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1. General methods 
All reactions were performed under an N2 atmosphere with the standard Schlenk techniques, 

unless otherwise mentioned. Anhydrous diethyl ether, toluene and tetrahydrofuran were distilled 

over sodium benzophenone ketyl under nitrogen atmosphere. All other reagents were used as ob-

tained from commercial sources without further purification. 1H NMR, 13C NMR, 11B NMR and 
19F NMR spectra were recorded at room temperature in CDCl3 on Bruker AVANCE NEO 400 

MHz spectrometers and Bruker AVANCE NEO 500 MHz spectrometers with tetramethylsilane 

(TMS) as internal standard. The high-resolution mass spectrometric detection was performed on a 

Q Exactive plus mass spectrometer (Thermo Scientific, Germany) equipped with a heated elec-

trospray ionization (ESI) source and electrostatic field orbitrap mass analyzer. All X-ray crystallo-

graphic data were collected on a Bruker D8 Venture diffractometer with graphite monochromated 

Mo-Kα radiation (λ = 0.71073 Å) at 120 (2) K. Flash column chromatography was performed on 

silica gel (200-300 mesh) using petroleum ether (PE, bp. 60-90 oC), dichloromethane, ethyl ace-

tate, triethylamine, and methanol as eluent. All reactions were monitored by TLC or NMR analy-

sis. 
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2. Representative procedures for synthesis of substrate 1 

Substrates 1a-1b, 1h-1i, 1l, 1p[1], 1u, 1y, 1d′[2], 1z[3], 1k′[4] were known compounds and all 

datas were in agreement with those reported literatures. Substrate 1k′ can be prepared according to 

the known literature procedures[4]. Compound S1 can be prepared according to the known litera-

ture procedures[5,6]. Substrates 1a-1j′ were prepared according to the following method:  

 

According to the reported procedures[7], under nitrogen atmosphere, a dried 50.0 mL reaction 

tube equipped with a magnetic stir bar was charged with S1 (3.0 mmol, 1.0 equiv.) and anhydrous 

THF (20.0 mL). The reaction was cooled to -35 °C and stirred, followed by dropwise addition of 

LDA (3.3 mmol, 2M in THF, 1.1 equiv.) via syringe. The resulting mixture was maintained at -

35 °C with vigorous stirring for 1 hour under nitrogen protection. Subsequently, the alkyl halide 

(3.6 mmol, 1.2 equiv.) was added dropwise, and the reaction was stirred at -35 °C for an additional 

10 minutes. Upon completion (monitored by TLC), the reaction mixture was gradually warmed to 

room temperature and concentrated under reduced pressure. The crude product was purified by 

flash column chromatography (PE/EtOAc 50/1) on silica gel (200-300 mesh) to afford the desired 

compound 1.  

2,2′-(1-(4-(tert-Butyl)phenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1c): 

the reaction was conducted at 3.0 mmol scale from S1, 0.8266 g, 66% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) 

δ 7.29-7.24 (m, 4H), 1.45 (s, 3H), 1.31 (s, 9H), 1.29-1.23 (m, 24H). 13C NMR 

(100 MHz, CDCl3) δ 146.9, 142.3, 128.2, 125.1, 83.5, 34.4, 31.6, 24.86, 24.85, 19.7. 11B NMR 

(128 MHz, CDCl3) δ 33.53. HRMS (ESI-orbitrap) m/z: [M+H]+ C24H41B2O4
+ Calcd for 415.3185; 

Found 415.3181. 

2,2′-(1-(4-Methoxyphenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1d): 

the reaction was conducted at 3.0 mmol scale from S1, 0.6755 g, 58% yield, 

new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, 

CDCl3) δ 7.31-7.26 (m, 2H), 6.86-6.80 (m, 2H), 3.79 (s, 3H), 1.44 (s, 3H), 

1.29-1.23 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 156.9, 137.3, 129.2, 113.6, 83.4, 55.3, 24.8, 

19.1. 11B NMR (128 MHz, CDCl3) δ 33.54. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H35B2O5
+ 

Calcd for 389.2665; Found 389.2663. 

2,2′-(1-(4-(Benzyloxy)phenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 

(1e): the reaction was conducted at 3.0 mmol scale from S1, 0.9345 g, 67% 

yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 

MHz, CDCl3) δ 7.46 (d, J = 6.7 Hz, 2H), 7.44-7.38 (m, 2H), 7.35 (dd, J = 7.2, 

1.8 Hz, 1H), 7.32-7.25 (m, 2H), 6.95-6.88 (m, 2H), 5.05 (s, 2H), 1.45 (s, 3H), 1.32-1.19 (m, 24H). 
13C NMR (100 MHz, CDCl3) δ 156.2, 137.7, 137.6, 129.3, 128.7, 128.0, 127.7, 114.5, 83.5, 70.1, 

24.8, 19.1. 11B NMR (128 MHz, CDCl3) δ 34.10. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C27H39B2O5
+ Calcd for 465.2978; Found 465.2959. 
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(4-(1,1-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)phenoxy)(tert-butyl)dimethyl-

silane (1f): the reaction was conducted at 3.0 mmol scale from S1, 1.0716 g, 

73% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR 

(400 MHz, CDCl3) δ 7.23-7.14 (m, 2H), 6.77-6.68 (m, 2H), 1.42 (s, 3H), 1.30-

1.20 (m, 24H), 0.99 (s, 9H), 0.19 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 152.7, 137.9, 129.3, 

119.6, 83.4, 25.9, 24.81, 24.80, 19.5, 18.4, -4.2. 11B NMR (128 MHz, CDCl3) δ 33.35. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C26H47B2O5Si+ Calcd for 489.3373; Found 489.3362. 

2,2′-(1-([1,1′-Biphenyl]-4-yl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1g): 

the reaction was conducted at 3.0 mmol scale from S1, 0.9639 g, 71% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) 

δ 7.62 (d, J = 7.6 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.44 (t, J = 7.6 Hz, 4H), 7.32 

(t, J = 7.4 Hz, 1H), 1.53 (s, 3H), 1.37-1.19 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 144.5, 141.7, 

137.2, 128.8, 128.7, 127.1, 126.8, 83.6, 24.8, 18.7. 11B NMR (128 MHz, CDCl3) δ 33.52. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C26H37B2O4
+ Calcd for 435.2872; Found 435.2860. 

2,2′-(1-(4-Vinylphenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1j): the 

reaction was conducted at 3.0 mmol scale from S1, 0.5990 g, 52% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) 

δ 7.30 (s, 4H), 6.68 (dd, J = 17.6, 10.9 Hz, 1H), 5.67 (d, J = 17.6 Hz, 1H), 5.13 

(d, J = 10.9 Hz, 1H), 1.45 (s, 3H), 1.24-1.18 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 145.1, 

137.3, 133.9, 128.4, 126.0, 112.2, 83.5, 24.8, 18.3. 11B NMR (128 MHz, CDCl3) δ 33.84. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C22H35B2O4
+ Calcd for 385.2716; Found 385.2701.  

2,2′-(1-(o-Tolyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1k): the reaction 

was conducted at 3.0 mmol scale from S1, 0.5917 g, 53% yield, new compound, 

white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 7.16 (dd, J = 

7.2, 2.0 Hz, 1H), 7.14-7.01 (m, 3H), 2.35 (s, 3H), 1.44 (s, 3H), 1.34-1.21 (m, 24H). 
13C NMR (100 MHz, CDCl3) δ 144.5, 137.2, 131.0, 129.2, 126.0, 125.3, 83.6, 25.2, 25.0, 21.4, 

19.8. 11B NMR (128 MHz, CDCl3) δ 34.45. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H35B2O4
+ 

Calcd for 373.2716; Found 373.2711. 

2,2′-(1-(3-Fluorophenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1m):  

the reaction was conducted at 3.0 mmol scale from S1, 0.7224 g, 64% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 

7.25-7.18 (m, 1H), 7.16-7.07 (m, 2H), 6.86-6.77 (m, 1H), 1.46 (s, 3H), 1.29-1.22 

(m, 24H). 13C NMR (100 MHz, CDCl3) δ 162.9 (d, JC-F = 242.7 Hz), 147.9 (d, JC-F = 8.1 Hz), 

129.0 (d, JC-F = 9.1 Hz), 123.9 (d, JC-F = 3.0 Hz), 115.2 (d, JC-F = 21.3 Hz), 111.3 (d, JC-F = 21.3 

Hz), 83.7, 24.8, 18.2. 11B NMR (128 MHz, CDCl3) δ 33.06. 19F NMR (376 MHz, CDCl3) δ -

114.97. HRMS (ESI-orbitrap) m/z: [M+H]+ C20H32B2FO4
+ Calcd for 377.2465; Found 377.2455. 

2,2′-(1-(3-Chlorophenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1n): the 

reaction was conducted at 3.0 mmol scale from S1, 0.7412 g, 69% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) 

δ 7.33 (t, J = 1.9 Hz, 1H), 7.26 (d, J = 7.8 Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 7.12-
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7.06 (m, 1H), 1.45 (s, 3H), 1.27-1.23 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 147.4, 133.8, 

129.0, 128.1, 126.9, 124.7, 83.7, 24.81, 24.77, 18.2. 11B NMR (128 MHz, CDCl3) δ 33.98. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C20H32B2ClO4
+ Calcd for 393.2170; Found 393.2160. 

2,2′-(1-(3-(Trifluoromethyl)phenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolane) (1o): the reaction was conducted at 3.0 mmol scale from S1, 0.6519 

g, 51% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR 

(400 MHz, CDCl3) δ 7.60 (s, 1H), 7.58-7.52 (m, 1H), 7.40-7.35 (m, 2H), 1.49 

(s, 3H), 1.25 (s, 12H), 1.24 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 146.2, 132.0, 130.0 (q, JC-F = 

31.5 Hz), 128.2, 125.0 (q, JC-F = 3.8 Hz), 124.8 (q, JC-F = 272.2 Hz), 121.4 (q, JC-F = 4.0 Hz), 83.8, 

24.8, 24.7, 18.2. 11B NMR (128 MHz, CDCl3) δ 33.36. 19F NMR (376 MHz, CDCl3) δ -62.44. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C21H32B2F3O4
+ Calcd for 427.2433; Found 427.2455. 

3-(1,1-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)-9-tosyl-9H-carbazole (1q): the 

reaction was conducted at 3.0 mmol scale from S1, 1.5544 g, 78% yield, 

white solid, new compound, yellow foam solid, Rf = 0.2 (PE/EtOAc 50/1); 
1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 8.4 Hz, 1H), 8.20 (d, J = 8.7 Hz, 

1H), 7.93-7.82 (m, 2H), 7.71 (d, J = 8.1 Hz, 2H), 7.53 (dd, J = 8.8, 2.0 Hz, 

1H), 7.45 (t, J = 7.8 Hz, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.10 (d, J = 8.1 Hz, 2H), 2.28 (s, 3H), 1.55 

(s, 3H), 1.33-1.22 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 144.7, 141.4, 138.7, 136.2, 135.4, 

129.8, 129.0, 127.2, 126.9, 126.7, 126.4, 123.7, 120.0, 119.1, 115.2, 114.7, 83.7, 24.9, 24.8, 21.7, 

19.4. 11B NMR (128 MHz, CDCl3) δ 33.02. HRMS (ESI-orbitrap) m/z: [M+H]+ C33H42B2NO6S+ 

Calcd for 602.2913; Found 602.2903. 

2,2′-(1-(Dibenzo[b,d]furan-2-yl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 

(1r): the reaction was conducted at 3.0 mmol scale from S1, 1.0353 g, 77% 

yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR 

(400 MHz, CDCl3) δ 7.97-7.90 (m, 2H), 7.59-7.40 (m, 4H), 7.36-7.29 (m, 

1H), 1.59 (s, 3H), 1.37-1.20 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 156.5, 154.2, 139.8, 128.6, 

126.6, 125.1, 124.0, 122.4, 120.6, 119.4, 111.7, 111.0, 83.6, 24.84, 24.81, 19.2. 11B NMR (128 

MHz, CDCl3) δ 33.83. HRMS (ESI-orbitrap) m/z: [M+H]+ C26H35B2O5
+ Calcd for 449.2665; 

Found 449.2653. 

2,2′-(1-(Dibenzo[b,d]thiophen-2-yl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolane) (1s): the reaction was conducted at 3.0 mmol scale from S1, 

1.0305 g, 74% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 
1H NMR (400 MHz, CDCl3) δ 8.14 (dd, J = 6.2, 3.3 Hz, 2H), 7.90-7.82 (m, 

1H), 7.75 (d, J = 8.4 Hz, 1H), 7.55 (dd, J = 8.4, 1.9 Hz, 1H), 7.47-7.38 (m, 2H), 1.61 (s, 3H), 1.29-

1.28 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 141.7, 139.9, 136.2, 135.7, 135.6, 128.6, 126.3, 

124.2, 123.0, 122.1, 121.5, 120.5, 83.6, 24.9, 24.8, 18.8. 11B NMR (128 MHz, CDCl3) δ 33.48. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C26H35B2O4S+ Calcd for 465.2437; Found 465.2426. 

2,2′-(1-(3,4-Dihydronaphthalen-2-yl)-2-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-

dioxaborolane) (1t): the reaction was conducted at 2.0 mmol scale from S1, 

0.4090 g, 42% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H 

NMR (400 MHz, CDCl3) δ 7.29 (d, J = 7.5 Hz, 2H), 7.18-6.99 (m, 6H), 6.88 (d, 

J = 7.2 Hz, 1H), 6.39 (s, 1H), 3.27 (s, 2H), 2.68 (t, J = 7.9 Hz, 2H), 2.30 (t, J = 8.0 Hz, 2H), 1.20 
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(s, 24H). 13C NMR (100 MHz, CDCl3) 142.9, 142.1, 136.0, 134.9, 129.8, 127.7, 126.8, 126.2, 

125.9, 125.7, 125.6, 124.4, 83.6, 36.7, 28.9, 28.8, 25.1, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.95. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C30H41B2O4
+ Calcd for 487.3185; Found 487.3172.  

(E)-2,2'-(1,4-Diphenylpent-3-ene-2,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1u): 

the reaction was conducted at 3.0 mmol scale from S1, 0.6630 g, 47% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 

7.39-7.31 (m, 2H), 7.28-7.22 (m, 4H), 7.21-7.08 (m, 4H), 6.15 (s, 1H), 3.21 (s, 1H), 2.17-1.94 (m, 

3H), 1.31-1.14 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 144.8, 142.3, 136.8, 130.5, 130.0, 128.0, 

127.7, 126.4, 126.2, 125.7, 83.8, 38.2, 25.3, 24.9, 18.3. 11B NMR (128 MHz, CDCl3) δ 35.06. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C29H41B2O4
+ Calcd for 475.3185; Found 475.3179. 

2,2′-(2-(4-Methoxyphenyl)-1-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolane) (1w): the reaction was conducted at 3.0 mmol scale from S1, 0.7272 g, 

52% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 

MHz, CDCl3) δ 7.30-7.27 (m, 2H), 7.25-7.20 (m 2H), 7.17-7.11 (m, 1H), 6.74 (d, J 

= 8.4 Hz, 2H), 6.57 (d, J = 8.5 Hz, 2H), 3.66 (s, 3H), 3.23 (s, 2H), 1.38-1.24 (m 

24H). 13C NMR (100 MHz, CDCl3) δ 157.5, 142.5, 133.7, 130.8, 130.7, 127.8, 

124.9, 112.6, 83.5, 55.1, 39.2, 25.0, 24.6. 11B NMR (128 MHz, CDCl3) δ 32.94. HRMS (ESI-

orbitrap) m/z: [M+H]+ C27H39B2O5
+ Calcd for 465.2978; Found 465.2967.  

