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S1 General experimental information 

Reaction Setup: All reactions were carried out in oven (185 °C) dried glassware, which had 

been cleaned using base (KOH) and acid (HCl) baths. All air and moisture sensitive reactions were 

carried out using an argon atmosphere glovebox or a Schlenk line (nitrogen). All reported reaction 

temperatures correspond to external bath temperatures. All glassware was cleaned using base (KOH, 

2-propanol) and acid (HClaq) baths.  Room temperature is approximately 20 °C. “Brine” refers to a 

saturated solution of sodium chloride in H2O 

NMR Spectroscopy: 1H, 13C, 11B and 19F NMR spectra were recorded on Bruker Avance III 400 

and 500 MHz; Bruker AVI 400 MHz; Bruker Avance I 600 MHz spectrometers. Chemical shifts are 

reported in parts per million (ppm). 1H and 13C NMR spectra were referenced to the residual solvent 

peak (CHCl3: 7.27 ppm, 77.00 ppm CH2Cl2: 5.32 ppm, 54.00 ppm; THF: 1.73 ppm, 25.37; CH3CN: 1.94 

ppm, 1.39 ppm). Multiplicities are shows as s (singlet), d (doublet), t (triplet), q (quartet), quin. 

(quintet), sext. (sextet), sept. (septet), non. (nonet), ap. (apparent). Coupling constants, J, are reported 

in Hertz and are rounded to the nearest 0.1 Hz. Integration of peaks is provided with the assignments 

indicated.  

Infrared Spectroscopy: Infra-red (IR) spectra were recorded on a Perkin-Elmer Spectrum One 

FT-IR, or Shimadzu IRAffinity-1 spectrometer (serial no. A213749) spectrometer. Peaks are reported 

in cm-1 with indicated relative intensities: s (strong, 0-33% T), m (medium, 34-66% T), w (weak, 67-

100% T), and br (broad). 

Chromatography: Flash column chromatography was run on silica gel (Gerudan Si60). Thin 

layer chromatography was run on aluminium backed silica TLC plates (Silica Gel 60 F254). Staining with 

KMnO4 was used where oxidation was necessary to view spots. Otherwise UV light at 254 nm was 

used for visualisation.  

Mass Spectrometry: Mass spectrometry (MS) was performed by the University of Edinburgh, 

School of Chemistry, Mass Spectrometry Laboratory. High resolution mass spectra were recorded on 

a VG autospec, or Thermo/Finnigan MAT 900, mass spectrometer. Electron Impact (EI+) spectra were 

performed at 70 eV using methane as the carrier gas, with either a double focusing sector field (DFSF) 

or time-of-flight (TOF) mass analyzer. Chemical Ionization (CI+) spectra were performed with methane 

reagent gas, with either a double focusing sector field (DFSF) or time-of-flight (TOF) mass analyzer. 

Electrospray Ionization (ESI+) spectra were performed using a time-of-flight (TOF) mass analyzer. Data 

are reported in the form of m/z (intensity relative to the base peak = 100). 
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Melting Points: Melting points were determined using a Stuart Scientific SMP10, or Griffin 

Gallankamp. 

Chemicals: All reagents were purchased from Sigma Aldrich, Arcos organics or Alfa Aesar, or 

were synthesised in the laboratory 

 Solvents: All solvents for air- and moisture sensitive techniques were obtained from an 

anhydrous solvent system (Innovative Technology). Reaction solvents tetrahydrofuran (THF) (Fisher, 

HPLC grade), ether (Et2O) (Fisher, BHT stabilized ACS grade), and dichloromethane (CH2Cl2) (Fisher, 

unstabilised HPLC grade) were dried by percolation through two columns packed with neutral alumina 

under a positive pressure of argon. Toluene (ACS grade) was dried by percolation through a column 

packed with neutral alumina and a column packed with Q5 reactant (supported copper catalyst for 

scavenging oxygen) under a positive pressure of argon. Solvents for filtration, transfers, 

chromatography, and recrystallization were dichloromethane (CH2Cl2) (ACS grade), ether (Et2O) 

(Fisher, BHT stabilised ACS grade), ethyl acetate (EtOAc) (Fisher, ACS grade), hexane (Optima), 

methanol (MeOH) (ACS grade), pentane (ACS grade), and petroleum ether (40–60°C, ACS grade).  

 High Performance Liquid Chromatography (HPLC): HPLC data were gathered using an Agilent 

1100 series chiral HLPC. Hexane and propan-2-ol were used as eluting solvents for the mobile phase. 

ChiralPak columns, AD-H, OD-H, AS-H and IC were used as the stationary phase. The resolution times 

and intensities were detected with lamps with frequencies of 210 nm, 220 nm, 254 nm and 280 nm. 

HPLC data were corrected for the use of (1S)-(-)-beta-Pinene, 98%, Acros Organics, Cas: 18172-67-3, 

Lot: A0386886, found to be 92% optical purity. Thus, the e.e. values of the substrates were corrected 

by dividing the measured value by 0.92.  

 Gas Chromatography (GC): GC data were gathered using a Hewlett Packard 5890 series II. 

