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1. General Information 

All organic solvents, bases, reagents, and metal salt were purchased from commercial 

suppliers and were used without further purification, unless otherwise noted. All 

reactions were performed under air atmosphere, unless otherwise noted. All reaction 

tubes in experiments used the Schlenk tubes. The NMR spectra were recorded on a 

Bruker Avance  HD 400 spectrometer using TMS as internal standard (400 MHz for 

1H NMR, 100 MHz for 13C NMR, MHz for 19F NMR and 128 11B NMR). Mass 

spectroscopy data were collected on a Bruker solanX 70 FT-MS and a Waters UPLC 

G2-XS Qtof. Single crystal structure determination was conducted on a Bruker D8 

Venture X ray diffractometer equipped with a PHOTON  CPAD detector. FT-IR 

spectra were recorded on a Tianjin Gangdong FTIR-650 spectrometer. The catalysts C1, 

C2, C3, and C4 were purchased from commercial suppliers. 
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2. General Procedure for the Hydroboration of Alkynes 

Method A: A mixture of alkyne (1.0 mmol), diboron reagent (1.2 mmol) and C6 (0.01 

mmol) in THF (1 ml) and MeOH (1 ml) in a 50 ml reaction tube was stirred for 12 h at 

60 oC. The reaction mixture was added to brine (100 ml) and extracted three times with 

dichloromethane (3 × 15 ml). The desired hydroboration of alkynes were isolated by 

short chromatography. 

Method B: A mixture of alkyne (1.0 mmol), diboron reagent (1.2 mmol) and C6 (0.05 

mmol) in water (2 ml) in a 50 ml reaction tube was stirred for 12 h at 50 oC. The reaction 

mixture was added to brine (100 ml) and extracted three times with dichloromethane (3 

× 15 ml). The desired hydroboration of alkynes were isolated by short chromatography. 

Method C: A mixture of alkyne (1.0 mmol), diboron reagent (1.2 mmol) and C6 (0.05 

mmol) in water (2 ml) and THF (100 ɛl) in a 50 ml reaction tube was stirred for 12 h at 

50 oC. The reaction mixture was added to brine (100 ml) and extracted three times with 

dichloromethane (3 × 15 ml). The desired hydroboration of alkynes were isolated by 

short chromatography. 
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3. Optimization of reaction conditions 

Table S1. Optimization of hydroboration of terminal alkynes in water 

 

Entry Cat. Temperature/°C Time/h Yield/% E:Z ratio 

1 C6 (1 mol%) 80 12 84 > 99:1 

2 C6 (2 mol%) 80 12 86 > 99:1 

3 C6 (4 mol%) 80 12 88 > 99:1 

4 C6 (5 mol%) 80 12 94 > 99:1 

5 C6 (10 mol%) 80 12 95 > 99:1 

6 C6 (5 mol%) 70 12 93 > 99:1 

7 C6 (5 mol%) 60 12 91 > 99:1 

8 C6 (5 mol%) 50 12 90 > 99:1 

9 C6 (5 mol%) 40 12 61 > 99:1 

10 C6 (5 mol%) rt 12 trace  

11 C7 (5 mol%) 50 12 89 > 99:1 

12 C8 (5 mol%) 50 12 79 > 99:1 

13 C9 (5 mol%) 50 12 86 > 99:1 

14 C10 (5 mol%) 50 12 32 > 99:1 

15 C5 (5 mol%) 50 12 0  

16 C6 (5 mol%) 50 10 84 > 99:1 

17 C6 (5 mol%) 50 8 79 > 99:1 

18 C6 (5 mol%) 50 5 66 > 99:1 

aConditions: 1a (1.0 mmol), 1aô (1.2 mmol, 1.2 equiv), cat. (as shown in Table), H2O (2 mL), 

temperature and time as shown in Table, isolated yield determined by column chromatography. E:Z 

ratio determined by 1H NMR. 
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Table S2. Effect of THF/MeOH volume ratio on boration of alkyne 

Entry THF/mL MeOH/mL THF̔MeOH (v:v) Yield/% 

1 0 2 0̔2 86.3 

2 0.2 1.8 1̔9 88.7 

3 0.5 1.5 1̔3 87.6 

4 0.8 1.2 2̔3 90.3 

5 1 1 1̔1 93.1 

6 1.2 0.8 3̔2 87.9 

7 1.5 0.5 3̔1 80.1 

8 1.8 0.2 9̔1 trace 

9 2 0 2̔0 0 

Conditions: 1a (1.0 mmol), 1aô (1.2 mmol), catalysts (0.01 mmol, 1 mol%), THF (as shown in Table) 

and MeOH (as shown in Table), 60 °C, 12 h, isolated yield determined by column chromatography. 
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4. Characterization Data for Catalysts 

3-propyl -1-(pyridin -2-yl)-1H-benzo[d]imidazol-3-ium (C5) 

 

C5 was synthesized by previously reported methods.1 A mixture of 2-bromopyridine (0.5 mmol), 

benzimidazole (1.0 mmol), the CuI (0.1 mmol), N,N,N',N'-tetramethylethane-1,2-diamine (0.2 

mmol), and K2CO3 (1.5 mmol) in DMSO (2 mL) was combined under nitrogen. The reaction 

mixture was stirred at room temperature for 30 min and then heated to 110 °C for 48 h. The resultant 

2-substituent-pyridine (0.5 mmol), and 1-iodopropane (1 mL) was heated to 110 °C for 8 h under 

air. Purification by flash chromatography (DCM:MeOH = 30:1): a yellowish solid (144 mg, 79%), 

mp = 157-158 °C; 1H NMR (400 MHz, DMSO-d6): ŭ 10.61 (s, 1H), 8.76 (d, J = 4.8 Hz, 1H), 8.47-

8.44 (m, 1H), 8.30-8.25 (m, 2H), 8.14 (d, J = 8.4 Hz, 1H), 7.76-7.69 (m, 3H), 4.61 (t, J = 7.6 Hz, 

2H), 2.05 (sext, J = 7.6 Hz, 2H), 1.00 (t, J = 7.6 Hz, 3H), ppm; 13C NMR (100 MHz, DMSO-d6): ŭ 

149.80, 147.87, 142.56, 140.98, 132.10, 129.90, 128.16, 127.58, 125.49, 117.56, 116.48, 114.63, 

49.29, 22.51, 11.32, ppm. 