2,2′-(2-(4-Chlorophenyl)-1-phenylethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 

(1x): the reaction was conducted at 3.0 mmol scale from S1, 0.3361 g, 24% yield, 

new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) 

δ 7.23-7.14 (m, 4H), 7.13-7.07 (m, 1H), 7.05-6.98 (m, 2H), 6.81-6.73 (m, 2H), 3.24 

(s, 2H), 1.30-1.22 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 142.1, 140.2, 131.33, 

131.25, 130.9, 128.1, 127.4, 125.3, 83.9, 39.6, 25.1, 24.8. 11B NMR (128 MHz, 

CDCl3) δ 33.06. HRMS (ESI-orbitrap) m/z: [M+H]+ C26H36B2ClO4
+ Calcd for 469.2483; Found 

469.2479.  

2,2′-(1-Phenyl-2-(4-(trifluoromethyl)phenyl)ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-

dioxaborolane) (1y): the reaction was conducted at 3.0 mmol scale from S1, 

0.4518 g, 30% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H 

NMR (400 MHz, CDCl3) δ 7.29-7.25 (m, 2H), 7.20-7.12 (m, 4H), 7.11-7.05 (m, 

1H), 6.97-6.90 (m, 2H), 3.33 (s, 2H), 1.28-1.20 (m, 24H). 13C NMR (100 MHz, 

CDCl3) δ 146.0, 141.9, 130.8, 130.2, 128.1, 127.8 (q, JC-F = 32.0 Hz), 125.4, 124.7 

(q, JC-F = 271.8 Hz), 124.2 (q, JC-F = 3.7 Hz), 83.9, 40.0, 25.1, 24.8. 11B NMR (128 MHz, CDCl3) 

δ 32.99. 19F NMR (376 MHz, CDCl3) δ -62.18. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C27H36B2F3O4
+ Calcd for 503.2746; Found 503.2736.  

5-Phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl acetate (1ba′): the reac-

tion was conducted at 3.0 mmol scale from S1, 0.4372 g, 32% yield, new compound, 

white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 7.39-7.31 (m, 

2H), 7.25-7.19 (m, 2H), 7.13-7.05 (m, 1H), 3.97 (t, J = 6.8 Hz, 2H), 2.01-1.90 (m, 

5H), 1.57-1.53 (m, 2H), 1.27-1.14 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 171.4, 

143.2, 130.1, 128.2, 125.0, 83.6, 64.8, 34.0, 29.2, 24.9, 24.3, 21.2. 11B NMR (128 MHz, CDCl3) δ 

34.60. HRMS (ESI-orbitrap) m/z: [M+H]+ C25H41B2O6
+ Calcd for 459.3084; Found 459.3081.  
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5-Phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl benzoate (1c′): the reac-

tion was conducted at 3.0 mmol scale from S1, 0.4752 g, 30% yield, new compound, 

white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 7.97 (q, J = 

1.5 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.42-7.33 (m, 4H), 7.24-7.19 (m, 2H), 7.08 (t, 

J = 7.3 Hz, 1H), 4.23 (t, J = 6.6 Hz, 2H), 2.04-1.96 (m, 2H), 1.69 (t, J = 7.2 Hz, 2H), 

1.30-1.18 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 166.9, 143.2, 132.9, 130.8, 130.2, 129.8, 

128.4, 128.2, 125.0, 83.6, 65.3, 34.1, 29.4, 24.90, 24.85, 24.5. 11B NMR (128 MHz, CDCl3) δ 

34.56. HRMS (ESI-orbitrap) m/z: [M+H]+ C30H43B2O6
+ Calcd for 521.3240; Found 521.3238.  

tert-Butyl (5-phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl) carbonate 

(1d′): the reaction was conducted at 3.0 mmol scale from S1, 0.7923 g, 51% yield, 

new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, 

CDCl3) δ 7.39-7.31 (m, 2H), 7.24-7.18 (m, 2H), 7.12-7.04 (m, 1H), 3.96 (t, J = 7.1 

Hz, 2H), 1.99-1.89 (m, 2H), 1.60-1.58 (m, 2H), 1.45 (s, 9H), 1.27-1.15 (m, 26H). 
13C NMR (100 MHz, CDCl3) δ 153.9, 143.1, 130.1, 128.2, 125.0, 83.6, 81.7, 67.4, 34.0, 29.4, 

28.0, 24.9, 24.2. 11B NMR (128 MHz, CDCl3) δ 33.95. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C28H47B2O7
+ Calcd for 517.3502; Found 517.3495.  

2,2′-(5-Phenoxy-1-phenylpentane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1f′): 

the reaction was conducted at 3.0 mmol scale from S1, 0.7923 g, 51% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 

7.40-7.33 (m, 2H), 7.26-7.17 (m, 4H), 7.12-7.06 (m, 1H), 6.89 (t, J = 7.3 Hz, 1H), 

6.85-6.80 (m, 2H), 3.86 (t, J = 6.7 Hz, 2H), 2.03-1.95 (m, 2H), 1.75-1.67 (m, 2H), 

1.29-1.20 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 159.4, 143.2, 134.6, 130.2, 129.5, 128.2, 

124.9, 120.5, 114.7, 83.6, 68.0, 34.1, 30.0, 24.9, 24.5. 11B NMR (128 MHz, CDCl3) δ 34.90. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C29H43B2O5
+ Calcd for 493.3291; Found 493.3290. 

5-Phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl thiophene-2-carboxylate 

(1g′): the reaction was conducted at 3.0 mmol scale from S1, 0.7272 g, 46% 

yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 

MHz, CDCl3) δ 7.72 (dd, J = 3.7, 1.3 Hz, 1H), 7.51 (dd, J = 5.0, 1.3 Hz, 1H), 

7.38-7.34 (m, 2H), 7.23-7.19 (m, 2H), 7.11-7.05 (m, 2H), 4.21 (t, J = 6.7 Hz, 

2H), 2.02-1.96 (m, 2H), 1.71-1.64 (m, 2H), 1.27-1.21 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 

162.5, 143.2, 134.5, 133.3, 132.2, 130.1, 128.2, 127.8, 124.9, 83.5, 65.5, 34.0, 29.4, 24.9, 24.8, 

24.4. 11B NMR (128 MHz, CDCl3) δ 33.85. HRMS (ESI-orbitrap) m/z: [M+H]+ C28H41B2O6S+ 

Calcd for 527.2804; Found 527.2800. 

5-Phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl furan-2-carboxylate 

(1h′): the reaction was conducted at 3.0 mmol scale from S1, 0.6024 g, 39% 

yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 

MHz, CDCl3) δ 7.54 (s, 1H), 7.35 (d, J = 7.7 Hz, 2H), 7.23-7.18 (m, 2H), 7.11-

7.05 (m, 2H), 6.47 (dd, J = 3.7, 1.9 Hz, 1H), 4.21 (t, J = 6.7 Hz, 2H), 2.01-1.95 

(m, 2H), 1.71-1.64 (m, 2H), 1.26-1.21 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 159.0, 146.2, 

145.2, 143.2, 130.1, 128.2, 124.9, 117.7, 111.9, 83.6, 65.3, 34.0, 29.3, 24.9, 24.8, 24.4. 11B NMR 

(128 MHz, CDCl3) δ 34.19. HRMS (ESI-orbitrap) m/z: [M+H]+ C28H41B2O7
+ Calcd for 511.3033; 

Found 511.3002.  
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3-(3-Phenyl-3,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl)-1-tosyl-1H-indole (1 

i′): the reaction was conducted at 3.0 mmol scale from S1, 0.9623 g, 50% yield, new 

compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 

7.92 (d, J = 8.2 Hz, 1H), 7.72 (d, J = 8.0 Hz, 2H), 7.46-7.39 (m, 3H), 7.29-7.24 (m, 

4H), 7.20-7.13 (m, 4H), 2.50-2.41 (m, 2H), 2.32 (s, 3H), 2.28-2.21 (m, 2H), 1.30-

1.22 (m, 24H). 13C NMR (100 MHz, CDCl3) δ 144.7, 143.0, 135.5, 131.7, 130.3, 

130.0, 128.4, 127.0, 125.3, 124.5, 124.4, 122.9, 122.6, 120.2, 113.7, 83.7, 34.5, 25.0, 24.9, 23.6, 

21.7. 11B NMR (128 MHz, CDCl3) δ 34.76. HRMS (ESI-orbitrap) m/z: [M+H]+ C36H46B2NO6S+ 

Calcd for 642.3226; Found 642.3220.  

2,2′-(1-Phenylhex-3-yne-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1j′): the reac-

tion was conducted at 3.0 mmol scale from S1, 0.6782 g, 55% yield, new compound, 

white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 7.7 

Hz, 2H), 7.24 (t, J = 7.5 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 2.72 (s, 2H), 2.12-2.00 (m, 

2H), 1.31-1.18 (m, 24H), 1.02 (t, J = 7.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

142.4, 129.8, 127.9, 125.1, 83.8, 82.3, 79.9, 24.9, 24.8, 23.6, 14.4, 12.7. 11B NMR (128 MHz, 

CDCl3) δ 32.73. HRMS (ESI-orbitrap) m/z: [M+H]+ C24H37B2O4
+ Calcd for 411.2872; Found 

411.2859.  

5-Phenyl-5,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl 3-(4,5-diphenyloxazol-2-

yl) propanoate (1k′): the reaction was conducted at 3.0 mmol scale 

from S1, 0.8288 g, 40% yield, new compound, white solid, Rf = 0.2 

(PE/EtOAc 50/1); 1H NMR (400 MHz, CDCl3) δ 7.65-7.61 (m, 2H), 

7.58-7.54 (m, 2H), 7.37-7.29 (m, 8H), 7.24-7.19 (m, 2H), 7.10-7.04 (m, 

1H), 4.04 (t, J = 6.9 Hz, 2H), 3.12 (dd, J = 8.6, 6.7 Hz, 2H), 2.82 (dd, J = 8.6, 6.7 Hz, 2H), 2.00-

1.90 (m, 2H), 1.57 (t, J = 7.2 Hz, 2H), 1.27-1.19 (m, 26H). 13C NMR (100 MHz, CDCl3) δ 172.2, 

162.0, 145.6, 143.1, 135.3, 132.7, 130.2, 129.2, 128.8, 128.7, 128.6, 128.21, 128.16, 128.1, 126.7, 

125.0, 83.6, 65.2, 34.0, 31.4, 29.2, 24.9, 24.3, 23.8. 11B NMR (128 MHz, CDCl3) δ 33.06. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C41H52B2NO7
+ Calcd for 692.3924; Found 692.3919.  
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3. Representative procedures for synthesis of substrate 2 

Substrates 2a[8], 2b[9], 2c[10], 2d[11], 2e[12], 2a-OAc, 2b-OAc[13] were known compounds and all 

datas were in agreement with those reported literatures. Substrates 2h is commercially available. 

Compound S3-S5 can be prepared according to the known literature procedures[13-16]. Substrates 

2f-2g were prepared according to the following method: 

 

According to the reported procedures[14], under nitrogen atmosphere, a dried 100.0 mL reaction 

tube equipped with a magnetic stir bar was charged with S2 (20.0 mmol, 1.0 equiv.) and anhy-

drous THF (40.0 mL). The reaction was cooled to 0 °C and stirred, followed slowly addition of 

LiAlH4 (30.0 mmol, 1.5 equiv.) stirring for 15 minutes under nitrogen protection. Then the reac-

tion mixture was allowed to slowly warm to room temperature and stirred overnight. Upon com-

pletion (monitored by TLC), the mixture was treated with 1M NH4Cl (aq.) and extracted with 

EtOAc. The combined organic layers were dried over anhydrous sodium sulfate, filtered, and con-

centrated under reduced pressure. The crude product was purified by flash column chromatog-

raphy (PE/EtOAc 10/1) on silica gel (200-300 mesh) to afford the desired compound S3.  

According to the reported procedures[15], under nitrogen atmosphere, a dried 100.0 mL reaction 

tube equipped with a magnetic stir bar was charged with S3 (10.0 mmol, 1.0 equiv.), Et3N (15.0 

mmol, 1.5 equiv.) and anhydrous DCM (20.0 mL). The reaction was cooled to 0 °C and stirred, 

followed by dropwise addition of acryloyl chloride (12.0 mmol, 1.2 equiv.) via syringe. The reac-

tion mixture was stirred for 15 minutes at 0 °C and allowed to slowly warm to room temperature. 

Then the resulting reaction mixture was stirred for an additional 3 hours. Upon completion (moni-

tored by TLC), the mixture was gradually warmed to room temperature and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography (PE/EtOAc 

50/1) on silica gel (200-300 mesh) to afford the desired compound S4.  

According to the reported procedures[16], under air atmosphere, a 50.0 mL reaction tube 

equipped with a magnetic stir bar was charged with S4 (5.0 mmol, 1.0 equiv.), DABCO (5.0 mmol, 

1.0 equiv.) and (CH2O)n (15.0 mmol, 3.0 equiv.). 1,4-dioxane (10.0 mL) and water (10.0 mL) were 

added as solvent, and then the resulting reaction mixture was stirred at room temperature for 1 

week. Upon completion (monitored by TLC), the mixture was extracted with EtOAc. The com-

bined organic layers were dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure. The crude product was purified by flash column chromatography (PE/EtOAc 

10/1) on silica gel (200-300 mesh) to afford the desired compound S5.  

According to the reported procedures[17], under nitrogen atmosphere, a dried 25.0 mL reaction 

tube equipped with a magnetic stir bar was charged with S5 (2.0 mmol, 1.0 equiv.), DMAP (0.2 

mmol, 0.1 equiv.), and DCM (10.0 mL). The reaction was cooled to 0 °C and stirred, followed by 

dropwise addition of the solution of (Boc)2O (2.2 mmol, 0.5M in DCM, 1.1 equiv.) via syringe. 

The reaction mixture was stirred for 15 minutes under nitrogen protection and allowed to slowly 
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warm to room temperature. Then the resulting reaction mixture was stirred for an additional 3 

hours. Upon completion (monitored by TLC), the mixture concentrated under reduced pressure. 

The crude product was purified by flash column chromatography (PE/EtOAc 100/1) on silica gel 

(200-300 mesh) to afford the desired compound 2. 

2-Propylpentyl 2-(((tert-butoxycarbonyl)oxy)methyl)acrylate (2f): the reaction was conducted 

at 2.0 mmol scale from S5, 0.3127 g, 50% yield, new compound, colorless 

liquid, Rf = 0.2 (PE/EtOAc 100/1); 1H NMR (400 MHz, CDCl3) δ 6.36 (d, J = 

1.1 Hz, 1H), 5.87 (d, J = 1.3 Hz, 1H), 4.80 (t, J = 1.3 Hz, 2H), 4.09 (d, J = 5.6 

Hz, 2H), 1.76-1.70 (m, 1H), 1.50 (s, 9H), 1.36-1.27 (m, 8H), 0.93-0.86 (m, 6H). 13C NMR (100 

MHz, CDCl3) δ 165.5, 153.3, 135.6, 127.5, 82.7, 68.0, 65.0, 37.0, 33.8, 28.0, 20.1, 14.6. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C17H31O5
+ Calcd for 315.2166; Found 315.2175.  

