 89% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 14.04 min, tR (minor) = 27.16 min. 
1H NMR (400 MHz, CDCl3) δ 8.50 (s, 2H), 7.36 – 7.29 (m, 2H), 7.28 – 7.15 (m, 5H), 
6.58 (dd, J = 15.9, 7.8 Hz, 1H), 6.32 (d, J = 15.9 Hz, 1H), 3.34 (q, J = 7.6 Hz, 1H), 1.91 
– 1.79 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 149.9, 144.9, 143.4, 139.3, 128.6, 127.7, 127.3, 126.5, 
120.8, 51.0, 28.5, 12.2. 
HRMS (ESI) m/z calcd. for C16H18N [M+H]+ 224.1434, found: 224.1435. 
 



28 
 

(S,E)-3-(3-phenylpent-1-en-1-yl)quinoline (13) 

 
According to the general procedure B with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-3-(2-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-
yl)vinyl)quinoline 2k (56.2 mg, 0.20 mmol, 1.0 equiv) for 5.5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
5/1) to yield the product 13 as a colorless oil (43.7 mg, 80% yield, 86% ee). 
HPLC analysis: Chiralcel AD-3 (n-hexane/i-PrOH = 98/2, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 28.38 min, tR (major) = 41.66 min. 
1H NMR (400 MHz, CDCl3) δ 8.95 (d, J = 2.2 Hz, 1H), 8.10 – 7.95 (m, 2H), 7.74 (d, 
J = 8.1 Hz, 1H), 7.67 – 7.58 (m, 1H), 7.53 – 7.43 (m, 1H), 7.39 – 7.31 (m, 2H), 7.31 – 
7.20 (m, 3H), 6.63 – 6.48 (m, 2H), 3.38 (q, J = 7.2 Hz, 1H), 1.96 – 1.83 (m, 2H), 0.95 
(t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 149.4, 147.2, 143.9, 136.9, 131.8, 130.4, 129.1, 128.9, 
128.6, 128.1, 127.7, 127.6, 126.8, 126.4, 126.3, 51.2, 28.6, 12.3. 
HRMS (ESI) m/z calcd. for C20H20N [M+H]+ 274.1590, found: 274.1592. 
 
(S,E)-dec-4-en-3-ylbenzene (14) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-2-(hept-1-en-1-yl)-4,4,6-trimethyl-1,3,2-dioxaborinane 
2l (44.8 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 14 as a colorless oil 
(22.7 mg, 52% yield, 91% ee). 
HPLC analysis: Chiralcel OJ (n-hexane/i-PrOH = 100/0, flow rate 0.3 mL/min, λ = 214 
nm), tR (minor) = 13.74 min, tR (major) = 14.59 min. 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 2H), 7.21 – 7.14 (m, 3H), 5.57 – 5.38 
(m, 2H), 3.08 (q, J = 7.4 Hz, 1H), 2.03 – 1.95 (m, 2H), 1.74 – 1.64 (m, 2H), 1.39 – 
1.20 (m, 6H), 0.90 – 0.82 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 145.5, 133.7, 130.4, 128.3, 127.5, 125.8, 50.7, 32.6, 
31.4, 29.2, 29.0, 22.5, 14.1, 12.2. 
HRMS (APCI) m/z calcd. for C16H25 [M+H]+ 217.1951, found: 217.1947. 
 
(S,E)-(1-cyclopropylpent-1-en-3-yl)benzene (15) 
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According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-2-(2-cyclopropylvinyl)-4,4,6-trimethyl-1,3,2-
dioxaborinane 2m (38.4 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
15 as a colorless oil (23.9 mg, 64% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.3 mL/min, λ = 
214 nm), tR (major) = 18.41 min, tR (minor) = 19.34 min. 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.25 (m, 2H), 7.21 – 7.14 (m, 3H), 5.69 – 5.58 
(m, 1H), 5.30 – 4.92 (m, 1H), 3.06 (q, J = 7.5 Hz, 1H), 1.74 – 1.63 (m, 2H), 1.39 – 1.30 
(m, 1H), 0.84 (t, J = 7.4 Hz, 3H), 0.69 – 0.60 (m, 2H), 0.36 – 0.26 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.4, 133.7, 131.7, 128.3, 127.6, 125.9, 50.6, 29.1, 
13.6, 12.2, 6.54, 6.48. 
HRMS (APCI) m/z calcd. for C14H19 [M+H]+ 187.1481, found: 187.1477. 
 
(S,E)-hex-2-ene-1,4-diyldibenzene (16) 

 

According to the general procedure B with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(3-phenylprop-1-en-1-yl)-1,3,2-
dioxaborinane 2n (48.9 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
16 as a colorless oil (33.5 mg, 71% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
214 nm), tR (major) = 13.52 min, tR (minor) = 20.58 min. 
1H NMR (400 MHz, CDCl3) δ 7.27 (m, 4H), 7.18 (m, 6H), 5.73 – 5.55 (m, 2H), 3.35 
(d, J = 5.9 Hz, 2H), 3.14 (q, J = 7.3 Hz, 1H), 1.77 – 1.66 (m, 2H), 0.86 (t, J = 7.3 Hz, 
3H). 
13C NMR (101 MHz, CDCl3) δ 145.1, 140.8, 135.5, 128.6, 128.5, 128.33, 128.32, 127.6, 
126.0, 125.9, 50.6, 39.0, 28.9, 12.3. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found: 237.1633. 
 
(S,E)-(6-methylhepta-4,6-dien-3-yl)benzene (17) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(3-methylbuta-1,3-dien-1-yl)-1,3,2-
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dioxaborinane 2o (38.8 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
17 as a colorless oil (23.5 mg, 63% yield, 93% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.4 mL/min, λ = 
230 nm), tR (major) = 12.08 min, tR (minor) = 14.20 min. 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.26 (m, 2H), 7.22 – 7.15 (m, 3H), 6.15 (d, J = 
15.7 Hz, 1H), 5.76 (dd, J = 15.6, 7.9 Hz, 1H), 4.88 (s, 2H), 3.19 (q, J = 7.6 Hz, 1H), 
1.85 – 1.80 (s, 3H), 1.80 – 1.71 (m, 2H), 0.90 – 0.82 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.8, 142.0, 134.1, 132.4, 128.4, 127.6, 126.1, 115.0, 
50.8, 28.9, 18.7, 12.2. 
HRMS (APCI) m/z calcd. for C14H19 [M+H]+ 187.1481, found: 187.1477. 
 
(S,E)-(1-(cyclohex-1-en-1-yl)pent-1-en-3-yl)benzene (18) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-2-(2-(cyclohex-1-en-1-yl)vinyl)-4,4,6-trimethyl-1,3,2-
dioxaborinane 2p (46.8 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
18 as a colorless oil (32.1 mg, 71% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, λ = 
230 nm), tR (major) = 16.09 min, tR (minor) = 21.05 min 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.25 (m, 2H), 7.21 – 7.15 (m, 3H), 6.03 (d, J = 
15.7 Hz, 1H), 5.70 – 5.60 (m, 2H), 3.16 (q, J = 7.6 Hz, 1H), 2.18 – 2.03 (m, 4H), 1.80 
– 1.69 (m, 2H), 1.69 – 1.55 (m, 4H), 0.86 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.2, 135.6, 133.1, 130.0, 128.3, 128.0, 127.6, 125.9, 
50.9, 29.0, 25.8, 24.6, 22.6, 22.5, 12.3. 
HRMS (APCI) m/z calcd. for C17H23 [M+H]+ 227.1794, found: 227.1787. 
 

Ethyl (S,E)-4-phenylhex-2-enoate (19) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and Ethyl (E)-3-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-
yl)acrylate 2q (45.2 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether/ethyl acetate = 20/1) to yield 
the product 19 as a colorless oil (31.8 mg, 73% yield, 86% ee). 
HPLC analysis: Chiralcel OD-H (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
214 nm), tR (major) = 9.00 min, tR (minor) = 12.79 min 
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1H NMR (400 MHz, CDCl3) δ 7.36 – 7.28 (m, 2H), 7.26 – 7.14 (m, 3H), 7.07 (dd, J = 
15.7, 7.9 Hz, 1H), 5.79 (dd, J = 15.7, 1.3 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.29 (q, J 
= 7.5 Hz, 1H), 1.91 – 1.72 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.7, 151.7, 142.1, 128.6, 127.8, 126.7, 120.8, 60.2, 
50.2, 27.9, 14.2, 12.1. 
HRMS (ESI) m/z calcd. for C14H19O2 [M+H]+ 219.1380, found: 219.1381. 
 
(S,E)-(6-methoxyhex-4-en-3-yl)benzene (20) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-2-(3-methoxyprop-1-en-1-yl)-4,4,6-trimethyl-1,3,2-
dioxaborinane 2r (39.6 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 20/1) 
to yield the product 20 as a colorless oil (31.0 mg, 81% yield, 90% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, λ = 
214 nm), tR (major) = 8.60 min, tR (minor) = 10.26 min 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.25 (m, 2H), 7.22 – 7.11 (m, 3H), 5.90 – 5.78 
(m, 1H), 5.61 – 5.49 (m, 1H), 3.88 (d, J = 6.2 Hz, 2H), 3.30 (s, 3H), 3.16 (q, J = 7.5 Hz, 
1H), 1.80-1.68 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.3, 137.8, 128.4, 127.6, 126.1, 125.9, 73.1, 57.7, 
50.4, 28.5, 12.2. 
HRMS (ESI) m/z calcd. for C13H18ONa [M+Na]+ 213.1250, found: 213.1251. 
 
(S,E)-(6-phenoxyhex-4-en-3-yl)benzene (21) 

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(3-phenoxyprop-1-en-1-yl)-1,3,2-
dioxaborinane 2s (52.0 mg, 0.20 mmol, 1.0 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 100/1) 
to yield the product 21 as a colorless oil (38.4 mg, 76% yield, 86% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
214 nm), tR (major) = 24.87 min, tR (minor) = 33.36 min 
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.23 (m, 4H), 7.22 – 7.14 (m, 3H), 6.96 – 6.86 
(m, 3H), 6.01 – 5.91 (m, 1H), 5.77 – 5.65 (m, 1H), 4.49 (d, J = 5.7 Hz, 2H), 3.20 (q, J 
= 7.5 Hz, 1H), 1.82 – 1.67 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.7, 144.1, 138.3, 129.4, 128.4, 127.7, 126.2, 124.8, 
120.7, 114.8, 68.6, 50.4, 28.5, 12.2. 
HRMS (ESI) m/z calcd. fo C18H21O [M+H]+ 253.1587, found: 253.1589. 
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(S,E)-4-phenylhex-2-en-1-yl acetate (22) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-3-(4,4,6-trimethyl-1,3,2-dioxaborinan-2-yl)allyl acetate 
2t (45.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 20/1) to yield the product 
22 as a colorless oil (32.7 mg, 75% yield, 89% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
214 nm), tR (major) = 16.22 min, tR (minor) = 23.00 min 
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.27 (m, 2H), 7.23 – 7.14 (m, 3H), 5.94 – 5.84 
(m, 1H), 5.63 – 5.62 (m, 1H), 4.58 – 4.47 (m, 2H), 3.16 (q, J = 7.5 Hz, 1H), 2.05 (s, 
3H), 1.82-1.67 (m, 2H), 0.85 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 170.8, 143.9, 139.3, 128.4, 127.6, 126.2, 123.6, 65.1, 
50.3, 28.5, 21.0, 12.1. 
HRMS (ESI) m/z calcd. for C14H18NaO2 [M+Na]+ 241.1199, found: 241.1199. 
 
(S,E)-tert-butyldimethyl((4-phenylhex-2-en-1-yl)oxy)silane (23) 

 

According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv) and (E)-tert-butyldimethyl((3-(4,4,6-trimethyl-1,3,2-
dioxaborinan-2-yl)allyl)oxy)silane 2u (59.7 mg, 0.20 mmol, 1.0 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 20/1) to yield the product 23 as a colorless oil (46.3 mg, 80% yield, 
91% ee). 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 2H), 7.20 – 7.13 (m, 3H), 5.84 – 5.73 
(m, 1H), 5.58 – 5.49 (m, 1H), 4.14 (d, J = 5.2 Hz, 2H), 3.14 (q, J = 7.5 Hz, 1H), 1.80 – 
1.64 (m, 2H), 0.87 (d, J = 15.8 Hz, 12H), 0.04 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 144.7, 134.4, 129.1, 128.3, 127.7, 126.0, 63.9, 50.2, 
28.8, 26.0, 18.4, 12.2, -5.10. 
HRMS (APCI) m/z calcd. for C18H30OSiNa [M+Na]+ 313.1958, found: 313.1948. 
Note: The ee value (91%) of product 23 was determined by chiral HPLC analysis of 
(S,E)-4-phenylhex-2-en-1-ol (23'), which was obtained by transformation of product 
23. 
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Under an argon atmosphere, to a solution of product 23 (23.3 mg, 0.115 mmol) in 
anhydrous THF (2.0 mL) was added tetrabutylammonium fluoride (TBAF, 0.23 mL, 
2.0 equiv, 1M in THF) at ice bath. The reaction mixture was allowed to stir at room 
temperature for 4 h, and then quenched with water. The reaction mixture was extracted 
with ethyl acetate three times. The organic layers were combined and dried over 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude 
product was purified by flash chromatography on silica gel using petroleum ether/ethyl 
acetate = 5/1 as eluent to provide the product 23’ as a colorless oil (17.2 mg, 85% yield, 
91% ee). 
(S,E)-4-phenylhex-2-en-1-ol (23')： 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 98/2, flow rate 0.8 mL/min, λ = 
214 nm), tR (major) = 23.12 min, tR (minor) = 26.49 min 
1H NMR (400 MHz, CDCl3) δ 7.34-7.26 (m, 2H), 7.22 – 7.14 (m, 3H), 5.88 – 5.76 (m, 
1H), 5.69 – 5.58 (m, 1H), 4.10 (d, J = 5.8 Hz, 2H), 3.15 (q, J = 7.5 Hz, 1H), 1.80 – 1.68 
(m, 2H), 1.33 (s, 1H), 0.86 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.4, 136.4, 128.7, 128.4, 127.6, 126.2, 63.7, 50.4, 
28.6, 12.2. 
HRMS (APCI) m/z calcd. for C12H17O [M+H]+ 177.1274, found: 177.1269. 
 
