
Experimental Section 

Synthesis of phenylacetylene-d1 

A Schlenk flask was charged with phenylacetylene (7.00 mL, 63.7 mmol) and hexane (200 mL). The solution was 

cooled to –78 °C, and then n-BuLi (2.6 M, 25.0 mL, 65.0 mmol) was added dropwise to the solution with stirring 

to induce the immediate formation of white precipitate. After the reaction mixture was slowly warmed to room 

temperature over 15 h, volatiles were removed from the reaction mixture in vacuo. The precipitate was filtered, 

washed with hexane, and dried in vacuo to give lithium phenylacetylide as a white powder. The powder was 

dissolved in Et2O (50 mL) at –35 °C, then D2O (15 mL) was added to the reaction mixture. The reaction mixture 

was extracted with diethyl ether (2´10 mL) and the combined organic phase was evaporated to give a crude product. 

The crude oil of phenylacetylene-d1 was distilled by heating at 175 °C under air to give clear oil of phenylacetylene-

d (3.74 g, 36.2 mmol, 57%), which was characterized by NMR spectroscopy in comparison with those reported in 

literature.1  

 

Synthesis of 4-dimethylaminophenylacetylene-d1 

A Schlenk flask was charged with 4-dimethylaminophenylacetylene (254 mg, 1.75 mmol) and hexane (8 mL). The 

solution was cooled to –78 °C, and then n-BuLi (2.6 M, 750 µL, 2.0 mmol) was added dropwise to the solution with 

stirring to induce the immediate formation of white precipitate. After the reaction mixture was slowly warmed to 

room temperature over 14 h, volatiles were removed from the reaction mixture in vacuo. The precipitate was filtered, 

washed with hexane, and dried in vacuo to give lithium 4-dimethylaminophenylacetylide as a white powder. The 

powder was dissolved in Et2O (2 mL) at –35 °C, then D2O (2 mL) was added the reaction mixture. The reaction 

mixture was extracted with diethyl ether (2´5 mL) and the combined organic phase was evaporated to give 4-

dimethylaminophenylacetylene-d1 (198 mg, 1.35 mmol, 77%), which was characterized by NMR spectroscopy in 

comparison with those of protiated compound except alkynyl proton in literature.2 

 

Kinetic Study 

General remarks 

Diborane 1 was used after recrystallization. Phenylacetylene and phenylacetylene-d1 were used after distillation. 4-

Dimethylaminophenylacetylene, 4-dimethylaminophenylacetylene-d1, and phenanthrene were used after 

sublimation. All reaction solutions were prepared in an argon-filled glovebox. All reaction rates were estimated by 

monitoring of decay of 1 in the presence of phenanthrene as an internal standard. A hexane solution of nBuLi (50.2 

µmol) was diluted up to 5.00 mL in a volumetric flask to prepare a 10.0 mM toluene-d8 or benzene-d6 solution of 
nBuLi. 1,2-dimethoxyethane (DME, 200 µmol) was diluted up to 2.00 mL in a volumetric flask with benzene-d6 to 

prepare a 100 mM benzene-d6 solution of DME. 

 

Condition A (runs 1-5) in Table 2 

A 1.00 mL volumetric flask was charged with 1 (37.6 mg, 100 µmol) and phenanthrene (1.0 equiv., 17.9 mg, 100 

µmol), followed by diluting up to 1.00 mL with deuterated solvent. An aliquot (500 µL) of the resulting solution 

was transferred to an NMR tube with J. Young valve. Alkyne (3, 3-d1, 3'', or 3''-d1, 20 equiv., 1.00 mmol) was added 

to the solution at room temperature. The NMR tube shaken for 1 min and was put into an NMR probe. After the 

sample was quickly heated to the reaction temperature, locked and shimmed, an integral ratio between 1 and 
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phenanthrene was monitored by 1H NMR spectroscopy. After the monitoring finished, the 1H NMR yields of the 

products were estimated by comparison of the integral ratio of the product and internal standard. 