5-(2,5-Dimethylphenoxy)-2,2-dimethylpentyl 2-(((tert-butoxycarbonyl)oxy)methyl)acrylate 

(2g): the reaction was conducted at 2.0 mmol scale from S5, 

0.0943 g, 22% yield, new compound, colorless liquid, Rf = 0.2 

(PE/EtOAc 100/1); 1H NMR (400 MHz, CDCl3) δ 7.00 (d, J = 

7.4 Hz, 1H), 6.65 (d, J = 7.4 Hz, 1H), 6.61 (s, 1H), 6.39 (d, J = 

1.2 Hz, 1H), 5.88 (t, J = 1.4 Hz, 1H), 4.80 (t, J = 1.3 Hz, 2H), 3.96-3.89 (m, 4H), 2.30 (s, 3H), 

2.16 (s, 3H), 1.82-1.73 (m, 2H), 1.51-1.42 (m, 11H), 0.99 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 

165.3, 157.2, 153.3, 136.7, 135.5, 130.5, 127.7, 123.7, 120.9, 112.1, 82.7, 73.0, 68.4, 65.0, 35.7, 

34.0, 27.9, 24.5, 24.3, 21.6, 16.0. HRMS (ESI-orbitrap) m/z: [M+H]+ C24H37O6
+ Calcd for 

421.2585; Found 421.2577.  
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4. Representative procedures for synthesis of substrate 4 

Substrates 4a-4b, 4d, 4f-4i, 4k-4l, 4p, 4s[5], 4c[18], 4e[19], 4j, 4m, 4o[20], 4n[21] were known com-

pounds and all datas were in agreement with those reported literatures. Compound S7 can be pre-

pared according to the known literature procedures[5]. Substrates 4a-4s were prepared according to 

the following method: 

 

According to the reported procedures[5], in the nitrogen filled glovebox, a dried 100.0 mL 

Schlenk tube equipped with a magnetic stir bar was charged with Pd2(dba)3 (0.1 mmol, 1.0 mol%), 

P(o-tolyl)3 (0.2 mmol, 2.0 mol%), and anhydrous THF (10.0 mL). Then, the Schlenk tube was re-

moved from the glovebox and stirred for 10 minutes, followed by the addition of aryl bromides S6 

(10.0 mmol, 1.0 equiv.); the mixture was then stirred for another 10 minutes under nitrogen pro-

tection. Subsequently, the organozinc reagent S7 (15.0 mmol, 1M in THF, 1.5 equiv.) was added 

directly, and the reaction was stirred in 60 °C oil bath for 3 hours. Upon completion (monitored by 

TLC), the mixture was allowed to slowly cool to room temperature, followed by concentration 

under reduced pressure. The crude product was purified by flash column chromatography 

(PE/EtOAc 50/1) on silica gel (200-300 mesh), and recrystallized using PE at -35 °C to afford the 

desired compound 4. 

3-(Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-9-tosyl-9H-carbazole (4q): the 

reaction was conducted at 10.0 mmol scale from S6, 4.6388 g, 79% yield, 

new compound, yellow foam solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR 

(400 MHz, CDCl3) δ 8.29 (d, J = 8.3 Hz, 1H), 8.17 (d, J = 8.6 Hz, 1H), 7.88 

(d, J = 7.6 Hz, 1H), 7.81 (d, J = 1.9 Hz, 1H), 7.71 (d, J = 8.2 Hz, 2H), 7.48-

7.40 (m, 2H), 7.34 (d, J = 7.4 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 2.46 (s, 1H), 2.28 (s, 3H), 1.26 (s, 

12H), 1.24 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 144.8, 138.7, 136.1, 135.5, 135.4, 129.7, 

129.3, 127.1, 127.0, 126.8, 126.6, 123.8, 120.3, 120.2, 115.3, 114.8, 83.7, 24.9, 24.8, 21.7. 11B 

NMR (128 MHz, CDCl3) δ 32.69. HRMS (ESI-orbitrap) m/z: [M+H]+ C32H40B2NO6S+ Calcd for 

588.2757; Found 588.2749. 

2,2′-(Dibenzo[b,d]furan-2-ylmethylene)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4r): the 

reaction was conducted at 10.0 mmol scale from S6, 1.7365 g, 40% yield, 

new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (400 MHz, 

CDCl3) δ 7.93 (d, J = 7.6 Hz, 1H), 7.82 (d, J = 2.0 Hz, 1H), 7.51 (d, J = 8.2 

Hz, 1H), 7.45-7.35 (m, 3H), 7.33-7.27 (m, 1H), 2.46 (s, 1H), 1.29-1.18 (m, 24H). 13C NMR (100 

MHz, CDCl3) δ 156.5, 154.3, 134.0, 128.8, 126.7, 124.9, 124.2, 122.5, 120.84, 120.80, 111.7, 

111.1, 83.7, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.78. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C25H33B2O5
+ Calcd for 435.2509; Found 435.2501.  
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Compound S8[22] and S9[6] can be prepared according to the known literature procedures. Sub-

strates 4t were prepared according to the following method: 

 

According to the reported procedures[6], under nitrogen atmosphere, a dried 100.0 mL three-

neck flask equipped with a magnetic stir bar and a constant-pressure dropping funnel was charged 

with Mg turnings (12.0 mmol, 1.2 equiv.) and I2 (a crystal). Alkenyl bromide S8 (10.0 mmol, 1.0 

equiv.) dissolved in THF (10.0 mL) was added slowly (a small part and when the reaction started 

all the solution) from the dropping funnel. Then the reaction was stirred at room temperature for 1 

hour. Under nitrogen atmosphere, a separate dried 100.0 mL reaction tube equipped with a mag-

netic stir bar was charged with S9 (10.0 mmol, 1.0 equiv.) and PhMe (10.0 mL). The reaction was 

cooled to 0 °C and stirred, followed by dropwise addition of the reaction mixture in three-neck 

flask via syringe. Then the resulting reaction mixture was stirred at 0 °C for an additional 3 hours. 

Upon completion (monitored by TLC), the mixture was allowed to slowly warm to room tempera-

ture, followed by concentration under reduced pressure. The crude product was purified by flash 

column chromatography (PE/EtOAc) on silica gel (200-300 mesh), and recrystallized using PE at 

-35 °C to afford the desired substrate 4t. 

2,2′-((3,4-Dihydronaphthalen-2-yl)methylene)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 

(4t): the reaction was conducted at 10.0 mmol scale from S8, 1.4772 g, 37% 

yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 50/1); 1H NMR (500 

MHz, CDCl3) δ 7.11-6.99 (m, 3H), 6.93 (dd, J = 7.5, 1.4 Hz, 1H), 6.26 (s, 1H), 

2.78 (t, J = 8.1 Hz, 2H), 2.38 (t, J = 7.4 Hz, 2H), 1.95 (s, 1H), 1.26-1.22 (m, 24H). 13C NMR (125 

MHz, CDCl3) δ 140.7, 136.1, 134.6, 127.1, 126.4, 125.5, 125.3, 121.8, 83.5, 29.6, 28.8, 25.1, 24.8. 
11B NMR (160 MHz, CDCl3) δ 32.99. HRMS (ESI-orbitrap) m/z: [M+H]+ C23H35B2O4

+ Calcd for 

397.2716; Found 397.2711.  
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5. Optimization of the conditions of 3aa 

Table S1: Lewis base screening[a] 

 
Entry Lewis base 3aa Yield (%)[b] 

1 DABCO 30 

2 PPh3 <5 

3 PCy3 15  

4 P(tBu)3 20 

5 iPr2NEt <5 

6 DMAP 52 

7 DBU 14 

[a] 1a (0.10 mmol), 2a (0.20 mmol), Lewis base (10.0 mol%), LiCl (10.0 mol%), EtOAc (2.0 mL), 

50 °C, 16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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Table S2: Solvent screening[a] 

 
Entry Solvent 3aa Yield (%)[b] 

1 EtOAc 52 

2 THF 19 

3 1,4-dioxane <5 

4 2-MeTHF 12 

5 CPME <5 

6 DME 24 

7 PhCl <5 

8 PhF 11 

9 PhMe <5 

9 DCE <5 

11 DCM <5 

12 MeCN 21 

13 DMF 78 

[a] 1a (0.10 mmol), 2a (0.20 mmol), DMAP (10.0 mol%), LiCl (10.0 mol%), Solvent (2.0 mL), 

50 °C, 16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard). 
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Table S3: MX screening[a] 

 
Entry MX 3aa Yield (%)[b] 

1 LiCl 78 

2 NaF 70 

3 KF 84 

4 KBr 66 

5 KI 58 

6 - 48 

[a] 1a (0.10 mmol), 2a (0.20 mmol), DMAP (10.0 mol%), MX (10.0 mol%), DMF (2.0 mL), 50 °C, 16 

h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard). 
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Table S4: Temperature screening[a] 

 
Entry T (°C) 3aa Yield (%)[b] 

1 50 84 

2 40 80 

3 60 87 

4 70 82 

5 25 66 

[a] 1a (0.10 mmol), 2a (0.20 mmol), DMAP (10.0 mol%), KF (10.0 mol%), DMF (2.0 mL), T °C, 16 h. 

[b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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6. Optimization of the conditions of 5aa 

Table S5: Solvent screening[a] 

 
Entry Solvent 5aa Yield (%)[b] 

1 DMF 35 

2 DME 84 

3 THF 82 

4 1,4-dioxane 50 

5 2-MeTHF 78 

6 CPME 36 

7 PhMe 32 

8 PhCl 44 

9 PhCF3 34 

10 EtOAc 90 

11 DCE 39 

12 DCM 32 

13 MeCN 62 

14 DMSO <5 

[a] 4a (0.10 mmol), 2a (0.20 mmol), DABCO (10.0 mol%), LiCl (10.0 mol%), Solvent (2.0 mL), 50 °C, 

16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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Table S6: Lewis base screening[a] 

 
Entry Lewis base 5aa Yield (%)[b] 

1 DABCO 90 

2 PPh3 <5 

3 DMAP 15 

4 Et3N <5 

5 iPr2NEt <5 

6 DBU <5 

[a] 4a (0.10 mmol), 2a (0.20 mmol), Lewis base (10.0 mol%), LiCl (10.0 mol%), EtOAc (2.0 mL), 

50 °C, 16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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Table S7: MX screening[a] 

 
Entry MX 5aa Yield (%)[b] 

1 LiCl 90 

2 LiBr 67 

3 LiI 65 

4 KCl 56 

5 KF 75 

6 NaF 85 

7 - 50 

[a] 4a (0.10 mmol), 2a (0.20 mmol), DABCO (10.0 mol%), MX (10.0 mol%), EtOAc (2.0 mL), 50 °C, 

16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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Table S8: Temperature screening[a] 

 
Entry T (°C) 5aa Yield (%)[b] 

1 50 90 

2 40 84 

3 60 85 

[a] 4a (0.10 mmol), 2a (0.20 mmol), DABCO (10.0 mol%), LiCl (10.0 mol%), EtOAc (2.0 mL), T °C, 

16 h. [b] NMR yields (1,3,5-trimethoxybenzene as internal standard).  
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7. General procedure for synthesis of product 3 

 

In the nitrogen filled glovebox, a dried 25.0 mL Schlenk tube was charged with DMAP (1.2 mg, 

0.01 mmol, 10.0 mol%), KF (0.6 mg, 0.01 mmol, 10.0 mol%), 1 (0.10 mmol, 1.0 equiv.), 2 (0.20 

mmol, 2.0 equiv.), and DMF (2.0 mL). Then, the Schlenk tube was removed from glovebox and 

stirred in a 60 °C oil bath. Upon completion (monitored by TLC), the mixture was allowed to 

slowly cool to room temperature, followed by concentration under reduced pressure in a 60 °C 

water bath. The crude product was purified by flash column chromatography (PE/EtOAc 60/1) on 

silica gel (200-300 mesh) to afford the target product 3.  

 

In the nitrogen filled glovebox, a dried 25.0 mL Schlenk tube was charged with DMAP (1.2 mg, 

0.01 mmol, 10.0 mol%), KF (0.6 mg, 0.01 mmol, 10.0 mol%), 1a (0.10 mmol, 1.0 equiv.), 2a-

OAc or 2b-OAc (0.20 mmol, 2.0 equiv.), and DMF (2.0 mL). Then, the Schlenk tube was re-

moved from glovebox and stirred in a 60 °C oil bath. Upon completion (monitored by TLC), the 

mixture was allowed to slowly cool to room temperature, followed by concentration under re-

duced pressure in a 60 °C water bath. The crude product was purified by flash column chromatog-

raphy (PE/EtOAc 60/1) on silica gel (200-300 mesh) to afford the target product 3aa and 3ab in 

30% and 28% yield.  

1a 2h 3ah, N.D.

Me

Bpin

Bpin
BocO

Me

Bpin
cat. DMAP/KF, DMF, 60 oC

 

In the nitrogen filled glovebox, a dried 25.0 mL Schlenk tube was charged with DMAP (1.2 mg, 

0.01 mmol, 10.0 mol%), KF (0.6 mg, 0.01 mmol, 10.0 mol%), 1a (0.10 mmol, 1.0 equiv.), 2h 

(0.20 mmol, 2.0 equiv.), and DMF (2.0 mL). Then, the Schlenk tube was removed from glovebox 

and stirred in a 60 °C oil bath. Upon completion (monitored by TLC), the mixture was allowed to 

slowly cool to room temperature, followed by concentration under reduced pressure in a 60 °C 

water bath. The crude product was purified by flash column chromatography (PE/EtOAc 60/1) on 

silica gel (200-300 mesh), but the target product 3ah was not isolated or detected. 
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tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate 

(3aa): 31.9 mg, 86% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.34-7.24 (m, 4H), 7.18-7.07 (m, 1H), 

5.98 (d, J = 2.0 Hz, 1H), 5.24 (d, J = 2.0 Hz, 1H), 2.98-2.80 (m, 1H), 2.82-

2.70 (m, 1H), 1.40 (s, 9H), 1.31 (s, 3H), 1.27-1.17 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 

167.5, 146.2, 140.3, 128.2, 127.4, 126.1, 125.5, 83.7, 80.4, 39.5, 28.2, 25.0, 24.7, 20.6. 11B NMR 

(128 MHz, CDCl3) δ 32.98. HRMS (ESI-orbitrap) m/z: [M+H]+ C22H34BO4
+ Calcd for 373.2545; 

Found 373.2539. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(p-tolyl)pentanoate 

(3ba): 28.4 mg, 74% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.22-7.17 (m, 2H), 7.07-

7.03 (m, 2H), 5.99 (d, J = 2.1 Hz, 1H), 5.27 (s, 1H), 2.86-2.80 (m, 1H), 

2.77-2.71 (m, 1H), 2.28 (s, 3H), 1.40 (s, 9H), 1.29 (s, 3H), 1.19 (s, 12H). 13C NMR (100 MHz, 

CDCl3) δ 167.5, 143.0, 140.4, 134.8, 128.9, 127.2, 126.1, 83.6, 80.3, 39.6, 28.1, 25.0, 24.7, 21.1, 

20.7. 11B NMR (128 MHz, CDCl3) δ 34.52. HRMS (ESI-orbitrap) m/z: [M+H]+ C23H36BO4
+ 

Calcd for 387.2701; Found 387.2697. 

tert-Butyl 4-(4-(tert-butyl)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ca): 32.7 mg, 76% yield, new compound, colorless oil, 

Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.29-7.21 (m 

4H), 6.01 (d, J = 2.0 Hz, 1H), 5.30 (d, J = 2.0 Hz, 1H), 2.83-2.72 (m, 2H), 

1.38 (s, 9H), 1.30 (s, 3H), 1.28 (s, 9H), 1.20 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 167.5, 147.9, 

143.0, 140.5, 126.9, 126.1, 125.0, 83.6, 80.2, 39.7, 34.4, 31.6, 28.2, 25.0, 24.7, 20.9. 11B NMR 

(128 MHz, CDCl3) δ 34.46. HRMS (ESI-orbitrap) m/z: [M+H]+ C26H42BO4
+ Calcd for 429.3171; 

Found 429.3169. 

tert-Butyl 4-(4-methoxyphenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3da): 23.5 mg, 58% yield, new compound, colorless oil, 

Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.25-7.18 (m, 

2H), 6.84-6.77 (m, 2H), 5.98 (d, J = 2.1 Hz, 1H), 5.25 (s, 1H), 3.77 (s, 

3H), 2.84-2.78 (m, 1H), 2.76-2.70 (m, 1H), 1.40 (s, 9H), 1.28 (s, 3H), 1.22-1.17 (m, 12H). 13C 

NMR (100 MHz, CDCl3) δ 167.5, 157.5, 140.4, 138.1, 128.3, 126.0, 113.6, 83.6, 80.3, 55.4, 39.7, 

28.2, 24.9, 24.7, 20.8. 11B NMR (128 MHz, CDCl3) δ 32.87. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C23H36BO5
+ Calcd for 403.2650; Found 403.2643. 