(S,E)-phenyl(4-phenylhex-2-en-1-yl)sulfane (24) 

 

According to the general procedure B with (1-bromopropyl)benzene 1a (59.7 mg, 0.30 
mmol, 1.5 equiv) and (E)-4,4,6-trimethyl-2-(3-(phenylthio)prop-1-en-1-yl)-1,3,2-
dioxaborinane 2v (55.2 mg, 0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
24 as a colorless oil (44.1 mg, 82% yield, 88% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.8 mL/min, λ = 
214 nm), tR (major) = 19.78 min, tR (minor) = 29.18 min. 
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.28 (m, 2H), 7.28 – 7.19 (m, 4H), 7.19 – 7.12 
(m, 2H), 7.06 (d, J = 7.1 Hz, 2H), 5.67 – 5.58 (m, 1H), 5.55 – 5.45 (m, 1H), 3.57 – 3.44 
(m, 2H), 3.07 (q, J = 7.5 Hz, 1H), 1.69 – 1.57 (m, 2H), 0.76 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.3, 137.6, 135.8, 130.3, 128.7, 128.3, 127.5, 126.2, 
126.0, 125.0, 50.2, 36.7, 28.5, 12.0. 
HRMS (APCI) m/z calcd. for C18H21S [M+H]+ 269.1358, found: 269.1351. 
 
(S)-pent-1-en-3-ylbenzene (25)  

 
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
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0.30 mmol, 1.5 equiv) and 4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane 2w (32.8 mg, 
0.20 mmol, 1.0 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 25 as a colorless oil 
(14.5 mg, 50% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.4 mL/min, λ = 
214 nm), tR (minor) = 12.15 min, tR (major) = 12.85 min. 
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.26 (m, 2H), 7.22 – 7.15 (m, 3H), 6.01 – 5.89 
(m, 1H), 5.06 – 4.99 (m, 2H), 3.13 (q, J = 7.5 Hz, 1H), 1.80 – 1.66 (m, 2H), 0.86 (t, J 
= 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 142.3, 128.4, 127.6, 126.1, 114.0, 51.7, 28.3, 
12.2. 
HRMS (APCI) m/z calcd. for C11H15 [M+H]+ 147.1168, found: 147.1165. 
 

(S,E)-hex-2-ene-2,4-diyldibenzene (26) 

Ph

Et

Ph

Me

26  
According to the general procedure A with (1-bromopropyl)benzene 1a (59.7 mg, 
0.30 mmol, 1.5 equiv.) and (E)-4,4,6-trimethyl-2-(2-phenylprop-1-en-1-yl)-1,3,2-
dioxaborinane 2x (48.8 mg, 0.20 mmol, 1.0 equiv.), CuI (3.81 mg, 10 mol%), chiral 
ligand L9 (15.86 mg, 15 mol%) and LiOtBu (32.0 mg, 2.0 equiv) for 6 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether) to yield 
the product 26 as a colorless oil (18.9 mg, 40% yield, 44% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, λ = 
254 nm), tR (minor) = 15.41 min, tR (major) = 18.70 min. 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.35 (m, 2H), 7.33 – 7.15 (m, 8H), 5.94 – 5.88 
(m, 1H), 3.55 (q, J = 8.1 Hz, 1H), 2.07 (d, J = 1.4 Hz, 3H), 1.88 – 1.68 (m, 2H), 0.92 
(t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.5, 143.9, 134.8, 132.3, 128.4, 128.1, 127.5, 126.6, 
125.9, 125.8, 46.6, 30.3, 16.3, 12.2. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found: 237.1635. 
 
(S,E)-1-methoxy-3-(1-phenylpent-1-en-3-yl)benzene (27) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl) -3-
methoxybenzenee S27 (68.7 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
20/1) to yield the product 27 as a colorless oil (46.9 mg, 93% yield, 94% ee). 
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HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 16.84 min, tR (minor) = 23.96 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.30 (m, 2H), 7.30 – 7.14 (m, 4H), 6.87 – 6.71 
(m, 3H), 6.40 (d, J = 15.9 Hz, 1H), 6.31 (dd, J = 15.8, 7.5 Hz, 1H), 3.79 (s, 3H), 3.28 
(q, J = 7.4 Hz, 1H), 1.87 – 1.76 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 146.3, 137.6, 134.1, 129.5, 129.4, 128.5, 127.0, 
126.2, 120.2, 113.7, 111.2, 55.2, 51.1, 28.8, 12.3. 
HRMS (ESI) m/z calcd. for C18H21O [M+H]+ 253.1587, found 253.1589. 
 
(S,E)-1-methyl-3-(1-phenylpent-1-en-3-yl)benzene (28) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl)-3- 
methylbenzene S28 (63.9 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
28 as a colorless oil (35.3 mg, 75% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 8.64 min, tR (minor) = 10.08 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.31 (m, 2H), 7.30 – 7.23 (m, 2H), 7.22 – 7.14 
(m, 2H), 7.08 – 6.97 (m, 3H), 6.40 (d, J = 15.9 Hz, 1H), 6.32 (dd, J = 15.8, 7.4 Hz, 1H), 
3.26 (q, J = 7.4 Hz, 1H), 2.33 (s, 3H), 1.88 – 1.73 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 138.0, 137.7, 134.3, 129.3, 128.4, 128.3, 126.94 , 
126.92 , 126.1, 124.6, 51.0, 28.8, 21.5, 12.3. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found 237.1634. 
 
(S,E)-1-methyl-4-(1-phenylpent-1-en-3-yl)benzene (29) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl)-4- 
methylbenzene S29 (63.9 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
29 as a colorless oil (39.6 mg, 84% yield, 93% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 9.50 min, tR (minor) = 12.01 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.31 (m, 2H), 7.29 – 7.23 (m, 2H), 7.20 – 7.10 
(m, 5H), 6.39 (d, J = 15.9 Hz, 1H), 6.31 (dd, J = 15.9, 7.3 Hz, 1H), 3.27 (q, J = 7.4 Hz, 
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1H), 2.32 (s, 3H), 1.87 – 1.75 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.5, 137.7, 135.6, 134.4, 129.2, 129.1, 128.4, 127.5, 
126.9, 126.1, 50.5, 28.8, 21.0, 12.3. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found 237.1633. 
 
(S,E)-1-methyl-2-(1-phenylpent-1-en-3-yl)benzene (30) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl)-2- 
methylbenzene S30 (63.9 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
30 as a colorless oil (31.2 mg, 66% yield, 90% ee). 
HPLC analysis: Chiralcel OJ-H (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 17.37 min, tR (minor) = 25.01 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.30 (m, 2H), 7.30 – 7.20 (m, 4H), 7.20 – 7.07 
(m, 3H), 6.35 (d, J = 15.9 Hz, 1H), 6.27 (dd, J = 15.8, 7.2 Hz, 1H), 3.56 (q, J = 7.3 
Hz, 1H), 2.36 (s, 3H), 1.90 – 1.76 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 142.5, 137.6, 136.0, 133.8, 130.4, 129.4, 128.4, 126.9, 
126.4, 126.2, 126.1, 125.9, 46.1, 28.4, 19.7, 12.3. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found 237.1631. 
 
(R,E)-1-fluoro-3-(1-phenylpent-1-en-3-yl)benzene (31) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 1-(1-bromopropyl)-3- 
fluorobenzene S31 (65.1 mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 
7.5 mol%) for 4 d, the reaction mixture was purified by column chromatography on 
silica gel (petroleum ether) to yield the product 31 as a colorless oil (29.4 mg, 61% 
yield, 93% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 9.47 min, tR (major) = 10.38 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.32 (m, 2H), 7.31 – 7.24 (m, 3H), 7.22 – 7.17 
(m, 1H), 7.02 (d, J = 7.7 Hz, 1H), 6.97 – 6.86 (m, 2H), 6.40 (d, J = 15.9 Hz, 1H), 6.28 
(dd, J = 15.8, 7.7 Hz, 1H), 3.31 (q, J = 7.5 Hz, 1H), 1.89 – 1.74 (m, 2H), 0.91 (t, J = 
7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 163.0 (d, J = 245.4 Hz), 147.2 (d, J = 6.8 Hz), 137.3, 
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133.4, 129.9, 129.8 (d, J = 8.3 Hz), 128.5, 127.2, 126.1, 123.4 (d, J = 2.6 Hz), 114.4 (d, 
J = 21.2 Hz), 113.0 (d, J = 21.1 Hz), 50.7, 50.7, 28.7, 12.2. 
19F NMR (376 MHz, CDCl3) δ -113.45. 
HRMS (APCI) m/z calcd. for C17H18F [M+H]+ 241,1387, found 241.1378. 
 
(S,E)-1-chloro-3-(1-phenylpent-1-en-3-yl)benzene (32) 

Et

Ph
Cl

32  
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl)-3- 
chlorobenzene S32 (70.0 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
32 as a colorless oil (36.3 mg, 71% yield, 91% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 9.97 min, tR (minor) = 11.90 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.33 (m, 2H), 7.31 – 7.27 (m, 2H), 7.24 – 7.19 
(m, 4H), 7.14 – 7.10 (m, 1H), 6.40 (d, J = 15.9 Hz, 1H), 6.27 (dd, J = 15.9, 7.7 Hz, 1H), 
3.29 (q, J = 7.5 Hz, 1H), 1.90 – 1.73 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 146.6, 137.3, 134.2, 133.3, 130.0, 129.7, 128.5, 127.79 , 
127.2, 126.4, 126.2, 125.9, 50.7, 28.7, 12.2. 
HRMS (APCI) m/z calcd. for C17H18Cl [M+H]+ 257.1092, found 257.1089. 
 
(R,E)-1-(1-phenylpent-1-en-3-yl)-4-(trifluoromethyl)benzene (33) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 1-(1-bromopropyl)-4- 
(trifluoromethyl)benzene S33 (80.1 mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 
(6.68 mg, 7.5 mol%) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 33 as a colorless oil 
(45.2 mg, 78% yield, 88% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 9.38 min, tR (minor) = 9.87 min. 
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 2H), 7.39 – 7.32 (m, 4H), 7.32 – 
7.26 (m, 2H), 7.23 – 7.18 (m, 1H), 6.41 (d, J = 15.8 Hz, 1H), 6.29 (dd, J = 15.8, 7.7 Hz, 
1H), 3.38 (q, J = 7.5 Hz, 1H), 1.93 – 1.76 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H).  
13C NMR (101 MHz, CDCl3) δ 148.7, 137.2, 133.1, 130.3, 128.6, 128.5 (q, JC-F = 32.0 
Hz), 128.0, 127.3, 126.2, 125.4 (q, JC-F = 3.7 Hz), 124.3 (q, JC-F = 272.7 Hz), 50.8, 28.7, 
12.2. 
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19F NMR (376 MHz, CDCl3) δ -62.30 . 
HRMS (APCI) m/z calcd. for C18H18F3 [M+H]+ 291.1355, found 291.1348. 
 
(S,E)-4-(1-phenylpent-1-en-3-yl)-1,1'-biphenyl (34) 

 
According to general produce C with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 4-(1-bromopropyl)-1,1'- 
biphenyl 1c (82.5 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether) to yield the product 34 as a 
colorless oil (48.6 mg, 81% yield, 93% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 6.00 min, tR (major) = 9.40 min. 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.51 (m, 4H), 7.46 – 7.39 (m, 2H), 7.38 – 7.25 
(m, 7H), 7.21 – 7.15 (m, 1H), 6.51 – 6.29 (m, 2H), 3.36 (q, J = 7.4 Hz, 1H), 1.94 – 1.79 
(m, 2H), 0.95 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 143.6, 141.0, 139.1, 137.6, 134.0, 129.6, 128.7, 128.5, 
128.1, 127.2, 127.02 , 127.00 , 126.1, 50.6, 28.8, 12.3. 
HRMS (APCI) m/z calcd. for C23H23 [M+H]+ 299.1794, found 299.1788. 
 
(S,E)-1-(1-phenylpent-1-en-3-yl)naphthalene (35) 

 
According to general produce C with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 1-(1-bromopropyl)naphthalene 
S35 (74.7 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by 
column chromatography on silica gel (petroleum ether) to yield the product 35 as a 
colorless oil (42.4 mg, 78% yield, 99% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 5.79 min, tR (major) = 6.36 min. 
1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.3 Hz, 1H), 7.86 (dd, J = 7.9, 1.6 Hz, 1H), 
7.76 – 7.70 (m, 1H), 7.53 – 7.43 (m, 4H), 7.36 – 7.31 (m, 2H), 7.29 – 7.22 (m, 2H), 
7.20 – 7.14 (m, 1H), 6.47 (d, J = 3.2 Hz, 2H), 4.22 – 4.13 (m, 1H), 2.09 – 1.94 (m, 2H), 
1.00 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.6, 137.6, 134.0, 133.9, 131.8, 129.9, 128.9, 128.4, 
127.0, 126.7, 126.1, 125.8, 125.6, 125.3, 124.1, 123.5, 45.3, 28.6, 12.5. 
HRMS (APCI) m/z calcd. for C21H21 [M+H]+ 273.1638, found 273.1637. 
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(S,E)-2-(1-phenylpent-1-en-3-yl)naphthalene (36) 

 
According to general produce C with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 2-(1-bromopropyl)naphthalene 
S36 (74.7 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by 
column chromatography on silica gel (petroleum ether) to yield the product 36 as a 
colorless oil (42.8 mg, 79% yield, 95% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 26.93 min, tR (minor) = 30.87 min.  
1H NMR (400 MHz, CDCl3) δ 7.84 – 7.76 (m, 3H), 7.67 (d, J = 1.7 Hz, 1H), 7.47 – 
7.32 (m, 5H), 7.30 – 7.24 (m, 2H), 7.21 – 7.15 (m, 1H), 6.48 – 6.35 (m, 2H), 3.53 – 
3.43 (m, 1H), 2.00 – 1.87 (m, 2H), 0.94 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.9, 137.6, 134.1, 133.6, 132.3, 129.7, 128.5, 128.1, 
127.6, 127.6, 127.0, 126.4, 126.1, 126.0, 125.9, 125.3, 51.0, 28.6, 12.3. 
HRMS (APCI) m/z calcd. for C21H21 [M+H]+ 273.1638, found 273.1642. 
 