Helium was used as the carrier gas. The resolution times and intensities were detected using FID 

(flame ionisation detector).  
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S2 Optimisation of reaction conditions 

Table S1. Application of terpenes in stoichiometric Midland reduction 

 

 

Entry Terpene Ketone Yield (%)b e.e. (%)c 

1a S1a 4-Phenyl-3-butyn-2-one 70 78 
2 S1b 4-Phenyl-3-butyn-2-one 90 80 
3 S1c Acetophenone 0 - 
4 S1d Acetophenone 11 - 
5 S1d 4-Phenyl-3-butyn-2-one 9 - 
6 S1e Acetophenone 0 - 
7 S1e 4-Phenyl-3-butyn-2-one 0 - 
8 S1f Acetophenone 0 - 
9 S1f 4-Phenyl-3-butyn-2-one 0 - 
10 S1g Acetophenone 0 - 
11 S1g 4-Phenyl-3-butyn-2-one 0 - 
12 S1b 4-Phenyl-3-buten-2-one 0 - 
13 S1b Methyl 2-oxo-2-phenylacetated 93 33 
14 S1b α-keto S-phenyl thiopropanoated 88 22 
Terpene (0.50 mmol) and H-B-9-BBN (0.5 M in THF, 1.0 mL, 0.50 mmol) were stirred at 0 °C for two hours. Ketone (0.50 
mmol) was added at 0 °C and the reaction was left to stir for 16 h. The reactions were quenched with silica and were purified 
by flash column chromatography (20 g SiO2, 20 mm Ø, hexane/diethyl ether 5:1). Reaction time = 3 hours.  b) Yield 
determined by 1H NMR of the crude reaction mixture using 1,3,5-trimethoxybenzene as an internal standard. c) e.e. values 
remain uncorrected for optical purity of terpene. d) Reaction with 20 mol% myrtanyl-9-BBN (S1b) with 1.2 eq. HBpin. 
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Table S2. Optimisation of reaction conditions 

 

 

 

Entry Terpene Time for in situ 
catalyst formation 

(hours)  

Terpene 
(X mol%) 

H-B-9-BBN 
(Y mol%) 

Temperature 
(°C) 

Yielda 

(%) 
e.e.c 
(%) 

1 S1a 2 10 10 0 69 1 
2 S1a 2 30 30 0 69 20 
3 S1a 2 100 100b 0 70 78 
4 S1a 2 30 30 −10 85 - 
6 S1a 2 100 100b −10 74 31 
7 S1a 2 10 10 −40 <10 - 
8 S1a 2 30 30 −40 20 11 
9 S1b 2 100 100 0 93 74 

10 S1b 2 20 20 0 90 82 
11 S1b 6 20 20 0 90 66 
12 S1b 16 20 20 0 95 72 
13 S1b 16 100 20 0 92 71 
14 S1b 16 20 10 0 42 72 
15 S1b 2 10 10 0 81 68 
16 S1b 2 5 5 0 73 64 
17 S1b 2 20 20 18 >95 35 

Terpene and H-B-9-BBN reacted prior to the start of the reaction to form the catalyst in situ. 4-phenyl-3-butyn-2-
one and HBpin (1.2 eq.) were added at reaction temperature once the catalyst had formed. The reactions were 
quenched with silica and were purified by flash column chromatography (20 g SiO2, 20 mm Ø, hexane/diethyl 
ether 5:1). 1H NMR yields were determined by internal standard of 1,3,5-trimethoxybenzene. b) reaction 
completed without addition of HBpin (1.2 eq.). c) e.e. values remain uncorrected for optical purity of terpene. 
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S3 Stepwise addition and observation of reaction intermediates.  

 

 

Figure S1: 11B NMR spectra of the stepwise addition of reactants.  
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S4 10B labelling experiments.  

  

 

 

 

 

 

 

 

 

 

Figure S2: 11B and 10B NMR spectra of starting materials and products of isotopic labelling experiments for B−O/B−H transborylation. 
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S5 H-B-9-BBN competition experiments. 
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Figure S3: Competition experiments of α-pinene and 4-phenyl-3-butyn-2-one 
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Figure S4: Competition experiments of β-pinene and 4-phenyl-3-butyn-2-one 
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S6 Substrate synthesis. 

 

General Procedure A 

 

 

By modification of the method of Dos Santos,1 n-butyllithium (15.0 mL, 1.6 M in hexanes, 24.0 mmol, 

1.20 eq.) was added dropwise to a stirred solution of alkyne (20.0 mmol, 1.00 eq) in THF (100 mL) at 

−78 °C. The mixture was allowed to warm to 0 °C over 40 minutes. The mixture was cooled to −78 °C 

and zinc(II) chloride (28.0 mL, 0.7 M in THF, 19.6 mmol, 1.00 eq.) was added dropwise using a syringe 

over approximately 5 minutes. The mixture was allowed to warm to room temperature over 15 

minutes. The mixture was cooled to −78 °C and acyl chloride (20.0 mmol, 1.00 eq.) was added dropwise 

with a syringe over approximately 1 minute. The solution was allowed to warm to room temperature 

over 1 hour. The solution was diluted with n-hexane (25 mL) and washed with NaOH (2 M in H2O, 25 

mL), brine (3 × 25 mL), then dried (MgSO4), filtered and concentrated in vacuo. The crude product was 

purified by flash column chromatography (SiO2). 
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4-Phenyl-3-butyn-2-one, 1a 

 

According to general procedure A, phenylacetylene (2.2 mL, 20 mmol), n-butyllithium (1.60 M in 

hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 mL, 

20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 

mm Ø, hexane/diethyl ether 20:1) to give 4-phenyl-3-butyn-2-one, 1a, (1.23 g, 8.53 mmol, 43%) as a 

yellow oil.  