tert-Butyl 4-(4-(benzyloxy)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ea): 28.2 mg, 59% yield, new compound, colorless oil, 

Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.44-7.31 (m, 

5H), 7.25-7.21 (m, 2H), 6.91-6.84 (m, 2H), 5.99 (d, J = 2.0 Hz, 1H), 5.26 

(d, J = 2.0 Hz, 1H), 5.02 (s, 2H), 2.85-2.78 (m, 1H), 2.76-2.70 (m, 1H), 1.40 (s, 9H), 1.28 (s, 3H), 

1.22-1.17 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 167.5, 156.8, 140.4, 138.4, 137.5, 128.7, 

128.4, 128.1, 127.7, 126.1, 114.5, 83.6, 80.3, 70.2, 39.7, 28.2, 24.9, 24.7, 20.8. 11B NMR (128 

MHz, CDCl3) δ 35.19. HRMS (ESI-orbitrap) m/z: [M+H]+ C29H40BO5
+ Calcd for 479.2963; 

Found 479.2951. 
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tert-Butyl 4-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)pentanoate (3fa): 17.7 mg, 35% yield, new 

compound, colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 

MHz, CDCl3) δ 7.19-7.13 (m, 2H), 6.77-6.70 (m, 2H), 5.97 (d, J = 2.0 

Hz, 1H), 5.21 (d, J = 2.0 Hz, 1H), 2.88-2.81 (m, 1H), 2.73-2.66 (m, 1H), 1.43 (s, 9H), 1.26 (s, 3H), 

1.22-1.16 (m, 12H), 0.96 (s, 9H), 0.17 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 167.6, 153.4, 140.4, 

138.8, 128.2, 126.0, 119.7, 83.6, 80.3, 39.5, 28.2, 25.9, 24.9, 24.7, 20.5, 18.4, -4.2. 11B NMR (128 

MHz, CDCl3) δ 34.11. HRMS (ESI-orbitrap) m/z: [M+H]+ C28H48BO5Si+ Calcd for 503.3359; 

Found 503.3353. 

tert-Butyl 4-([1,1′-biphenyl]-4-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ga): 34.3 mg, 76% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.62-7.55 (m, 2H), 

7.53-7.47 (m, 2H), 7.45-7.34 (m, 4H), 7.34-7.27 (m, 1H), 6.02 (d, J = 2.0 

Hz, 1H), 5.32 (d, J = 2.0 Hz, 1H), 2.98-2.72 (m, 2H), 1.38 (s, 9H), 1.35 (s, 3H), 1.25-1.17 (m, 

12H). 13C NMR (100 MHz, CDCl3) δ 167.5, 145.3, 141.4, 140.3, 138.2, 128.9, 127.9, 127.13, 

127.06, 126.8, 126.2, 83.8, 80.4, 39.6, 28.1, 25.0, 24.7, 20.7. 11B NMR (128 MHz, CDCl3) δ 34.93. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C28H38BO4
+ Calcd for 449.2858; Found 449.2863. 

tert-Butyl 4-(4-fluorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ha): 25.6 mg, 66% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.27-7.24 (m, 2H), 

7.03-6.81 (m, 2H), 5.98 (d, J = 2.0 Hz, 1H), 5.25 (d, J = 1.9 Hz, 1H), 2.84-

2.71 (m, 2H), 1.40 (s, 9H), 1.29 (s, 3H), 1.22-1.13 (m, 12H). 13C NMR 

(100 MHz, CDCl3) δ 167.4, 161.1 (d, JC-F = 243.3 Hz), 141.6 (d, JC-F = 3.2 Hz), 140.1, 128.9 (d, 

JC-F = 7.7 Hz), 126.2, 114.8 (d, JC-F = 20.8 Hz), 83.8, 80.4, 39.7, 28.1, 24.9, 24.7, 20.8. 11B NMR 

(128 MHz, CDCl3) δ 33.07. 19F NMR (376 MHz, CDCl3) δ -118.80. HRMS (ESI-orbitrap) m/z: 

[M+H]+ C22H33BFO4
+ Calcd for 391.2450; Found 391.2449. 

tert-Butyl 4-(4-chlorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ia): 32.8 mg, 81% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.27-7.21 (m, 4H), 

5.98 (d, J = 1.9 Hz, 1H), 5.25 (d, J = 1.9 Hz, 1H), 2.82-2.71 (m, 2H), 1.39 

(s, 9H), 1.29 (s, 3H), 1.20 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 167.3, 144.6, 140.0, 131.3, 

129.0, 128.2, 126.2, 83.9, 80.5, 39.6, 28.1, 24.9, 24.7, 20.6. 11B NMR (128 MHz, CDCl3) δ 34.40. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C22H33BClO4
+ Calcd for 407.2155; Found 407.2151. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(4-vinylphenyl)-

pentanoate (3ja): 20.8 mg, 52% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.33-7.26 (m, 4H), 

6.67 (dd, J = 17.6, 10.9 Hz, 1H), 5.98 (d, J = 2.0 Hz, 1H), 5.69 (dd, J = 

17.6, 1.1 Hz, 1H), 5.26 (d, J = 2.2 Hz, 1H), 5.17 (dd, J = 10.8, 1.1 Hz, 1H), 2.89-2.81 (m, 1H), 

2.80-2.74 (m, 1H), 1.39 (s, 9H), 1.30 (s, 3H), 1.22-1.17 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 

167.5, 146.0, 140.2, 137.0, 134.8, 127.6, 126.14, 126.07, 112.9, 83.7, 80.4, 39.4, 28.1, 24.9, 24.7, 

20.5. 11B NMR (128 MHz, CDCl3) δ 33.57. HRMS (ESI-orbitrap) m/z: [M+H]+ C24H36BO4
+ 

Calcd for 399.2701; Found 399.2696. 
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tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(m-tolyl)pentanoate 

(3la): 20.8 mg, 55% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.17-7.08 (m, 3H), 6.97-

6.91 (m, 1H), 5.99 (d, J = 2.0 Hz, 1H), 5.28 (d, J = 2.0 Hz, 1H), 2.89-2.82 

(m, 1H), 2.78-2.71 (m, 1H), 2.31 (s, 3H), 1.41 (s, 9H), 1.29 (s, 3H), 1.19 (s, 12H). 13C NMR (100 

MHz, CDCl3) δ 167.6, 146.1, 140.4, 137.4, 128.0, 126.3, 126.1, 124.5, 83.7, 80.3, 39.5, 28.2, 25.0, 

24.7, 21.9, 20.6. 11B NMR (128 MHz, CDCl3) δ 34.68. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C23H36BO4
+ Calcd for 387.2701; Found 387.3693. 

tert-Butyl 4-(3-fluorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3ma): 23.9 mg, 61% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.24-7.16 (m, 1H), 

7.12-7.07 (m, 1H), 7.06-7.00 (m 1H), 6.87-6.77 (m, 1H), 5.99 (d, J = 1.9 

Hz, 1H), 5.25 (d, J = 1.9 Hz, 1H), 2.86-2.80 (m, 1H), 2.79-2.73 (m, 1H), 1.41 (s, 9H), 1.29 (s, 3H), 

1.22-1.17 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 167.3, 163.0 (d, JC-F = 243.7 Hz), 149.1 (d, 

JC-F = 7.0 Hz), 140.0, 129.4 (d, JC-F = 8.2 Hz), 126.3, 123.2 (d, JC-F = 2.6 Hz), 114.5 (d, JC-F = 21.6 

Hz), 112.3 (d, JC-F = 21.1 Hz), 83.9, 80.5, 39.5, 28.2, 24.9, 24.7, 20.5. 11B NMR (128 MHz, 

CDCl3) δ 34.30. 19F NMR (376 MHz, CDCl3) δ -114.00. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C22H33BFO4
+ Calcd for 391.2450; Found 391.2443.  

tert-Butyl 4-(3-chlorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3na): 33.5 mg, 83% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.29-7.09 (m, 4H), 

6.00 (d, J = 1.9 Hz, 1H), 5.27 (d, J = 1.8 Hz, 1H), 2.85-2.73 (m, 2H), 1.40 

(s, 9H), 1.29 (s, 3H), 1.20 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 167.3, 148.4, 140.0, 134.1, 

129.3, 127.7, 126.3, 125.9, 125.7, 83.9, 80.5, 39.5, 28.1, 24.9, 24.7, 20.5. 11B NMR (128 MHz, 

CDCl3) δ 34.47. HRMS (ESI-orbitrap) m/z: [M+H]+ C22H33BClO4
+ Calcd for 407.2155; Found 

407.2147. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(3-(trifluoro-

methyl)phenyl)pentanoate (3oa): 35.2 mg, 80% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

7.60-7.55 (m, 1H), 7.52-7.45 (m, 1H), 7.42-7.35 (m, 2H), 6.00 (d, J = 1.9 

Hz, 1H), 5.30-5.25 (m, 1H), 2.86-2.76 (m, 2H), 1.38 (s, 9H), 1.33 (s, 3H), 1.20 (s, 12H). 13C 

NMR (100 MHz, CDCl3) δ 167.2, 147.2, 139.9, 130.9, 130.3 (q, JC-F = 31.7 Hz), 128.5, 126.4, 

124.7 (q, JC-F = 272.5 Hz), 124.4 (q, JC-F = 3.9 Hz), 122.4 (q, JC-F = 4.0 Hz), 84.0, 80.5, 39.6, 28.1, 

24.9, 24.7, 20.4. 11B NMR (128 MHz, CDCl3) δ 34.28. 19F NMR (376 MHz, CDCl3) δ -62.46. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C23H33BF3O4
+ Calcd for 441.2419; Found 441.2411. 

tert-Butyl 2-methylene-4-(naphthalen-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pentanoate (3pa): 33.3 mg, 79% yield, new compound, white solid, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.79-7.72 (m, 3H), 

7.69-7.65 (m, 1H), 7.56-7.51 (m, 1H), 7.44-7.34 (m, 2H), 5.96 (d, J = 2.0 

Hz, 1H), 5.26-5.20 (m, 1H), 2.98-2.86 (m, 2H), 1.42 (s, 3H), 1.33 (s, 9H), 1.20 (m, 12H). 13C 

NMR (100 MHz, CDCl3) δ 167.5, 143.6, 140.1, 133.8, 131.9, 128.1, 127.5, 127.4, 127.0, 126.1, 
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125.7, 125.2, 125.1, 83.8, 80.4, 39.2, 28.1, 24.9, 24.7, 20.4. 11B NMR (128 MHz, CDCl3) δ 34.77. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C26H36BO4
+ Calcd for 423.2701; Found 423.2694.  

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(9-tosyl-9H-

carbazol-3-yl)pentanoate (3qa): 43.1 mg, 70% yield, new com-

pound, white solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, 

CDCl3) δ 8.31-8.27 (m, 1H), 8.22-8.17 (m, 1H), 7.90-7.85 (m, 1H), 

7.82-7.78 (m, 1H), 7.69-6.65 (m, 2H), 7.52-7.41 (m, 2H), 7.37-7.31 

(m, 1H), 7.09-7.05 (m, 2H), 5.95 (d, J = 1.9 Hz, 1H), 5.21 (s, 1H), 2.97-2.89 (m, 1H), 2.87-2.79 

(m, 1H), 2.25 (s, 3H), 1.39 (s, 3H), 1.32 (s, 9H), 1.21-1.14 (m, 12H). 13C NMR (100 MHz, CDCl3) 

δ 167.4, 144.9, 142.2, 140.1, 138.8, 136.6, 135.2, 129.8, 127.4, 127.2, 127.1, 126.7, 126.5, 126.2, 

123.9, 120.1, 118.3, 115.3, 114.8, 83.8, 80.4, 39.8, 28.1, 24.9, 24.7, 21.7, 20.6. 11B NMR (128 

MHz, CDCl3) δ 35.19. HRMS (ESI-orbitrap) m/z: [M+H]+ C35H43BNO6S+ Calcd for 616.2899; 

Found 616.2897. 

tert-Butyl 4-(dibenzo[b,d]furan-2-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)pentanoate (3ra): 26.2 mg, 57% yield, new compound, white 

solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.96-

7.90 (m, 1H), 7.89-7.85 (m, 1H), 7.57-7.50 (m, 1H), 7.49-7.37 (m, 

3H), 7.34-7.28 (m, 1H), 5.98 (d, J = 2.0 Hz, 1H), 5.25 (d, J = 2.1 Hz, 1H), 2.98-2.91 (m, 1H), 

2.90-2.84 (m, 1H), 1.42 (s, 3H), 1.35 (s, 9H), 1.23-1.17 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 

167.5, 156.7, 154.6, 140.7, 140.2, 127.2, 126.9, 126.2, 124.9, 124.1, 122.7, 120.7, 119.0, 111.8, 

111.1, 83.8, 80.4, 40.0, 28.1, 25.0, 24.7, 20.9. 11B NMR (128 MHz, CDCl3) δ 35.15. HRMS (ESI-

orbitrap) m/z: [M+H]+ C28H36BO5
+ Calcd for 463.2650; Found 463.2646. 

tert-Butyl 4-(dibenzo[b,d]thiophen-2-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-

lan-2-yl)pentanoate (3sa): 30.2 mg, 63% yield, new compound, 

white solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) 

δ 8.17-8.11 (m, 1H), 8.10-8.06 (m, 1H), 7.87-7.78 (m, 1H), 7.77-7.70 

(m, 1H), 7.50-7.40 (m, 3H), 5.98 (d, J = 2.0 Hz, 1H), 5.28 (d, J = 1.9 Hz, 1H), 2.99-2.85 (m, 2H), 

1.44 (s, 3H), 1.33 (s, 9H), 1.25-1.19 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 167.5, 142.7, 140.2, 

140.0, 136.7, 136.1, 135.7, 127.0, 126.6, 126.2, 124.4, 123.0, 122.4, 121.7, 120.1, 83.9, 80.4, 39.8, 

28.1, 25.0, 24.8, 20.7. 11B NMR (128 MHz, CDCl3) δ 34.31. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C28H36BO4S+ Calcd for 479.2422; Found 479.2413.  

tert-Butyl 4-(3,4-dihydronaphthalen-2-yl)-2-methylene-5-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pentanoate (3ta): 30.0 mg, 60% yield, new com-

pound, white solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (500 MHz, 

CDCl3) δ 7.23-7.11 (m, 6H), 7.09-7.05 (m, 2H), 6.99-6.95 (m, 1H), 6.31 

(s, 1H), 6.12 (s, 1H), 5.65 (d, J = 1.8 Hz, 1H), 3.22-3.02 (m, 2H), 2.80-2.69 (m, 3H), 2.59-2.54 (m, 

1H), 2.39-2.32 (m, 2H), 1.42 (s, 9H), 1.20 (s, 6H), 1.16 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 

167.5, 144.2, 140.1, 139.7, 135.4, 135.0, 130.5, 128.0, 127.1, 126.5, 126.3, 126.2, 125.0, 123.9, 

84.0, 80.5, 38.8, 32.6, 28.6, 28.3, 26.5, 25.3, 25.1. 11B NMR (160 MHz, CDCl3) δ 33.29. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C32H42BO4
+ Calcd for 501.3171; Found 501.3166. 
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tert-Butyl (E)-2-methylene-6-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)hept-5- 

enoate (3ua): 14.8 mg, 30% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (500 MHz, CDCl3) δ 7.34-7.30 (m, 2H), 7.29-

7.26 (d, J = 7.3 Hz, 2H), 7.24-7.14 (m, 6H), 6.15 (d, J = 1.5 Hz, 1H), 5.71 (d, J = 1.7 Hz, 1H), 

5.64 (d, J = 1.5 Hz, 1H), 3.14 (d, J = 13.4 Hz, 1H), 2.88 (d, J = 13.4 Hz, 1H), 2.78-2.60 (m, 2H), 

1.87 (s, 3H), 1.41 (s, 9H), 1.24-1.19 (m, 12H). 13C NMR (125 MHz, CDCl3) δ 167.6, 145.3, 140.2, 

