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1. General information

Unless otherwise noted, all reactants or reagents including dry solvents were obtained

from commercial suppliers and used as received. Zn(OTf)2 was obtained from TCI. Alkynes,

HBpin, BH3•DMS (2.0 M in DMS), 3,4,5-trichloropyridine were obtained from Energy

Chemical. CDCl3 was obtained from J&K Chemical. nOctane and THF were obtained from

Sinopharm and purified by distillation with sodium. Otherwise noted, all reactions were

performed with dry solvents under an atmosphere of nitrogen gas (99.999%) in dried

glassware using standard Schlenk techniques. All N-methyl indoles[1] were prepared from the

corresponding N-H indoles according to the procedures reported in the literature. 1b,[2] 1i,[3],[1]

1j,[4],[1] 1n[5],[1] and 1o[2] were prepared according to the procedures reported in the literature.

All reactions were performed in a 25-mL Schlenk tube (with a Teflon high-pressure valve and

side arm) and heated in a heating module (heater + magnetic stirrer). All work-up and

purification procedures were carried out with reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using Huang Hai HSGF254

(0.2 mm) precoated plates. The developed chromatogram was analyzed by UV lamp (254 nm).

Flash column chromatography was performed with silica gel (200–300 mesh). GCMS

analysis was conducted on a Shimadzu GCMS-QP2010 instrument equipped with a

Restec-5HT column (30 m  0.25 mm, Hewlett-Packard). Nuclear magnetic resonance (NMR)

spectra were recorded on Bruker Advance III (400 MHz) spectrometers with tetramethyl

silane as an internal standard. Chemical shifts for 1H NMR are expressed in parts per million

(ppm) relative to tetramethyl silane (δ 0.00 ppm) or residual peak of CDCl3 (δ 7.26 ppm).

Chemical shifts for 13C NMR are expressed in ppm relative to CDCl3 (δ 77.16 ppm). Data are

reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of

doublets, t = triplet, m = multiplet), coupling constant (Hz), and integration. High resolution

mass spectra (HRMS) were obtained from Agilent 6545 Q-TOF LCMS with electrospray

ionization (ESI).
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2. Reaction optimization

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar and flushed

with nitrogen gas. 1a (0.2 mmol, 26.2 mg), HBpin (0.6 mmol, 76.8 mg), Zn(OTf)2 (0.0004

mmol, 0.04 M in THF, 10.0 μL) and noctane (0.5 mL) were added to the tube under nitrogen

atmosphere. The sealed tube was heated at 160 °C for 24 h in a heating module with stirring.

After cooling the reaction mixture to room temperature, the solvent was evaporated under

reduced pressure. The yield of 2a was determined by 1H NMR using 3,4,5-trichloropyridine

as internal standard.
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3. General procedures

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar was flushed

with nitrogen gas. 1 or 3 (0.2 mmol), HBpin (0.6 mmol, 76.8 mg), Zn(OTf)2 (0.0004 mmol,

0.04 M in THF, 10 μL) and noctane (0.5 mL) were added to the tube under nitrogen

atmosphere. The sealed tubes were heated at 160 °C (indole) or 140 °C (terminal alkynes) for

24 h in a heating module with stirring. After cooling the reaction mixture to room temperature,

the solvent was evaporated under reduced pressure and the residue was directly purified by

flash column chromatography over silica gel eluting with petroleum ether/methylene chloride

(indole) or petroleum ether/ethyl acetate (terminal alkynes) to afford the product.

Note: 2c and 2j were purified by recrystallition (petroleum ether).

Hazardous statement: These reactions were performed at a temperature that is well above the

boiling point of noctane (approximately 126 oC), leading to substantial pressure buildup in the

sealed reaction vessel. As such, proper precautions should be taken when performing these

experiments. All reactions were performed in a 25-mL Schlenk tube (with a Teflon

high-pressure valve and side arm) and heated in a heating module (heater + magnetic stirrer).
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4. Synthetic application

Compound 7 was prepared according to the modified procedures reported in the

literature.[6] An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar was

charged with 2a (0.4 mmol, 102.9 mg), 5 (0.2 mmol, 52.4 mg) and KOH (0.4 mmol, 22.4 mg).