(S)-2-(pent-1-en-3-yl)naphthalene (37)14 

 
According to general produce C with 4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane 2w 
(154.0 mg, 1.00 mmol, 1.0 equiv), 2-(1-bromopropyl)naphthalene S36 (373.7 mg, 1.50 
mmol, 1.5 equiv), CuI (9.5 mg, 5 mol%), chiral ligand L9 (39.7 mg, 7.5 mol %) and 
LiOtBu (160.0 mg, 2.0 equiv) in DMF (10.0 mL) and H2O (18.0 mg, 1.0 equiv) for 4 d, 
the reaction mixture was purified by column chromatography on silica gel (petroleum 
ether) to yield the product 37 as a colorless oil (131 mg, 67% yield, 90% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 7.93 min, tR (major) = 8.58 min.  
1H NMR (400 MHz, CDCl3) δ 7.85 – 7.73 (m, 3H), 7.62 (d, J = 1.7 Hz, 1H), 7.48 – 
7.37 (m, 2H), 7.34 (dd, J = 8.5, 1.8 Hz, 1H), 6.10 – 5.94 (m, 1H), 5.13 – 5.02 (m, 2H), 
3.31 (q, J = 7.4 Hz, 1H), 1.90 – 1.77 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 142.2, 141.8, 133.6, 132.2, 128.0, 127.59, 127.56, 126.3, 
125.9, 125.8, 125.2, 114.3, 51.7, 28.2, 12.2. 
 
(S,E)-3-(1-phenylpent-1-en-3-yl)thiophene (38) 
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According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 3-(1-bromopropyl)thiophene S38 
(61.5 mg, 0.30 mmol, 1.5 equiv), CuI (3.81 mg, 10 mol%), chiral ligand L9 (15.86 mg, 
15 mol%) and LiOtBu (32.0 mg, 2.0 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether/ethyl acetate = 50/1) to yield 
the product 38 as a colorless oil (26.3 mg, 58% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 11.01 min, tR (major) = 14.47 min. 
1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 7.2 Hz, 2H), 7.32 – 7.25 (m, 3H), 7.19 (t, J 
= 7.3 Hz, 1H), 7.04 – 6.95 (m, 2H), 6.47 – 6.17 (m, 2H), 3.43 (q, J = 7.5 Hz, 1H), 1.90 
– 1.70 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.2, 137.5, 133.5, 129.7, 128.5, 127.3, 127.0, 126.1, 
125.3, 119.9, 46.3 , 28.6, 12.2.  
HRMS (ESI) m/z calcd. for C15H17S [M+H]+ 229.1045, found 229.1047. 
 
(S,E)-3-(1-phenylpent-1-en-3-yl)benzo[b]thiophene (39) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 3-(1-bromopropyl)benzo[b] 
thiophene S39 (76.5 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 50/1) 
to yield the product 39 as a colorless oil (41.2 mg, 74% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 5.65 min, tR (major) = 6.20 min. 
1H NMR (400 MHz, CDCl3) δ 7.90 – 7.78 (m, 2H), 7.37 – 7.31 (m, 4H), 7.31 – 7.26 
(m, 2H), 7.21 – 7.16 (m, 2H), 6.49 (d, J = 15.9 Hz, 1H), 6.34 (dd, J = 15.9, 7.8 Hz, 1H), 
3.76 (q, J = 7.5 Hz, 1H), 2.08 – 1.88 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.6, 139.0, 138.7, 137.4, 132.6, 130.3, 128.5, 127.1, 
126.2, 124.2, 123.8, 122.9, 122.2, 121.0, 44.5, 27.8, 12.4. 
HRMS (ESI) m/z calcd. for C19H19S [M+H]+ 279.1202, found 279.1204. 
 
(S,E)-3-(1-phenylpent-1-en-3-yl)quinoline (40) 
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According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 3-(1-bromopropyl)quinoline 
S40 (75.0 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by 
column chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to yield the 
product 40 as a colorless oil (32.9 mg, 60% yield, 88% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 7.41 min, tR (minor) = 7.95 min. 
1H NMR (400 MHz, CDCl3) δ 8.85 (d, J = 2.3 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.97 
(d, J = 2.2 Hz, 1H), 7.79 (dd, J = 8.1, 1.4 Hz, 1H), 7.69 – 7.63 (m, 1H), 7.55 – 7.48 (m, 
1H), 7.38 – 7.16 (m, 5H), 6.50 – 6.33 (m, 2H), 3.54 (q, J = 7.4 Hz, 1H), 1.98 – 1.94 (m, 
2H), 0.97 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 151.5, 147.0, 137.1, 137.0, 133.6, 132.7, 130.6, 129.1, 
128.8, 128.5, 128.2, 127.5, 127.3, 126.6, 126.2, 48.4, 28.5, 12.2. 
HRMS (ESI) m/z calcd. for C20H20N [M+H]+ 274.1590, found 274.1592. 
 
(R,E)-but-1-ene-1,3-diyldibenzene (41) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), (1-bromoethyl)benzene 1d (55.5 
mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 7.5 mol%) for 4 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum ether) 
to yield the product 41 as a colorless oil (30.4 mg, 73% yield, 93% ee) 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 17.24 min, tR (major) = 18.60 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.26 (m, 8H), 7.24 – 7.16 (m, 2H), 6.45 – 6.34 
(m, 2H), 3.69 – 3.59 (m, 1H), 1.47 (d, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 145.6, 137.5, 135.2, 128.5, 127.3, 127.0, 126.2, 126.1, 
42.5, 21.2. 
HRMS (ESI) m/z calcd. for C16H17 [M+H]+ 209.1325, found 209.1325. 
 
(S,E)-hex-1-ene-1,3-diyldibenzene (42) 
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According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromobutyl)benzene S42 
(63.9 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 42 as a colorless oil 
(34.6 mg, 73% yield, 94% ee) 
HPLC analysis: Chiralcel OD-H (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 8.52 min, tR (minor) = 9.46 min.  
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.22 (m, 8H), 7.22 – 7.14 (m, 2H), 6.43 – 6.28 
(m, 2H), 3.42 (q, J = 7.4 Hz, 1H), 1.84 – 1.70 (m, 2H), 1.40 – 1.24 (m, 2H), 0.92 (t, J 
= 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.7, 137.6, 134.4, 129.2, 128.5, 128.4, 127.6, 127.0, 
126.1, 126.1, 48.9, 38.1, 20.7, 14.0. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found 237.1636. 
 
(S,E)-oct-1-ene-1,3-diyldibenzene (43) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromohexyl)benzene S43 
(72.3 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by column 
chromatography on silica gel (petroleum ether) to yield the product 43 as a colorless oil 
(34.8 mg, 66% yield, 94% ee) 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 9.84 min, tR (major) = 10.26 min.  
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.22 (m, 8H), 7.22 – 7.15 (m, 2H), 6.43 – 6.26 
(m, 2H), 3.39 (q, J = 7.4 Hz, 1H), 1.84 – 1.73 (m, 2H), 1.39 – 1.19 (m, 6H), 0.91 – 0.80 
(m, 3H). 
13C NMR (101 MHz, CDCl3) δ 134.5, 129.2, 128.5, 128.4, 127.6, 127.0, 126.1, 126.1, 
49.2, 35.9, 31.8, 27.3, 22.6, 14.1. 
HRMS (APCI) m/z calcd. for C20H25 [M+H]+ 265.1951, found 265.1945. 
 
(S,E)-(4-methylpent-1-ene-1,3-diyl)dibenzene (44) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromo-2-methylpropyl) 
benzene S44 (63.9 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether) to yield the product 44 as a 
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colorless oil (32.5 mg, 69% yield, 98% ee) 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 8.49 min, tR (major) = 9.60 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.25 (m, 6H), 7.24 – 7.15 (m, 4H), 6.45 – 6.33 
(m, 2H), 3.09 – 2.99 (m, 1H), 2.09 – 1.99 (m, 1H), 1.00 (d, J = 6.7 Hz, 3H), 0.81 (d, J 
= 6.7 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.3, 137.6, 133.2, 130.3, 128.41, 128.38, 127.9, 127.0, 
126.1, 126.0, 57.6, 33.2, 21.2, 20.9. 
HRMS (APCI) m/z calcd. for C18H21 [M+H]+ 237.1638, found 237.1633. 
 
(S,E)-hex-1-ene-1,3,6-triyltribenzene (45) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromobutane-1,4-diyl) 
dibenzene S45 (86.7 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
45 as a colorless oil (40.2 mg, 64% yield, 90% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 25.00 min, tR (major) = 32.39 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.09 (m, 15H), 6.41 – 6.26 (m, 2H), 3.42 (q, J = 
7.3 Hz, 1H), 2.63 (t, J = 7.6 Hz, 2H), 1.89 – 1.80 (m, 2H), 1.73 – 1.57 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 144.4, 142.4, 137.5, 134.1, 129.4, 128.5, 128.44, 128.40, 
128.3, 127.6, 127.0, 126.2, 126.1, 125.7, 49.1, 35.9, 35.4, 29.4 
HRMS (APCI) m/z calcd. for C24H25 [M+H]+ 313.1951, found 313.1941. 
 
(S,E)-2-(3,5-diphenylpent-4-en-1-yl)-5-methylfuran (46) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 2-(3-bromo-3-phenylpropyl)-5-
methylfuran S46 (83.7 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) 
to yield the product 46 as a colorless oil (37.0 mg, 61% yield, 94% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 5.36 min, tR (minor) = 6.13 min. 
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1H NMR (400 MHz, CDCl3) δ 7.37 – 7.15 (m, 10H), 6.45 – 6.28 (m, 2H), 5.84 (s, 2H), 
3.45 (q, J = 7.5 Hz, 1H), 2.67 – 2.48 (m, 2H), 2.24 (s, 3H), 2.20 – 2.06 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 153.9, 150.3, 143.9, 137.4, 133.6, 129.8, 128.6, 128.4, 
127.7, 127.1, 126.4, 126.1, 105.8, 105.5, 48.4, 34.0, 26.1, 13.5. 
HRMS (ESI) m/z calcd. for C22H23O [M+H]+ 303.1743, found 303.1747. 
 
(S,E)-hepta-1,6-diene-1,3-diyldibenzene (47) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromopent-4-en-1-yl) 
benzene S47 (67.5 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether) to yield the product 47 as a 
colorless oil (26.0 mg, 52% yield, > 99% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 10.37 min, tR (major) = 10.69 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.25 (m, 7H), 7.25 – 7.16 (m, 3H), 6.44 – 6.27 
(m, 2H), 5.89 – 5.76 (m, 1H), 5.06 – 4.94 (m, 2H), 3.45 (q, J = 7.5 Hz, 1H), 2.14 – 1.98 
(m, 2H), 1.94 – 1.86 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 144.3, 138.4, 137.5, 134.0, 129.6, 128.52, 128.45, 127.7, 
127.1, 126.3, 126.1, 114.8, 48.4, 34.9, 31.6 
HRMS (APCI) m/z calcd. for C19H21 [M+H]+ 249.1638, found 249.1630. 
 
(S,E)-(6-chlorohex-1-ene-1,3-diyl)dibenzene (48) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1-bromo-4-chlorobutyl) 
benzene S48 (74.1 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether) to yield the product 48 as a 
colorless oil (43.8 mg, 81% yield, 94% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 22.98 min, tR (minor) = 27.70 min. 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.14 (m, 10H), 6.42 (d, J = 15.9 Hz, 1H), 6.32 
(dd, J = 15.8, 7.6 Hz, 1H), 3.54 (t, J = 6.5 Hz, 2H), 3.43 (q, J = 7.5 Hz, 1H), 2.05 – 1.90 
(m, 2H), 1.90 – 1.66 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 143.8, 137.3, 133.5, 129.8, 128.6, 128.5, 127.5, 127.2, 
126.5, 126.2, 48.5, 45.0, 33.0, 30.7. 
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HRMS (ESI) m/z calcd. for C18H20Cl [M+H]+ 271.1248, found 271.1241. 
 
(S,E)-(5-bromopent-1-ene-1,3-diyl)dibenzene (49) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (1,3-dibromopropyl)benzene 
S49 (83.1 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by 
column chromatography on silica gel (petroleum ether) to yield the product 49 as a 
colorless oil (48.3 mg, 80% yield, 96% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 14.98 min, tR (minor) = 20.42 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.17 (m, 10H), 6.48 (d, J = 15.8 Hz, 1H), 6.29 
(dd, J = 15.8, 7.9 Hz, 1H), 3.71 (q, J = 7.6 Hz, 1H), 3.45 – 3.26 (m, 2H), 2.39 – 2.26 
(m, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.7, 137.1, 132.1, 130.4, 128.7, 128.5, 127.6, 127.3, 
126.7, 126.2, 47.1, 38.4, 31.8. 
HRMS (ESI) m/z calcd. for C17H18Br [M+H]+ 301.0586, found 301.0586. 
 