139.7, 136.0, 133.7, 131.1, 128.2, 127.8, 126.6, 126.17, 126.15, 125.8, 83.9, 80.6, 42.4, 37.9, 28.3, 

25.4, 25.4, 18.8. 11B NMR (160 MHz, CDCl3) δ 32.52. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C24H36BO4
+ Calcd for 399.2701; Found 399.2705. 

tert-Butyl 2-methylene-4,5-diphenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentan-

oate (3va): 31.5 mg, 70% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.27-7.20 (m, 4H), 7.15-7.11 

(m, 1H), 7.10-7.02 (m, 3H), 6.86-6.80 (m, 2H), 6.05 (d, J = 1.4 Hz, 1H), 5.28 (d, 

J = 1.6 Hz, 1H), 3.18 (s, 2H), 2.92-2.78 (m, 2H), 1.42 (s, 9H), 1.17 (m, 12H). 
13C NMR (100 MHz, CDCl3) δ 167.3, 144.0, 139.7, 139.0, 130.5, 128.7, 127.9, 127.6, 126.0, 

125.59, 125.55, 83.9, 80.4, 43.5, 35.5, 28.2, 25.03, 25.00. 11B NMR (128 MHz, CDCl3) δ 35.36. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C28H38BO4
+ Calcd for 449.2858; Found 449.2851. 

tert-Butyl 5-(4-methoxyphenyl)-2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolan-2-yl)pentanoate (3wa): 36.5 mg, 87% yield, new compound, colorless 

oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.27-7.20 (m, 4H), 

7.16-7.10 (m, 1H), 6.75-6.69 (m, 2H), 6.65-6.59 (m, 2H), 6.07-6.02 (m, 1H), 

5.30-5.25 (m, 1H), 3.72 (s, 3H), 3.15-3.07 (m, 2H), 2.90-2.78 (m, 2H), 1.43 (s, 

9H), 1.26-1.15 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 167.3, 158.0, 144.0, 

139.7, 131.4, 131.0, 128.7, 127.9, 125.6, 125.5, 113.0, 83.8, 80.4, 55.3, 42.8, 35.5, 28.2, 25.1, 25.0. 
11B NMR (128 MHz, CDCl3) δ 35.35. HRMS (ESI-orbitrap) m/z: [M+H]+ C29H40BO5

+ Calcd for 

479.2963; Found 479.2956. 

tert-Butyl 5-(4-chlorophenyl)-2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-

lan-2-yl)pentanoate (3xa): 30.3 mg, 63% yield, new compound, colorless oil, 

Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.24-7.21 (m, 4H), 

7.16-7.11 (m, 1H), 7.05-7.01 (m, 2H), 6.73-6.67 (m, 2H), 6.06 (s, 1H), 5.28 (d, J 

= 1.9 Hz, 1H), 3.18-3.09 (m, 2H), 2.88-2.76 (m, 2H), 1.44 (s, 9H), 1.20-1.15 (m, 

12H). 13C NMR (100 MHz, CDCl3) δ 167.2, 143.6, 139.5, 137.5, 131.9, 131.8, 

128.6, 128.1, 127.7, 125.73, 125.70, 84.0, 80.6, 43.0, 35.5, 28.2, 25.1, 25.0. 11B NMR (128 MHz, 

CDCl3) δ 34.78. HRMS (ESI-orbitrap) m/z: [M+H]+ C28H37BClO4
+ Calcd for 483.2468; Found 

483.2466. 

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-(4-(tri-

fluoromethyl)phenyl)pentanoate (3ya): 43.0 mg, 81% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.36-

7.31 (m, 2H), 7.29-7.25 (m, 4H), 7.20-7.15 (m, 1H), 6.925-6.90 (m, 2H), 6.10 (d, 

J = 1.4 Hz, 1H), 5.31 (d, J = 1.9 Hz, 1H), 3.27-7.19 (m, 2H), 2.94-2.78 (m, 2H), 

1.46 (s, 9H), 1.20 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 167.2, 143.5, 143.3, 

139.5, 130.6, 128.5, 128.3 (q, JC-F = 32.5 Hz), 128.1, 124.6 (q, JC-F = 271.8 Hz), 124.4 (q, JC-F = 
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3.8 Hz), 84.0, 80.6, 43.2, 35.5, 28.2, 25.1, 25.0. 11B NMR (128 MHz, CDCl3) δ 34.84. 19F NMR 

(376 MHz, CDCl3) δ -62.30. HRMS (ESI-orbitrap) m/z: [M+H]+ C29H37BF3O4
+ Calcd for 

517.2732; Found 517.2726. 

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octanoate 

(3za): 34.3 mg, 81% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.29-7.21 (m, 4H), 7.14-7.06 (m, 1H), 

5.93 (d, J = 1.9 Hz, 1H), 5.14 (d, J = 1.8 Hz, 1H), 2.85 (s, 2H), 1.88-1.65 (m, 

2H), 1.37 (s, 9H), 1.28-1.12 (m, 16H), 0.85 (t, J = 7.1 Hz, 3H). 13C NMR (100 

MHz, CDCl3) δ 167.4, 145.0, 140.1, 128.2, 128.0, 125.7, 125.4, 83.7, 80.3, 36.4, 34.8, 28.2, 28.0, 

25.02, 24.97, 23.7, 14.3. 11B NMR (128 MHz, CDCl3) δ 34.08. HRMS (ESI-orbitrap) m/z: 

[M+H]+ C25H40BO4
+ Calcd for 415.3014; Found 415.3009. 

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)decanoate 

(3a′a): 35.4 mg, 80% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.31-7.19 (m, 4H), 7.14-7.06 (m, 1H), 

5.92 (d, J = 1.8 Hz, 1H), 5.13 (d, J = 1.8 Hz, 1H), 2.85 (s, 2H), 1.76 (t, J = 7.8 

Hz, 2H), 1.37 (s, 9H), 1.28-1.17 (m, 20H), 0.85 (t, J = 6.5 Hz, 3H). 13C NMR 

(100 MHz, CDCl3) δ 167.4, 145.0, 140.1, 128.2, 128.0, 125.7, 125.4, 83.7, 80.2, 

36.5, 35.1, 32.0, 30.4, 28.2, 25.7, 25.03, 24.99, 22.9, 14.3. 11B NMR (128 MHz, CDCl3) δ 35.03. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C27H44BO4
+ Calcd for 443.3327; Found 443.3322.  

tert-Butyl 8-acetoxy-2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)octanoate (3b′a): 32.1 mg, 68% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.28-7.22 (m, 4H), 7.14-

7.07 (m, 1H), 5.94 (d, J = 1.8 Hz, 1H), 5.16 (d, J = 1.8 Hz, 1H), 4.00 (t, J = 

6.7 Hz, 2H), 2.85 (s, 2H), 2.00 (s, 3H), 1.83-1.75 (m, 2H), 1.64-1.51 (m, 2H), 1.38 (s, 9H), 1.29-

1.19 (m, 14H). 13C NMR (100 MHz, CDCl3) δ 171.4, 167.3, 144.6, 139.9, 128.12, 128.06, 125.9, 

125.5, 83.7, 80.3, 64.7, 36.4, 34.7, 29.5, 28.2, 25.0, 24.9, 22.1, 21.2. 11B NMR (128 MHz, CDCl3) 

δ 34.55. HRMS (ESI-orbitrap) m/z: [M+H]+ C27H42BO6
+ Calcd for 473.3069; Found 473.3062. 

7-(tert-Butoxycarbonyl)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-7-en-1-

yl benzoate (3c′a): 43.1 mg, 81% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 8.07-7.93 (m, 2H), 7.56-

7.48 (m, 1H), 7.45-7.37 (m, 2H), 7.30-7.20 (m, 4H), 7.15-7.06 (m, 1H), 5.94 

(d, J = 1.8 Hz, 1H), 5.17 (d, J = 1.8 Hz, 1H), 4.27 (t, J = 6.5 Hz, 2H), 2.87 (s, 2H), 1.89-1.80 (m, 

2H), 1.78-1.68 (m, 2H), 1.43-1.34 (m, 11H), 1.25-1.14 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 

167.3, 166.8, 144.7, 140.0, 132.9, 130.7, 129.8, 128.4, 128.13, 128.07, 125.9, 125.5, 83.7, 80.3, 

65.2, 36.4, 34.8, 29.7, 28.2, 25.0, 24.9, 22.2. 11B NMR (128 MHz, CDCl3) δ 35.34. HRMS (ESI-

orbitrap) m/z: [M+H]+ C32H44BO6
+ Calcd for 535.3225; Found 535.3217. 

tert-Butyl 8-((tert-butoxycarbonyl)oxy)-2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)octanoate (3d′a): 37.0 mg, 70% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.31-

7.21 (m, 4H), 7.15-7.03 (m, 1H), 5.94 (d, J = 1.8 Hz, 1H), 5.17 (s, 1H), 3.99 

(t, J = 6.9 Hz, 2H), 2.84 (s, 2H), 1.84-1.75 (m, 2H), 1.67-1.56 (m, 2H), 1.46 (s, 9H), 1.37 (s, 9H), 

1.31-1.16 (m, 14H). 13C NMR (100 MHz, CDCl3) δ 167.3, 153.9, 144.6, 140.0, 128.13, 128.08, 
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125.9, 125.5, 83.8, 81.8, 80.3, 67.2, 36.4, 34.8, 29.6, 28.2, 28.0, 25.04, 24.96, 21.9. 11B NMR (128 

MHz, CDCl3) δ 36.43. HRMS (ESI-orbitrap) m/z: [M+H]+ C30H48BO7
+ Calcd for 531.3488; 

Found 531.3482. 

tert-Butyl 8-((tert-butyldimethylsilyl)oxy)-2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)octanoate (3e′a): 45.8 mg, 84% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

7.28-7.21 (m, 4H), 7.17-7.07 (m, 1H), 5.93 (d, J = 1.8 Hz, 1H), 5.16 (d, J = 

1.8 Hz, 1H), 3.55 (t, J = 6.7 Hz, 2H), 2.85 (s, 2H), 1.88-1.67 (m, 2H), 1.50-1.45 (m, 2H), 1.36 (s, 

9H), 1.29-1.02 (m, 14H), 0.86 (s, 9H), 0.01 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 167.4, 144.9, 

140.0, 128.2, 128.1, 125.8, 125.4, 83.7, 80.3, 63.5, 36.4, 35.1, 34.0, 28.2, 26.2, 25.03, 24.99, 22.2, 

18.6, -5.1. 11B NMR (128 MHz, CDCl3) δ 33.21. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C31H54BO5Si+ Calcd for 545.3828; Found 545.3821. 

tert-Butyl 2-methylene-8-phenoxy-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)octanoate (3f′a): 38.9 mg, 77% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.30-7.21 (m, 6H), 7.14-

7.08 (m, 1H), 6.94-6.87 (m, 1H), 6.87-6.80 (m, 2H), 5.93 (d, J = 1.8 Hz, 1H), 

5.17 (d, J = 1.8 Hz, 1H), 3.90 (t, J = 6.6 Hz, 2H), 2.87 (s, 2H), 1.90-1.80 (m, 2H), 1.79-1.71 (m, 

2H), 1.43-1.33 (m, 11H), 1.22 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 167.4, 159.3, 144.7, 140.0, 

129.5, 128.13, 128.11, 125.9, 125.5, 120.6, 114.7, 83.7, 80.3, 67.8, 36.5, 34.9, 30.3, 28.2, 25.04, 

24.96, 22.3. 11B NMR (128 MHz, CDCl3) δ 34.75. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C31H44BO5
+ Calcd for 507.3276; Found 507.3269. 

7-(tert-Butoxycarbonyl)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-7-en-1-

yl thiophene-2-carboxylate (3g′a): 36.0 mg, 67% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

7.86-7.67 (m, 1H), 7.59-7.42 (m, 1H), 7.30-7.21 (m, 4H), 7.14-6.95 (m, 

2H), 5.94 (d, J = 1.8 Hz, 1H), 5.18 (d, J = 1.8 Hz, 1H), 4.24 (t, J = 6.6 Hz, 

2H), 2.86 (s, 2H), 1.94-1.78 (m, 2H), 1.74-1.63 (m, 2H), 1.42-1.32 (m, 11H), 1.24-1.10 (m, 12H). 
13C NMR (100 MHz, CDCl3) δ 167.3, 162.5, 144.7, 140.0, 134.4, 133.4, 132.3, 128.13, 128.07, 

127.8, 125.9, 125.5, 83.7, 80.3, 65.4, 36.4, 34.8, 29.7, 28.2, 25.01, 24.95, 22.2. 11B NMR (128 

MHz, CDCl3) δ 35.00. HRMS (ESI-orbitrap) m/z: [M+H]+ C30H42BO6S+ Calcd for 541.2790; 

Found 541.2783. 
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7-(tert-Butoxycarbonyl)-5-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-7-en-1-

yl furan-2-carboxylate (3h′a): 37.5 mg, 72% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

7.61-7.48 (m, 1H), 7.29-7.22 (m, 4H), 7.16-7.03 (m, 2H), 6.51-6.45 (m, 

1H), 5.94 (d, J = 1.8 Hz, 1H), 5.17 (s, 1H), 4.25 (t, J = 6.7 Hz, 2H), 2.86 

(s, 2H), 1.90-1.77 (m, 2H), 1.74-1.65 (m, 2H), 1.40-1.32 (m, 11H), 1.25-1.16 (m, 12H). 13C NMR 

(100 MHz, CDCl3) δ 167.3, 159.0, 146.3, 145.1, 144.7, 140.0, 128.14, 128.07, 125.9, 125.5, 117.8, 

111.9, 83.7, 80.3, 65.2, 36.4, 34.8, 29.6, 28.2, 25.0, 24.9, 22.1. 11B NMR (128 MHz, CDCl3) δ 

35.08. HRMS (ESI-orbitrap) m/z: [M+H]+ C30H42BO7
+ Calcd for 525.3018; Found 525.3012. 

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6-(1-tosyl-

1H-indol-3-yl)hexanoate (3i′a): 46.3 mg, 71% yield, new compound, white 

solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.98-7.91 (m, 

1H), 7.78-7.69 (m, 2H), 7.47-7.40 (m, 1H), 7.38-7.32 (m, 2H), 7.31-7.25 (m, 

4H), 7.21-7.12 (m, 4H), 5.99 (d, J = 1.8 Hz, 1H), 5.23 (d, J = 1.8 Hz, 1H), 

3.02-2.88 (m, 2H), 2.63-2.49 (m, 2H), 2.32 (s, 3H), 2.19-2.07 (m, 2H), 1.36 (s, 

9H), 1.27-1.22 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 167.4, 144.8, 144.4, 139.8, 135.7, 135.5, 

131.4, 130.0, 128.3, 128.1, 127.0, 126.3, 125.7, 124.6, 124.2, 123.0, 122.5, 120.0, 113.8, 83.9, 

80.5, 36.2, 34.8, 28.2, 25.1, 25.0, 21.7, 21.3. 11B NMR (128 MHz, CDCl3) δ 34.76. HRMS (ESI-

orbitrap) m/z: [M+H]+ C38H47BNO6S+ Calcd for 656.3212; Found 656.3204.  

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)non-6-ynoate 

(3j′a): 26.9 mg, 63% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.25-7.15 (m, 4H), 7.14-7.07 (m, 1H), 5.99 

(d, J = 2.1 Hz, 1H), 5.42 (dd, J = 2.2, 1.2 Hz, 1H), 3.12-3.02 (m, 1H), 3.00-2.91 

(m, 1H), 2.71-2.57 (m, 2H), 2.19-2.09 (m, 2H), 1.29-1.20 (m, 21H), 1.10 (t, J = 

7.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 167.1, 143.5, 139.4, 128.2, 127.7, 126.2, 125.8, 84.2, 

83.9, 80.2, 78.3, 35.8, 28.0, 25.0, 24.8, 23.5, 14.4, 12.8. 11B NMR (128 MHz, CDCl3) δ 34.47. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C26H38BO4
+ Calcd for 425.2858; Found 425.2851. 

Methyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate 

(3ab): 25.7 mg, 78% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.35-7.21 (m, 4H), 7.16-7.07 (m, 1H), 

6.04 (d, J = 1.7 Hz, 1H), 5.29 (d, J = 1.7 Hz, 1H), 3.57 (s, 3H), 2.92-2.78 (m, 

2H), 1.31 (s, 3H), 1.24-1.08 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 168.8, 145.8, 138.7, 128.1, 

127.5, 127.0, 125.6, 83.8, 51.9, 40.1, 24.9, 24.7, 20.6. 11B NMR (128 MHz, CDCl3) δ 34.25. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C19H28BO4
+ Calcd for 331.2075; Found 331.2069. 

Ethyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate (3ac): 

28.9 mg, 84% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 
1H NMR (400 MHz, CDCl3) δ 7.32-7.24 (m, 4H), 7.17-7.08 (m, 1H), 6.05 (d, 

J = 1.9 Hz, 1H), 5.29 (d, J = 1.7 Hz, 1H), 4.09-3.94 (m, 2H), 2.90-2.77 (m, 

2H), 1.31 (s, 3H), 1.26-1.18 (m, 15H). 13C NMR (100 MHz, CDCl3) δ 168.4, 145.9, 139.1, 128.1, 

127.5, 126.8, 125.6, 83.7, 60.7, 39.9, 24.9, 24.7, 20.7, 14.3. 11B NMR (128 MHz, CDCl3) δ 34.45. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C20H30BO4
+ Calcd for 345.2232; Found 345.2230. 
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Benzyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate 

(3ad): 26.8 mg, 66% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.35-7.23 (m, 9H), 7.15-7.09 (m, 1H), 

6.10 (d, J = 1.8 Hz, 1H), 5.32 (d, J = 1.8 Hz, 1H), 5.06-4.97 (m, 2H), 2.91-

2.81 (m, 2H), 1.31 (s, 3H), 1.21-1.15 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 168.1, 145.8, 

138.8, 136.4, 128.7, 128.23, 128.15, 127.5, 127.3, 125.6, 83.8, 66.5, 40.0, 24.9, 24.8, 24.7, 20.7. 
11B NMR (128 MHz, CDCl3) δ 34.31. HRMS (ESI-orbitrap) m/z: [M+H]+ C25H32BO4

+ Calcd for 

407.2388; Found 407.2381.  

tert-Butyl 8-((3-(4,5-diphenyloxazol-2-yl)propanoyl)oxy)-2-methylene-4-phenyl-4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)octanoate (3k′a): 46.4 mg, 

66% yield, new compound, white solid, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.66-7.60 (m, 2H), 7.59-

7.54 (m, 2H), 7.39-7.30 (m, 6H), 7.28-7.23 (m, 4H), 7.14-7.07 (m, 

1H), 5.94 (d, J = 1.8 Hz, 1H), 5.17 (d, J = 1.9 Hz, 1H), 4.07 (t, J = 6.7 Hz, 2H), 3.19-3.12 (m, 2H), 

2.93-2.78 (m, 4H), 1.86-1.73 (m, 2H), 1.63-1.53 (m, 2H), 1.38 (s, 9H), 1.28-1.19 (m, 14H). 13C 

NMR (100 MHz, CDCl3) δ 172.2, 167.3, 162.0, 145.6, 144.6, 140.0, 135.3, 132.7, 129.2, 128.84, 

128.75, 128.6, 128.2, 128.14, 128.10, 128.05, 126.7, 125.9, 125.5, 83.7, 80.3, 65.1, 36.3, 34.8, 

31.4, 29.5, 28.2, 25.0, 24.9, 23.8, 22.0. 11B NMR (128 MHz, CDCl3) δ 35.02. HRMS (ESI-

orbitrap) m/z: [M+H]+ C43H53BNO7
+ Calcd for 706.3910; Found 706.3902. 

2-Propylpentyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)penta-

noate (3af): 35.3 mg, 82% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.32-7.23 (m, 4H), 7.15-

7.10 (m, 1H), 6.03 (d, J = 1.8 Hz, 1H), 5.27 (d, J = 1.8 Hz, 1H), 3.94-3.97 

(m, 2H), 2.92-2.86 (m, 1H), 2.81-2.75 (m, 1H), 1.70-1.62 (m, 1H), 1.35-1.26 (m, 11H), 1.23-1.18 

(m, 12H), 0.89 (t, J = 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 168.5, 146.0, 139.1, 128.1, 

127.4, 126.6, 125.5, 83.7, 67.6, 39.9, 37.1, 34.0, 24.9, 24.7, 20.7, 20.1, 14.6. 11B NMR (128 MHz, 

CDCl3) δ 33.56. HRMS (ESI-orbitrap) m/z: [M+H]+ C26H42BO4
+ Calcd for 429.3171; Found 

429.3168.  

5-(2,5-Dimethylphenoxy)-2,2-dimethylpentyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)pentanoate (3ag): 40.2 mg, 75% 

yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.31-7.23 (m, 4H), 

7.16-7.08 (m, 1H), 7.04-6.96 (m, 1H), 6.69-6.63 (m, 1H), 

6.61 (s, 1H), 6.06 (d, J = 1.8 Hz, 1H), 5.29 (s, 1H), 3.91 (t, J = 6.4 Hz, 2H), 3.80-3.71 (m, 2H), 

2.94-2.76 (m, 2H), 2.30 (s, 3H), 2.16 (s, 3H), 1.81-1.70 (m, 2H), 1.49-1.41 (m, 2H), 1.31 (s, 3H), 

1.22-1.11 (m, 12H), 0.95 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 168.3, 157.2, 146.0, 139.0, 

136.7, 130.5, 128.2, 127.4, 126.7, 125.6, 123.8, 120.8, 112.1, 83.7, 72.6, 68.6, 39.8, 35.8, 33.9, 

24.9, 24.7, 24.6, 24.3, 21.6, 20.7, 16.0. 11B NMR (128 MHz, CDCl3) δ 31.40. HRMS (ESI-

orbitrap) m/z: [M+H]+ C33H48BO5
+ Calcd for 535.3589; Found 535.3583.  
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8. General procedure for synthesis of product 5 

 

In the nitrogen filled glovebox, a dried 25.0 mL Schlenk tube was charged with DABCO (1.1 

mg, 0.01 mmol, 10.0 mol%), LiCl (0.4 mg, 0.01 mmol, 10.0 mol%), 4 (0.10 mmol, 1.0 equiv.), 2 

(0.20 mmol, 2.0 equiv.), and EtOAc (2.0 mL). Then, the Schlenk tube was removed from glove-

box and stirred in a 50 °C oil bath. Upon completion (monitored by TLC), the mixture was al-

lowed to slowly cool to room temperature, followed by concentration under reduced pressure. The 

crude product was purified by flash column chromatography (PE/EtOAc 60/1) on silica gel (200-

300 mesh) to afford the target product 5.  

tert-Butyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate 

(5aa): 32.2 mg, 90% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.26-7.18 (m, 4H), 7.16-7.10 (m, 1H), 

6.00 (d, J = 1.7 Hz, 1H), 5.38 (d, J = 1.8 Hz, 1H), 2.88-2.80 (m, 1H), 2.62-

2.54 (m, 2H), 1.48 (s, 9H), 1.19 (s, 6H) 1.16 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 166.6, 142.6, 

141.6, 128.7, 128.5, 125.6, 124.6, 83.6, 80.5, 34.9, 28.3, 24.81, 24.79. 11B NMR (128 MHz, 

CDCl3) δ 33.24. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H32BO4
+ Calcd for 359.2388; Found 

359.2381. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(p-tolyl)butanoate 

(5ba): 28.1 mg, 76% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.14-7.00 (m, 4H), 6.00 

(d, J = 1.7 Hz, 1H), 5.38 (d, J = 1.5 Hz, 1H), 2.87-2.75 (m, 1H), 2.60-2.49 

(m, 2H), 2.29 (s, 3H), 1.48 (s, 9H), 1.24-1.15 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.7, 

141.7, 139.4, 134.9, 129.3, 128.6, 124.5, 83.5, 80.5, 35.1, 28.3, 24.9, 24.8, 21.2. 11B NMR (128 

MHz, CDCl3) δ 33.88. HRMS (ESI-orbitrap) m/z: [M+H]+ C22H34BO4
+ Calcd for 373.2545; 

Found 373.2541. 

tert-Butyl 4-(4-(tert-butyl)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5ca): 25.5 mg, 62% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.27-7.23 (m, 2H), 

7.15-7.10 (m, 2H), 6.02 (d, J = 1.8 Hz, 1H), 5.42 (d, J = 1.6 Hz, 1H), 

2.84-2.74 (m, 1H), 2.60-2.52 (m, 2H), 1.47 (s, 9H), 1.29 (s, 9H), 1.22-1.15 (m, 12H). 13C NMR 

(100 MHz, CDCl3) δ 166.7, 148.1, 141.9, 139.3, 128.2, 125.4, 124.6, 83.5, 80.5, 35.1, 34.5, 31.6, 

28.3, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 32.47. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C25H40BO4
+ Calcd for 415.3014; Found 415.3007. 

tert-Butyl 4-(4-methoxyphenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5da): 30.9 mg, 80% yield, new compound, colorless oil, 

Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.15-7.05 (m, 

2H), 6.86-6.73 (m, 2H), 5.99 (d, J = 1.7 Hz, 1H), 5.36 (d, J = 1.5 Hz, 1H), 

3.77 (s, 3H), 2.85-2.72 (m, 1H), 2.60-2.47 (m, 2H), 1.48 (s, 9H), 1.23-1.10 (m, 12H). 13C NMR 
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(100 MHz, CDCl3) δ 166.7, 157.6, 141.7, 134.6, 129.6, 124.6, 114.0, 83.6, 80.5, 55.4, 35.2, 28.3, 

24.84, 24.82. 11B NMR (128 MHz, CDCl3) δ 33.47. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C22H34BO5
+ Calcd for 389.2494; Found 389.2486. 

tert-Butyl 4-(4-(benzyloxy)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5ea): 26.9 mg, 58% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.46-7.30 (m, 

5H), 7.16-7.07 (m, 2H), 6.92-6.82 (m, 2H), 6.00 (d, J = 1.7 Hz, 1H), 5.37 

(d, J = 1.6 Hz, 1H), 5.01 (s, 2H), 2.86-2.74 (m, 1H), 2.59-2.42 (m, 2H), 1.48 (s, 9H), 1.24-1.13 (m, 

12H). 13C NMR (100 MHz, CDCl3) δ 166.7, 156.9, 141.6, 137.5, 134.9, 129.6, 128.7, 128.1, 

127.8, 124.6, 114.9, 83.6, 80.5, 70.2, 35.2, 28.3, 24.84, 24.82. 11B NMR (128 MHz, CDCl3) δ 

32.02. HRMS (ESI-orbitrap) m/z: [M+H]+ C28H38BO5
+ Calcd for 465.2807; Found 465.2801. 

tert-Butyl 4-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-methylene-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)butanoate (5fa): 40.5 mg, 83% yield, new 

compound, colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 

MHz, CDCl3) δ 7.07-7.02 (m, 2H), 6.75-6.69 (m, 2H), 5.99 (d, J = 1.7 

Hz, 1H), 5.36 (d, J = 1.7 Hz, 1H), 2.84-2.75 (m, 1H), 2.56-2.49 (m, 2H), 1.48 (s, 9H), 1.21-1.13 

(m, 12H), 0.96 (s, 9H), 0.17 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 166.6, 153.5, 141.6, 135.1, 

129.4, 124.5, 120.1, 83.5, 80.5, 35.0, 28.3, 25.9, 24.8, 18.4, -4.3. 11B NMR (128 MHz, CDCl3) δ 

32.47. HRMS (ESI-orbitrap) m/z: [M+H]+ C27H46BO5Si+ Calcd for 489.3202; Found 489.3195. 

tert-Butyl 4-([1,1′-biphenyl]-4-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5ga): 26.3 mg, 61% yield, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.60-7.55 (m, 2H), 

7.51-7.46 (m, 2H), 7.44-7.38 (m, 2H), 7.36-7.29 (m, 1H), 7.28-7.25 (m, 

2H), 6.02 (d, J = 1.7 Hz, 1H), 5.42 (d, J = 1.6 Hz, 1H), 2.92-2.81 (m, 1H), 2.68-2.57 (m, 2H), 1.48 

(s, 9H), 1.25-1.16 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.7, 141.8, 141.6, 141.3, 138.3, 

129.1, 128.9, 127.2, 127.1, 124.7, 83.7, 80.6, 34.9, 28.3, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) 

δ 33.56. HRMS (ESI-orbitrap) m/z: [M+H]+ C27H36BO4
+ Calcd for 435.2701; Found 435.2693.  

tert-Butyl 4-(4-fluorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

butanoate (5ha): 26.7 mg, 71% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.18-7.09 (m, 2H), 

6.98-6.87 (m, 2H), 5.99 (d, J = 1.7 Hz, 1H), 5.36 (d, J = 1.7 Hz, 1H), 2.85-

2.74 (m, 1H), 2.61-2.47 (m, 2H), 1.48 (s, 9H), 1.24-1.14 (m, 12H). 13C NMR (100 MHz, CDCl3) 

δ 166.5, 161.2 (d, JC-F = 242.7 Hz), 141.4, 138.2 (d, JC-F = 3.2 Hz), 130.0 (d, JC-F = 7.7 Hz), 124.8, 

115.3 (d, JC-F = 21.0 Hz), 83.7, 80.6, 35.1, 28.3, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.30. 19F 

NMR (376 MHz, CDCl3) δ -118.43. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H31BFO4
+ Calcd for 

377.2294; Found 377.2288.  

tert-Butyl 4-(4-chlorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

butanoate (5ia): 30.0 mg, 76% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.23-7.18 (m, 2H), 

7.15-7.09 (m, 2H), 5.99 (d, J = 1.8 Hz, 1H), 5.35 (d, J = 1.4 Hz, 1H), 2.87-

2.77 (m, 1H), 2.60-2.50 (m, 2H), 1.47 (s, 9H), 1.21-1.15 (m, 12H). 13C NMR (100 MHz, CDCl3) 

δ 166.5, 141.3, 141.1, 131.3, 130.0, 128.6, 124.9, 83.8, 80.7, 34.8, 28.3, 28.2, 24.8. 11B NMR (128 
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MHz, CDCl3) δ 32.62. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H31BClO4
+ Calcd for 393.1998; 

Found 393.1992. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(4-vinylphenyl)-

butanoate (5ja): 26.2 mg, 68% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.35-7.27 (m, 2H), 

7.19-7.12 (m, 2H), 6.67 (dd, J = 17.6, 10.9 Hz, 1H), 5.99 (d, J = 1.7 Hz, 

1H), 5.69 (d, J = 17.6 Hz, 1H), 5.38 (s, 1H), 5.17 (d, J = 10.9 Hz, 1H), 2.88-2.78 (m, 1H), 2.63-

2.52 (m, 2H), 1.48 (s, 9H), 1.22-1.13 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.6, 142.4, 

141.5, 137.0, 134.9, 128.8, 126.5, 124.7, 112.8, 83.6, 80.6, 34.8, 28.3, 24.84, 24.81. 11B NMR 

(128 MHz, CDCl3) δ 33.00. HRMS (ESI-orbitrap) m/z: [M+H]+ C23H34BO4
+ Calcd for 385.2545; 

Found 385.2544. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(o-tolyl)butanoate 

(5ka): 25.0 mg, 70% yield, new compound, colorless oil, Rf = 0.2 (PE/EtOAc 

60/1); 1H NMR (400 MHz, CDCl3) δ 7.25-7.21 (m, 1H), 7.14-7.07 (m, 2H), 

7.06-7.00 (m, 1H), 5.97 (d, J = 1.8 Hz, 1H), 5.34 (s, 1H), 2.88-2.77 (m, 2H), 

2.60-2.50 (m, 1H), 2.31 (s, 3H), 1.48 (s, 9H), 1.22-1.14 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 

166.7, 141.5, 140.9, 136.5, 130.4, 128.2, 126.1, 125.4, 124.7, 83.5, 80.5, 34.5, 28.3, 24.9, 24.8, 

20.4. 11B NMR (128 MHz, CDCl3) δ 32.73. HRMS (ESI-orbitrap) m/z: [M+H]+ C22H34BO4
+ 

Calcd for 373.2545; Found 373.2542.  