The tube was then introduced to a nitrogen-atmosphere glovebox and charged with Pd2(dba)3

(0.02 mmol, 18.3 mg). After the tube was taken out of the glovebox, 1,4-dioxane/H2O (0.7

mL/0.3 mL) were added to the vessel under nitrogen atmosphere. The sealed tube was heated

at 100 °C for 15 h in a heating module with stirring. After cooling the reaction mixture to

room temperature, water (10.0 mL) was added. Then the mixture was extracted with ethyl

acetate and dried over Na2SO4. The solvent was evaporated under reduced pressure and the

residue was purified by flash column chromatography over silica gel eluting with petroleum

ether/ethyl acetate to afford product 7 (35.5 mg, 67%) as a white solid.

Compound 8 was prepared according to the modified procedures reported in the

literature.[6] An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar was

charged with 2h (0.4 mmol, 114.9 mg) and KOH (0.4 mmol, 22.4 mg). The tube was then

introduced to a nitrogen-atmosphere glovebox and charged with Pd2(dba)3 (0.02 mmol, 18.3

mg). After the tube was taken out of the glovebox, 6 (0.2 mmol, 40.8 mg) and

1,4-dioxane/H2O (0.7 mL/0.3 mL) were added to the vessel under nitrogen atmosphere. The

sealed tube was heated at 100 °C for 15 h in a heating module with stirring. After cooling the

reaction mixture to room temperature, water (10.0 mL) was added. Then the mixture was

extracted with ethyl acetate and dried over Na2SO4. The solvent was evaporated under

reduced pressure and the residue was purified by flash column chromatography over silica gel

eluting with petroleum ether/ethyl acetate to afford product 8 (29.9 mg, 63%) as a white solid.
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5. Control experiments

a) Radical trapping experiment

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar, and then flushed

with nitrogen gas. 1a (0.2 mmol, 26.2 mg), HBpin (0.6 mmol, 76.8 mg), radical scavenger

(TEMPO, 9, 0.2 mmol, 31.2 mg; BHT, 10, 0.2 mmol, 44.1 mg; 9,10-dihydroanthracene, 11,

0.2 mmol, 36.0 mg), Zn(OTf)2 (0.0004 mmol, 0.04 M in THF, 10.0 μL) and noctane (0.5 mL)

were added to the tube under nitrogen atmosphere. The sealed tube was heated at 160 °C for

24 h in a heating module with stirring. After cooling the reaction mixture to room temperature,

the solvent was evaporated under reduced pressure. The yield of 2a was determined by 1H

NMR using 3,4,5-trichloropyridine as internal standard.

b) The use of BH3•DMS (12) as catalyst

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar, and then flushed

with nitrogen gas. 1a (0.2 mmol, 26.2 mg), HBpin (0.6 mmol, 76.8 mg), BH3•DMS 12

(0.0004 mmol, 0.1 M in DMS, 4 μL; 0.002 mmol, 0.2 M in DMS, 10 μL; 0.02 mmol, 2.0 M in

DMS, 10 μL) and noctane (0.5 mL) were added to the tube under nitrogen atmosphere. The

sealed tube was heated at 160 °C for 24 h in a heating module with stirring. After cooling the

reaction mixture to room temperature, the solvent was evaporated under reduced pressure.

The yield of 2a and 2a’ was determined by 1H NMR using 3,4,5-trichloropyridine as internal

standard.
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c) Trapping of 3-indolylzinc species (13)

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar, and then flushed

with nitrogen gas. 1a (0.2 mmol, 26.2 mg), Zn(OTf)2 (0.0004 mmol, 0.04 M in THF, 10 μL),

PhCHO (0.2 mmol, 21.2 mg) and noctane (0.5 mL) were added to the tube under nitrogen

atmosphere. The sealed tube was heated at 160 °C for 24 h in a heating module with stirring.