 

N-propyl -N-(2-(pyridin -2-ylamino)phenyl)formamide (C6) 

 

C6 was synthesized by previously reported methods.2 3-propyl-1-(pyridin-2-yl)-1H-

benzo[d]imidazol-3-ium iodide (1.0 mmol), KOtBu (1.2 equiv.) and THF (9 ml) and water (1 ml) 

in a 50 ml reaction tube was stirred for 2 h at room temperature. The reaction mixture was added to 

brine (100 ml) and extracted three times with dichloromethane (3×15 ml). Purification by flash 

chromatography (petroleum ether:EtOAc = 2:1): a white solid (118 mg, 92%), mp = 117-118 °C; 

mixture of two rotamers (a/b = 7/3); 1H NMR (400 MHz, CDCl3): ŭ 8.33-8.16 (m, a-2H and b-2H), 

8.08 (d, J = 8.4 Hz, a-1H), 7.76 (d, J = 8.0 Hz, b-1H), 7.52 (t, J = 5.6 Hz, a-1H), 7.45 (t, J = 5.6 Hz, 

b-1H), 7.37-7.28 (m, a-1H and b-1H), 7.22-6.90 (m, a-5H and b-5H), 3.63-3.57 (m, a-2H and b-

2H), 1.58-1.49 (m, a-2H), 1.49-1.41(m, b-2H), 0.85 (t, J = 7.2 Hz, a-3H), 0.80 (t, J = 7.2 Hz, b-3H), 

ppm; 13C NMR (100 MHz, CDCl3): ŭ 163.63-a, 162.73-b, 156.02-b, 155.23-a, 148.27-b, 148.07-a, 

138.13-b, 137.75-a, 137.63-a, 137.46-b, 130.73-b, 130.06-b, 129.72-a, 129.24-a, 128.55-a, 127.69-

b, 124.05-b, 123.61-a, 122.34-a, 120.87-b, 115.85-a, 115.06-b, 110.36-a, 109.06-b, 52.30-b, 46.55-

a, 21.92-b, 20.87-a, 11.32-a, 10.80-b, ppm. 
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N-(2-(phenylamino)phenyl)-N-propylformamide (C7) 

 

C7 was synthesized by previously reported methods.2 1-phenyl-3-propyl-1H-benzo[d]imidazol-3-

ium iodide (1.0 mmol), KOtBu (1.2 equiv.) and THF (9 ml) and water (1 ml) in a 50 ml reaction 

tube was stirred for 2 h at room temperature. The reaction mixture was added to brine (100 ml) and 

extracted three times with dichloromethane (3×15 ml). Purification by flash chromatography 

(petroleum ether:EtOAc = 2:1): a white solid (241 mg, 95%), mp = 104-106 °C; mixture of two 

rotamers (a/b = 7/3); 1H NMR (400 MHz, CDCl3): ŭ 8.34 (s, b-1H), 8.20 (s, a-1H), 7.35-6.89 (m, 

a-9H and b-9H), 5.88 (s, b-1H), 5.76 (s, a-1H), 3.65-3.61 (m, a-2H and b-2H), 1.65-1.43 (m, a-2H 

and b-2H ), 0.90 (t, J = 7.2 Hz, a-3H), 0.85 (t, J = 7.2 Hz, b-3H), ppm; 13C NMR (100 MHz, CDCl3): 

ŭ 163.71-a, 162.44-b, 143.43-b, 141.62-a, 140.94-a, 140.33-b, 130.04-b, 129.52-a, 129.34-b, 129.30-a, 

128.52-a, 127.41-b, 122.47-a, 122.29-b, 120.70-b, 120.50-b, 120.44-b, 119.63-a, 117.84-a, 116.65-a, 

52.59-b, 46.40-a, 21.96-b, 21.00-a, 11.38-a, 10.89-b, ppm; HRMS (ESI) calcd for C16H18N2O [M + 

Na]+ 277.1317, found 277.1311. 

 

N-isopropyl-N-(2-(pyridin -2-ylamino)phenyl)formamide (C8) 

 

C8 was synthesized by previously reported methods.2 3-isopropyl-1-(pyridin-2-yl)-1H-

benzo[d]imidazol-3-ium iodide (1.0 mmol), KOtBu (1.2 equiv.) and THF (9 ml) and water (1 ml) 

in a 50 ml reaction tube was stirred for 2 h at room temperature. The reaction mixture was added to 

brine (100 ml) and extracted three times with dichloromethane (3×15 ml). Purification by flash 

chromatography (petroleum ether:EtOAc = 5:1): a white solid (235 mg, 92%); mp = 100-101 °C;  

mixture of two rotamers (a/b = 7/3); 1H NMR (400 MHz, CDCl3): ŭ 8.47 (s, b-1H), 8.23 (d, J = 4.0 

Hz, a-1H), 8.18 (s, a-1H), 8.16 (s, b-1H), 8.10 (s, a-1H), 7.79 (d, J = 8.0 Hz, b-1H), 7.53-7.32 (m, 

a-2H and b-2H), 7.18-6.60 (m, a-5H and b-5H), 4.75-4.65 (m, a-1H), 4.11-4.01 (m, b-1H), 1.35-

1.72 (m, a-6H and b-6H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 163.83-a, 162.75-b, 155.89-b, 

155.04-a, 148.31-b, 148.07-a, 139.80-a, 138.20-b, 137.71-a, 137.64-b, 131.33-a, 129.60-a, 129.32-

b, 129.19-b, 128.90-b, 127.25-b, 123.67-b, 123.25-b, 121.70-a, 120.29-a, 115.88-a, 115.09-b, 

110.38-a, 108.93-b, 52.42-b, 46.91-a, 23.53-b, 21.39-a, ppm; HRMS (ESI) calcd for C13H13N3O 

[M + H]+ 256.1450, found 256.1446. 
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N-methyl-N-(2-(pyridin -2-ylamino)phenyl)formamide (C9) 

 

C9 was synthesized by previously reported methods.2 3-methyl-1-(pyridin-2-yl)-1H-

benzo[d]imidazol-3-ium iodide (1.0 mmol), KOtBu (1.2 equiv.) and THF (9 ml) and water (1 ml) 

in a 50 ml reaction tube was stirred for 2 h at room temperature. The reaction mixture was added to 

brine (100 ml) and extracted three times with dichloromethane (3×15 ml). Purification by flash 

chromatography (petroleum ether:EtOAc = 5:1): a white solid (164 mg, 72%); mp = 113-115 °C; 

mixture of two rotamers (a/b = 17/3); 1H NMR (400 MHz, CDCl3): ŭ 8.38-8.24 (m, a-2H and b-