1H NMR (500 MHz, CDCl3) 7.62-7.58 (m, 2H), 7.51-7.46 (m, 1H), 7.44-7.38 (m, 2H), 2.48 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.6, 133.0, 130.7, 128.6, 120.0, 90.3, 88.3, 32.8. 

Data were in accordance with those previously reported.2 
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Methyl (4-tert-butylphenyl)ethynyl ketone, 1b 

 

According to general procedure A, 4-tert-butylphenylacetylene (3.6 mL, 20 mmol), n-butyllithium 

(1.60 M in hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride 

(1.43 mL, 20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g 

SiO2, 50 mm Ø, petroleum ether/diethyl ether 5:1) to give methyl (4-tert-butylphenyl)ethynyl ketone, 

1b, (0.830 g, 4.14 mmol, 21%) as a yellow amorphous solid.  

MP 32-34 °C (petroleum ether); lit.3 33-35 °C  

1H NMR (400 MHz, CDCl3) 7.55-7.51 (m, 2H), 7.45-7.40 (m, 2H), 2.47 (s, 3H), 1.35 (s, 9H). 

13C NMR (126 MHz, CDCl3) 184.7, 154.5, 133.0, 125.7, 116.8, 91.0, 88.2, 35.1, 32.7, 31.1. 

Data were in accordance with those previously reported.3 
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4-(4-Methylphenyl)but-3-yn-2-one, 1c 

 

According to general procedure A, 4-methylphenylacetylene (2.53 mL, 20.0 mmol), n-butyllithium (1.6 

M in hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 

mL, 20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 

50 mm Ø, petroleum ether/diethyl ether 4:1) to give 4-(4-methylphenyl)but-3-yn-2-one, 1c, (0.913 g, 

5.77 mmol, 29%) as a yellow oil. 

1H NMR (400 MHz, CDCl3) 7.49 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 2.47 (s, 3H), 2.41 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.7, 141.5, 133.1, 129.4, 116.8, 91.0, 88.2, 32.7, 21.7. 

Data were in accordance with those previously reported.2 
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4-(3-Methylphenyl)but-3-yn-2-one, 1d 

 

According to general procedure A, 3-methylphenylacetylene (2.2 mL, 20 mmol), n-butyllithium (1.6 M 

in hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 

mL, 20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 

50 mm Ø, petroleum ether/diethyl ether 9:1) to give 4-(3-methylphenyl)but-3-yn-2-one, 1d, (0.588 g, 

3.72 mmol, 19%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.44-7.37 (m, 2H), 7.30-7.28 (m, 2H), 2.47 (s, 3H), 2.38 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.7, 138.5, 133.6, 131.7, 130.2, 128.5, 119.7, 90.7, 88.1, 32.8, 21.2. 

Data were in accordance with those previously reported.4 
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4-(2-Methylphenyl)but-3-yn-2-one, 1e 

 

According to general procedure A, 2-ethynyltoluene (2.5 mL, 20 mmol), n-butyllithium (1.6 M in 

hexanes, 15.0 mL, 20.0 mmol), ZnCl2 (0.7 M in THF, 28.0 ml, 19.6 mmol) and acetyl chloride (1.43 mL, 

20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 

mm Ø, petroleum ether/diethyl ether 10:1) to give 4-(2-methylphenyl)but-3-yn-2-one, 1e, (2.24 g, 

14.2 mmol, 71%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.55 (dd, J = 7.6, 1.0 Hz, 1H), 7.40-7.34 (m, 1H), 7.28-7.26 (m, 1H), 7.22 

(dd, J = 8.3, 6.9 Hz, 1H), 2.52 (s, 3H), 2.49 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.6, 142.2, 133.5, 130.8, 129.8, 125.9, 119.8, 92.1, 89.6, 32.9, 20.6. 

Data were in accordance with those previously reported.5 
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4-(4-Fluorophenyl)-3-butyn-2-one, 1f 

 

According to general procedure A, 4-fluorophenylacetylene (2.29 mL, 20.0 mmol), n-butyllithium (1.6 

M in hexanes, 15.0 mL, 24.0 mmol), ZnCl₂ (0.7 M in THF, 28 mL, 20 mmol) and acetyl chloride (1.43 mL, 

20.0 mmol) were reacted. The product was purified by flash column chromatography with (80 g SiO₂, 

50 mm Ø, hexane/diethyl ether 95:5) to give 4-(4-fluorophenyl)-3-butyn-2-one, 1f, (1.43 g, 8.82 mmol, 

44%) as a yellow oil. 

1H NMR (400 MHz, CDCl3) 7.62-7.58 (m, 2H), 7.13-7.09 (m, 2H), 2.47 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.5, 164.02 (d, J = 253.8 Hz), 135.36 (d, J = 8.9 Hz), 116.21 (d, J = 22.3 Hz), 

89.2, 88.2, 88.2, 32.68. 

19F NMR (376 MHz, CDCl3) -106.5. 

Data were in accordance with those previously reported.6 

 

  



S18 

 

4-(3-Chlorophenyl)but-3-yn-2-one, 1g 

 

According to general procedure A, 3-chloro-1-ethynylbenzene (2.5 mL, 20 mmol), n-butyllithium (1.6 

M in hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) acetyl chloride (1.43 mL, 

20.0 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 

mm Ø, petroleum ether/diethyl ether 4:1) to give 4-(3-chlorophenyl)but-3-yn-2-one, 1g, (1.00 g, 5.60 

mmol, 28%) as a yellow oil.  