After cooling to room temperature, the reaction mixture was monitored by GCMS.

An oven-dried 25-mL Schlenk tube equipped with a magnetic stirring bar, and then flushed

with nitrogen gas. 1a (0.2 mmol, 26.2 mg), Zn(OTf)2 (0.0004 mmol, 0.04 M in THF, 10 μL),

TMSOTf (0.2mmol, 44.5 mg) and noctane (0.5 mL) were added to the tube under nitrogen

atmosphere. The sealed tube was heated at 160 °C for 24 h in a heating module with stirring.

After cooling to room temperature, the reaction mixture was monitored by GCMS.

d) Trapping Experiment of Hydrogen Gas
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A two-chamber glass equipment was used for this

experiment. The picture of the glass equipment used is

shown left. At first, an oven-dried 25-mL Schlenk tube A

equipped with a magnetic stirring bar was flushed with

nitrogen gas. D-1a (1 mmol, 132.0 mg, 67% D) (ref. ACS

Catalysis, 2019, 9, 6522-6529), HBpin (2 mmol, 256.0 mg), Zn(OTf)2 (0.002 mmol, 0.04 M

in THF, 50.0 μL) and n-octane (2.0 mL) were added to tube A under nitrogen atmosphere.

The sealed tube A was heated at 160 °C for 24 h in a heating module with stirring. After

cooling tube A to room temperature, tube B charged with Pd/C (0.04 mmol, 4.3 mg),

1,2-diphenylethene (0.4 mmol, 72.1 mg) and 1,4-dioxane (0.4 mL) was connected to tube A

by a rubber hose in glovebox. Then the two tubes were open allowing the gas flow and then

sealed. Tube B was heated at 100 °C for 20 h in a heating module with stirring. After cooling

tube B to room temperature, the reaction mixture was monitored by GCMS.
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6. Analytical data of products

1-Methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2a)[7]

White solid (39.1 mg, 76%). 1H NMR (400 MHz, CDCl3): δ 8.03 (d, J = 8.0 Hz, 1H), 7.51 (s,

1H), 7.31 (d, J = 8.0 Hz, 1H), 7.25–7.21 (m, 1H), 7.19–7.16 (m, 1H), 3.78 (s, 3H), 1.36 (s,

12H); 13C NMR (100 MHz, CDCl3) δ 138.5, 137.8, 132.5, 122.7, 121.8, 120.2, 109.2, 82.8,

33.0, 25.0.

1-Benzyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2b) [8]

White soild (43.3 mg, 65%). 1H NMR (400 MHz, CDCl3): δ 8.07–8.05 (m, 1H), 7.59 (s, 1H),

7.27–7.23 (m, 4H), 7.18–7.15 (m, 2H), 7.13–7.11 (m, 2H), 5.28 (s, 2H), 1.35 (s, 12H) ; 13C

NMR (100 MHz, CDCl3) δ 137.9, 137.4, 137.0, 132.8, 128.8, 127.8, 127.1, 122.8, 122.0,

120.5, 109.8, 82.9, 50.4, 25.0.

1,2-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2c) [7]
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White soild (36.6 mg, 62%). 1H NMR (400 MHz, CDCl3): δ 8.00 (d, J = 8.0 Hz, 1H), 7.22 (d,

J = 7.2 Hz, 1H), 7.16–7.10 (m, 2H), 3.63 (s, 3H), 2.62 (s, 3H), 1.35 (s, 12H); 13C NMR (100

MHz, CDCl3) δ 147.6, 138.0, 132.5, 121.8, 120.8, 120.1, 108.5, 82.3, 29.5, 25.1, 12.7.

1,4-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2d)

White soild (26.6 mg, 49%). 1H NMR (400 MHz, CDCl3): δ 7.56 (s, 1H), 7.14 (d, J = 5.2 Hz,

2H), 6.96–6.94 (m, 1H), 3.75 (s, 3H), 2.76 (s, 3H), 1.34 (s, 12H); 13C NMR (100 MHz, CDCl3)

δ 139.7, 138.4, 133.1, 130.7, 122.0, 121.7, 106.9, 82.9, 33.1, 24.8, 21.3. HRMS (ESI) m/z

calcd for C16H22BNO2 [M+H]+ : 272.1816 found 272.1820.