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(m-tolyl)butanoate 

(5la): 30.4 mg, 82% yield, new compound, colorless oil, Rf = 0.2 

(PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.16-7.10 (m, 1H), 7.04-

6.98 (m, 2H), 6.97-6.92 (m, 1H), 6.00 (d, J = 1.7 Hz, 1H), 5.40 (d, J = 1.7 

Hz, 1H), 2.86-2.77 (m, 1H), 2.60-2.53 (m, 2H), 2.30 (s, 3H), 1.48 (s, 9H), 1.22-1.14 (m, 12H). 13C 

NMR (100 MHz, CDCl3) δ 166.7, 142.4, 141.7, 138.0, 129.5, 128.4, 126.4, 125.6, 124.6, 83.6, 

80.5, 35.0, 28.3, 24.83, 24.76, 21.7. 11B NMR (128 MHz, CDCl3) δ 33.43. HRMS (ESI-orbitrap) 

m/z: [M+H]+ C22H34BO4
+ Calcd for 373.2545; Found 373.2543.  

tert-Butyl 4-(3-fluorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

butanoate (5ma): 29.0 mg, 77% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.23-7.16 (m, 1H), 

6.99-6.88 (m, 2H), 6.87-6.77 (m, 1H), 6.00 (d, J = 1.7 Hz, 1H), 5.37 (d, J = 

1.5 Hz, 1H), 2.87-2.76 (m, 1H), 2.66-2.52 (m, 2H), 1.48 (s, 9H), 1.22-1.15 (m, 12H). 13C NMR 

(100 MHz, CDCl3) δ 166.5, 163.1 (d, JC-F = 244.8 Hz), 145.3 (d, JC-F = 7.2 Hz), 141.3, 129.8 (d, 

JC-F = 8.4 Hz), 124.9, 124.4 (d, JC-F = 2.8 Hz), 115.4 (d, JC-F = 21.1 Hz), 112.5 (d, JC-F = 21.1 Hz), 

83.8, 80.7, 34.7, 28.3, 24.83, 24.81. 11B NMR (128 MHz, CDCl3) δ 33.29. 19F NMR (376 MHz, 

CDCl3) δ -113.91. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H31BFO4
+ Calcd for 377.2294; Found 

377.2288. 

tert-Butyl 4-(3-chlorophenyl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

butanoate (5na): 27.8 mg, 71% yield, new compound, colorless oil, Rf = 

0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.21-7.14 (m, 2H), 

7.13-7.05 (m, 2H), 6.00 (d, J = 1.7 Hz, 1H), 5.37 (d, J = 1.5 Hz, 1H), 2.88-

2.77 (m, 1H), 2.63-2.53 (m, 2H), 1.48 (s, 9H), 1.21-1.16 (m, 12H). 13C NMR (100 MHz, CDCl3) 
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δ 166.5, 144.7, 141.2, 134.2, 129.7, 128.8, 126.9, 125.8, 124.9, 83.8, 80.7, 34.7, 28.3, 24.84, 24.80. 
11B NMR (128 MHz, CDCl3) δ 34.40. HRMS (ESI-orbitrap) m/z: [M+H]+ C21H31BClO4

+ Calcd 

for 393.1998 Found 393.1991.  

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(3-(trifluoro-

methyl)phenyl)butanoate (5oa): 28.3 mg, 66% yield, new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

7.39 (s, 1H), 7.37-7.24 (m, 3H), 5.92 (d, J = 1.6 Hz, 1H), 5.30 (d, J = 1.6 

Hz, 1H), 2.83-2.73 (m, 1H), 2.66-2.58 (m, 1H), 2.55-2.45 (m, 1H), 1.40 (s, 9H), 1.19-1.08 (m, 

12H). 13C NMR (100 MHz, CDCl3) δ 166.4, 143.6, 141.1, 132.2, 130.7 (q, JC-F = 31.9 Hz), 128.9, 

125.5 (q, JC-F = 4.0 Hz), 125.1, 124.5 (q, JC-F = 272.3 Hz), 122.5 (q, JC-F = 3.9 Hz), 83.9, 80.8, 

34.9, 28.2, 24.8, 24.7. 11B NMR (128 MHz, CDCl3) δ 32.24. 19F NMR (376 MHz, CDCl3) δ -

62.56. HRMS (ESI-orbitrap) m/z: [M+H]+ C22H31BF3O4
+ Calcd for 427.2262; Found 427.2255. 

tert-Butyl 2-methylene-4-(naphthalen-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5pa): 21.9 mg, 54% yield, new compound, white solid, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.80-7.71 (m, 3H), 

7.65-7.60 (m, 1H), 7.45-7.35 (m, 3H), 5.98 (d, J = 1.6 Hz, 1H), 5.40 (d, J 

= 1.7 Hz, 1H), 2.98-2.89 (m, 1H), 2.83-2.75 (m, 1H), 2.73-2.64 (m, 1H), 1.47 (s, 9H), 1.25-1.15 

(m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.7, 141.5, 140.2, 134.0, 132.1, 128.0, 127.7, 127.6, 

126.7, 125.9, 125.1, 124.8, 83.7, 80.6, 34.7, 28.3, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.34. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C25H34BO4
+ Calcd for 409.2545; Found 409.2537. 

tert-Butyl 2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-(9-tosyl-9H-carba-

zol-3-yl)butanoate (5qa): 41.4 mg, 69% yield, new compound, yel-

low solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

8.32-7.25 (m, 1H), 8.22-8.15 (m, 1H), 7.88-7.82 (m, 1H), 7.74-7.65 

(m, 3H), 7.48-7.43 (m, 1H), 7.36-7.29 (m, 2H), 7.11-7.05 (m, 2H), 

5.98 (d, J = 1.7 Hz, 1H), 5.38 (d, J = 1.4 Hz, 1H), 2.95-2.86 (m, 1H), 2.78-2.71 (m, 1H), 2.68-2.59 

(m, 1H), 2.26 (s, 3H), 1.47 (s, 9H), 1.24-1.14 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.6, 

144.9, 141.5, 138.8, 138.5, 136.8, 135.2, 129.8, 128.3, 127.3, 126.9, 126.8, 126.7, 124.7, 124.0, 

120.1, 119.7, 115.4, 115.3, 83.8, 80.7, 35.2, 28.3, 24.84, 24.78, 21.7. 11B NMR (128 MHz, CDCl3) 

δ 34.65. HRMS (ESI-orbitrap) m/z: [M+H]+ C34H41BNO6S+ Calcd for 602.2742; Found 602.2735. 

tert-Butyl 4-(dibenzo[b,d]furan-2-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)butanoate (5ra): 21.0 mg, 47% yield, new compound, yellow 

solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 7.87-

7.80 (m, 1H), 7.73-7.68 (m, 1H), 7.49-7.43 (m, 1H), 7.39-7.31 (m, 

2H), 7.26-7.20 (m, 2H), 5.92 (d, J = 1.7 Hz, 1H), 5.33 (d, J = 1.7 Hz, 1H), 2.91-2.81 (m, 1H), 

2.75-2.67 (m, 1H), 2.62-2.50 (m, 1H), 1.41 (s, 9H), 1.19-1.09 (m, 12H). 13C NMR (100 MHz, 

CDCl3) δ 166.5, 156.4, 154.6, 141.3, 136.9, 127.8, 126.9, 124.6, 124.4, 124.3, 122.5, 120.6, 120.2, 

111.6, 111.4, 83.5, 80.4, 35.2, 28.1, 24.7, 24.6. 11B NMR (128 MHz, CDCl3) δ 32.75. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C27H34BO5
+ Calcd for 449.2494; Found 449.2485. 

Bpin

CO2
tBu

N

Ts
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tert-Butyl 4-(dibenzo[b,d]thiophen-2-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-

lan-2-yl)butanoate (5sa): 21.1 mg, 46% yield, new compound, yel-

low solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (400 MHz, CDCl3) δ 

8.15-8.08 (m, 1H), 8.03-7.97 (m, 1H), 7.86-7.79 (m, 1H), 7.76-7.68 

(d, J = 8.2 Hz, 1H), 7.46-7.40 (m, 2H), 7.36-7.30 (m, 1H), 6.00 (d, J 

= 1.7 Hz, 1H), 5.41 (d, J = 1.7 Hz, 1H), 3.00-2.90 (m, 1H), 2.84-2.76 (m, 1H), 2.73-2.63 (m, 1H), 

1.48 (s, 9H), 1.25-1.16 (m, 12H). 13C NMR (100 MHz, CDCl3) δ 166.6, 141.5, 140.0, 139.0, 

136.7, 136.0, 135.8, 127.9, 126.7, 124.8, 124.4, 123.0, 122.8, 121.7, 121.6, 83.8, 80.6, 35.3, 28.3, 

24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 32.71. HRMS (ESI-orbitrap) m/z: [M+H]+ 

C27H34BO4S+ Calcd for 465.2265; Found 465.2259. 

tert-Butyl 4-(3,4-dihydronaphthalen-2-yl)-2-methylene-4-(4,4,5,5-tetramethyl-1,3,2-dioxa-

borolan-2-yl)butanoate (5ta): 22.8 mg, 66% yield, new compound, yel-

low solid, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (500 MHz, CDCl3) δ 

7.12-7.09 (m, 1H), 7.08-7.02 (m, 2H), 6.99-6.93 (m, 1H), 6.22 (d, J = 1.4 

Hz, 1H), 6.03 (d, J = 1.6 Hz, 1H), 5.48 (q, J = 1.4 Hz, 1H), 2.76 (t, J = 8.3 Hz, 2H), 2.73-2.69 (m, 

1H), 2.57-2.52 (m, 1H), 2.34-2.23 (m, 3H), 1.48 (s, 9H), 1.24-1.17 (m, 12H). 13C NMR (125 MHz, 

CDCl3) δ 166.7, 142.3, 141.7, 135.5, 134.8, 127.3, 126.6, 126.1, 125.7, 124.5, 122.9, 83.7, 80.6, 

31.6, 28.6, 28.4, 27.5, 25.0, 24.9. 11B NMR (160 MHz, CDCl3) δ 33.63. HRMS (ESI-orbitrap) 

m/z: [M+H]+ C25H36BO4
+ Calcd for 411.2701; Found 411.2696.  

Methyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate (5ab):  

26.5 mg, 84% yield, unknown compound, colorless oil, Rf = 0.2 (PE/EtOAc 

50/1); 1H NMR (400 MHz, CDCl3) δ 7.29-7.19 (m, 4H), 7.18-7.08 (m, 1H), 

6.09 (d, J = 1.5 Hz, 1H), 5.47 (d, J = 1.5 Hz, 1H), 3.73 (s, 3H), 2.94-2.81 (m, 

1H), 2.69-2.56 (m, 2H), 1.17 (d, J = 11.3 Hz, 12H). 13C NMR (100 MHz, CDCl3) δ 167.9, 142.3, 

140.0, 128.7, 128.6, 125.69, 125.66, 83.7, 52.0, 34.6, 24.8. 11B NMR (128 MHz, CDCl3) δ 32.82. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C18H26BO4
+ Calcd for 317.1919; Found 317.1912. 

Ethyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate (5ac): 

26.3 mg, 80% yield, unknown compound, colorless oil, Rf = 0.2 (PE/EtOAc 

50/1); 1H NMR (400 MHz, CDCl3) δ 7.37-7.19 (m, 4H), 7.17-7.05 (m, 1H), 

6.09 (d, J = 1.6 Hz, 1H), 5.46 (d, J = 1.7 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 

2.99-2.80 (m, 1H), 2.70-2.57 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H), 1.18 (d, J = 11.4 Hz, 12H). 13C 

NMR (100 MHz, CDCl3) δ 167.4, 142.4, 140.3, 128.6, 128.5, 125.6, 125.4, 83.6, 60.7, 34.7, 24.9, 

24.8, 14.4. 11B NMR (128 MHz, CDCl3) δ 33.32. HRMS (ESI-orbitrap) m/z: [M+H]+ C19H28BO4
+ 

Calcd for 331.2075; Found 331.2068. 

Benzyl 2-methylene-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate (5ad):  

20.0 mg, 51% yield, unknown compound, colorless oil, Rf = 0.2 (PE/EtOAc 

50/1); 1H NMR (400 MHz, CDCl3) δ 7.40-7.27 (m, 5H), 7.28-7.19 (m, 2H), 

7.20-7.13 (m, 2H), 7.17-7.08 (m, 1H), 6.14 (d, J = 1.4 Hz, 1H), 5.49 (d, J = 

1.6 Hz, 1H), 5.18 (d, J = 1.1 Hz, 2H), 2.96-2.84 (m, 1H), 2.71-2.59 (m, 2H), 1.17 (d, J = 11.6 Hz, 

12H). 13C NMR (100 MHz, CDCl3) δ 167.2, 142.3, 140.0, 136.4, 128.71, 128.68, 128.5, 128.3, 

128.2, 126.1, 125.6, 83.7, 66.5, 34.8, 24.9, 24.8. 11B NMR (128 MHz, CDCl3) δ 33.42. HRMS 

(ESI-orbitrap) m/z: [M+H]+ C24H30BO4
+ Calcd for 393.2232; Found 393.2221. 
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tert-Butyl 2-methylene-3,4-diphenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)butanoate (5ae): 34.3 mg, 84% yield, 4:1 dr, new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1).  

Major product: 27.4 mg, 67% yield. 1H NMR (400 MHz, CDCl3) δ 7.09-6.93 

(m, 10H), 6.31 (s, 1H), 5.87 (s, 1H), 4.30 (d, J = 12.8 Hz, 1H), 2.83 (d, J = 12.8 Hz, 1H), 1.37 (s, 

9H), 1.19 (s, 6H), 1.33 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 166.1, 146.5, 142.4, 140.2, 129.4, 

128.3, 128.1, 127.8, 125.9, 125.5, 122.9, 83.7, 80.8, 48.9, 28.1, 24.8, 24.6. 11B NMR (128 MHz, 

CDCl3) δ 32.21. HRMS (ESI-orbitrap) m/z: [M+H]+ C27H36BO4
+ Calcd for 435.2701; Found 

435.2694.  

Minor product: 6.9 mg, 17% yield. 1H NMR (400 MHz, CDCl3) δ 7.35-7.30 (m, 2H), 7.23-7.17 

(m, 6H), 7.12-7.02 (m, 2H), 5.94 (s, 1H), 5.44 (s, 1H), 4.46 (d, J = 12.8 Hz, 1H), 3.06 (d, J = 12.8 

Hz, 1H), 1.24 (s, 9H), 0.82 (s, 6H), 0.78 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 166.5, 144.1, 

143.2, 140.7, 129.1, 128.8, 128.5, 128.2, 126.6, 125.6, 124.2, 83.5, 80.7, 47.6, 28.1, 24.5, 24.2. 11B 

NMR (128 MHz, CDCl3) δ 32.50. HRMS (ESI-orbitrap) m/z: [M+H]+ C27H36BO4
+ Calcd for 

435.2701; Found 435.2695. 
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9. Scale up experiments of 3aa 

 

Scale up experiment of 3aa: In the nitrogen filled glovebox, a Schlenk tube was charged with 

DMAP (12.2 mg, 0.1 mmol, 10.0 mol%), KF (5.6 mg, 0.1 mmol, 10.0 mol%), 1a (0.3581 g, 1.0 

mmol, 1.0 equiv.), 2a (0.5163 g, 2.0 mmol, 2.0 equiv.), and DMF (20.0 mL). Then, the Schlenk 

tube was removed from glovebox and stirred in a 60 °C oil bath. Upon completion (monitored by 

TLC), the mixture was allowed to slowly cool to room temperature, followed by concentration 

under reduced pressure in a 60 °C water bath. The crude product was purified by flash column 

chromatography (PE/EtOAc 60/1) on silica gel (200-300 mesh) to afford the target product 3aa 

(0.3202 g, 86% yield).  
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10. Synthetic transformations of 3aa and 3ab 

 

According to the reported procedures[23], under air atmosphere, a 25.0 mL reaction tube 

equipped with a magnetic stir bar was charged with 3aa (104.2 mg, 0.28 mmol, 1.0 equiv.), THF 

(2.5 mL) and water (2.5 mL). Then, sodium perborate tetrahydrate (258.5 mg, 1.68 mmol, 6.0 

equiv.) was added. The resulting reaction mixture was stirred at room temperature for 6 hours. 