1H NMR (400 MHz, CDCl3) 7.58 (ddd, J = 2.1, 1.5, 0.5 Hz, 1H), 7.51-7.42 (m, 2H), 7.38-7.29 (m, 1H) 2.48 

(s, 3H). 

13C NMR (126 MHz, CDCl3) 184.2, 134.6, 132.7, 131.1, 131.0, 130.0, 121.7, 88.7, 88.1, 32.7. 

Data were in accordance with those previously reported.4 
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4-Phenyl-3-butyn-2-one-methyl-d3, 1h 

 

By modification of the method of Liang,7 a solution of methanol-d4 at 0 °C was added to 4-phenyl-3-

butyn-2-one (1.0 g, 7.0 mmol) and triethylamine (2.0 mL, 14 mmol). The solution was warmed to room 

temperature and was stirred for 16 hours. The solution was concentrated under reduced pressure to 

give 4-phenyl-3-butyn-2-one-methyl-d3, 1h, (0.921 g, 6.3 mmol, 90%) as a dark brown oil.  

1H NMR (500 MHz, CDCl3) 7.65-7.57 (m, 2H), 7.52-7.44 (m, 1H), 7.44-7.37 (m, 2H). 

2D NMR (77 MHz, CHCl3) 2.47 (m).  

13C NMR (126 MHz, CDCl3) 184.7, 133.1, 130.8, 128.7, 119.9, 90.4, 88.3, 32.8 (m). 

IR νmax (neat) 2982 (w), 2202 (s), 1664 (s). 

MS (HRMS-ESI+) Found 170.06460 (C10H5D3ONa), requires 170.6557. 
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-one, 1i 

 

By a modification of the method of Jeong,8 4-bromo-N,N-diethylbenzamide (2.6 g, 10 mmol), 3-butyn-

2-ol (2.9 mL, 30 mmol), copper(I) iodide (0.2 g, 1 mmol) and bis(triphenylphosphine)palladium(II) 

dichloride (0.32 g, 0.28 mmol) were dissolved in diethylamine (50 mL) under a nitrogen atmosphere. 

The reaction mixture was heated to reflux for 16 hours then cooled to room temperature. The residue 

was dissolved in dichloromethane and filtered over celite, concentrated and the mixture purified by 

flash column chromatography (30 g SiO2, 50 mm Ø, Et2O) to give a dark brown oil (1.45 g, 5.95 mmol, 

60%). The oil (0.887 g, 3.62 mmol) was added to a cooled solution (0 °C) of Dess-Martin periodinane 

(1.70g, 4.00 mmol) in CH2Cl2 (20 mL). The reaction mixture was left to stir for 16 hours then washed 

with NaOH (2 M, 5 mL) and brine (5 mL). The organic phase was concentrated and purified by flash 

column chromatography (25 g SiO2, 50 mm Ø, Et2O) to give 4-(4-N,N-diethylbenzamide)but-3-yn-2-

one, 1i, (0.81 g, 3.33 mmol, 33%) as an amorphous brown solid. 

MP 62-63 °C (diethyl ether) 

1H NMR (500 MHz, CDCl3) 7.64-7.59 (m, 2H), 7.44-7.36 (m, 2H), 3.56 (s, 2H), 3.25 (s, 2H), 2.48 (s, 3H), 

1.26 (s, 3H), 1.13 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.4, 170.0, 139.4, 133.1, 126.6, 120.7, 89.1, 88.9, 43.2, 39.4, 32.8, 14.2, 

12.8. 

IR νmax (neat) 2201 (m), 1667 (s), 1613 (s). 

MS (HRMS-ESI+) Found 244.13310 (C15H18O2N), requires 244.13321. 

 

  



S21 

 

Methyl 4-(3-oxobut-1-yn-1-yl) benzoate, 1j 

 

By a modification of the method of He,9 bis(triphenylphosphine)palladium(II) dichloride (0.35 g, 0.50 

mmol), copper(I) iodide (142 mg, 0.75 mmol) and methyl-4-iodobenzoate (2.62 g, 10.0 mmol) were 

dissolved in THF (30 mL) in a round bottom flask under a nitrogen atmosphere. Triethylamine (10 mL) 

was added, followed by 3-butyn-2-one (0.78 mL, 10 mmol) and the reaction was stirred for 16 hours 

at room temperature. The reaction mixture was poured into brine and extracted with diethyl ether (3 

× 50 mL). The combined organic extracts were filtered through celite then concentrated in vacuo. The 

product was purified by flash column chromatography (40 g SiO2, 50 mm Ø, petroleum ether/diethyl 

ether 4:1) to give methyl 4-(3-oxobut-1-yn-1-yl) benzoate, 1j, (0.606 g, 3.00 mmol, 15%) as orange 

needles. 

MP 97-100 °C (petroleum ether) 

1H NMR (400 MHz, CDCl3) 8.09-8.07 (m, 2H), 7.67-7.64 (m, 2H), 3.96 (s, 3H), 2.49 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.3, 166.1, 132.8, 131.8, 129.7, 124.4, 89.9, 88.5, 52.5, 32.8. 

NMR data were in accordance with those previously reported.9 
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3-Decyn-2-one, 1k 

 

According to general procedure A, 1-octyne (3.0 mL, 20 mmol), n-butyllithium (1.6 M in hexanes, 15.0 

mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28 mL, 20 mmol) and acetyl chloride (1.43 mL, 20.0 mmol) were 

reacted. The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, hexane/ethyl 

acetate 10:1) to give 3-decyn-2-one, 1k, (0.733 g, 4.81 mmol, 24%) as a yellow oil.  