2H), 8.10 (d, J = 9.2 Hz, a-1H), 7.85 (d, J = 9.2 Hz, b-1H), 7.61-7.52 (m, a-1H and b-1H), 7.45-

7.37 (m, a-1H and b-1H), 7.32-6.78 (m, a-5H and b-5H), 3.37 (s, b-3H), 3.26 (s, a-3H) , ppm; 13C 

NMR (100 MHz, CDCl3): ŭ 163.72-a, 162.73-b, 156.03-b, 155.48-a, 148.20-b, 148.04-a, 137.74-

a, 137.66-a, 136.71-b, 132.16-b, 129.12-a, 128.53-b, 128.31-a, 126.93-b, 124.06-b, 123.54-b, 

122.84-a, 121.63-a, 115.73-b, 115.16-a, 110.26-a, 109.42-b, 37.37-b, 32.73-a, ppm; HRMS (ESI) 

calcd for C15H17N3O [M + H]+ 228.1137, found 228.1135. 

 

 

N-propyl -N-(2-(pyridin -2-ylamino)vinyl)formamide (C10) 

 

C10 was synthesized by previously reported methods.2 3-propyl-1-(pyridin-2-yl)-1H-imidazol-3-

ium iodide (1.0 mmol), KOtBu (1.2 equiv.) and THF (9 ml) and water (1 ml) in a 50 ml reaction 

tube was stirred for 2 h at room temperature. The reaction mixture was added to brine (100 ml) and 

extracted three times with dichloromethane (3×15 ml). Purification by flash chromatography 

(petroleum ether:EtOAc = 5:1): a colorless liquid (178 mg, 87% ); mixture of two rotamers (a/b = 

6/3); 1H NMR (400 MHz, CDCl3): ŭ 8.23 (d, J = 11.6 Hz, b-1H), 8.15 (d, J = 4.8 Hz, a-1H), 8.13 

(s, b-1H), 8.07 (s, a-1H), 7.52 (d, J = 9.6 Hz, a-1H and b-1H), 7.46-7.40 (m, a-1H and b-1H), 7.36 

(dd, J = 11.6 Hz, J = 6.4 Hz, b-1H), 6.90 (dd, J = 9.6 Hz, J = 6.8 Hz, a-1H), 6.80 (d, J = 8.4 Hz, b-

1H), 6.72-6.67 (m, a-2H and b-2H), 6.59 (d, J = 8.4 Hz, a-1H), 5.14 (d, J = 6.4 Hz, b-1H), 4.89 (d, 

J = 7.2 Hz, a-1H), 3.41 (t, J = 7.6 Hz, b-2H), 3.32 (t, J = 6.8 Hz, a-2H), 1.67-1.56 (m, a-2H and b-

2H), 0.90 (t, J = 7.2 Hz, b-3H), 0.88 (t, J = 7.6 Hz, a-3H), ppm; 13C NMR (100 MHz, CDCl3): 

ŭ164.09-b, 160.99-a, 153.89-b, 153.79-a, 147.89-a, 147.71-b, 137.62-b, 137.55-a, 125.13-b, 

120.12-a, 115.38-b, 115.14-a, 109.89-b, 109.72-a, 103.08-b, 103.02-a, 52.09-a, 46.28-b, 22.09-a, 

20.73-b, 11.31-b, 10.75-a, ppm; HRMS (ESI) calcd for C11H15N3O [M + H]+ 206.1293, found 

206.1296. 
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5. Characterization Data for M  

4',4',5',5'-tetramethyl-5-propyl -5a-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5,5a-

dihydro-6ɚ4,7ɚ4-spiro[benzo[4',5']imidazo[2',1':3,4][1,4,2]diazaborolo[1,5-a]pyridine -6,2'-

[1,3,2]dioxaborolane] (M) 

  

N-propyl-N-(2-(pyridin-2-ylamino)phenyl)formamide C6 (0.5 mmol), bis(pinacolato)diboron (1.2 

equiv.) and THF (2 mL) in a 50 ml reaction tube was stirred for 12 h at room temperature. Then the 

reaction mixture was washed with ethyl acetate, and a yellow solid was collected and dried: (156 

mg, 64%); mp = 119-120 °C;  Recrystallization from dichloromethane/hexane in nitrogen 

atmosphere gave a yellow crystal suitable for X-ray crystallographic analysis; 1H NMR (400 MHz, 

CDCl3): ŭ 8.13 (d, J = 5.2 Hz, 1H), 7.59 (t, J = 8.4 Hz, 1H), 7.14 (t, J = 8.8 Hz, 2H), 6.91 (t, J = 8.8 

Hz, 1H), 6.83 (t, J = 6.0 Hz, 1H), 6.51 (t, J = 6.8 Hz, 1H), 6.32 (d, J = 8.4 Hz, 1H), 3.27 (t, J = 8.4 

Hz, 2H), 1.70-1.62 (m, 2H), 1.23 (s, 24H), 0.90 (t, J = 7.2 Hz, 3H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 159.86, 149.44, 141.66, 139.47, 135.58, 126.07, 117.37, 115.24, 114.47, 110.09, 105.33, 

81.72, 48.75, 26.06, 25.83, 24.58, 22.30, 11.55, 11B NMR (128 MHz, CDCl3): ŭ 22.02, 20.89, ppm; 

HRMS (ESI) calcd for C27H40B2N3O4 [M + H]+ 493.3283, found 493.3277. 
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6. Characterization Data for Hydroborated Products 

 

(E)-4,4,5,5-tetramethyl-2-styryl -1,3,2-dioxaborolane (2a)3 

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (214mg, 93%); 

1H NMR (400 MHz, CDCl3): ŭ 7.49 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 18.4 Hz, 1H), 7.38-7.27 (m, 

3H), 6.17 (d, J = 18.4 Hz, 1H), 1.32 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 149.53, 137.49, 

128.91, 128.58, 127.08, 83.37, 24.83, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(4-methylstyryl) -1,3,2-dioxaborolane (2b)3 

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (222 mg, 

91%); 1H NMR (400 MHz, CDCl3): ŭ 7.40-7.35 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 6.11 (d, J = 18.4 