1,5-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2e) [7]

White soild (40.7 mg, 75%). 1H NMR (400 MHz, CDCl3): δ 7.80 (s, 1H), 7.46 (d, J = 1.2 Hz,

1H), 7.18 (d, J = 8.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 3.72 (s, 3H), 2.48 (s, 3H), 1.35 (s,

12H); 13C NMR (100 MHz, CDCl3) δ 138.6, 136.3, 132.8, 129.6, 123.4, 122.3, 108.9, 82.7,

33.0, 25.0, 21.6.

1,6-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2f)
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White soild (38.5 mg, 71%). 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 8.0 Hz 1H), 7.45 (s,

1H), 7.11 (s, 1H), 7.01 (d, J = 8.0 Hz, 1H), 3.75 (s, 3H), 2.49 (s, 3H), 1.35 (s, 12H); 13C NMR

(100 MHz, CDCl3) δ 138.2, 138.0, 131.6, 130.3, 122.3, 122.0, 109.3, 82.7, 32.9, 25.0, 22.0 .

HRMS (ESI) m/z calcd for C16H22BNO2 [M+H]+ : 272.1816 found 272.1821.

1,7-Dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2g) [9]

White soild (39.6 mg, 73%). 1H NMR (400 MHz, CDCl3): δ 7.47–7.43 (m, 1H), 7.09 (s, 1H),

6.94-6.91 (m, 2H), 4.26 (s, 3H), 2.79 (s, 3H), 1.36 (s, 12H); 13C NMR (100 MHz, CDCl3) δ

139.2, 128.9, 126.0, 121.7, 119.9, 119.5, 115.0, 83.7, 35.7, 24.8, 20.5.

5-Methoxy-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2h) [8]

White soild (45.9 mg, 80%). 1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 2.4 Hz, 1H), 7.48 (s,

1H), 7.20 (d, J = 8.8 Hz, 1H), 6.90–6.87 (m, 1H), 3.90 (s, 3H), 3.76 (s, 3H), 1.36 (s, 12H); 13C

NMR (100 MHz, CDCl3) δ 154.7, 138.8, 133.2, 133.1, 111.7, 109.8, 104.7, 82.7, 56.0, 33.2,

24.9.
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5-Phenyl-1-Methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2i)

White soild (48.6 mg, 73%). 1H NMR (400 MHz, CDCl3): δ 8.23 (s, 1H), 7.69 (d, J = 8.0 Hz,

2H), 7.54 (s, 1H), 7.49–7.43 (m, 3H), 7.37 (d, J = 8.5 Hz, 1H), 7.31 (t, J = 7.3 Hz, 1H), 3.81

(s, 3H), 1.36 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 142.9, 139.1, 137.4, 133.9, 132.9,

128.6, 127.7, 126.3, 121.8, 121.3, 109.5, 82.8, 33.1, 25.0. HRMS (ESI) m/z calcd for

C21H24BNO2 [M+H]+ : 334.1973 found 334.1979.

Methyl1,2-dimethyl-5-carboxylate-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)

-1H-indole(2j)

White soild (22.4 mg, 34%). 1H NMR (400 MHz, CDCl3): δ 8.68 (s, 1H), 7.88 (d, J = 8.8 Hz,

1H), 7.24 (d, J = 8.8 Hz, 1H), 3.94 (s, 3H), 3.68 (s, 3H), 2.64 (s, 3 H), 1.37 (s, 12H) ; 13C

NMR (100 MHz, CDCl3) δ 168.6, 149.0, 140.6, 131.9, 124.5, 122.5, 122.0, 108.2, 82.6, 51.8,

29.7, 25.0, 12.7. HRMS (ESI) m/z calcd for C18H24BNO4 [M+H]+ : 330.1871 found 330.1878.