1H NMR (500 MHz, CDCl3) 2.37 (t, J = 7.1 Hz, 2H), 2.34 (s, 3H), 1.63-1.56 (m, 2H), 1.46-1.38 (m, 2H), 

1.35-1.28 (m, 4H), 0.91 (t, J = 6.8 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 184.9, 94.2, 81.4, 32.8, 31.2, 28.7, 27.6, 22.5, 18.9, 14.0. 

Data were in accordance with those previously reported.11 
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4-(3-Methoxyphenyl)but-3-yn-2-one, 1m 

 

According to general procedure A, 3-methoxyphenylacetylene (2.5 mL, 20 mmol), n-butyllithium (1.6 

M in hexanes, 15 mL, 24 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 mL, 

20.0 mmol). The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, 

petroleum ether/diethyl ether 5:1) to give a yellow solid which was washed with pentane to give 4-(3-

methoxyphenyl)but-3-yn-2-one, 1m, (1.20 g, 6.89 mmol, 34%) as an amorphous colourless solid. 

MP 54-55 °C (petroleum ether) lit.12 43-46 °C (cyclohexane)  

1H NMR (500 MHz, CDCl3) 7.32 (dd, J = 8.2, 7.6 Hz, 1H), 7.19 (ddd, J = 7.6, 1.4, 1.0 Hz, 1H), 7.11 (dd, 

2.7, 1.4 Hz, 1H), 7.03 (ddd, J = 8.2, 2.7, 1.0 Hz, 1H), 3.84 (s, 3H), 2.48 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.6, 159.4, 129.7, 125.6, 120.9, 117.6, 117.5, 90.2, 88.0, 55.4, 32.7. 

Data were in accordance with those previously reported.12 
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5-Phenoxypent-3-yn-2-one, 1n 

 

According to the general procedure A, 3-phenoxy-1-propyne (2.6 mL, 20 mmol), n-butyllithium (1.6 M 

in hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 

mL, 20.0 mmol). The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, 

petroleum ether/diethyl ether 5:1) to give 5-phenoxypent-3-yn-2-one, 1n, (0.311 g, 1.79 mmol, 9%) 

as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.35 (dd, J = 8.7, 7.3 Hz, 2H), 7.08-7.03 (m, 1H), 7.00-6.97 (m, 2H), 4.87 (s, 

2H), 2.36 (s, 3H).  

13C NMR (126 MHz, CDCl3) 183.8, 157.3, 129.6, 122.0, 114.9, 86.0, 85.9, 55.7, 32.6. 

Data were in accordance with those previously reported.13 
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5-Phenylthiopent-3-yn-2-one, 1o 

 

According to the general procedure A, phenyl propargyl sulfide (2.7 mL, 20 mmol), n-butyllithium (1.6 

M in hexanes, 15 mL, 24 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 mL, 

20.0 mmol). The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, 

petroleum ether/diethyl ether 5:1) to give 5-phenylthiopent-3-yn-2-one, 1o, (0.456 g, 2.40 mmol, 

12%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.50-7.55 (m, 2H), 7.41-7.29 (m, 3H), 3.74 (s, 2H), 2.29 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.2, 133.9, 131.3, 129.2, 127.8, 88.0, 82.9, 32.7, 23.2. 

Data were in accordance with those previously reported.14 
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6-Phenylhex-3-yn-2-one, 1p 

 

According to general procedure A, 4-phenyl-1-butyne (2.81 mL, 20.0 mmol), n-butyllithium (1.6 M in 

hexanes, 15 mL, 24.0 mmol), ZnCl₂ (0.7 M in THF, 28 mL, 20 mmol) and acetyl chloride (1.43 mL, 20.0 

mmol) were reacted. The product was purified by flash column chromatography with (80 g SiO₂, 50 

mm Ø, petroleum ether/diethyl ether 9:1) to give 6-phenylhex-3-yn-2-one, 1p, (1.59 g, 9.23 mmol, 

46%) as a colourless oil. 

1H NMR (500 MHz, CDCl3) 7.36-7.33 (m, 2H), 7.27-7.23 (m, 3H), 2.29-2.90 (t, J = 7.5 Hz, 2H), 2.69-2.66 

(t, J = 7.5 Hz, 2H), 2.31 (s, 3H). 

13C NMR (126 MHz, CDCl3) 184.8, 139.7, 128.6, 128.4, 126.7, 92.9, 81.9, 34.0, 32.7, 21.1. 

Data were in accordance with those previously reported.13 
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4-(4-N,N-Dimethylaniline)but-3-yn-2-one, 1q 

 

According to the general procedure A, 1-ethynyl-4-dimethylaniline (2.0 g, 14 mmol), n-butyllithium 

(1.6 M in hexanes, 7.0 mL, 17 mmol), ZnCl2 (0.7 M in THF, 20.0 mL, 14.0 mmol) and acetyl chloride (1.0 

mL, 14 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 

mm Ø, petroleum ether/diethyl ether 5:1) to give 4-(4-N,N-dimethylaniline)but-3-yn-2-one, 1q, (1.05 

g, 5.61 mmol, 40%) as a pale green amorphous solid. 

MP 114-115 °C (petroleum ether). 

1H NMR (500 MHz, CDCl3) 7.51-7.43 (m, 2H), 6.69-6.60 (m, 2H), 3.05 (s, 6H), 2.43(s, 3H). 