(S,E)-tert-butyl((4,6-diphenylhex-5-en-1-yl)oxy)diphenylsilane (50) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (4-bromo-4-phenylbutoxy) (tert-
butyl)diphenylsilane S50 (140.0 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 50 as a colorless oil (65.4 mg, 67% yield, 90% ee). 
1H NMR (400 MHz, CDCl3) δ 7.71 – 7.59 (m, 4H), 7.43 – 7.26 (m, 12H), 7.23 – 7.16 
(m, 4H), 6.41 – 6.24 (m, 2H), 3.67 (t, J = 6.3 Hz, 2H), 3.39 (q, J = 7.4 Hz, 1H), 1.94 – 
1.85 (m, 2H), 1.67 – 1.46 (m, 2H), 1.04 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 144.4, 137.6, 135.6, 134.3, 134.0, 129.5, 129.3, 128.5, 
128.4, 127.7, 127.6, 127.0, 126.2, 126.1, 63.7, 48.7, 31.9, 30.5, 26.9, 19.2. 
HRMS (APCI) m/z calcd. for C34H39OSi [M+H]+ 491.2765, found 491.2764. 
Note: The ee value (90%) of product 50 was determined by chiral HPLC analysis of 
(S,E)-4,6-diphenylhex-5-en-1-ol (50’), which was obtained by transformation of 
product 50. 
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Under an argon atmosphere, to a solution of product 50 (45.2 mg, 0.092 mmol) in 

anhydrous THF (5.0 mL) was added tetrabutylammonium fluoride (TBAF, 0.18 mL, 
2.0 equiv, 1M in THF) at ice water bath. The reaction mixture was allowed to stir at 
room temperature for 4 h, and then quenched with water. The reaction mixture was 
extracted with EtOAc three times. The organic layers were combined and dried over 
anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude 
product was purified by flash chromatography on silica gel using petroleum ether/ethyl 
acetate = 5/1 as eluent to provide the product 50’ as a colorless oil (15.2 mg, 66% yield, 
90% ee). 
(S,E)-4,6-diphenylhex-5-en-1-ol (50') 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ 
= 254 nm), tR (major) = 13.55 min, tR (minor) = 19.30 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.30 (m, 3H), 7.30 – 7.23 (m, 5H), 7.23 – 7.16 
(m, 2H), 6.47 – 6.27 (m, 2H), 3.64 (t, J = 6.5 Hz, 2H), 3.42 (q, J = 7.5 Hz, 1H), 1.94 – 
1.82 (m, 2H), 1.73 – 1.43 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.2, 137.4, 133.9, 129.5, 128.5, 128.4, 127.6, 
127.1, 126.3, 126.1, 62.8, 48.9, 31.9, 30.8. 
HRMS (ESI) m/z calcd. for C18H21O [M+H]+ 253.1587, found 253.1588. 
 
(S,E)-(7-(benzyloxy)hept-1-ene-1,3-diyl)dibenzene (51) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (5-(benzyloxy)-1-bromopentyl) 
benzene S51 (100.0 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether/ethyl acetate = 20/1) to yield 
the product 51 as a colorless oil (43.5 mg, 61% yield, 91% ee). 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.11 (m, 15H), 6.44 – 6.26 (m, 2H), 4.47 (s, 2H), 
3.50 – 3.35 (m, 3H), 1.88 – 1.75 (m, 2H), 1.71 – 1.59 (m, 2H), 1.49 – 1.29 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 144.5, 138.6, 137.5, 134.2, 129.4, 128.5, 128.4, 128.3, 
127.61, 127.59, 127.46, 127.0, 126.2, 126.1, 72.8, 70.2, 49.1, 35.7, 29.7, 24.3. 
HRMS (ESI) m/z calcd. for C26H29O [M+H]+ 357.2213, found 357.2212. 
Note: The ee value (91%) of product 51 was determined by chiral HPLC analysis of 
(S)-5,7-diphenylheptan-1-ol (51'), which was obtained by transformation of product 
51. 
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To mixture of Pd/C (1.0 mg, 10% w/t Pd on carbon) in THF (5.0 mL) was added 51 
(9.0 mg, 0.025 mmol, 1.0 equiv.) under argon atmosphere. Then, the reaction flask was 
evacuated and refilled with hydrogen through a balloon. The resulting reaction mixture 
was stirred under the hydrogen atmosphere at room temperature for 12 h. After 
completion, the reaction mixture was filtered and rinsed with CH2Cl2. The filtrate was 
concentrated under reduced pressure and the residue was purified by column 
chromatography on silica gel to afford 51’ as a colorless oil (6.6 mg, 99% yield, 91% 
ee) 
(S)-5,7-diphenylheptan-1-ol (51') 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 
210 nm), tR (minor) = 14.41 min, tR (major) = 15.96 min. 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.28 (m, 2H), 7.28 – 7.20 (m, 3H), 7.20 – 7.12 
(m, 3H), 7.12 – 7.07 (m, 2H), 3.55 (t, J = 6.6 Hz, 2H), 2.60 – 2.48 (m, 1H), 2.48 – 2.39 
(m, 2H), 2.08 – 1.83 (m, 2H), 1.74 – 1.40 (m, 4H), 1.36 – 1.10 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 145.4, 142.5, 128.4, 128.2, 127.7, 126.1, 125.6, 62.9, 
45.6, 38.5, 36.8, 33.8, 32.8, 23.7. 
HRMS (ESI) m/z calcd. for C19H25O [M+H]+ 269.1900, found 269.1901. 
 
(R,E)-(5-(phenylsulfonyl)pent-1-ene-1,3-diyl)dibenzene (52) 

 

According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), (1-bromo-3-(phenylsulfonyl) 
propyl)benzene S52 (101.8 mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 
7.5 mol%) for 4 d, the reaction mixture was purified by column chromatography on 
silica gel (petroleum ether/ethyl acetate = 5/1) to yield the product 52 as a colorless oil 
(48.6 mg, 67% yield, 93% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 
254 nm), tR (minor) = 25.81 min, tR (major) = 30.58 min. 
1H NMR (400 MHz, CDCl3) δ 7.94 – 7.84 (m, 2H), 7.70 – 7.61 (m, 1H), 7.60 – 7.51 
(m, 2H), 7.34 – 7.27 (m, 6H), 7.25 – 7.18 (m, 2H), 7.18 – 7.13 (m, 2H), 6.37 (d, J = 
15.9 Hz, 1H), 6.21 (dd, J = 15.8, 7.8 Hz, 1H), 3.47 (q, J = 7.7 Hz, 1H), 3.18 – 3.08 (m, 
1H), 3.07 – 2.95 (m, 1H), 2.30 – 2.16 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.1, 139.0, 136.7, 133.7, 131.7, 130.7, 129.3, 128.9, 
128.5, 128.0, 127.5, 127.4, 127.0, 126.2, 54.5, 47.6, 28.3. 
HRMS (ESI) m/z calcd. for C23H23O2S [M+H]+ 363.1413, found 363.1416. 
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(S,E)-1,5,7-triphenylhept-6-en-1-one (53) 

Ph

O

Ph

53  
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 5-bromo-1,5-diphenylpentan- 
1-one S53 (95.1 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to yield 
the product 53 as a colorless oil (47.6 mg, 70% yield, 90% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 
254 nm), tR (minor) = 35.20 min, tR (major) = 47.06 min. 
1H NMR (400 MHz, CDCl3) δ 7.94 – 7.88 (m, 2H), 7.55 – 7.48 (m, 1H), 7.41 (dd, J = 
8.4, 7.0 Hz, 2H), 7.35 – 7.29 (m, 3H), 7.29 – 7.23 (m, 5H), 7.22 – 7.14 (m, 2H), 6.45 – 
6.25 (m, 2H), 3.46 (q, J = 7.3 Hz, 1H), 2.96 (t, J = 7.0 Hz, 2H), 1.93 – 1.86 (m, 2H), 
1.85 – 1.77 (m, 1H), 1.75 – 1.64 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 200.1, 144.1, 137.4, 136.9, 133.8, 132.9, 129.5, 128.52, 
128.49, 128.4, 128.0, 127.6, 127.0, 126.3, 126.1, 49.1, 38.4, 35.3, 22.4. 
HRMS (ESI) m/z calcd. for C25H25O [M+H]+ 341.1900, found 341.1904. 
 
Ethyl (S,E)-5,7-diphenylhept-6-enoate (54) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and ethyl 5-bromo-5- 
phenylpentanoate S54 (85.5 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
10/1) to yield the product 54 as a colorless oil (42.6 mg, 69% yield, 92% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 14.75 min, tR (minor) = 16.82 min. 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.20 (m, 10H), 6.40 (d, J = 15.9 Hz, 1H), 6.31 
(dd, J = 15.8, 7.5 Hz, 1H), 4.10 (q, J = 7.2 Hz, 2H), 3.42 (q, J = 7.4 Hz, 1H), 2.31 (t, J 
= 7.3 Hz, 2H), 1.94 – 1.84 (m, 2H), 1.76 – 1.60 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 173.5, 144.1, 137.4, 133.7, 129.6, 128.6, 128.4, 127.6, 
127.1, 126.3, 126.1, 60.3, 48.9, 35.2, 34.2, 23.1, 14.2. 
HRMS (ESI) m/z calcd. for C21H25O2 [M+H]+ 309.1849, found 309.1852. 
 
(S,E)-5,7-diphenylhept-6-enenitrile (55) 
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According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 5-bromo-5-phenylpentanenitrile 
S55 (71.4 mg, 0.30 mmol, 1.5 equiv) for 4 d, the reaction mixture was purified by 
column chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to yield the 
product 55 as a colorless oil (36.8 mg, 70% yield, 93% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ 
= 254 nm), tR (major) = 19.51 min, tR (minor) = 21.87 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.25 (m, 6H), 7.25 – 7.17 (m, 4H), 6.47 – 6.25 
(m, 2H), 3.43 (q, J = 7.6 Hz, 1H), 2.33 (t, J = 7.1 Hz, 2H), 2.03 – 1.87 (m, 2H), 1.77 – 
1.58 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 143.3, 137.1, 133.0, 130.0, 128.7, 128.5, 127.5, 127.3, 
126.6, 126.2, 119.5, 48.5, 34.6, 23.6, 17.1. 
HRMS (ESI) m/z calcd. for C19H20N [M+H]+ 262.1590, found 262.1594. 
 
(R,E)-1-styryl-2,3-dihydro-1H-indene (56) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 1-bromo-2,3-dihydro-1H-indene 
S56 (59.1 mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 7.5 mol%) for 4 
d, the reaction mixture was purified by column chromatography on silica gel (petroleum 
ether) to yield the product 56 as a colorless oil (33.2 mg, 75% yield, 87% ee) 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 13.60 min, tR (major) = 14.30 min. 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.34 (m, 2H), 7.32 – 7.23 (m, 3H), 7.23 – 7.14 
(m, 4H), 6.52 (d, J = 15.8 Hz, 1H), 6.24 (dd, J = 15.7, 8.5 Hz, 1H), 3.91 (q, J = 8.3 Hz, 
1H), 3.04 – 2.81 (m, 2H), 2.45 – 2.34 (m, 1H), 2.00 – 1.85 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 145.8, 143.9, 137.4, 133.0, 130.3, 128.5, 127.1, 126.7, 
126.3, 126.2, 124.5, 49.1, 33.5, 31.7. 
HRMS (APCI) m/z calcd. for C17H17 [M+H]+ 221.1325, found 221.1321. 
 
(R,E)-4-styrylchromane (57) 

O

Ph
57  
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According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 4-bromochromane S57 (63.9 mg, 
0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 7.5 mol%) for 4 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether/ethyl 
acetate = 20/1) to yield the product 57 as a white solid (28.6 mg, 61% yield, 93% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ 
= 254 nm), tR (major) = 27.07 min, tR (minor) = 29.56 min.  
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.33 (m, 2H), 7.32 – 7.26 (m, 2H), 7.24 – 7.18 
(m, 1H), 7.15 – 7.09 (m, 2H), 6.91 – 6.77 (m, 2H), 6.44 (d, J = 15.7 Hz, 1H), 6.24 (dd, 
J = 15.7, 8.0 Hz, 1H), 4.31 – 4.13 (m, 2H), 3.67 (q, J = 7.0 Hz, 1H), 2.23 – 2.10 (m, 
1H), 2.03 – 1.90 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 154.5, 137.0, 133.1, 131.6, 130.2, 128.5, 127.9, 127.3, 
126.2, 123.7, 120.2, 116.8, 64.0, 38.5, 29.0. 
HRMS (ESI) m/z calcd. for C17H17O [M+H]+ 237.1274, found 237.1275. 
 
(R,E)-4-styrylthiochromane (58) 

 
According to general produce C with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 4-bromothiochromane S58 (68.7 
mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 mg, 7.5 mol%) for 4 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 20/1) to yield the product 58 as a colorless oil (23.7 mg, 47% yield, 
88% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 95/5, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 12.06 min, tR (minor) = 14.35 min.  
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.32 (m, 2H), 7.32 – 7.26 (m, 2H), 7.23 – 7.18 
(m, 1H), 7.16 – 7.06 (m, 3H), 7.02 – 6.96 (m, 1H), 6.35 – 6.22 (m, 2H), 3.72 (q, J = 5.4 
Hz, 1H), 3.19 – 3.06 (m, 1H), 3.02 – 2.91 (m, 1H), 2.27 – 2.16 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 137.1, 134.6, 132.9, 132.7, 131.8, 130.7, 128.5, 127.3, 
126.9, 126.6, 126.2, 123.9, 41.7, 28.7, 24.0. 
HRMS (ESI) m/z calcd. for C17H17S [M+H]+ 253.1045, found 253.1047. 
 