Hz, 1H), 2.34 (s, 3H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 149.52, 138.95, 134.84, 

129.32, 127.05, 83.27, 24.85, 21.35, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(3-methylstyryl) -1,3,2-dioxaborolane (2c)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (201 mg, 

83%); 1H NMR (400 MHz, CDCl3): ŭ 7.37 (d, J = 18.4 Hz, 1H), 7.29 (d, J = 5.6 Hz, 2H), 7.23 (t, J 

= 8.0 Hz, 1H), 7.11 (d, J = 7.2 Hz, 1H), 6.15 (d, J = 18.4 Hz, 1H), 2.35 (s, 3H), 1.31 (s, 12H), ppm; 

13C NMR (100 MHz, CDCl3): ŭ 148.65, 137.06, 136.44, 128.68, 127.43, 126.76, 123.22, 82.29, 

23.79, 20.37, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(2-methylstyryl) -1,3,2-dioxaborolane (2d)4  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (214mg, 88%); 

1H NMR (400 MHz, CDCl3): ŭ 7.65 (d, J = 18.4 Hz, 1H), 7.57-7.55 (m, 1H), 7.20-7.14 (m, 3H), 

6.09 (d, J = 18.4 Hz, 1H), 2.43 (s, 3H), 1.32 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 147.14, 

136.72, 136.31, 130.41, 128.58, 126.12, 125.79, 83.31, 24.84, 19.84, ppm. 
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(E)-2-(4-ethylstyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2e)5  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (228 mg, 

88%); 1H NMR (400 MHz, CDCl3): ŭ 7.43-7.37 (m, 3H), 7.17 (d, J = 8.0 Hz, 2H), 6.12 (d, J = 18.4 

Hz, 1H), 2.64 (q, J = 7.6 Hz, 2H), 1.32 (s, 12H), 1.23 (t, J = 7.6 Hz, 3H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 149.52, 145.31, 135.07, 128.11, 127.12, 83.28, 28.71, 24.83, 15.42, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(4-pentylstyryl) -1,3,2-dioxaborolane (2f)6  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (268 mg, 

89%); 1H NMR (400 MHz, CDCl3): ŭ 7.41 (d, J = 7.6 Hz, 2H), 7.38 (s, 1H), 7.15 (d, J = 8.0 Hz, 

2H), 6.12 (d, J = 18.4 Hz, 1H), 2.60 (t, J = 8.0 Hz, 2H), 1.65-1.58 (m, 2H), 1.32 (s, 16H), 0.90 (t, J 

= 6.8 Hz, 3H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 149.57, 144.04, 135.05, 128.66, 127.05, 83.24, 

35.78, 31.52, 31.03, 24.84, 22.57, 14.05, ppm.            

 

 

(E)-2-(4-(tert -butyl)styryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2g)7  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a light yellow solid (257 mg, 

90%); 1H NMR (400 MHz, CDCl3): ŭ 7.44-7.35 (m, 5H), 6.12 (d, J = 18.4 Hz, 1H), 1.31 (s, 21H), 

ppm; 13C NMR (100 MHz, CDCl3): ŭ 152.11, 149.44, 134.84, 126.88, 125.53, 83.26, 34.71, 31.30, 

24.87, ppm. 

 

 

(E)-2-(4-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2h)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (228 mg, 

88%); 1H NMR (400 MHz, CDCl3): ŭ 7.41 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 18.4 Hz, 1H), 6.83 (d, 

J = 8.8 Hz, 2H), 6.00 (d, J = 18.4 Hz, 1H), 3.75 (s, 3H), 1.29 (s, 12H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 160.32, 149.10, 130.36, 128.44, 113.97, 83.14, 55.15, 24.80, ppm. 

 

 

(E)-2-(3-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2i)8  
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Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (208 mg, 

80%); 1H NMR (400 MHz, CDCl3): ŭ 7.37 (d, J = 18.4 Hz, 1H), 7.25 (t, J = 8.0 Hz, 1H), 7.08 (d, J 

= 7.6 Hz, 1H), 7.03 (s, 1H), 6.84 (dd, J = 8.4 Hz, J = 2.4 Hz, 1H), 6.16 (d, J = 18.4 Hz, 1H), 3.80 

(s, 3H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 159.79, 149.39, 138.95, 129.55, 119.83, 

114.81, 111.96, 83.38, 55.17, 24.83, ppm. 

 

 

(E)-2-(2-methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2j)8  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (223 mg, 

86%); 1H NMR (400 MHz, CDCl3): ŭ 7.77 (d, J = 18.4 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.29-7.24 

(m, 1H), 6.93 (t, J = 7.2 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.17 (d, J = 18.4 Hz, 1H), 3.85 (s, 3H), 

1.31 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 157.35, 144.10, 129.98, 127.10, 126.60, 120.57, 

110.88, 83.22, 55.36, 24.84, ppm. 

 

 

(E)-2-(4-fluorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2k)3  

 

. 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (235 mg, 

95%); 1H NMR (400 MHz, CDCl3): ŭ 7.45 (dd, J = 8.8 Hz, J = 5.6 Hz, 2H), 7.34 (d, J = 18.8 Hz, 

1H), 7.02 (t, J = 8.8 Hz, 2H), 6.07 (d, J = 18.4 Hz, 1H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 163.2 (d, J = 247.0 Hz), 148.17, 133.75, 128.72 (d, J = 8.0 Hz), 115.57 (d, J = 21.0 Hz), 

83.41, 24.82, ppm; 19F NMR (376 MHz, CDCl3): ŭ -112.41, ppm. 

 

 

(E)-2-(3-fluorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2l)9  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (212 mg, 

85%); 1H NMR (400 MHz, CDCl3): ŭ 7.40 (d, J = 18.4 Hz, 1H), 7.32-7.24 (m, 2H), 7.19 (d, J = 

10.0 Hz, 1H), 6.99 (t, J = 7.6 Hz, 1H), 6.19 (d, J = 18.4 Hz, 1H), 1.33 (s, 12H), ppm; 13C NMR (100 

MHz, CDCl3): ŭ 163.05 (d, J = 244.0 Hz), 147.99 (d, J = 2.0 Hz), 139.88 (d, J = 8.0 Hz), 129.99 (d, 

J = 8.0 Hz), 122.96 (d, J = 3.0 Hz), 115.60 (d, J = 22.0 Hz), 113.22 (d, J = 21.0 Hz), 83.37, 24.74, 
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ppm; 19F NMR (376 MHz, CDCl3): ŭ -113.22, ppm. 