13C NMR (126 MHz, CDCl3) 184.6, 151.7, 135.1, 111.5, 105.4, 94.6, 89.1, 40.0, 35.5. 

IR νmax (neat) 2185 (m), 2143 (m), 1656.9 (m). 

MS (HRMS-ESI+) Found 188.10660 (C12H14ON), requires 188.10699. 
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4-(4-Methoxyphenyl)-3-butyn-2-one, 1r 

 

According to general procedure A, 4-ethynylanisole (2.6 mL, 20 mmol), n-butyllithium (1.6 M in 

hexanes, 15 mL, 24 mmol), ZnCl2 (0.7 M in THF, 28.0 mL, 19.6 mmol) and acetyl chloride (1.43 mL, 20.0 

mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, 

hexane/ethyl acetate 10:1) to give 4-(4-methoxyphenyl)-3-butyn-2-one, 1r, (1.30 g, 7.46 mmol, 37%) 

as a pale yellow amorphous solid.  

MP 31-32 °C (petroleum ether). 

1H NMR (500 MHz, CDCl3) 7.55 (dt, J = 9.1, 2.7 Hz, 2H), 6.92 (dt, J = 9.1, 2.7 Hz, 2H), 3.87 (s, 3H), 2.45 

(s, 3H). 

13C NMR (126 MHz, CDCl3) 184.6, 161.7, 136.1, 114.4, 111.7, 91.5, 88.3, 55.4, 32.6. 

Data were in accordance with those previously reported.4 
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1-Phenyl-1-pentyn-3-one, 1s 

 

According to general procedure A, phenylacetylene (2.2 mL, 20 mmol), n-butyllithium (1.6 M in 

hexanes, 15.0 mL, 24.0 mmol), ZnCl2 (0.7 M in THF, 28 mL, 19.6 mmol) and propionyl chloride (1.7 mL, 

20 mmol) were reacted. The product was purified by flash column chromatography (80 g SiO2, 50 mm 

Ø, petroleum ether/diethyl ether 5:1) to give 1-phenyl-1-pentyn-3-one, 1s, (0.536 g, 3.39 mmol, 17%) 

as a yellow oil.  

1H NMR (400 MHz, CDCl3) 7.61-7.59 (m, 2H), 7.48 (tt, J = 7.0, 1.6 Hz, 1H), 7.43-7.39 (m, 2H), 2.72 (q, J 

= 7.4 Hz, 2H), 1.25 (t, J = 7.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 188.6, 133.0, 130.6, 128.6, 120.1, 90.7, 87.7, 38.9, 8.2. 

Data were in accordance with those previously reported.4 
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4-Methyl-1-phenylpentyn-3-one, 1t 

 

According to general procedure A, phenylacetylene (2.20 mL, 20.0 mmol), n-butyllithium (1.6 M in 

hexanes, 15 mL, 24.0 mmol), ZnCl₂ (0.7 M in THF, 28 mL, 20 mmol) and isobutyryl chloride (2.10 mL, 

20 mmol) were reacted. The product was purified by flash column chromatography with (80 g SiO₂, 50 

mm Ø, hexane/diethyl ether 9:1) to give 4-methyl-1-phenylpentyn-3-one, 1t, (0.984 g, 5.71 mmol, 

29%) as a yellow oil. 

1H NMR (600 MHz, CDCl3) 7.61-7.60 (m, 2H), 7.48-7.47 (m, 1H), 7.42-7.40 (m, 2H), 2.81-2.76 (m, 1H), 

1.30 (d, J = 7.0, 6H). 

13C NMR (126 MHz, CDCl3) 133.0, 130.6, 128.6, 120.2, 91.6, 86.9, 43.1, 31.6, 22.7, 18.1.   

Data were in accordance with those previously reported.15 

 

  



S31 

 

1-Fluoro-4-phenyl-3-butyn-2-one, 1u 

 

By a modification of the method of Zhang,4 n-butyllithium (10 mL, 2.5 M, 25 mmol) was added 

dropwise to a  solution of phenylacetylene (2.2 mL, 20 mmol) in THF (50 mL) at  −78 °C and the solution 

was left to stir at this temperature for 30 minutes before ethyl fluoroacetate (1.9 mL, 20 mmol) and 

Et2O.BF3 (2.8 mL, 20 mmol) were added dropwise. The solution was left to stir for 1 hour at −78 °C 

before warming to room temperature. The solution was washed with water (3 × 25 mL) and saturated 

aqueous ammonium chloride solution (2 × 20 mL) and extracted with Et2O. The combined organic 

extracts were dried with magnesium sulfate and concentrated under reduced pressure. The product 

was purified by flash column chromatography (80 g SiO2, 50 mm Ø, petroleum ether/diethyl ether 4:1) 

to give 1-fluoro-4-phenyl-3-butyn-2-one, 1u, (1.33 g, 8.20 mmol, 41%) as pale yellow discs. 

MP 42-43 °C (petroleum ether); Lit.10 30-32 °C (ethyl acetate) 

1H NMR (500 MHz, CDCl3) 7.63 (dd, J = 8.3, 1.4 Hz, 2H), 7.55-7.50 (m, 1H) 7.47-7.39 (m, 2H), 5.02 (d, J 

= 47.2 Hz, 2H). 