Upon completion (monitored by TLC), the mixture was extracted with EtOAc. The combined or-

ganic layers were dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure. The crude product was purified by flash column chromatography (PE/EtOAc 10/1) on 

silica gel (200-300 mesh) to afford the desired compound 6 (63.5 mg, 87% yield).  

tert-Butyl 4-hydroxy-2-methylene-4-phenylpentanoate (6): known compound and all datas 

were in agreement with those reported literatures[24], colorless oil, Rf = 0.2 (PE/EtOAc 10/1); 1H 

NMR (400 MHz, CDCl3) δ 7.47-7.40 (m, 2H), 7.35-7.25 (m, 2H), 7.24-7.16 (m, 1H), 6.07 (d, J = 

1.8 Hz, 1H), 5.38-5.32 (m, 1H), 3.93 (s, 1H), 2.84-2.74 (m, 2H), 1.53 (s, 3H), 1.45 (s, 9H). 13C 

NMR (100 MHz, CDCl3) δ 168.5, 148.0, 138.1, 128.7, 128.1, 126.5, 125.2, 81.7, 74.0, 46.6, 29.9, 

28.1.  

 

According to the reported procedures[23], under nitrogen atmosphere, a 25.0 mL reaction tube 

equipped with a magnetic stir bar was charged with 3aa (74.4 mg, 0.20 mmol, 1.0 equiv.), Pd/C 

(2.1 mg, 10 wt%, 0.02 mmol, 0.1 equiv.) and EtOAc (4.0 mL). The reaction mixture was stirred 

overnight at room temperature under hydrogen atmosphere. Upon completion (monitored by TLC), 

the mixture concentrated under reduced pressure. The crude product was purified by flash column 

chromatography (PE/EtOAc 60/1) on silica gel (200-300 mesh) to give compound 7 (50.8 mg, 

68% yield, 1:1.5 dr).  

tert-Butyl 2-methyl-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate (7): 

new compound, colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (500 MHz, CDCl3) δ 7.28-7.17 

(m, 4H), 7.08-7.02 (m, 1H), 2.31-2.25 (m, 0.6H), 2.22-2.18 (m, 0.4H), 2.15-2.07 (m, 0.6H), 2.04-

1.95 (m, 0.4H), 1.87-1.77 (m, 1H), 1.33 (s, 3.6H), 1.31-1.27 (m, 5.4H), 1.26 (s, 3H), 1.13-1.09 (m, 

12H), 1.08-1.05 (m, 1.8H), 0.89-0.87 (m, 1.2H). 13C NMR (125 MHz, CDCl3) δ 177.6, 177.2, 

147.2, 145.9, 128.3, 127.4, 127.0, 125.5, 125.4, 83.7, 83.6, 79.8, 79.7, 42.9, 42.0, 39.3, 37.3, 28.23, 

28.20, 24.9, 24.82, 24.80, 24.7, 20.8, 20.5, 20.4, 20.2. 11B NMR (160 MHz, CDCl3) δ 34.27. 

HRMS (ESI-orbitrap) m/z: [M+H]+ C22H36BO4
+ Calcd for 375.2701; Found 375.2698. 
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According to the reported procedures[23], under nitrogen atmosphere, a 25.0 mL reaction tube 

equipped with a magnetic stir bar was charged with thianaphthene (53.7 mg, 0.40 mmol, 2.0 equiv.) 

and THF (0.8 mL). The reaction was cooled to -78 °C and stirred, followed by dropwise addition 

of nBuLi (0.40 mmol, 2.5M in THF, 2.0 equiv.) via syringe. The cooling bath was removed and the 

reaction was stirred at room temperature for 1 hour. Subsequently, the mixture was cooled back 

down to -78 °C, followed by slowly addition of the solution of 3aa (74.4 mg, 0.20 mmol, 0.4M in 

THF, 1.0 equiv.) via syringe. The reaction mixture was stirred at -78 °C for an additional 1 hour, 

and then added the solution of N-bromosuccinimide (71.2 mg, 0.40 mmol, 0.4M in THF, 2.0 

equiv.) via syringe. The resulting mixture was stirred at -78 °C for 1 hour under nitrogen protec-

tion. Upon completion (monitored by TLC), the mixture was treated with 1M sodium thiosulfate 

(aq.) and extracted with EtOAc. The combined organic layers were dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure. The crude product was purified by flash 

column chromatography (PE/EtOAc 60/1) on silica gel (200-300 mesh) to give compound 8 (50.0 

mg, 66% yield). 

tert-Butyl 4-(benzo[b]thiophen-2-yl)-2-methylene-4-phenylpentanoate (8): new compound, 

colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H NMR (500 MHz, CDCl3) δ 7.74-7.64 (m, 2H), 7.35-

7.21 (m, 7H), 7.12 (s, 1H), 6.01 (d, J = 1.6 Hz, 1H), 4.99 (d, J = 1.7 Hz, 1H), 3.36-3.23 (m, 2H), 

1.72 (s, 3H), 1.37 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 167.2, 156.0, 147.2, 139.8, 138.3, 128.3, 

128.0, 127.6, 126.8, 124.3, 124.0, 123.5, 122.3, 120.9, 80.8, 46.6, 42.6, 28.2, 27.7. HRMS (ESI-

orbitrap) m/z: [M+H]+ C24H27O2S+ Calcd for 379.1726; Found 379.1726. 

 
According to the reported procedures[23], under nitrogen atmosphere, a 25.0 mL reaction tube 

equipped with a magnetic stir bar was charged with furan (27.2 mg, 0.40 mmol, 2.0 equiv.) and 

THF (0.8 mL). The reaction was cooled to -78 °C and stirred, followed by dropwise addition of 
nBuLi (0.40 mmol, 2.5M in THF, 2.0 equiv.) via syringe. The cooling bath was removed and the 

reaction was stirred at room temperature for 1 hour. Subsequently, the mixture was cooled back 

down to -78 °C, followed by slowly addition of the solution of 3aa (74.4 mg, 0.20 mmol, 0.4M in 

THF, 1.0 equiv.) via syringe. The reaction mixture was stirred at -78 °C for an additional 1 hour, 

and then added the solution of N-bromosuccinimide (71.2 mg, 0.40 mmol, 0.4M in THF, 2.0 

equiv.) via syringe. The resulting mixture was stirred at -78 °C for 1 hour under nitrogen protec-

tion. Upon completion (monitored by TLC), the mixture was treated with 1M sodium thiosulfate 
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(aq.) and extracted with EtOAc. The combined organic layers were dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure. The crude product was purified by flash 

column chromatography (PE/EtOAc 60/1) on silica gel (200-300 mesh) to give compound 9 (34.9 

mg, 56% yield).  

tert-Butyl 4-(furan-2-yl)-2-methylene-4-phenylpentanoate (9): new compound, colorless oil, Rf 

= 0.2 (PE/EtOAc 60/1); 1H NMR (500 MHz, CDCl3) δ 7.37-7.33 (m, 1H), 7.29-7.26 (m, 2H), 

7.22-7.16 (m, 3H), 6.34-6.27 (m, 1H), 6.17 (d, J = 3.2 Hz, 1H), 6.02 (d, J = 1.7 Hz, 1H), 4.90 (d, J 

= 1.6 Hz, 1H), 3.20-3.16 (m, 1H), 3.12-3.07 (m, 1H), 1.54 (s, 3H), 1.43 (s, 9H). 13C NMR (125 

MHz, CDCl3) δ 167.2, 160.4, 146.7, 141.4, 138.5, 128.3, 127.6, 126.9, 126.5, 110.1, 106.9, 80.6, 

45.1, 40.2, 28.2, 24.8. HRMS (ESI-orbitrap) m/z: [M+H]+ C20H25O3
+ Calcd for 313.1798; Found 

313.1790. 

 

According to the reported procedures[23]. Under air atmosphere, a 50.0 mL reaction tube 

equipped with a magnetic stir bar was charged with 3ab (169.3 mg, 0.50 mmol, 1.0 equiv.), THF 

(2.5 mL) and water (2.5 mL). Then, sodium perborate tetrahydrate (461.0 mg, 3.0 mmol, 6.0 

equiv.) was added. The resulting reaction mixture was stirred at room temperature for 6 hours. 

Upon completion (monitored by TLC), the mixture was extracted with EtOAc. The combined or-

ganic layers were dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure. The crude product was purified by flash column chromatography (PE/EtOAc 60/1) on 

silica gel (200-300 mesh) to afford the desired compound 10 (72.2 mg, 77% yield).  

5-Methyl-3-methylene-5-phenyldihydrofuran-2(3H)-one (10): known compound and all datas 

were in agreement with those reported literatures[25], colorless oil, Rf = 0.2 (PE/EtOAc 60/1); 1H 

NMR (400 MHz, CDCl3) δ 7.43-7.33 (m, 4H), 7.32-7.26 (m, 1H), 6.29-6.23 (s, 1H), 5.64 (s, 1H), 

3.21-3.13 (m, 2H), 1.73 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 169.8, 144.7, 135.2, 128.8, 127.8, 

124.3, 122.8, 84.1, 42.8, 30.2.  
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11. Mechanism investigation 

A. Radical capture experiments 

 

Same as the general procedure. TEMPO (0.10 mmol, 1.0 equiv.) or 1,1-diphenylethylene (0.10 

mmol, 1.0 equiv.) was separately added with catalysts and substrates. After standard work-up, the 

mixture concentrated under reduced pressure. The crude product was purified by flash column 

chromatography (PE/EtOAc 60/1). The target product 3aa was isolated in 72% and 69% yields, 

respectively.  

B. Carbanion capture experiments of 3aa 

 

Same as the general procedure. D2O (0.2 mg, 0.10 mmol, 1.0 equiv.) was added with catalysts 

and substrates. Upon completion (monitored by TLC), the mixture concentrated under reduced 

pressure. The crude product was purified by flash column chromatography (PE/EtOAc 60/1) to 

give compound 11 (16.3 mg, 69% yield). The compound 11 was known compound and all datas 

were in agreement with those reported literatures.[26]  
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C. Control experiments of catalyst KF 

 
Control experiments of catalyst KF (Ⅰ): In the glovebox, a Schlenk tube was charged with 

DMAP (1.2 mg, 10.0 mol%), KF (0.6 mg, 10.0 mol%), 1a (35.8 mg, 0.10 mmol, 1.0 equiv.), 2a 

(51.6 mg, 0.20 mmol, 2.0 equiv.), and DMF (2.0 mL). Then, the Schlenk tube was removed from 

glovebox and stirred in a 60 °C oil bath for 1 hour. Subsequently, the mixture concentrated under 

reduced pressure, and crude product was purified by flash column chromatography (PE/EtOAc 

60/1). The target product 3aa was detected in 82% yield, and protonated product 11 was detected 

in 10% yield. 

Control experiments of none catalyst KF (Ⅱ): In the glovebox, a Schlenk tube was charged with 

DMAP (1.2 mg, 10.0 mol%), 1a (35.8 mg, 0.10 mmol, 1.0 equiv.), 2a (51.6 mg, 0.20 mmol, 2.0 

equiv.), and DMF (2.0 mL). Then, the Schlenk tube was removed from glovebox and stirred in a 

60 °C oil bath for 1 hour. Subsequently, the mixture concentrated under reduced pressure, and 

crude product was purified by flash column chromatography (PE/EtOAc 60/1). The target product 

3aa was detected in 18% yield, and protonated product 11 was detected in 57% yield.  

Control experiments of catalyst KF and 18-crown-6 (Ⅲ): In the glovebox, a Schlenk tube was 

charged with DMAP (1.2 mg, 10.0 mol%), KF (0.6 mg, 10.0 mol%), 18-crown-6 (2.6 mg, 10.0 

mol%), 1a (35.8 mg, 0.10 mmol, 1.0 equiv.), 2a (51.6 mg, 0.20 mmol, 2.0 equiv.), and DMF (2.0 

mL). Then, the Schlenk tube was removed from glovebox and stirred in a 60 °C oil bath for 1 hour. 

Subsequently, the mixture concentrated under reduced pressure, and crude product was purified by 

flash column chromatography (PE/EtOAc 60/1). The target product 3aa was detected in 30% yield, 

and protonated product 11 was detected in 45% yield.  

D. Experiments for influence of R group 

 

Same as the general procedure. Compound 1l′ (37.2 mg, 0.10 mmol, 1.0 equiv.), instead of 1a 

as the gem-diborylalkanes substrate, was added to the Schlenk tube with the catalysts and 2a. The 

Schlenk tube was stirred in a 60 °C oil bath for 16 hours. The target product 3l′a was not detected 

by TLC and NMR analysis. Most of substrate 1l′ (35.4 mg) was isolated and recovered by flash 

column chromatography (PE/EtOAc 60/1).  
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12. HRMS spectra of the proposed intermediate 

 
In the glovebox, a 25.0 mL Schlenk tube was charged with DMAP (1.2 mg, 10.0 mol%), KF 

(0.6 mg, 10.0 mol%), 1a (0.10 mmol), 2a (0.20 mmol), and DMF (2.0 mL). Then, the Schlenk 

tube was removed from glovebox and stirred in a 60 °C oil bath for 20 minutes. The mixture was 

filtered and diluted with MeCN, analyzed by HRMS immediately.  

HRMS (ESI-orbitrap) m/z: [M]- C14H20BO2
- Calcd for 231.1551; Found 231.1559.  
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13. Crystallography data of 3pa 

 

Procedure for recrystallization of 3pa: The hexane was slowly added to 3pa in DCM, then the 

solution was cooled down to 0 °C. Then the single crystal of 3pa was obtained after five days. The 

structure showed the absolute configuration of 3pa is tert-butyl 2-methylene-4-(naphthalen-2-

yl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate. The CCDC number is 2519026. 

These details can be obtained free of charge from the Cambridge Crystallographic Data Centre.  

Thermal ellipsoid plot for 3pa (50% probability level) 
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Table S9: Crystal data and structure refinement for 20251122S1. 

Identification code  20251122S1 

Empirical formula  C26H35BO4 

Formula weight  422.35 

Temperature  120.00 K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  p_21/c 

Unit cell dimensions a = 8.6140(5) Å α = 90°. 

 b = 13.7758(9) Å β = 101.627(2) °. 

 c = 21.2823(15) Å γ = 90°. 

Volume 2473.6(3) Å3 

Z 4 

Density (calculated) 1.134 Mg/m3 

Absorption coefficient 0.074 mm-1 

F(000) 912.0 

Crystal size 0.050 x 0.090 x 0.100 mm3 

Theta range for data collection 2.83 to 25.00°. 

Index ranges -9<=h<=10, -16<=k<=16, -25<=l<=25 

Reflections collected 26564 

Independent reflections 4328 [R(int) = 0.0641] 

Completeness to theta = 25.00° 99.1 %  

Refinement method Full-matrix least-squares on F2  

Data / restraints / parameters 4328 / 0 / 318 

Goodness-of-fit on F2 1.031 

Final R indices [I>2sigma(I)] R1 = 0.0491, wR2 = 0.1200 

R indices (all data) R1 = 0.0624, wR2 = 0.1330 

Largest diff. peak and hole 0.323 and -0.264 e.Å-3 
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12. Copy of NMR for compounds 
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