(R,E)-5-styryl-6,7,8,9-tetrahydro-5H-benzo[7]annulene (59) 

 
According to general produce A with (E)-4,4,6-trimethyl-2-styryl-1,3,2–
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv), 5-bromo-6,7,8,9-tetrahydro-5H-
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benzo[7] annulene S59 (67.5 mg, 0.30 mmol, 1.5 equiv) and chiral ligand L11 (6.68 
mg, 7.5 mol%) for 4 d, the reaction mixture was purified by column chromatography 
on silica gel (petroleum ether) to yield the product 59 as a colorless oil (30.8 mg, 62% 
yield, 88% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 100/0, flow rate 1.0 mL/min, λ = 
254 nm), tR (minor) = 17.09 min, tR (major) = 21.86 min. 
1H NMR (400 MHz, CDCl3) δ 7.40 – 7.34 (m, 2H), 7.32 – 7.26 (m, 2H), 7.23 – 7.14 
(m, 2H), 7.14 – 7.09 (m, 3H), 6.55 (dd, J = 16.0, 6.7 Hz, 1H), 6.30 – 6.21 (m, 1H), 3.85 
– 3.74 (m, 1H), 2.95 – 2.74 (m, 2H), 2.00 – 1.90 (m, 2H), 1.88 – 1.75 (m, 2H), 1.72 – 
1.59 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 144.2, 142.7, 137.7, 133.2, 129.8, 129.6, 128.5, 128.3, 
127.0, 126.3, 126.1, 126.0, 48.1, 36.3, 33.7, 29.0, 28.0. 
HRMS (APCI) m/z calcd. for C19H21 [M+H]+ 249.1638, found 249.1637. 
 
(S,E)-(3-ethyl-5-phenylpent-4-en-1-yn-1-yl)triisopropylsilane (60) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromopent-1-yn-1-yl) 
triisopropylsilane S60 (75.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 60 as a colorless oil (56.0 mg, 86% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.4 mL/min, λ = 
254 nm), tR (minor) = 10.72 min, tR (major) = 11.27 min. 
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.32 (m, 2H), 7.34 – 7.26 (m, 2H), 7.25 – 7.16 
(m, 1H), 6.75 (dd, J = 15.7, 1.6 Hz, 1H), 6.13 (dd, J = 15.7, 5.8 Hz, 1H), 3.30 – 3.20 
(m, 1H), 1.77 – 1.64 (m, 1H), 1.66 – 1.53 (m, 1H), 1.15 – 1.08 (m, 21H), 1.06 (t, J = 
7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 137.3, 130.4, 129.7, 128.5, 127.1, 126.2, 108.9, 83.7, 
37.2, 29.0, 18.6, 11.34, 11.31. 
HRMS (ESI) m/z calcd. for C22H35Si [M+H]+ 327.2503, found 327.2499. 
 
(S,E)-(3-ethyl-5-(3-methoxyphenyl)pent-4-en-1-yn-1-yl)triisopropylsilane (61) 

 
According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromopent-1-yn-1-yl) 
triisopropylsilane S60 (75.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
40/1) to yield the product 61 as a colorless oil (64.4 mg, 90% yield, 99% ee). 
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HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 12.91 min, tR (major) = 18.30 min. 
1H NMR (400 MHz, CDCl3) δ 7.27 – 7.18 (m, 1H), 6.96 (d, J = 7.7 Hz, 1H), 6.93 – 
6.87 (m, 1H), 6.81 – 6.74 (m, 1H), 6.73 (dd, J = 15.7, 1.6 Hz, 1H), 6.13 (dd, J = 15.7, 
5.8 Hz, 1H), 3.81 (s, 3H), 3.31 – 3.20 (m, 1H), 1.80 – 1.63 (m, 1H), 1.66 – 1.51 (m, 
1H), 1.13 – 1.08 (m, 21H), 1.05 (t, J = 7.5 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 138.7, 130.3, 130.0, 129.4, 118.9, 112.6, 111.7, 
108.8, 83.8, 55.1, 37.2, 28.9, 18.6, 11.3, 11.2. 
HRMS (ESI) m/z calcd. for C23H37OSi [M+H]+ 357.2608, found 357.2604. 
 
(S,E)-triisopropyl(3-phenethyl-5-(thiophen-3-yl)pent-4-en-1-yn-1-yl)silane (62) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-(2-(thiophen-3-yl)vinyl)- 
1,3,2-dioxaborinane 2h (47.2 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-phenylpent-
1- yn-1-yl)triisopropylsilane S69 (94.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether) to yield 
the product 62 as a colorless oil (70.1 mg, 86% yield, 99% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 22.85 min, tR (minor) = 30.87 min. 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.15 (m, 7H), 7.10– 7.07 (m, 1H), 6.77 (d, J = 
15.7 Hz, 1H), 5.99 (dd, J = 15.7, 5.8 Hz, 1H), 3.32 – 3.23 (m, 1H), 2.92 – 2.76 (m, 2H), 
2.00 – 1.81 (m, 2H), 1.16 – 1.07 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 141.8, 139.7, 129.4, 128.5, 128.4, 125.91, 125.86, 125.0, 
124.8, 121.5, 108.6, 84.4, 37.8, 35.1, 33.3, 18.7, 11.3. 
HRMS (ESI) m/z calcd. for C26H37SSi [M+H]+ 409.2380, found 409.2379. 
 
(S,E)-(3-ethyl-6-phenoxyhex-4-en-1-yn-1-yl)triisopropylsilane (63) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-(3-phenoxyprop-1- en-1-
yl)-1,3,2-dioxaborinane 2s (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromopent- 1-yn-
1-yl)triisopropylsilane S60 (75.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether/ethyl 
acetate = 40/1) to yield the product 63 as a colorless oil (58.6 mg, 82% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 6.02 min, tR (major) = 6.69 min. 
1H NMR (400 MHz, CDCl3) δ 7.33 – 7.21 (m, 2H), 6.98 – 6.87 (m, 3H), 6.09 – 5.97 
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(m, 1H), 5.84 – 5.71 (m, 1H), 4.54 (d, J = 5.7 Hz, 2H), 3.17 – 3.07 (m, 1H), 1.70 – 1.56 
(m, 1H), 1.59 – 1.46 (m, 1H), 1.11 – 1.03 (m, 21H), 1.01 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 158.6, 133.6, 129.3, 125.7, 120.7, 114.7, 108.6, 83.5, 
68.0, 36.7, 28.7, 18.6, 11.29, 11.25. 
HRMS (ESI) m/z calcd. for C23H37OSi [M+H]+ 357.2608, found 357.2603. 
 
(S,E)-triisopropyl(3-methyl-5-phenylpent-4-en-1-yn-1-yl)silane (64) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromobut-1-yn-1-yl) 
triisopropylsilane S64 (72.3 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 64 as a colorless oil (33.0 mg, 53% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.31 min, tR (major) = 7.91 min. 
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.32 (m, 2H), 7.35 – 7.26 (m, 2H), 7.26 – 7.17 
(m, 1H), 6.73 (dd, J = 15.7, 1.4 Hz, 1H), 6.16 (dd, J = 15.7, 5.6 Hz, 1H), 3.43 – 3.31 
(m, 1H), 1.36 (d, J = 7.1 Hz, 3H), 1.14 – 1.03 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 137.2, 131.0, 129.5, 128.5, 127.2, 126.2, 110.2, 82.6, 
29.9, 22.0, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C21H33Si [M+H]+ 313.2346, found 313.2344. 
 
(S,E)-triisopropyl(3-(3-methoxystyryl)hex-1-yn-1-yl)silane (65) 

 
According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromohex-1-yn-1-yl) 
triisopropylsilane S65 (79.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 65 as a colorless oil (56.0 mg, 76% yield, 96% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 6.14 min, tR (major) = 6.35 min. 
1H NMR (400 MHz, CDCl3) δ 7.22 (t, J = 7.9 Hz, 1H), 6.95 (d, J = 7.7 Hz, 1H), 6.92 
– 6.86 (m, 1H), 6.81 – 6.73 (m, 1H), 6.71 (dd, J = 15.7, 1.6 Hz, 1H), 6.13 (dd, J = 15.7, 
5.9 Hz, 1H), 3.81 (s, 3H), 3.39 – 3.22 (m, 1H), 1.69 – 1.42 (m, 4H), 1.15 – 1.05 (m, 
21H), 0.94 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 138.7, 130.3, 130.0, 129.4, 118.9, 112.6, 111.7, 
109.0, 83.6, 55.1, 38.0, 35.5, 20.2, 18.6, 13.8, 11.2. 
HRMS (ESI) m/z calcd. for C24H39OSi [M+H]+ 371.2765, found 371.2764. 
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(S,E)-triisopropyl(5-methyl-3-styrylhex-1-yn-1-yl)silane (66) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-methylhex-1-yn- 1-
yl)triisopropylsilane S66 (82.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 66 as a colorless oil (58.0 mg, 82% yield, 96% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.3 mL/min, λ = 
254 nm), tR (minor) = 13.20 min, tR (major) = 13.69 min. 
1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 7.2 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 7.21 
(t, J = 7.2 Hz, 1H), 6.73 (d, J = 15.7 Hz, 1H), 6.13 (dd, J = 15.7, 6.0 Hz, 1H), 3.43 – 
3.24 (m, 1H), 2.05 – 1.82 (m, 1H), 1.62 – 1.49 (m, 1H), 1.47 – 1.36 (m, 1H), 1.16 – 
1.01 (m, 21H), 0.95 (d, J = 6.6 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 137.3, 130.2, 129.9, 128.5, 127.1, 126.2, 109.1, 83.4, 
45.1, 33.9, 25.9, 23.0, 21.8, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C24H39Si [M+H]+ 355.2816, found 355.2813. 
 
(R,E)-(3-(tert-butyl)-5-(3-methoxyphenyl)pent-4-en-1-yn-1-yl)triisopropylsilane 
(67) 

 
According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-4,4-dimethylpent-1- 
yn-1-yl)triisopropylsilane S67 (82.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether) to yield 
the product 67 as a colorless oil (55.0 mg, 72% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 10.36 min, tR (major) = 11.42 min. 
1H NMR (400 MHz, CDCl3) δ 7.23 (t, J = 7.9 Hz, 1H), 6.97 (d, J = 7.7 Hz, 1H), 6.93 
– 6.88 (m, 1H), 6.81 – 6.75 (m, 1H), 6.70 (dd, J = 15.7, 1.4 Hz, 1H), 6.22 (dd, J = 15.7, 
6.8 Hz, 1H), 3.81 (s, 3H), 3.05 (dd, J = 6.8, 1.4 Hz, 1H), 1.14 – 1.07 (m, 21H), 1.04 (s, 
9H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 138.9, 132.0, 129.4, 127.5, 118.9, 112.5, 111.9, 
107.9, 84.7, 55.1, 47.7, 34.8, 27.5, 18.7, 11.3. 
HRMS (ESI) m/z calcd. for C25H41OSi [M+H]+ 385.2921, found 385.2921. 
 



55 
 

(S,E)-(3-benzyl-5-phenylpent-4-en-1-yn-1-yl)triisopropylsilane (68) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-4-phenylbut-1- yn-1-
yl)triisopropylsilane S68 (91.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 68 as a colorless oil (68.0 mg, 88% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 13.08 min, tR (major) = 18.66 min. 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.24 (m, 8H), 7.23 – 7.17 (m, 2H), 6.76 (dd, J = 
15.7, 1.6 Hz, 1H), 6.16 (dd, J = 15.7, 5.7 Hz, 1H), 3.69 – 3.48 (m, 1H), 2.93 (s, 1H), 
2.91 (s, 1H), 1.13 – 1.01 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 138.7, 137.1, 130.8, 129.4, 128.9, 128.5, 128.1, 127.3, 
126.3, 108.2, 84.9, 42.5, 37.8, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C27H37Si [M+H]+ 389.2659, found 389.2658. 
 
(S,E)-triisopropyl(3-phenethyl-5-phenylpent-4-en-1-yn-1-yl)silane (69) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-phenylpent-1- yn-
1-yl)triisopropylsilane S69 (94.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether) to yield 
the product 69 as a colorless oil (79.0 mg, 98% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 33.63 min, tR (major) = 35.92 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.25 (m, 6H), 7.24 – 7.16 (m, 4H), 6.77 (dd, J = 
15.7, 1.6 Hz, 1H), 6.14 (dd, J = 15.7, 5.8 Hz, 1H), 3.40 – 3.23 (m, 1H), 2.97 – 2.74 (m, 
2H), 2.09 – 1.77 (m, 2H), 1.20 – 1.03 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 141.8, 137.1, 130.6, 129.4, 128.56, 128.52, 128.3, 127.2, 
126.3, 125.8, 108.6, 84.4, 37.7, 35.2, 33.2, 18.7, 11.3. 
HRMS (ESI) m/z calcd. for C28H39Si [M+H]+ 403.2816, found 403.2813. 
 
(S,E)-triisopropyl(3-(2-(5-methylfuran-2-yl)ethyl)-5-phenylpent-4-en-1-yn-1-
yl)silane (70) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-(5-methylfuran- 2-
yl)pent-1-yn-1-yl)triisopropylsilane S70 (95.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum ether) 
to yield the product 70 as a colorless oil (71.0 mg, 87% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 17.30 min, tR (major) = 20.81 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.33 (m, 2H), 7.32 – 7.26 (m, 2H), 7.24 – 7.17 
(m, 1H), 6.77 (dd, J = 15.7, 1.6 Hz, 1H), 6.13 (dd, J = 15.7, 5.9 Hz, 1H), 5.88 (d, J = 
3.0 Hz, 1H), 5.85 – 5.81 (m, 1H), 3.46 – 3.29 (m, 1H), 2.80 (t, J = 7.7 Hz, 2H), 2.24 (s, 
3H), 2.05 – 1.94 (m, 1H), 1.93 – 1.82 (m, 1H), 1.18 – 1.04 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 153.5, 150.4, 137.1, 130.7, 129.2, 128.5, 127.2, 126.3, 
108.3, 105.8, 105.7, 84.3, 35.1, 34.3, 25.5, 18.6, 13.4, 11.2. 
HRMS (ESI) m/z calcd. for C27H39OSi [M+H]+ 407.2765, found 407.2760. 
 