13C NMR (126 MHz, CDCl3) 181.7 (d, J = 23 Hz), 133.4, 131.5, 128.8, 119.1, 96.1 (d, J = 2 Hz) 84.8 (d, J = 

188 Hz). 

19F NMR (376 MHz, CDCl3) −224.7. 

Data were in accordance with those previously reported.10 
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-one, 1v 

 

By a modification of the method reported by Zhang,4 phenylacetylene (2.2 mL, 20 mmol) in THF (50 

mL) was cooled to −78 °C and n-butyllithium (10 mL, 2.5 M, 25 mmol) was added dropwise. The 

solution was left to stir at this temperature for 30 minutes and ethyl trifluoroacetate (2.5 mL, 20 mmol) 

and Et2O.BF3 (2.8 mL, 20 mmol) were added dropwise. The solution was left to stir for 1 hour at −78 

°C before warming to room temperature. The reaction mixture was washed with water (3 × 25 mL) 

and saturated aqueous ammonium chloride solution (2 × 20 mL) and the combined aqueous phases 

were extracted with Et2O. The combined organic extracts were dried with magnesium sulphate and 

concentrated under reduced pressure. The product was purified by vacuum distillation (20 °C, 7.5 × 

10-2 mbar) to give 1,1,1-trifluoro-4-phenylbut-3-yn-2-one, 1v, (1.50 g, 7.57 mmol, 38%) as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.75-7.67 (m, 2H), 7.63-7.56 (m, 1H), 7.52-7.43 (m, 2H). 

13C NMR (126 MHz, CDCl3) 167.4 (q, J = 288 Hz), 134.0, 132.6, 129.0, 118.1, 113.7 (q, J = 42 Hz), 100.6, 

83.4. 

19F NMR (376 MHz, CDCl3) −77.81. 

Data were in accordance with those previously reported.4 
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1,2:3,4-Di-O-isopropylidene-6-O-(prop-2-ynyl)-α-D-galactopyranoside, S1x 

 

By modification of procedure reported by Ekholm,17 sodium hydride (60% dispersion in mineral oil, 3.6 

g, 90 mmol) was added to a solution of 1,2;3,4-di-isopropylidene-α-D-galactopyranose (5.0 g, 19 mmol) 

in anhydrous THF (80 mL) at 0 °C. The resulting mixture was stirred for 1 hour at this temperature. The 

solution was warmed to room temperature and propargyl bromide (80% in toluene, 4.5 mL, 19 mmol) 

added dropwise. The solution was heated under reflux for 16 hours. The solution was cooled to room 

temperature and H2O (50 mL) was added. The mixture was extracted with Et2O (4 × 40 mL). The 

combined organic phases were dried over MgSO4 and concentrated in vacuo. The crude mixture was 

purified by flash column chromatography (80 g SiO2, 50 mm Ø, petroleum ether/diethyl ether 2:1) to 

give 1,2:3,4-di-O-isopropylidene-6-O-(prop-2-ynyl)-α-D-galactopyranoside, S1x, (4.10 g, 13.7 mmol, 

72%) as a colourless solid. 

MP 134-136 °C (petroleum ether) 

1H NMR (400 MHz, CDCl3) 5.56 (d, J = 5.0 Hz, 1H), 4.63 (dd, J = 7.9, 2.4 Hz, 1H), 4.33 (dd, J = 5.1, 2.4 Hz, 

1H), 4.31-4.23 (m, 2H), 4.21 (dd, J = 15.9, 2.4, 1H), 4.02 (ddd, J = 7.2, 5.2, 2.0 Hz, 1H), 3.79 (dd, J = 10.1, 

5.3 Hz, 1H), 3.69 (dd, J = 10.1, 7.1 Hz, 1H), 2.45 (t, J = 2.4 Hz, 1H), 1.47 (s, 3H), 1.42-1.33 (m, 6H). 

13C NMR (101 MHz, CDCl3) 109.4, 108.6, 96.4, 79.7, 74.6, 71.2, 70.7, 70.5, 68.7, 66.8, 58.5, 26.1, 26.0, 

25.0, 24.5. 

Data were accordance with those previously reported.17 

 

  



S34 

 

1,2:3,4-Di-O-isopropylidene-6-O-(but-2-yn-3-one)-α-D-galactopyranoside, 1x 

 

According to general procedure A, 1,2:3,4-di-O-isopropylidene-6-O-(prop-2-ynyl)-α-D-

galactopyranoside S2x (3.4 g, 11 mmol), n-butyllithium (2.5 M in hexanes, 5.7 mL, 14 mmol), ZnCl2 (0.7 

M in THF, 16.0 mL, 11.2 mmol) and acetyl chloride (0.9 mL, 12 mmol) were reacted. The product was 

purified by flash column chromatography (80 g SiO2, 50 mm Ø, hexane/ethyl acetate 10:3) to give 

1,2:3,4-di-O-isopropylidene-6-O-(but-2-yn-3-one)-α-D-galactopyranoside, 1x, (1.58 g, 4.64 mmol, 42%) 

as a yellow oil.  

1H NMR (400 MHz, CDCl3) 5.56 (d, J = 5.0 Hz, 1H), 4.63 (dd, J = 7.9, 2.5 Hz, 1H), 4.47-4.31 (m, 3H), 

4.26 (dd, J = 7.9, 2.5 Hz, 1H), 4.04-3.96 (m, 1H), 3.82-3.64 (m, 2H), 2.37 (s, 3H), 1.50-1.13 (m, 12H). 