 

Condition B in Table 2 

A benzene-d6 solution of nBuLi (10.0 mM, 500 µL, 5.00 µmol) was transferred to an NMR tube with J. Young valve, 

followed by an addition of alkyne (3, 3-d1, 3'', or 3''-d1, 20 equiv., 1.00 mmol). After shaken the NMR tube at room 

temperature for 3 min, a benzene-d6 solution of DME (100 mM, 50 µL, 5.00 µmol), 1 (18,8 mg, 50.0 µmol) and 

phenanthrene (1.3 equiv., 11.7 mg, 65.6 µmol) were added to the reaction mixture at room temperature. The NMR 

tube shaken for 1 min and was put into an NMR probe. After the sample was quickly heated to the reaction 

temperature, locked and shimmed, an integral ratio between 1 and phenanthrene was monitored by 1H NMR 

spectroscopy. After the monitoring finished, the 1H NMR yields of the products were estimated by comparison of 

the integral ratio of the product and internal standard. 

 

Table S1. Kinetic analysis of direct or base-catalyzed diboration of alkynes with 1. 

 Toluene-d8 at 100 °Ca C6D6 at 70 °Ca C6D6 at 70 °C, nBuLi/DME-cat. b 

 

kobs = 7.6±0.1 × 10−4 

R2 = 0.9972 

2981 s, 10 spectra 

kobs = 1.474±0.002 × 10−4 

R2 = 0.99995 

14000 s, 29 spectra 

kobs = 1.48±0.06 × 10−4 

R2 = 0.9980 

6000 s, 25 spectra 

 
- 

kobs = 1.591±0.003 × 10−4 

R2 = 0.99992 

14000 s, 29 spectra 

kobs = 1.120±0.003 × 10−4 

R2 = 0.9997 

9750 s, 40 spectra 

 
- 

kobs = 8.81±0.07 × 10−4 

R2 = 0.9993 

2600 s, 14 spectra 

kobs = 7.86±0.04 × 10−4 

R2 = 0.9996 

1950 s, 14 spectra 

 
- 

kobs = 7.62±0.06 × 10−4 

R2 = 0.9994 

1800 s, 13 spectra 

kobs = 7.95±0.06 × 10−4 

R2 = 0.9993 

1950 s, 14 spectra 
a 50 µmol of 1, 20 equiv. of alkyne, 500 µL solvent, 50 µmol of phenanthrene (internal standard); b 50 µmol of 1, 

20 equiv. of alkyne, 10 mol% of nBuLi and DME, 550 µL solvent, 65 µmol of phenanthrene (internal standard). 
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Computational details 

The full models for the species involved in the reactions were employed in the calculations. Geometry optimizations 

were performed without constraints at the Becke 3LYP (B3LYP) level of density functional theory.3 The 6-31G(d,p) 

basis set was used to describe the H atom involved in the C–H bond cleavage, 6-31+G(d) basis set was used for Li 

atom, and the 6-31G(d) basis set was used for all the remaining atoms.4 Frequency calculations at the same level of 

theory were performed to verify all the stationary points as minima (zero imaginary frequency) and transition states 

(one imaginary frequency), and to provide Gibbs free energies. We employed the Gibbs free energies calculated at 

298 K for our discussion throughout the paper, considering that entropy cannot be accurately calculated and the 

contribution of entropy to the free energies will be significantly over-estimated if the actual high temperature is used 

in the calculation. In the literature, we can find articles employing free energies calculated at 298 K to discuss 

reactions occurred at other temperatures.5 

To reduce the overestimation of entropy contribution in the gas-phase results, corrections of −2.6 kcal/mol (or +2.6 

kcal/mol) in free energies were made for 2-to-1 (or 1-to-2) transformations.6 To take dispersion and solvation effects 

into account, we carried out single-point energy calculations at the B3LYP-D3/6-311+G(d,p) level with the B3LYP 

optimized structures,7 employing a continuum medium using UAKS radii on the conductor-like polarizable 

continuum model (CPCM).8 Toluene was employed as the solvent in the CPCM calculations according to the 

reaction conditions. All the calculations were performed with Gaussian 09 (rev. D.01) package.9 Unless specifically 

noted, the entropy- and solvation-corrected free energies were used in all of the discussions. 
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