(S,E)-triisopropyl(3-styryloct-7-en-1-yn-1-yl)silane (71) 

  
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromooct-7-en-1-yn-1-yl) 
triisopropylsilane S71 (85.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 71 as a colorless oil (57.0 mg, 78% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.89 min, tR (major) = 8.25 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.27 (m, 4H), 7.23 – 7.17 (m, 1H), 6.74 (dd, J = 
15.7, 1.5 Hz, 1H), 6.13 (dd, J = 15.7, 5.9 Hz, 1H), 5.87 – 5.74 (m, 1H), 5.05 – 4.93 (m, 
2H), 3.35 – 3.27 (m, 1H), 2.23 – 2.01 (m, 2H), 1.75 – 1.55 (m, 4H), 1.19 – 1.00 (m, 
21H). 
13C NMR (101 MHz, CDCl3) δ 138.5, 137.2, 130.3, 129.8, 128.5, 127.2, 126.2, 114.5, 
108.9, 83.8, 35.6, 35.3, 33.4, 26.2, 18.6, 11.3. 
HRMS (ESI) m/z calcd. for C25H39Si [M+H]+ 367.2816, found 367.2814. 
 
Triisopropyl((S,Z)-3-((E)-styryl)undec-8-en-1-yn-1-yl)silane (72) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromooct-7-en-1-yn-1-yl) 
triisopropylsilane S72 (96.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 72 as a colorless oil (73.0 mg, 89% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 8.25 min, tR (major) = 9.12 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.33 (m, 2H), 7.33 – 7.27 (m, 2H), 7.23 – 7.18 
(m, 1H), 6.74 (dd, J = 15.7, 1.5 Hz, 1H), 6.13 (dd, J = 15.7, 5.9 Hz, 1H), 5.41 – 5.27 
(m, 2H), 3.36 – 3.24 (m, 1H), 2.13 – 1.94 (m, 4H), 1.73 – 1.47 (m, 4H), 1.45 – 1.32 (m, 
2H), 1.17 – 1.03 (m, 21H), 0.95 (t, J = 7.6 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 137.3, 131.7, 130.2, 129.9, 128.9, 128.5, 127.1, 126.2, 
109.0, 83.7, 35.8, 35.7, 29.4, 27.0, 26.6, 20.5, 18.6, 14.3, 11.3. 
HRMS (ESI) m/z calcd. for C28H45Si [M+H]+ 409.3285, found 409.3285. 
 
Ethyl (S,E)-8-phenyl-6-((triisopropylsilyl)ethynyl)oct-7-enoate (73) 

  
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and ethyl 6-bromo-8- 
(triisopropylsilyl)oct-7-ynoate S73 (100.9 mg, 0.25 mmol, 1.25 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 20/1) to yield the product 73 as a colorless oil (67.0 mg, 79% yield, 
98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 6.63 min, tR (major) = 8.09 min. 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.33 (m, 2H), 7.33 – 7.27 (m, 2H), 7.24 – 7.18 
(m, 1H), 6.74 (dd, J = 15.7, 1.6 Hz, 1H), 6.12 (dd, J = 15.7, 5.9 Hz, 1H), 4.11 (q, J = 
7.1 Hz, 2H), 3.41 – 3.26 (m, 1H), 2.30 (t, J = 7.5 Hz, 2H), 1.77 – 1.48 (m, 6H), 1.24 (t, 
J = 7.1 Hz, 3H), 1.13 – 1.06 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 173.6, 137.1, 130.4, 129.6, 128.4, 127.2, 126.2, 108.7, 
83.8, 60.1, 35.5, 35.5, 34.2, 26.5, 24.7, 18.6, 14.2, 11.2. 
HRMS (ESI) m/z calcd. for C27H43O2Si [M+H]+ 427.3027, found 427.3025. 
 
(S,E)-6-phenyl-4-((triisopropylsilyl)ethynyl)hex-5-enenitrile (74) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 4-bromo-6-(triisopropylsilyl) 
hex-5-ynenitrile S74 (82.1 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
20/1) to yield the product 74 as a colorless oil (57.0 mg, 81% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 11.76 min, tR (major) = 13.48 min. 
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.29 (m, 4H), 7.28 – 7.21 (m, 1H), 6.80 (dd, J = 
15.7, 1.6 Hz, 1H), 6.07 (dd, J = 15.7, 5.8 Hz, 1H), 3.59 – 3.42 (m, 1H), 2.65 – 2.46 (m, 
2H), 2.19 – 2.00 (m, 1H), 1.98 – 1.82 (m, 1H), 1.17 – 1.03 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 136.4, 132.1, 128.5, 127.7, 127.0, 126.3, 119.3, 105.9, 
86.2, 34.7, 31.2, 18.6, 14.5, 11.1. 
HRMS (ESI) m/z calcd. for C23H34NSi [M+H]+ 352.2455, found 352.2451. 
 
(S,E)-(6-(5,5-dimethyl-1,3-dioxan-2-yl)-3-styrylhex-1-yn-1-yl)triisopropylsilane 
(75) 

  
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-6-(5,5-dimethyl- 1,3-
dioxan-2- yl)hex-1-yn-1-yl)triisopropylsilane S75 (107.9 mg, 0.25 mmol, 1.25 equiv) 
for 5 d, the reaction mixture was purified by column chromatography on silica gel 
(petroleum ether/ethyl acetate = 20/1) to yield the product 75 as a colorless oil (84.0 
mg, 92% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 10.58 min, tR (major) = 22.95 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.33 (m, 2H), 7.32 – 7.27 (m, 2H), 7.23 – 7.18 
(m, 1H), 6.74 (dd, J = 15.7, 1.6 Hz, 1H), 6.13 (dd, J = 15.7, 5.9 Hz, 1H), 4.42 – 4.38 
(m, 1H), 3.58 (d, J = 11.3 Hz, 2H), 3.40 (d, J = 10.7 Hz, 2H), 3.34 – 3.26 (m, 1H), 1.78 
– 1.58 (m, 6H), 1.18 (s, 3H), 1.14 – 1.03 (m, 21H), 0.70 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 137.2, 130.3, 129.7, 128.4, 127.1, 126.2, 108.8, 102.0, 
83.8, 77.1, 35.8, 35.7, 34.5, 30.0, 22.9, 21.8, 21.5, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C29H47O2Si [M+H]+ 455.3340, found 455.3339. 
 
(S,E)-(7-(benzyloxy)-3-styrylhept-1-yn-1-yl)triisopropylsilane (76) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (7-(benzyloxy)-3-bromohept- 
1-yn-1-yl)triisopropylsilane S76 (109.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether/ethyl 
acetate = 40/1) to yield the product 76 as a colorless oil (66.0 mg, 72% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.37 min, tR (major) = 14.31 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.17 (m, 10H), 6.74 (dd, J = 15.7, 1.6 Hz, 1H), 
6.13 (dd, J = 15.7, 5.9 Hz, 1H), 4.49 (s, 2H), 3.47 (t, J = 6.0 Hz, 2H), 3.34 – 3.26 (m, 
1H), 1.73 – 1.57 (m, 6H), 1.16 – 1.01 (m, 21H). 
13C NMR (101 MHz, CDCl3) δ 138.6, 137.2, 130.3, 129.7, 128.4, 128.3, 127.5, 127.4, 
127.2, 126.2, 108.9, 83.7, 72.8, 70.2, 35.74, 35.70, 29.4, 23.6, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C31H45OSi [M+H]+ 461.3234, found 461.3232. 
 
(S,E)-6-phenyl-4-((triisopropylsilyl)ethynyl)hex-5-en-1-yl benzoate (77) 

  
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and 4-bromo-6-(triisopropylsilyl) 
hex-5-yn-1-yl benzoate S77 (109.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction 
mixture was purified by column chromatography on silica gel (petroleum ether/ethyl 
acetate = 40/1) to yield the product 77 as a colorless oil (72.0 mg, 78% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 8.37 min, tR (major) = 10.20 min. 
1H NMR (400 MHz, CDCl3) δ 8.10 – 7.98 (m, 2H), 7.60 – 7.50 (m, 1H), 7.46 – 7.39 
(m, 2H), 7.38 – 7.34 (m, 2H), 7.33 – 7.28 (m, 2H), 7.26 – 7.18 (m, 1H), 6.78 (dd, J = 
15.7, 1.6 Hz, 1H), 6.15 (dd, J = 15.7, 5.8 Hz, 1H), 4.42 – 4.33 (m, 2H), 3.45 – 3.36 (m, 
1H), 2.10 – 1.93 (m, 2H), 1.91 – 1.80 (m, 1H), 1.80 – 1.69 (m, 1H), 1.15 – 1.05 (m, 
21H). 
13C NMR (101 MHz, CDCl3) δ 166.5, 137.0, 132.8, 130.7, 130.3, 129.5, 129.2, 128.5, 
128.2, 127.3, 126.3, 108.2, 84.4, 64.6, 35.4, 32.4, 26.2, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C30H41O2Si [M+H]+ 461.2870, found 461.2868. 
 
(S,E)-(6-chloro-3-styrylhex-1-yn-1-yl)triisopropylsilane (78) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-6-chlorohex-1- yn-1-
yl)triisopropylsilane S78 (88.0 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 78 as a colorless oil (66.0 mg, 88% yield, 99% ee). 
HPLC analysis: Chiralcel OD-H connected with Chiralcel OD-3 (n-hexane/i-PrOH = 
100/0, flow rate 0.35 mL/min, λ = 254 nm), tR (minor) = 52.87 min, tR (major) = 54.87 
min. 
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.27 (m, 4H), 7.26 – 7.18 (m, 1H), 6.77 (dd, J = 
15.7, 1.6 Hz, 1H), 6.12 (dd, J = 15.7, 5.8 Hz, 1H), 3.59 (t, J = 6.5 Hz, 2H), 3.42 – 3.31 
(m, 1H), 2.11 – 1.92 (m, 2H), 1.91 – 1.80 (m, 1H), 1.78 – 1.64 (m, 1H), 1.20 – 1.01 (m, 
21H). 
13C NMR (101 MHz, CDCl3) δ 137.0, 130.8, 129.0, 128.5, 127.3, 126.3, 108.0, 84.5, 
44.7, 35.0, 32.9, 29.9, 18.6, 11.2. 
HRMS (ESI) m/z calcd. for C23H36ClSi [M+H]+ 375.2269, found 375.2257. 
 
(S,E)-triethyl(5-(3-methoxyphenyl)-3-phenethylpent-4-en-1-yn-1-yl)silane (79) 

 
According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-phenylpent- 1-yn-
1-yl)triethylsilane S79 (84.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
40/1) to yield the product 79 as a colorless oil (58.0 mg, 74% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.76 min, tR (major) = 8.88 min. 
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.25 (m, 2H), 7.25 – 7.12 (m, 4H), 6.95 (d, J = 
7.6 Hz, 1H), 6.90 – 6.86 (m, 1H), 6.82 – 6.72 (m, 1H), 6.67 (dd, J = 15.7, 1.5 Hz, 1H), 
6.12 (dd, J = 15.7, 6.1 Hz, 1H), 3.80 (s, 3H), 3.33 – 3.22 (m, 1H), 2.92 – 2.74 (m, 2H), 
2.07 – 1.77 (m, 2H), 1.05 (t, J = 7.9 Hz, 9H), 0.65 (q, J = 7.9 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 141.7, 138.6, 130.5, 129.7, 129.4, 128.5, 128.3, 
125.8, 119.0, 112.8, 111.7, 108.0, 85.6, 55.1, 37.5, 35.2, 33.2, 7.5, 4.5. 
HRMS (ESI) m/z calcd. for C26H35OSi [M+H]+ 391.2452, found 391.2452. 
 
(S,E)-tert-butyl(5-(3-methoxyphenyl)-3-phenethylpent-4-en-1-yn-1-
yl)dimethylsilane (80) 
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According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-phenylpent- 1-yn-
1-yl)(tert-butyl)dimethylsilane S80 (84.4 mg, 0.25 mmol, 1.25 equiv) for 5 d, the 
reaction mixture was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 40/1) to yield the product 80 as a colorless oil (63.0 mg, 81% yield, 
98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.72 min, tR (major) = 9.05 min. 
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.25 (m, 2H), 7.26 – 7.14 (m, 4H), 6.95 (d, J = 
7.7 Hz, 1H), 6.91 – 6.86 (m, 1H), 6.82 – 6.71 (m, 1H), 6.65 (dd, J = 15.7, 1.5 Hz, 1H), 
6.12 (dd, J = 15.7, 6.2 Hz, 1H), 3.80 (s, 3H), 3.36 – 3.18 (m, 1H), 2.96 – 2.67 (m, 2H), 
2.04 – 1.83 (m, 2H), 0.99 (s, 9H), 0.15 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 141.7, 138.5, 130.6, 129.6, 129.4, 128.5, 128.3, 
125.8, 119.0, 112.8, 111.7, 107.5, 86.5, 55.1, 37.4, 35.1, 33.2, 26.1, 16.5, -4.39. 
HRMS (ESI) m/z calcd. for C26H35OSi [M+H]+ 391.2452, found 391.2449. 
 