5-Fluoro-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2k) [8]
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White soild (37.4 mg, 68%). 1H NMR (400 MHz, CDCl3): δ 7.70–7.67 (m, 1H), 7.53 (s, 1H),

7.23–7.19 (m, 1H), 7.00–6.94 (m, 1H), 3.78 (s, 3H), 1.35 (s, 12H); 13C NMR (100 MHz,

CDCl3) δ 158.6 (d, J = 233.2 Hz), 139.7, 134.4, 133.2 (d, J = 10.6 Hz), 110.1 (d, J = 26.6 Hz),

109.7(d, J = 10.0 Hz), 107.6 (d, J = 23.2 Hz), 82.9, 33.3, 24.9.

5-Chloro-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2l) [8]

White soild (41.4 mg, 71%). 1H NMR (400 MHz, CDCl3): δ 7.99 (d, J = 1.2 Hz, 1H), 7.51 (s,

1H), 7.22–7.16 (m, 2H), 3.76 (s, 3H), 1.35 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 139.5,

136.3, 133.6, 126.2, 122.1, 122.1, 110.2, 83.0, 33.2, 24.9.

5-Bromo-1-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2m) [9]

White soild (49.0 mg, 73%). 1H NMR (400 MHz, CDCl3): δ 8.14 (d, J = 2.0 Hz, 1H), 7.49 (s,

1H), 7.32–7.30 (m, 1H), 7.17 (d, J = 8.4 Hz, 1H), 3.77 (s, 3H), 1.35 (s, 12H); 13C NMR (100

MHz, CDCl3) δ 139.3, 136.5, 134.2, 125.1, 124.7, 113.9, 110.7, 83.0, 33.2, 24.9.

1-Methyl-3,5-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (2n)
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White soild (49.0 mg, 64%). 1H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.69 (d, J = 8.4 Hz,

1H), 7.52 (s, 1H), 7.31 (d, J = 8.0 Hz, 1H), 3.78 (s, 3H), 1.38 (s, 12H), 1.36 (s, 12H); 13C

NMR (100 MHz, CDCl3) δ 139.9, 139.0, 131.9, 130.0, 128.2, 108.7, 83.4, 82.8, 33.0, 24.9.

HRMS (ESI) m/z calcd for C21H31B2NO4 [M+H]+ : 384.2512 found 384.2521.

1-Methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-7-aza-1H-indole(2o)

White soild (24.8 mg, 48%). 1H NMR (400 MHz, CDCl3): δ 8.34-8.33 (m, 1H), 8.28-8.26 (m,

1H), 7.65 (s, 1H), 7.13-7.10 (m, 1H), 3.90 (s, 3H), 1.36 (s, 12H) ; 13C NMR (100 MHz,

CDCl3) δ 149.1, 142.9, 138.5, 130.8, 124.7, 116.4, 83.0, 31.5, 24.9. HRMS (ESI) m/z calcd

for C14H19BN2O2[M+H]+ : 259.1612 found 259.1627.

Methyl 4-(5-methoxy-1-methyl-1H-indol-3-yl)benzoate

White soild (35.5 mg, 67%). 1H NMR (400 MHz, CDCl3): δ 8.20 (d, J = 8.4 Hz, 2H), 8.08 (d,

J = 8.0 Hz, 1H), 7.80 (d, J = 8.0 Hz, 2H), 7.40-7.37 (m, 2H), 7.36-7.32 (m, 1H), 7.28 (s, 1H),

4.03 (s, 3H), 3.75 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 167.3, 140.8, 137.8, 130.3, 127.8,

126.9, 126.5, 125.9, 122.4, 120.6, 120.0, 115.5, 110.0, 52.1, 32.9. HRMS (ESI) m/z calcd for

C17H15NO2 [M+H]+ : 266.1176 found 266.1167.