(E)-2-(2-fluorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2m)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (220 mg, 

89%); 1H NMR (400 MHz, CDCl3): ŭ 7.61-7.54 (m, 2H), 7.28-7.23 (m, 1H), 7.11 (t, J = 7.2 Hz, 

1H), 7.03 (t, J = 8.0 Hz, 1H), 6.24 (d, J = 18.8 Hz, 1H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 160.73 (d, J = 250.0 Hz), 141.32 (d, J = 4.0 Hz), 130.19 (d, J = 9.0 Hz), 127.41 (d, J = 

3.0 Hz), 125.40 (d, J = 12.0 Hz), 124.11 (d, J = 4.0 Hz), 115.83 (d, J = 22.0 Hz), 83.46, 24.82, ppm; 

19F NMR (376 MHz, CDCl3): ŭ -117.65, ppm. 

 

 

(E)-2-(4-chlorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2n)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a white solid (244 mg, 92%); 

1H NMR (400 MHz, CDCl3): ŭ 7.40 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 18.4 Hz, 1H), 7.30 (d, J = 8.4 

Hz, 2H), 6.13 (d, J = 18.4 Hz, 1H), 1.31(s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 148.03, 

135.98, 134.62, 128.81, 128.24, 83.47, 24.82, ppm. 

 

 

(E)-2-(3-chlorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2o)10  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (213 mg, 

81%); 1H NMR (400 MHz, CDCl3): ŭ 7.35 (s, 1H), 7.24-7.14 (m, 4H), 6.04 (d, J = 18.4 Hz, 1H), 

1.21 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 147.77, 139.36, 134.56, 129.79, 128.71, 126.90, 

125.17, 83.40, 24.79, ppm. 

 

 

(E)-2-(2-chlorostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2p)11  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (226 mg, 

85%); 1H NMR (400 MHz, CDCl3): ŭ 7.70 (d, J = 18.4 Hz, 1H), 7.55 (dd, J = 7.2 Hz, J = 2.0 Hz, 

1H), 7.27 (dd, J = 7.6 Hz, J = 1.6 Hz, 1H), 7.18-7.11 (m, 2H), 6.09 (d, J = 18.0 Hz, 1H), 1.24 (s, 

12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 144.97, 135.63, 133.86, 129.80, 129.68, 127.03, 126.86, 

83.50, 24.83, ppm. 
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(E)-2-(4-bromostyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2q)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a white solid (263 mg, 85%); 

1H NMR (400 MHz, CDCl3): ŭ 7.46 (d, J = 8.4 Hz, 2H), 7.35-7.29 (m, 3H), 6.15 (d, J = 18.4 Hz, 

1H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 148.08, 136.41, 131.77, 128.52, 122.91, 

83.49, 24.82, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(4-(trifluoromethyl)styryl) -1,3,2-dioxaborolane (2r)3  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (273 mg, 

92%); 1H NMR (400 MHz, CDCl3): ŭ 7.58 (dd, J = 8.4 Hz, J = 8.4 Hz, 4H), 7.40 (d, J = 18.4 Hz, 

1H), 6.26 (d, J = 18.4 Hz, 1H), 1.32 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 147.68, 140.80, 

130.47 (d, J = 32.0 Hz), 127.16, 125.53 (q, J = 4.0 Hz), 122.79-122.67 (m), 83.62, 24.82, ppm; 19F 

NMR (376 MHz, CDCl3): ŭ -62.64, ppm. 

 

 

(E)-2-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)pyridine (2s)9, 12  

 

Purification by flash chromatography (petroleum ether:EtOAc = 20:1): a colorless oil (194 mg, 

84%); 1H NMR (400 MHz, CDCl3): ŭ 8.59 (d, J = 4.4 Hz, 1H), 7.64 (t, J = 18.4 Hz, 1H), 7.45 (d, J 

= 18.4 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.16 (t, J = 4.8 Hz, 1H), 6.62 (d, J = 18.4 Hz, 1H), 1.30 (s, 

12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 155.44, 149.72, 148.75, 136.48, 123.08, 122.23, 83.48, 

24.80, ppm. 

 

 

(E)-2-(4-ethynylstyryl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2t)13 

 

Purification by flash chromatography (petroleum ether:EtOAc = 20:1): a white solid (187 mg, 74%); 

1H NMR (400 MHz, CDCl3): ŭ 7.42 (dd, J = 11.6 Hz, J = 8.8 Hz, 4H), 7.35 (d, J = 18.4 Hz, 1H), 

6.16 (d, J = 18.4 Hz, 1H), 3.12 (s, 1H), 1.28 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 148.40, 

137.81, 132.35, 126.90, 122.45, 83.57, 83.40, 78.47, 24.81, ppm. 

 

 

(E)-2-(2-cyclopropylvinyl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2u)8  
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Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (165 mg, 

91%); 1H NMR (400 MHz, CDCl3): ŭ 6.04 (dd, J = 18.0 Hz, J = 9.6 Hz, 1H), 5.46 (d, J = 17.6 Hz, 

1H), 1.53-1.45 (m, 1H), 1.23 (s, 12H), 0.77 (dd, J = 13.6 Hz, J = 4.0 Hz, 2H), 0.51 (dd, J = 10.8 Hz, 

J = 4.4 Hz, 2H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 158.53, 82.89, 24.74, 17.00, 7.87, ppm. 

 

 

(E)-2-(3-(benzyloxy)prop-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2v)14  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (215 mg, 

78%); 1H NMR (400 MHz, CDCl3): ŭ 7.35-7.26 (m, 5H), 6.68 (dt, J = 18.0 Hz, J = 4.8 Hz, 1H), 

5.76 (d, J = 18.4 Hz, 1H), 4.54 (s, 2H), 4.11 (d, J = 4.8 Hz, 2H), 1.27 (s, 12H), ppm; 13C NMR (100 

MHz, CDCl3): ŭ 149.16, 138.29, 128.36, 127.62, 127.57, 83.29, 72.33, 71.70, 24.79, ppm. 