(S,E)-1-(6,6-dimethyl-3-phenethylhept-1-en-4-yn-1-yl)-3-methoxybenzene (81) 

 
According to general produce D with (E)-2-(3-methoxystyryl)-4,4,6-trimethyl-1,3,2- 
dioxaborinane 2y (52.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-6,6-dimethylhept- 4-
yn-1-yl)benzene S81 (69.8 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 
40/1) to yield the product 81 as a colorless oil (56.0 mg, 84% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 95/5, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 7.71 min, tR (major) = 8.75 min. 
1H NMR (400 MHz, CDCl3) δ 7.31 – 7.25 (m, 2H), 7.24 – 7.14 (m, 4H), 6.95 (d, J = 
7.7 Hz, 1H), 6.91 – 6.88 (m, 1H), 6.81 – 6.71 (m, 1H), 6.59 (dd, J = 15.6, 1.5 Hz, 1H), 
6.12 (dd, J = 15.6, 6.3 Hz, 1H), 3.80 (s, 3H), 3.23 – 3.11 (m, 1H), 2.89 – 2.70 (m, 2H), 
1.98 – 1.77 (m, 2H), 1.28 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 159.7, 142.0, 138.7, 130.9, 129.9, 129.4, 128.5, 128.3, 
125.7, 119.0, 112.7, 111.6, 93.1, 78.5, 55.1, 37.7, 34.1, 33.2, 31.4, 27.5. 
HRMS (ESI) m/z calcd. for C24H29O [M+H]+ 333.2213, found 333.2210. 
 
(S,E)-(3-(cyclohexylethynyl)pent-1-ene-1,5-diyl)dibenzene (82) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromo-5-cyclohexylpent- 4-
yn-1-yl)benzene S82 (76.3 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture 
was purified by column chromatography on silica gel (petroleum ether) to yield the 
product 82 as a colorless oil (56.0 mg, 85% yield, 97% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 100/0, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 54.92 min, tR (major) = 57.51 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.33 (m, 2H), 7.32 – 7.25 (m, 4H), 7.24 – 7.15 
(m, 4H), 6.64 (dd, J = 15.7, 1.5 Hz, 1H), 6.14 (dd, J = 15.7, 6.3 Hz, 1H), 3.31 – 3.14 
(m, 1H), 2.93 – 2.71 (m, 2H), 2.55 – 2.41 (m, 1H), 1.98 – 1.80 (m, 4H), 1.79 – 1.70 (m, 
2H), 1.56 – 1.45 (m, 3H), 1.39 – 1.26 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.9, 137.2, 130.5, 130.0, 128.5, 128.4, 128.3, 127.1, 
126.2, 125.7, 88.6, 80.2, 37.7, 34.3, 33.2, 33.1, 29.1, 25.9, 24.8. 
HRMS (ESI) m/z calcd. for C25H29 [M+H]+ 329.2264, found 329.2261. 
 
(S,E)-(3-(hex-1-yn-1-yl)pent-1-ene-1,5-diyl)dibenzene (83) 

 
According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromonon-4-yn-1-yl) 
benzene S83 (69.8 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture was purified 
by column chromatography on silica gel (petroleum ether) to yield the product 83 as a 
colorless oil (54.0 mg, 89% yield, 94% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, λ = 
254 nm), tR (minor) = 14.81 min, tR (major) = 16.63 min. 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.34 (m, 2H), 7.33 – 7.24 (m, 4H), 7.24 – 7.14 
(m, 4H), 6.63 (dd, J = 15.7, 1.5 Hz, 1H), 6.13 (dd, J = 15.7, 6.4 Hz, 1H), 3.33 – 3.12 
(m, 1H), 2.91 – 2.67 (m, 2H), 2.34 – 2.17 (m, 2H), 1.98 – 1.80 (m, 2H), 1.62 – 1.40 (m, 
4H), 0.94 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.9, 137.2, 130.5, 130.1, 128.5, 128.4, 128.3, 127.1, 
126.2, 125.7, 84.2, 80.3, 37.7, 34.3, 33.2, 31.2, 21.9, 18.5, 13.6. 
HRMS (ESI) m/z calcd. for C23H27 [M+H]+ 303.2107, found 303.2105. 
 
(S,E)-(3-phenethylpent-1-en-4-yne-1,5-diyl)dibenzene (84) 
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According to general produce D with (E)-4,4,6-trimethyl-2-styryl-1,3,2- 
dioxaborinane 2a (46.0 mg, 0.20 mmol, 1.0 equiv) and (3-bromopent-1-yne-1,5-diyl) 
dibenzene S84 (74.8 mg, 0.25 mmol, 1.25 equiv) for 5 d, the reaction mixture was 
purified by column chromatography on silica gel (petroleum ether) to yield the product 
84 as a colorless oil (51.0 mg, 79% yield, 96% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 15.20 min, tR (major) = 16.81 min. 
1H NMR (400 MHz, CDCl3) δ 7.52 – 7.45 (m, 2H), 7.40 – 7.35 (m, 2H), 7.34 – 7.27 
(m, 7H), 7.26 – 7.17 (m, 4H), 6.70 (dd, J = 15.7, 1.3 Hz, 1H), 6.20 (dd, J = 15.7, 6.6 
Hz, 1H), 3.54 – 3.38 (m, 1H), 2.98 – 2.80 (m, 2H), 2.03 (q, J = 7.6 Hz, 2H). 
13C NMR (101 MHz, CDCl3) δ 141.6, 137.0, 131.6, 130.6, 129.5, 128.56, 128.51, 128.4, 
128.2, 127.8, 127.3, 126.3, 125.9, 123.6, 90.1, 84.1, 37.3, 34.8, 33.3. 
HRMS (ESI) m/z calcd. for C25H23 [M+H]+ 323.1794, found 323.1792. 
 
Synthetic utility 
Gram-scale reaction 

 
An oven-dried Schlenk tube equipped with a magnetic stirring bar was charged with 
CuI (9.5 mg, 1 mol%), chiral ligand L9 (39.7 mg, 1.5 mol%), LiOtBu (800.5 mg, 2.0 
equiv). The tube was evacuated and backfilled with argon three times. Then DMF (25.0 
mL) and H2O (90.0 mg, 1.0 equiv) were added under a counter flow of argon. Finally 
alkenylboronate esters 2a (1.15 g, 5.0 mmol), and benzyl bromide 1a (1.493 g, 7.5 
mmol, 1.5 equiv) were added by syringe under a counter flow of argon. The tube was 
sealed and the mixture was allowed to stir at −20 oC for 8 d. Upon completion of the 
reaction, water was poured into the mixture. The mixture was extracted with CH2Cl2 (3 
× 15 mL). The combined organic phase was dried over anhydrous Na2SO4, filtered and 
concentrated under reduced pressure. The crude product was purified by column 
chromatography on silica gel (petroleum ether) to afford the desired product 3 as a 
colorless oil (812.3 mg, 73% yield, 94% ee). 
 
Synthesis of chiral building blocks 
(S)-3-(naphthalen-2-yl)pentan-1-ol (85)15 
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To a cooled solution of 37 (40 mg, 0.2 mmol) in THF (2.0 mL) was added a solution of 
BH3·THF (1M in THF, 0.4 mL, 0.4 mmol) at ice water bath. The reaction mixture was 
stirred for 0.5 h, then it was allowed to reach room temperature. EtOH (2.5 mL), aq 
NaOH (1 M, 2.5 mL) and aq H2O2 (30%, 1.0 mL) were added sequentially. The 
resulting mixture was stirred vigorously overnight at room temperature, and then 
quenched with aq Na2S2O3 (10 mL). The aqueous phase was extracted with CH2Cl2 (2 
× 20 mL). The combined organic layer was dried over Na2SO4, filtered and 
concentrated under reduced pressure. The crude product was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to afford 85 as a 
colorless oil. (38.0 mg, 89% yield, 90% ee)  
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 11.23 min, tR (minor) = 12.48 min. 
1H NMR (400 MHz, CDCl3) δ 7.83 – 7.74 (m, 3H), 7.59 (s, 1H), 7.49 – 7.38 (m, 2H), 
7.31 (dd, J = 8.5, 1.8 Hz, 1H), 3.58 – 3.40 (m, 2H), 2.82 – 2.68 (m, 1H), 2.06 – 1.95 
(m, 1H), 1.94 – 1.84 (m, 1H), 1.80 – 1.62 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 142.3, 133.5, 132.3, 128.1, 127.6, 127.5, 126.4, 125.9, 
125.7, 125.2, 61.2, 44.3, 39.1, 29.7, 12.1. 
 
(R)-2-phenylbutanoic acid (86)16 

 
To a solution of 25 (29 mg, 0.2 mmol) and NaIO4 (170 mg, 0.8 mmol) in 
CCl4/MeCN/H2O (1:1:1.5, 1.4 mL) was added RuCl3·H2O (2.3 mg, 0.01 mmol). The 
reaction mixture was stirred vigorously overnight. Afterward, CH2Cl2 (10 mL) and H2O 
(5 mL) were added, and the organic layer was separated. The aqueous layer was further 
extracted with CH2Cl2 (3 × 10 mL), and the combined organic phase was dried over 
MgSO4, filtered and concentrated under reduced pressure. The residue was dissolved 
in EtOAc (10 mL) and extracted with sat. aq NaHCO3 (3 × 5 mL). The combined 
aqueous phase was acidified and extracted with CH2Cl2 (3 × 10 mL), dried over MgSO4, 
filtered and concentrated in vacuo to afford the crude product. The residue was purified 
by column chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 10/1 
– 3/1) to give the corresponding product 86 as a white solid (20.0 mg, 61% yield).  
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.29 (m, 4H), 7.28 – 7.23 (m, 1H), 3.45 (t, J = 
7.7 Hz, 1H), 2.18 – 2.02 (m, 1H), 1.88 – 1.73 (m, 1H), 0.90 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 178.0, 138.4, 128.6, 128.1, 127.4, 53.3, 26.3, 12.1. 
Note: The ee value (92%) of product 86 was determined by chiral HPLC analysis of 
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methyl (R)-2-phenylbutanoate (87), which was obtained by transformation of product 
86. 
 
Methyl (R)-2-phenylbutanoate (87)16 

 
To a solution of 86 (21 mg, 0.13 mmol) in MeOH (5 mL) was added SOCl2 (30.9 mg, 
0.26 mmol). This mixture was heated to reflux for 3 h before evaporation. The residue 
was dissolved in DCM (30 mL), washed sequentially with aqueous NaHCO3, water and 
brine, dried over anhydrous Na2SO4, filtered and concentrated to give the crude residue. 
The residue was purified by column chromatography on silica gel (eluent: petroleum 
ether/ethyl acetate = 10/1) to give the corresponding product 87 as a white solid (18.0 
mg, 78% yield, 92% ee).  
HPLC analysis: Chiralcel AS-3 (n-hexane/i-PrOH = 99/1, flow rate 1.0 mL/min, λ = 
214 nm), tR (minor) = 4.40 min, tR (major) = 4.89 min. 
1H NMR (400 MHz, CDCl3) δ 7.36 – 7.20 (m, 5H), 3.65 (s, 3H), 3.45 (t, J = 7.7 Hz, 
1H), 2.18 – 2.02 (m, 1H), 1.87 – 1.72 (m, 1H), 0.89 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 174.5, 139.1, 128.5, 127.9, 127.2, 53.4, 51.9, 26.7, 12.1. 
 
(S)-4-(1-phenylpentan-3-yl)-1,1'-biphenyl (88)17 

 
The procedure is followed the general produce C, except the following changes: After 
completion of the reaction, the reaction mixture was filtered by a short pad of silica gel 
(petroleum ether/ethyl acetate = 10/1) and concentrated under reduced pressure. Then 
crude product was dissolved in MeOH (5 mL) and followed by the addition of 10 mg 
Pd/C as solid (10 wt.%, wetted with ca. 55% water). Then a hydrogen-filled balloon 
was attached. The reaction was stirred at room temperature for 5 h. The resulting 
mixture was filtered and concentrated, and the residue was purified by column 
chromatography on silica gel as a colorless oil (39.0 mg, 65% yield, 93% ee). 
HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 99.5/0.5, flow rate 1.0 mL/min, λ = 
254 nm), tR (major) = 15.34 min, tR (minor) = 25.88 min. 
1H NMR (400 MHz, CDCl3) δ 7.73 – 7.66 (m, 2H), 7.66 – 7.59 (m, 2H), 7.54 – 7.46 
(m, 2H), 7.43 – 7.36 (m, 1H), 7.36 – 7.28 (m, 4H), 7.27 – 7.16 (m, 3H), 2.65 – 2.50 (m, 
3H), 2.15 – 1.92 (m, 2H), 1.87 – 1.61 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 144.6, 142.6, 128.7, 128.4, 128.2, 127.0, 126.9, 125.6, 
47.0, 38.1, 33.9, 29.8, 12.1. 
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(S,E)-(3-ethynylpent-1-ene-1,5-diyl)dibenzene (89-1): 

 
The (S,E)-triisopropyl(3-phenethyl-5-phenylpent-4-en-1-yn-1-yl)silane 69 (80.5 mg, 
0.20 mmol, 1.0 equiv) was dissolved in anhydrous THF (1 mL) under argon atmosphere 
in a 10 mL Schlenk flask. Then TBAF (0.72 mL, 0.72 mmol, 3.6 equiv, 1 M in THF) 

were added into the solution in three batches, and the mixture was stirred for 3 h at –
10 °C. Upon completion of the reaction. The reaction mixture was poured into water 
(10 mL) and extracted with dichloromethane (3 × 10 mL). The combined organic layers 
were dried over MgSO4, filtered, and concentrated under reduced pressure to give the 
crude product. The crude product was purified by column chromatography on silica gel 
(petroleum ether/ethyl acetate = 40/1) to yield the product 89-1 as a colorless oil (35.0 
mg, 71% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 10.25 min, tR (major) = 11.32 min. 
1H NMR (400 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.33 – 7.26 (m, 4H), 7.25 – 7.16 
(m, 4H), 6.66 (dd, J = 15.8, 1.4 Hz, 1H), 6.13 (dd, J = 15.8, 6.5 Hz, 1H), 3.30 – 3.18 
(m, 1H), 2.94 – 2.71 (m, 2H), 2.33 (d, J = 2.4 Hz, 1H), 2.03 – 1.88 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 141.4, 136.9, 130.8, 128.9, 128.52, 128.51, 128.3, 127.4, 
126.3, 125.9, 84.6, 71.8, 37.1, 33.9, 33.0. 
HRMS (ESI) m/z calcd. for C19H19 [M+H]+ 247.1481, found 247.1478. 
 