15

5-Methoxy-1-methyl-3-phenyl-1H-indole(6)[10]

White soild (29.9 mg, 63%). 1H NMR (400 MHz, CDCl3): δ 7.67-7.65 (m, 2H), 7.49-7.45 (m,

2H), 7.42 (s, 1H), 7.32-7.28 (m, 2H), 7.23 (s, 1H), 6.98 (dd, J = 8.8 Hz, 1.2 Hz, 1H), 3.90 (s,

3H), 3.84 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 154.6, 135.8, 132.9, 128.8, 127.2, 127.2,

126.4, 125.6, 116.3, 112.3, 110.3, 101.7, 55.1, 33.1.

2,2'-(2-phenylethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4a)[11]

Colorless oil (43.4 mg, 61%). 1H NMR (400 MHz, CDCl3): δ 7.64 (s, 1H), 7.41 (dd, J = 8.0,

1.6 Hz, 2H), 7.22–7.19 (m, 3H), 1.24 (s, 12H), 1.21 (s, 12H). 13C NMR (100 MHz, CDCl3) δ

155.3, 139.7, 128.6, 128.3, 128.2, 83.8, 83.3, 25.0, 24.8.

2,2'-(2-(o-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4b)[11]

Colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.89 (s, 1H), 7.45 (d, J = 7.2 Hz, 1H), 7.18–7.08

(m, 3H), 2.36 (s, 3H), 1.28 (s, 12H), 1.24 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 154.4,

139.3, 136.4, 129.9, 128.4, 127.8, 125.6, 83.6, 83.3, 25.0, 24.7, 19.9.
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2,2'-(2-(m-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4c)[11]

Colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.62 (s, 1H), 7.25 (s, 1H), 7.20–7.18 (m, 1H),

7.11 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 2.24 (s, 3H), 1.24 (s, 12H), 1.20 (s, 12H).

13C NMR (100 MHz, CDCl3) δ 155.5, 139.7, 137.7, 129.4, 128.6, 128.2, 125.7, 83.7, 83.3,

25.0, 24.8, 21.4.

2,2'-(2-(p-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4d)[11]

Colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.68 (s, 1H), 7.39 (d, J = 8.4 Hz, 2H), 7.10 (d, J

= 8.0 Hz, 2H), 2.32 (s, 3H), 1.32 (s, 12H), 1.27 (s, 12H); 13C NMR (100 MHz, CDCl3) δ

155.3, 138.5, 136.9, 128.9, 128.3, 83.6, 83.2, 25.0, 24.8, 21.4.

2,2'-(2-(4-methoxyphenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(4e)[11]

Pale yellow oil. 1H NMR (400 MHz, CDCl3): δ 7.65 (s, 1H), 7.44 (d, J = 8.8 Hz, 2H), 6.82 (d,

J = 8.8 Hz, 2H), 3.80 (s, 3H), 1.32 (s, 12H), 1.27 (s, 12H). 13C NMR (100 MHz, CDCl3) δ

160.1, 154.9, 132.6, 129.9, 113.6, 83.7, 83.2, 55.4, 25.0, 24.8.
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4-(2,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzonitrile (4f)

White solid. 1H NMR (400 MHz, CDCl3): δ 7.66 (s, 1H), 7.60–7.54 (m, 4H), 1.30 (s, 12H),

1.28 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 152.7, 144.1, 132.2, 128.7, 119.0, 111.8, 84.1,

83.8, 25.0, 24.8. HRMS (ESI) m/z calcd for C21H29B2NO4 [M+H]+: 382.2355 found

382.2352.

Methyl 4-(2,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzoate (4g)[12]

White solid (26.5 mg, 32%). 1H NMR (400 MHz, CDCl3): δ 7.97 (d, J = 8.4 Hz, 2H), 7.71 (s,

1H), 7.54 (d, J = 8.4 Hz, 2H), 3.90 (s, 3H), 1.31 (s, 12H), 1.28 (s, 12H). 13C NMR (100 MHz,

CDCl3) δ 167.0, 153.8, 144.1, 129.8, 129.7, 128.2, 84.0, 83.9, 52.2, 25.0, 24.8.