 

 

N-(1-(naphthalen-1-yl)ethyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-en-1-

amine (2w)8  

 

Purification by flash chromatography (petroleum ether:EtOAc = 5:1): a colorless oil (261 mg, 77%); 

1H NMR (400 MHz, CDCl3): ŭ 8.18 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 8.4 

Hz, 1H), 7.67 (d, J = 6.8 Hz, 1H), 7.52-7.45 (m, 3H), 6.72 (dt, J = 18.4 Hz, J = 5.2 Hz, 1H), 5.63 

(d, J = 18.0 Hz, 1H), 4.67 (q, J = 6.4 Hz, 1H), 3.35-3.25 (m, 2H), 1.70 (s, 1H), 1.49 (d, J = 6.8 Hz, 

3H), 1.27 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 151.93, 141.00, 133.99, 131.34, 128.95, 

127.20, 125.74, 125.29, 123.01, 122.78, 83.19, 53.08, 51.41, 24.80, 24.79, 23.68, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(2-(phenanthren-9-yl)vinyl) -1,3,2-dioxaborolane (2x)15  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (261 mg, 

79%); 1H NMR (400 MHz, CDCl3): ŭ 8.72 (d, J = 8.4 Hz, 1H), 8.65 (d, J = 8.0 Hz, 1H), 8.28 (d, J 

= 7.6 Hz, 1H), 8.20 (d, J = 18.4 Hz, 1H), 7.95 (s, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.69-7.56 (m, 4H), 

6.34 (d, J = 18.0 Hz, 1H), 1.37 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 147.21, 134.61, 

131.64, 130.62, 130.34, 130.29, 129.05, 126.90, 126.78, 126.67, 126.53, 125.37, 124.70, 123.04, 

122.52, 83.49, 24.91, ppm. 
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(E)-4,4,5,5-tetramethyl-2-(2-(naphthalen-1-yl)vinyl) -1,3,2-dioxaborolane (2y)12  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (238 mg, 

85%); 1H NMR (400 MHz, CDCl3): ŭ 8.26 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 18.4 Hz, 1H), 7.85-7.79 

(m, 2H), 7.73 (d, J = 7.2 Hz, 1H), 7.53-7.54 (m, 3H), 6.26 (d, J = 18.4 Hz, 1H), 1.34 (s, 12H), ppm; 

13C NMR (100 MHz, CDCl3): ŭ 146.48, 135.39, 133.65, 131.14, 129.06, 128.53, 126.20, 125.83, 

125.62, 124.11, 123.81, 83.45, 24.91, ppm. 

 

 

(E)-4,4,5,5-tetramethyl-2-(2-(thiophen-2-yl)vinyl) -1,3,2-dioxaborolane (2z)8  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a yellow oil (128 mg, 54%); 

1H NMR (400 MHz, CDCl3): ŭ 7.47 (d, J = 18.0 Hz, 1H), 7.24 (d, J = 5.2 Hz, 1H), 7.08 (d, J = 3.2 

Hz, 1H), 6.98 (dd, J = 5.2 Hz, J = 3.6 Hz, 1H), 5.91 (d, J = 18.0 Hz, 1H), 1.30 (s, 12H), ppm; 13C 

NMR (100 MHz, CDCl3): ŭ 143.97, 141.83, 127.72, 127.64, 126.32, 83.40, 24.82, ppm. 

 

 

(E)-2-(2-cyclohexylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2aa)11  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (210 mg, 

89%); 1H NMR (400 MHz, CDCl3): ŭ 6.58 (dd, J = 18.4 Hz, J = 6.4 Hz, 1H), 5.38 (dd, J = 18.0 Hz, 

J = 1.6 Hz, 1H), 2.04-2.00 (m, 1H), 1.76-1.70 (m, 4H), 1.67-1.62 (m, 1H), 1.27 (s, 12H), 1.25-1.04 

(m, 5H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 159.88, 82.99, 43.26, 31.93, 26.18, 25.98, 24.80, 

ppm. 

 

 

(Z)-4,4,5,5-tetramethyl-2-(1-phenylprop-1-en-2-yl)-1,3,2-dioxaborolane (2bb)7  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (185 mg, 

76%); 1H NMR (400 MHz, CDCl3): ŭ 7.40-7.32 (m, 4H), 7.26-7.22 (m, 2H), 1.99 (s, 3H), 1.32 (s, 

12H) , ppm; 13C NMR (100 MHz, CDCl3): ŭ 141.34, 136.92, 128.39, 127.01, 126.06, 82.49, 23.83, 

14.87, ppm. 
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(Z)-2-(1,2-diphenylvinyl) -4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (2cc)16  

 

Purification by flash chromatography (petroleum ether: EtOAc = 50:1): a white solid (162 mg, 53%); 

1H NMR (400 MHz, CDCl3): ŭ 7.36 (s, 1H), 7.28-7.24 (m, 2H), 7.22-7.20 (m, 1H), 7.18-7.15 (m, 

2H), 7.12-7.10 (m, 3H), 7.07-7.04 (m, 2H), 1.31 (s, 12H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 

143.20, 140.47, 137.02, 129.98, 128.88, 128.27, 127.87, 127.61, 126.28, 83.82, 24.82, ppm. 

 

 

1,3-diphenyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-1-one (2dd)17  

 

Purification by flash chromatography (petroleum ether: EtOAc = 10:1): a white solid (289 mg, 86%); 

1H NMR (400 MHz, CDCl3): ŭ 7.96 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 

2H), 7.32-7.24 (m, 4H), 7.16 (t, J = 5.4 Hz, 1H), 3.59-3.39 (m, 2H), 2.82-2.76 (m, 1H), 1.24 (s, 6H), 

1.16 (s, 6H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 199.70, 141.98, 136.82, 132.94, 128.54, 128.51, 

128.41, 128.07, 125.62, 83.40, 43.29, 24.60, 24.56, ppm. 

 

 

(E)-4,4,6-trimethyl -2-styryl -1,3,2-dioxaborinane (2ee)18  

 

Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (217 mg, 

94%); 1H NMR (400 MHz, CDCl3): ŭ 7.40 (d, J = 7.2 Hz, 2H), 7.25-7.14 (m, 4H), 6.03 (d, J = 18.4 

Hz, 1H), 4.23-4.15 (m, 1H), 1.73 (dd, J = 14.0 Hz, J = 2.8 Hz, 1H), 1.47 (t, J = 13.6 Hz, 1H), 1.27-

1.23 (m, 9H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 145.45, 136.98, 127.41, 127.25, 125.92, 69.85, 

63.80, 44.98, 30.25, 27.13, 22.17, ppm.   