(R,E)-3-phenethyl-5-phenylpent-4-enal (89): 

 
In a nitrogen-filled drybox, a 10-mL vial was charged sequentially with 5,5'-
bis(trifluoromethyl)-2,2'-bipyridine (1.31 mg, 45 μmol, 0.045 equiv), tris(acetonitrile) 
(η5-cyclopentadienyl)ruthenium hexafluorophosphate (1.95 mg, 45 μmol, 0.045 equiv), 
a mixture of water–N-methyl-2-pyrrolidinone (20% v/v, 0.5 mL), and (S,E)-(3-
ethynylpent-1-ene-1,5-diyl)dibenzene (89-1, 24.6 mg, 0.1 mmol, 1.0 equiv). The vial 
was sealed with a Teflon-lined cap and the sealed vial was removed from the drybox. 
The mixture was stirred for 24 h at 25 oC. Upon completion of the reaction. The reaction 
mixture was poured into water (10 mL) and extracted with dichloromethane (3 × 10 
mL). The combined organic layers were dried over MgSO4, filtered, and concentrated 
under reduced pressure to give the crude product. The crude product was purified by 
column chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to yield the 
product 89 as a colorless oil (22.2 mg, 84% yield). The ee value of 89 was determined 
by converting it to the corresponding alcohol 90. 
1H NMR (400 MHz, CDCl3) δ 9.73 (t, J = 2.2 Hz, 1H), 7.40 – 7.14 (m, 10H), 6.45 (d, 
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J = 15.8 Hz, 1H), 6.07 (dd, J = 15.8, 8.8 Hz, 1H), 2.89 – 2.77 (m, 1H), 2.76 – 2.67 (m, 
1H), 2.65 – 2.58 (m, 1H), 2.54 (dd, J = 6.9, 2.2 Hz, 2H), 1.91 – 1.68 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 201.9, 141.7, 136.9, 132.1, 131.4, 128.5, 128.4, 128.4, 
127.4, 126.2, 125.9, 49.1, 37.4, 36.7, 33.3. 
HRMS (ESI) m/z calcd. for C19H21O [M+H]+ 265.1587, found 265.1587. 
 
(R,E)-3-phenethyl-5-phenylpent-4-en-1-ol (90): 

 
To an ordinary vial equipped with a magnetic stirring bar was added aldehyde 89 (13.2 
mg, 0.05 mmol, 1 equiv) in CH2Cl2 (0.5 mL) at ambient temperature. MeOH (0.1 mL) 
and NaBH4 (9.5 mg, 0.25 mmol, 5 equiv) was added, and the reaction was run until 
determined complete by TLC (CH2Cl2 as eluent). The reaction was quenched by 
addition of NH4Cl and extracted with CH2Cl2 followed by drying with MgSO4. The 
combined organic layers were dried over MgSO4, filtered, and concentrated under 
reduced pressure to give the crude product. The crude product was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to yield the product 
90 as a colorless oil (12.9 mg, 97% yield, 98% ee). 
HPLC analysis: Chiralcel OD-3 (n-hexane/i-PrOH = 80/20, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 12.03 min, tR (major) = 13.27 min. 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.35 (m, 2H), 7.35 – 7.12 (m, 8H), 6.42 (d, J = 
15.8 Hz, 1H), 6.01 (dd, J = 15.8, 9.3 Hz, 1H), 3.73 – 3.62 (m, 2H), 2.73 – 2.66 (m, 1H), 
2.62 – 2.54 (m, 1H), 2.40 – 2.33 (m, 1H), 1.86 – 1.74 (m, 2H), 1.75 – 1.66 (m, 1H), 
1.65 – 1.56 (m, 1H), 1.32 (s, 1H). 
13C NMR (101 MHz, CDCl3) δ 142.4, 137.3, 134.1, 130.9, 128.5, 128.4, 128.3, 127.1, 
126.1, 125.7, 61.1, 40.0, 38.3, 37.4, 33.6. 
HRMS (ESI) m/z calcd. for C19H23O [M+H]+ 267.1743, found 267.1740. 
 
The general procedures for late-stage 

 
Under an argon atmosphere, alkane (0.3 mmol, 1.0 equiv) was dissolved in 

tetrachloromethane (2.0 mL), followed by the addition of N-bromosuccinimide (58.7 
mg, 1.1 equiv) and benzoyl peroxide (3.6 mg, 5 mol%). The reaction mixture was 
stirred at 80 °C for 6 h. Upon completion of the reaction, the reaction mixture was 
cooled to room temperature, and then filtered. The filtrate was washed with sodium 
thiosulfate aqueous solution (1 M), and the mixture was extracted with CH2Cl2 (3 × 5 
mL). The combined organic phase was dried over anhydrous Na2SO4, filtered and 
concentrated under reduced pressure. The crude product was used directly for the next 
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step without further purification. 
The crude product was transferred to a schlenk tube. The tube was evacuated and 

backfilled with argon three times. DMF (1.0 mL) was added via syringe, followed by 
the addition of CuI (1.90 mg), Chiral ligand L9 (7.93 mg, 7.5 mol%) and LiOtBu (32.0 
mg, 2.0 equiv). Then DMF (1.0 mL) and H2O (3.6 mg, 1.0 equiv) were added under a 
counter flow of argon. Finally, alkenylboronate esters 2w (32.8 mg, 0.2 mmol) was 
added by microsyringe. The mixture was allowed to stir at −20 oC for 4 d. Upon 
completion of the reaction (monitored by TLC), water was poured into the reaction 
mixture. The mixture was extracted with CH2Cl2 (3 × 5 mL). The combined organic 
phase was dried over anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The crude product was purified by column chromatography on silica gel to 
afford the desired product. 

 
(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-((S)-but-3-en-2-yl)benzoate (91) 

 
According to the general procedure, (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-
ethylbenzoate was employed to yield the product 91 as a colorless oil (30.0 mg, 48% 
yield, dr>20:1). Dr value was based on 1H NMR analysis of the crude product. 
1H NMR (400 MHz, CDCl3) δ 8.01 – 7.95 (m, 2H), 7.31 – 7.23 (m, 2H), 6.04 – 5.94 
(m, 1H), 5.11 – 5.03 (m, 2H), 4.97– 4.87 (m, 1H), 3.58 – 3.47 (m, 1H), 2.16 – 2.08 (m, 
1H), 2.00 – 1.90 (m, 1H), 1.77 – 1.68 (m, 2H), 1.62 – 1.50 (m, 3H), 1.37 (d, J = 7.0 Hz, 
3H), 1.23 – 1.04 (m, 2H), 0.97 – 0.87 (m, 6H), 0.79 (d, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 166.0, 150.7, 142.3, 129.8, 128.8, 127.2, 113.8, 74.6, 
47.3, 43.2, 41.0, 34.3, 31.4, 26.5, 23.6, 22.0, 20.8, 20.6, 16.5. 
HRMS (ESI) m/z calcd. for C21H30O2Na [M+Na]+ 337.2138, found 337.2144. 
 
Methyl (S)-4'-(oct-1-en-3-yl)-[1,1'-biphenyl]-4-carboxylate (92) 

 

According to the general procedure, methyl 4'-hexyl-[1,1'-biphenyl]-4-carboxylate was 
employed to yield the product 92 as a white solid (30.3 mg, 47% yield, 87% ee). 
HPLC analysis: Chiralcel OJ-3 (n-hexane/i-PrOH = 99/1, flow rate 0.6 mL/min, λ = 
254 nm), tR (minor) = 22.14 min, tR (major) = 24.70 min 
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1H NMR (400 MHz, CDCl3) δ 8.11 – 8.06 (m, 2H), 7.67 – 7.62 (m, 2H), 7.59 – 7.53 
(m, 2H), 7.31 – 7.26 (m, 2H), 6.03 – 5.91 (m, 1H), 5.10 – 5.00 (m, 2H), 3.93 (s, 3H), 
3.29 (q, J = 7.5 Hz, 1H), 1.80 – 1.68 (m, 2H), 1.39 – 1.19 (m, 6H), 0.91 – 0.82 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 167.0, 145.5, 144.9, 142.2, 137.7, 130.0, 128.6, 128.1, 
127.3, 126.8, 114.1, 52.1, 49.6, 35.3, 31.8, 27.2, 22.5, 14.1. 
HRMS (ESI) m/z calcd. for C22H27O2 [M+H]+ 323.2006, found: 323.2005. 
 
Mechanism studies 
Scheme S2: TEMPO-trapped product 

 
An oven-dried Schlenk equipped with a magnetic stirring bar was charged with 

CuI (1.90 mg, 5 mol%), chiral ligand L9 (7.93 mg, 7.5mol%), LiOtBu (32.0 mg, 2.0 
equiv.), 1c (82.6 mg, 0.3 mmol) and TEMPO (62.5 mg, 0.4 mmol). The tube was 
evacuated and backfilled with argon three times. Then DMF (2.0 mL) and H2O (3.6 mg, 
1.0 equiv.) were added under a counter flow of argon. Finally, 2a (46 mg, 0.2 mmol) 
was added by microsyringe under a counter flow of argon. The tube was sealed and the 
mixture was allowed to stir at −20 oC for 4 d. Upon completion of the reaction, water 
was poured into the reaction mixture. The mixture was extracted with CH2Cl2 (3 × 5 
mL). The combined organic phase was dried over anhydrous Na2SO4 and filtered. After 
removal of the solvent under reduced pressure, the crude product was purified by 
column chromatography on silica gel to afford the desired product. 

 
1-(1-([1,1'-biphenyl]-4-yl)propoxy)-2,2,6,6-tetramethylpiperidine (93): 

 
The reaction mixture was purified by column chromatography on silica gel (petroleum 
ether/ethyl acetate = 20/1) to yield the product 93 as a white solid (26.1 mg, 25% yield 
based on 1c). 
1H NMR (400 MHz, CDCl3) δ 7.65 – 7.58 (m, 2H), 7.58 – 7.51 (m, 2H), 7.47 – 7.38 
(m, 2H), 7.37 – 7.28 (m, 3H), 4.59 (dd, J = 9.5, 3.9 Hz, 1H), 2.22 – 2.07 (m, 1H), 1.91 
– 1.75 (m, 1H), 1.60 – 0.96 (m, 16H), 0.71 (t, J = 7.5 Hz, 3H), 0.65 (s, 2H). 
13C NMR (101 MHz, CDCl3) δ 142.6, 141.1, 139.5, 128.7, 128.1, 127.00, 126.97, 126.4, 
88.3, 59.7, 40.4, 34.2, 28.7, 20.4, 17.2, 9.7. 
HRMS (APCI) m/z calcd. for C24H34ON [M+H]+ 352.2635, found 352.2625. 
 

Radical clock experiment 



70 
 

 
An oven-dried Schlenk equipped with a magnetic stirring bar was charged with 

CuI (1.90 mg, 5 mol%), chiral ligand L9 (7.93 mg, 7.5 mol%) and LiOtBu (32.0 mg, 
2.0 equiv). The tube was evacuated and backfilled with argon three times. Then DMF 
(2.0 mL) and H2O (3.6 mg, 1.0 equiv) were added under a counter flow of argon. Finally, 
94 (94.5 mg, 0.3 mmol) and 2a (46 mg, 0.2 mmol) were added by microsyringe in turn 
under a counter flow of argon. The tube was sealed and the mixture was allowed to stir 
at −20 oC for 4 d. Upon completion of the reaction, water was poured into the reaction 
mixture. The mixture was extracted with CH2Cl2 (3 × 5 mL). The combined organic 
phase was dried over anhydrous Na2SO4 and filtered. After removal of the solvent under 
reduced pressure, the crude product was purified by column chromatography on silica 
gel to afford 95 (21% yield, 95 containing inseparable impurities 95’ and an NMR yield 
is given. 95’ was produced via cross-coupling of 94 and 2a). 
 
(E)-(3-(2-phenylcyclopentyl)prop-1-ene-1,3-diyl)dibenzene (95): 

 
1H NMR (400 MHz, CDCl3) δ 7.38 – 7.26 (m, 5H), 7.25 – 7.10 (m, 10H), 6.46 – 6.29 
(m, 2H), 3.41 – 3.31 (m, 1H), 2.61 – 2.53 (m, 1H), 2.10 – 1.99 (m, 1H), 1.84 – 1.65 (m, 
4H), 1.39 – 1.29 (m, 2H).  
HRMS (ESI) m/z calcd. for C26H27 [M+H]+ 339.2107, found 339.2102. 
 
Experiments with racemic and enantioenriched alkyl bromide 1d: 

According to general procedure with (1-bromoethyl)benzene (±)-1d (55.5 mg, 0.30 
mmol, 1.5 equiv), (E)-2-(4-methoxystyryl)-4,4,6-trimethyl-1,3,2-dioxaborinane 2b 
(52.0 mg, 0.20 mmol, 1.0 equiv), and for facile determination of yield by isolated, 4 
(10.0 mg, 21% yield, 82% ee) was obtained. 
 
 

Reaction time Yield of 4 ee of remaining 1d ee of 4 
4 h 21% 0% 82% 
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The procedure for the reaction with (S)-(1-bromoethyl)benzene6 (S)-1d was the same 
with that for (±)-1d described above except that (S)-1d (55.5 mg, 67% ee, 0.30 mmol, 
2.0 equiv.) was used instead of (±)-S1-1. 
 

Reaction time Yield of 4 ee of remaining 1d ee of 4 
4 h 22% 67% 82% 

 
We speculate that the reaction temperature may not be easily controlled at −20 °C at the 
early stage of the reaction. The benzyl halide and 2b may react a little at temperature 
above −20 °C and this may lead to the drop of ee in the coupling product especially 
when the product is formed in a small amount.  
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