2,2'-(2-(4-fluorophenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(4h)[11]

Colorless oil. 1H NMR (400 MHz, CDCl3): δ 7.66 (s, 1H), 7.48–7.44 (m, 2H), 7.00–6.95 (m,

2H), 1.31 (s, 12H), 1.27 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 164.3, 161.8, 154.0, 136.0,

136.0, 130.1, 130.0, 115.3, 115.1, 83.8, 83.4, 25.0, 24.8.
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2,2'-(2-(4-chlorophenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(4i)[11]

White solid. 1H NMR (400 MHz, CDCl3): δ 7.54 (s, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.20–7.18

(m, 2H), 1.24 (s, 12H), 1.20 (s, 12H). 13C NMR (100 MHz, CDCl3) δ 153.7, 138.2, 134.4,

129.5, 128.5, 83.9, 83.5, 25.0, 24.8.

2,2'-(2-(thiophen-3-yl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4j)[13]

Colorless solid. 1H NMR (400 MHz, CDCl3): δ 7.64 (s, 1H), 7.44 (d, J = 2.8 Hz, 1H), 7.31

(dd, J = 4.8, 1.2 Hz, 1H), 7.22 (dd, J = 5.2, 3.2 Hz, 1H), 1.33 (s, 12H), 1.27 (s, 12H). 13C

NMR (100 MHz, CDCl3) δ 148.4, 142.6, 127.4, 125.8, 125.5, 83.8, 83.3, 25.0, 24.9.
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7. Scope of Zn(OTf)2-catalysed 1,1-diboration of terminal alkynes

2,2'-(2-phenylethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4a)

The title compound was prepared following above general procedure from phenylacetylene

(20.4 mg, 0.2 mmol). Yield (74%) was determined by integration against CH2Br2 (33.3 mg,

0.19 mmol) as internal standard (Figure S1). Purification by flash chromatography afforded

the 1,1- diborylalkene product (43.4 mg, 61%) as colourless oil. The product contained two

minor impurities (5% of 1,1-diborylalkane[14] and 2% of monoborylolefin[11]) as judged by

1H NMR analysis using CH2Br2 (17.7 mg, 0.1 mmol) as internal standard (Figure S2).

Figure S1. 1H NMR spectrum of the reaction of phenylacetylene with HBPin catalyzed by Zn(OTf)2 affording 4a with CH2Br2 (33.3mg,

0.19 mmol) added as internal standard.
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Figure S2. 1H NMR of isolated 4a with CH2Br2 (17.7 mg, 0.1 mmol).

2,2'-(2-(o-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4b)

The title compound was prepared following above general procedure from

1-ethynyl-2-methy-lbenzene (23.2 mg, 0.2 mmol). Yield (75%) was determined by

integration against CH2Br2 (18.1mg, 0.1 mmol) as internal standard (Figure S3).
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Figure S3. 1H NMR spectrum of the reaction of 1-ethynyl-2-methylbenzene with HBPin catalyzed by Zn(OTf)2 affording 4b with

CH2Br2 (18.1mg, 0.1 mmol) added as internal standard.

2,2'-(2-(m-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4c)

The title compound was prepared following above general procedure from

1-ethynyl-3-methylbenzene (23.2 mg, 0.2 mmol). Yield (76%) was determined by integration

against CH2Br2 (12.5 mg, 0.07 mmol) as internal standard (Figure S4).
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Figure S4. 1H NMR spectrum of the reaction of 1-ethynyl-3-methylbenzene with HBPin catalyzed by Zn(OTf)2 affording 4c with CH2Br2

(12.5mg, 0.07 mmol) added as internal standard.

2,2'-(2-(p-tolyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4d)

The title compound was prepared following above general procedure from

1-ethynyl-4-methylbenzene (23.2 mg, 0.2 mmol). Yield (77%) was determined by integration

against CH2Br2 (28.7 mg, 0.16 mmol) as internal standard (Figure S5).
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Figure S5. 1H NMR spectrum of the reaction of 1-ethynyl-4-methylbenzene with HBPin catalyzed by Zn(OTf)2 affording 4d with

CH2Br2 (28.7mg, 0.16 mmol) added as internal standard.