 

 

(E)-5,5-dimethyl-2-styryl -1,3,2-dioxaborinane (2ff )19  

 
Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (189 mg, 

88%); 1H NMR (400 MHz, CDCl3): ŭ 7.49 (d, J = 7.6 Hz, 2H), 7.39-7.22 (m, 4H), 6.14 (d, J = 
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18.0 Hz, 1H), 3.66 (s, 4H), 0.96 (s, 6H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 146.04, 136.74, 

127.45, 125.90, 119.86 (br), 71.01, 30.68, 20.74, ppm. 
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7. Characterization Data for Functionalized Products 

 

Cinnarizine (3a) 

   

3a was synthesized by previously reported methods.20 A mixture of 2a (1 mmol), NaIO4 (3 mmol) 

and 2N HCl (1mL) in THF (4 mL) and H2O (1 mL) was combined under air. The reaction mixture 

was stirred at room temperature for 12 h. Then the reaction mixture was extracted with saturated 

saline and ethyl acetate. The organic liquid layer was collected for rotary evaporation to obtain a 

white solid boric acid crude product. Without purification, it was directly mixed with 1-

benzhydrylpiperazine (1 mmol) and paraformaldehyde (1 mmol), heated to 90  in 1,2-dioxane 

and stirred for 24 h. Purification by flash chromatography (petroleum ether:EtOAc = 5:1): a white 

solid (287 mg, 78%); 1H NMR (400 MHz, CDCl3): ŭ 7.40 (d, J = 7.2 Hz, 4H), 7.34 (d, J = 7.2 Hz, 

2H), 7.29-7.21 (m, 7H), 7.19-7.15 (m, 2H), 6.49 (d, J = 15.6 Hz, 1H), 6.30-6.22 (m, 1H), 4.23 (s, 

1H), 3.15 (d, J = 6.8 Hz, 2H), 2.53 (s, 8H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 142.80, 137.03, 

133.04, 128.60, 128.50, 128.00, 127.49, 126.94, 126.68, 126.36, 76.24, 61.10, 53.53, 51.93, ppm. 

 

(E)-(2-iodovinyl)benzene (3b) 

 

3b was synthesized by previously reported methods.21 A mixture of 2a (1 mmol), I2 (2 mmol) and 

NaOH (3 mmol) in THF (4 mL) was combined under air. The reaction mixture was stirred at room 

temperature for 2 h. Purification by flash chromatography (petroleum ether): a yellow oil (216 mg, 

94%); 1H NMR (400 MHz, CDCl3): ŭ 7.43 (d, J = 14.8 Hz, 1H), 7.35-7.28 (m, 5H), 6.83 (d, J = 

14.8 Hz, 1H), ppm; 13C NMR (100 MHz, CDCl3): ŭ 145.03, 137.72, 128.74, 128.40, 126.02, 76.63, 

ppm. 

 

(E)-5,5-dimethyl-2-styryl -1,3,2-dioxaborinane (2ff) 

 

2ff was synthesized by previously reported methods.22 A mixture of 2a (1 mmol) and B2nep2 (2 

mmol) in MeOH (2 mL) was combined in sealed tube. The reaction mixture was stirred at 90 oC for 

16 h. Purification by flash chromatography (petroleum ether:EtOAc = 50:1): a colorless oil (140 mg, 

65%). 

 

(1E,3E)-1,4-diphenylbuta-1,3-diene (3c) 
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3c was synthesized by previously reported methods.23 A mixture of 2a (1 mmol) and Cu(OAc)2 (1 

mmol) in DMF (2 mL) and EtOH (1 mL) was combined under air. The reaction mixture was stirred 

at room temperature for 16 h. Purification by flash chromatography (petroleum ether:EtOAc = 50:1): 

a white solid (91 mg, 44%); 1H NMR (400 MHz, CDCl3): ŭ 7.44 (d, J = 7.2 Hz, 4H), 7.33 (t, J = 7.6 

Hz, 4H), 7.23 (t, J = 7.6 Hz, 2H), 6.98-6.92 (m, 2H), 6.71-6.64 (m, 2H), ppm; 13C NMR (100 MHz, 

CDCl3): ŭ 137.40, 132.85, 129.28, 128.69, 127.59, 126.41, ppm. 
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9. NMR Spectra for Catalysts 

 

Figure S1. 1H NMR (400 MHz, DMSO-d6) spectrum of compound C5. 

 

 

Figure S2. 13C NMR (100 MHz, DMSO-d6) spectrum of compound C5. 

 



S25 
 

 

Figure S3. 1H NMR (400 MHz, CDCl3) spectrum of compound C6. 

 

 

Figure S4. 13C NMR (100 MHz, CDCl3) spectrum of compound C6. 
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Figure S5. 1H NMR (400 MHz, CDCl3) spectrum of compound C7. 

 

Figure S6. 13C NMR (100 MHz, CDCl3) spectrum of compound C7. 
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Figure S7. 1H NMR (400 MHz, CDCl3) spectrum of compound C8. 

 

 

Figure S8. 13C NMR (100 MHz, CDCl3) spectrum of compound C8. 
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Figure S9. 1H NMR (400 MHz, CDCl3) spectrum of compound C9. 

 

 

Figure S10. 13C NMR (100 MHz, CDCl3) spectrum of compound C9. 

 



S29 
 

 

Figure S11. 1H NMR (400 MHz, CDCl3) spectrum of compound C10. 

 

 

Figure S12. 13C NMR (100 MHz, CDCl3) spectrum of compound C10. 
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10. NMR Spectra for M 

 

 

Figure S13. 1H NMR (400 MHz, CDCl3 spectrum of compound M . 

 

 

Figure S14. 13C NMR (100 MHz, CDCl3) spectrum of compound M . 
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Figure S15. 11B NMR (128 MHz, CDCl3) spectrum of compound M . 
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11. NMR Spectra for Hydroborated Products 

 

Figure S16. 1H NMR (400 MHz, CDCl3) spectrum of compound 2a. 

 

 

 

Figure S17. 13C NMR (100 MHz, CDCl3) spectrum of compound 2a. 
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Figure S18. 1H NMR (400 MHz, CDCl3) spectrum of compound 2b. 

 

 

Figure S19. 13C NMR (100 MHz, CDCl3) spectrum of compound 2b. 
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Figure S20. 1H NMR (400 MHz, CDCl3) spectrum of compound 2c. 

 

 

Figure S21. 13C NMR (100 MHz, CDCl3) spectrum of compound 2c. 
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Figure S22. 1H NMR (400 MHz, CDCl3) spectrum of compound 2d. 

 

 

Figure S23. 13C NMR (100 MHz, CDCl3) spectrum of compound 2d. 
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Figure S24. 1H NMR (400 MHz, CDCl3) spectrum of compound 2e. 

 

 

Figure S25. 13C NMR (100 MHz, CDCl3) spectrum of compound 2e. 
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Figure S26. 1H NMR (400 MHz, CDCl3) spectrum of compound 2f. 

 

 

Figure S27. 13C NMR (100 MHz, CDCl3) spectrum of compound 2f. 
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Figure S28. 1H NMR (400 MHz, CDCl3) spectrum of compound 2g. 

 

 

Figure S29. 13C NMR (100 MHz, CDCl3) spectrum of compound 2g. 
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Figure S30. 1H NMR (400 MHz, CDCl3) spectrum of compound 2h. 

 

 

Figure S31. 13C NMR (100 MHz, CDCl3) spectrum of compound 2h. 
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Figure S32. 1H NMR (400 MHz, CDCl3) spectrum of compound 2i. 

 

 

Figure S33. 13C NMR (100 MHz, CDCl3) spectrum of compound 2i. 
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Figure S34. 1H NMR (400 MHz, CDCl3) spectrum of compound 2j. 

 

 

Figure S35. 13C NMR (100 MHz, CDCl3) spectrum of compound 2j. 
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Figure S36. 1H NMR (400 MHz, CDCl3) spectrum of compound 2k. 

 

 

Figure S37. 13C NMR (100 MHz, CDCl3) spectrum of compound 2k. 
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Figure S38. 19F NMR (376 MHz, CDCl3) spectrum of compound 2k. 

 

 

Figure S39. 1H NMR (400 MHz, CDCl3) spectrum of compound 2l. 
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Figure S40. 13C NMR (100 MHz, CDCl3) spectrum of compound 2l. 

 

 

Figure S41. 19F NMR (376 MHz, CDCl3) spectrum of compound 2l. 
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Figure S42. 1H NMR (400 MHz, CDCl3) spectrum of compound 2m. 

 

 

Figure S43. 13C NMR (100 MHz, CDCl3) spectrum of compound 2m. 
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Figure S44. 19F NMR (376 MHz, CDCl3) spectrum of compound 2m. 

 

 

Figure S45. 1H NMR (400 MHz, CDCl3) spectrum of compound 2n. 
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Figure S46. 13C NMR (100 MHz, CDCl3) spectrum of compound 2n. 

 

 

Figure S47. 1H NMR (400 MHz, CDCl3) spectrum of compound 2o. 
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Figure S48. 13C NMR (100 MHz, CDCl3) spectrum of compound 2o. 

 

 

Figure S49. 1H NMR (400 MHz, CDCl3) spectrum of compound 2p. 
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Figure S50. 13C NMR (100 MHz, CDCl3) spectrum of compound 2p. 

 

 

Figure S51. 1H NMR (400 MHz, CDCl3) spectrum of compound 2q. 
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Figure S52. 13C NMR (100 MHz, CDCl3) spectrum of compound 2q. 

 

 

Figure S53. 1H NMR (400 MHz, CDCl3) spectrum of compound 2r. 
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Figure S54. 13C NMR (100 MHz, CDCl3) spectrum of compound 2r. 

 

 

Figure S55. 19F NMR (376 MHz, CDCl3) spectrum of compound 2r. 
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Figure S56. 1H NMR (400 MHz, CDCl3) spectrum of compound 2s. 

 

Figure S57. 13C NMR (100 MHz, CDCl3) spectrum of compound 2s 
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Figure S58. 1H NMR (400 MHz, CDCl3) spectrum of compound 2t. 

 

 

Figure S59. 13C NMR (100 MHz, CDCl3) spectrum of compound 2t. 
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Figure S60. 1H NMR (400 MHz, CDCl3) spectrum of compound 2u. 

 

 

Figure S61. 13C NMR (100 MHz, CDCl3) spectrum of compound 2u. 
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Figure S62. 1H NMR (400 MHz, CDCl3) spectrum of compound 2v. 

 

 

Figure S63. 13C NMR (100 MHz, CDCl3) spectrum of compound 2v. 
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Figure S64. 1H NMR (400 MHz, CDCl3) spectrum of compound 2w. 

 

 

Figure S65. 13C NMR (100 MHz, CDCl3) spectrum of compound 2w. 
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Figure S66. 1H NMR (400 MHz, CDCl3) spectrum of compound 2x. 

 

 

Figure S67. 13C NMR (100 MHz, CDCl3) spectrum of compound 2x. 
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Figure S68. 1H NMR (400 MHz, CDCl3) spectrum of compound 2y. 

 

 

Figure S69. 13C NMR (100 MHz, CDCl3) spectrum of compound 2y. 
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Figure S70. 1H NMR (400 MHz, CDCl3) spectrum of compound 2z. 

 

 

Figure S71. 13C NMR (100 MHz, CDCl3) spectrum of compound 2z. 
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Figure S72. 1H NMR (400 MHz, CDCl3) spectrum of compound 2aa. 

 

 

Figure S73. 13C NMR (100 MHz, CDCl3) spectrum of compound 2aa. 
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Figure S74. 1H NMR (400 MHz, CDCl3) spectrum of compound 2bb. 

 

 

Figure S75. 13C NMR (100 MHz, CDCl3) spectrum of compound 2bb. 

 



S62 
 

 

Figure S76. 1H NMR (400 MHz, CDCl3) spectrum of compound 2cc. 

 

 

Figure S77. 13C NMR (100 MHz, CDCl3) spectrum of compound 2cc. 
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Figure S78. 1H NMR (400 MHz, CDCl3) spectrum of compound 2dd. 

 

 

Figure S79. 13C NMR (100 MHz, CDCl3) spectrum of compound 2dd. 
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Figure S80 1H NMR (400 MHz, CDCl3) spectrum of compound 2ee. 

 

 

Figure S81. 13C NMR (100 MHz, CDCl3) spectrum of compound 2ee. 
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Figure S82. 1H NMR (400 MHz, CDCl3) spectrum of compound 2ff . 

 

 

Figure S83. 13C NMR (100 MHz, CDCl3) spectrum of compound 2ff . 

 

 

 