2,2'-(2-(4-methoxyphenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)

(4e)

The title compound was prepared following above general procedure from

1-ethynyl-4-methoxybenzene (26.4 mg, 0.2 mmol). Yield (88%) was determined by

integration against CH2Br2 (31.0 mg, 0.18 mmol) as internal standard (Figure S6).



24

Figure S6. 1H NMR spectrum of the reaction of 1-ethynyl-4-methoxybenzene with HBPin catalyzed by Zn(OTf)2 affording 4e with

CH2Br2 (31.0 mg, 0.18 mmol) added as internal standard.

4-(2,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzonitrile (4f)

The title compound was prepared following above general procedure from

4-ethynylbenzonitrile (25.4 mg, 0.2 mmol). Yield (36%) was determined by integration

against CH2Br2 (25.0 mg, 0.14 mmol) as internal standard (Figure S7).
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Figure S7. 1H NMR spectrum of the reaction of 4-ethynylbenzonitrile with HBPin catalyzed by Zn(OTf)2 affording 4f with CH2Br2 (25.0

mg, 0.14 mmol) added as internal standard.

Methyl 4-(2,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)benzoate (4g)

The title compound was prepared following above general procedure from

methyl4-ethynylbenzoate (32.0 mg, 0.2 mmol). Yield (62%) was determined by integration

against CH2Br2 (20.5 mg, 0.12 mmol) as internal standard (Figure S8). Purification by flash

chromatography afforded the 1,1-diborylalkene product (26.5 mg, 32%) as white solid. The

product contained one minor impurities (1% of 1,1-diborylalkane[15]) as judged by 1H NMR

analysis using CH2Br2 (15.5 mg, 0.09 mmol) as internal standard (Figure S9).
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Figure S8. 1H NMR spectrum of the reaction of methyl 4-ethynylbenzoate with HBPin catalyzed by Zn(OTf)2 affording 4g with CH2Br2

(20.5 mg, 0.12 mmol) added as internal standard.

Figure S9. 1H NMR of isolated 4g with CH2Br2 (15.5 mg, 0.09 mmol).
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2,2'-(2-(4-fluorophenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)
(4h)

The title compound was prepared following above general procedure from

1-ethynyl-4-fluorobenzene (24.0 mg, 0.2 mmol). Yield (64%) was determined by integration

against CH2Br2 (19.2 mg, 0.11 mmol) as internal standard (Figure S10).

Figure S10. 1H NMR spectrum of the reaction of 1-ethynyl-4-fluorobenzene with HBPin catalyzed by Zn(OTf)2 affording 4h with

CH2Br2 (19.2 mg, 0.11 mmol) added as internal standard.

2,2'-(2-(4-chlorophenyl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)
(4i)

The title compound was prepared following above general procedure from

1-chloro-4-ethynylbenzene (27.3 mg, 0.2 mmol). Yield (31%) was determined by integration

against CH2Br2 (16.6 mg, 0.1 mmol) as internal standard (Figure S11).
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Figure S11. 1H NMR spectrum of the reaction of 1-chloro-4-ethynylbenzene with HBPin catalyzed by Zn(OTf)2 affording 4i with

CH2Br2 (16.6 mg, 0.1 mmol) added as internal standard.

2,2'-(2-(thiophen-3-yl)ethene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (4j)

The title compound was prepared following above general procedure from

3-ethynylthiophene (21.6 mg, 0.2 mmol). Yield (58%) was determined by integration against

CH2Br2 (26.0 mg, 0.15 mmol) as internal standard (Figure S12).
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Figure S12. 1H NMR spectrum of the reaction of 3-ethynylthiophene with HBPin catalyzed by Zn(OTf)2 affording 4j with CH2Br2 (26.0

mg, 0.15 mmol) added as internal standard.
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9. NMR spectra of products
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