13C NMR (126 MHz, CDCl3) 184.0, 109.5, 108.7, 96.4, 87.5, 85.8, 71.2, 70.7, 70.5, 69.3, 66.9, 58.5, 32.6, 

26.1, 26.0, 24.9, 24.5. 

MS (HRMS-ESI+) Found 341.15510 (C17H25O7) required 341.15948. 

IR νmax (neat) 2242 (w), 1680 (s), 1382 (m). 
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1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-one, 1y 

 

2,6-Diisopropylphenol (5.5 mL, 30 mmol), propargyl bromide (80% in toluene, 4.8 mL, 32 mmol) and 

potassium carbonate (6.0 g, 44 mmol) were stirred in DMF (100 mL) at 80 °C for 15 hours. After cooling, 

H2O (150 mL) was added and the mixture extracted with Et2O (3 × 40 mL). The mixture was dried over 

MgSO4 and the solvent removed in vacuo. The crude mixture of 1,3-diisopropyl-2-(2-propyn-1-

yloxy)benzene was used without further purification. According to general procedure A, 1,3-

diisopropyl-2-(2-propyn-1-yloxy)benzene (4.3 g, 20 mmol), n-butyllithium (2.5 M in hexanes, 9.0 mL, 

23 mmol), ZnCl2 (0.7 M in THF, 28 mL, 20 mmol) and acetyl chloride (1.43 mL, 20.0 mmol) were reacted. 

The product was purified by flash column chromatography (80 g SiO2, 50 mm Ø, hexane/diethyl ether 

5:1) to give 1,3-diisopropyl-2-(5-phenoxy)pent-3-yn-2-one, 1y, (1.48 g, 5.73 mmol, 19%) as a brown oil.  

1H NMR (400 MHz, CDCl3) 7.18-7.13 (m, 3H), 4.66 (s, 2H), 3.37 (hept, J = 6.9 Hz, 2H), 2.39 (s, 3H), 1.27 

(d, J = 6.9 Hz, 12 H). 

13C NMR (126 MHz, CDCl3) 183.8, 152.5, 141.8, 125.5, 124.2, 85.5, 86.0, 61.6, 32.5, 26.9, 24.0. 

MS (HRMS-ESI+) Found 281.15080 (C17H22O2Na), required 281.15120. 

IR νmax (neat) 2216 (w), 1762 (m), 1682 (s). 
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S7 Substrate scope 

General Procedure B for the stoichiometric hydroboration of propargylic ketones 

 

Propargylic ketone, 2, (0.50 mmol) was added to a stirred solution of H-B-9-BBN (1.0 mL, 0.5 M THF, 

0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) at 0 °C under an argon atmosphere. After 16 hours 

the reactions were quenched with SiO2 (0.3 g, excess), filtered and concentrated in vacuo. The product 

was purified by flash column chromatography (SiO2). 

General Procedure C for the substoichiometric hydroboration of propargylic ketones 

 

Propargylic ketone, 2, (0.50 mmol) and HBpin (87 µL, 0.60 mmol) were added to a stirred solution of 

H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) at 0 °C under an 

argon atmosphere. After 16 hours the reactions were quenched with SiO2 (0.3 g, excess), filtered and 

concentrated in vacuo. The product was purified by flash column chromatography (SiO2). 

General Procedure D for the derivatisation of alcohols to esters 

 

Pyridine (0.07 mL, 0.8 mmol) was added to a solution of propargylic alcohol (0.30 mmol) in CH2Cl2 (1 

mL) at 0 °C and allowed to stir for 5 minutes before adding benzoyl chloride (46 µL, 0.50 mmol). The 

solution was warmed to room temperature and stirred for 2 hours. The solution was dissolved in 

CH2Cl2 and purified by flash column chromatography.  
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4-Phenyl-but-3-yn-2-ol, 5a 

 

According to the general procedure B stoichiometric reaction, 4-phenyl-3-butyn-2-one, 1a, (72 µL, 

0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were 

reacted. According to the general procedure C substoichiometric reaction, 4-phenyl-3-butyn-2-one, 

1a, (72 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and 

(S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 4-phenyl-but-3-yn-2-ol, 5a, for 

stoichiometric (0.058 g, 0.40 mmol, 79%) and substoichiometric (0.056 g, 0.38 mmol, 76%) reactions, 

as a colourless oil. 

MP 60-61 °C (diethyl ether). 

1H NMR (500 MHz, CDCl3) 7.47-7.43 (m, 2H), 7.35-7.32 (m, 3H), 4.82-4.75 (m, 1H), 1.89 (d, J = 5.3 Hz, 

1 H), 1.58 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 122.6, 90.9, 84.0, 58.9, 24.4. 

[𝜶]𝑫
𝟐𝟎 +22.7 (c 0.22, CHCl3). 

Data were in accordance with those previously reported.4 

Stoichiometric 

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 1.0 mL min-1, λ = 220 nm, t (major) = 8.87 min, t 

(minor) = 26.5 min.] 

Substoichiometric  

HPLC: 82% e.e. (89% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 1.0 mL min-1, λ = 220 nm, t (major) = 8.79 min, t 

(minor) = 26.0 min.] 
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4-[4-(2-Methyl-propanyl)phenyl]-3-butyn-2-ol, 5b 

 

According to the general procedure B stoichiometric reaction, methyl (4-tert-butylphenyl)ethynyl 

ketone, 1b, (0.10 g, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 

0.50 mmol) were reacted. According to the general procedure C substoichiometric reaction, methyl 

(4-tert-butylphenyl)ethynyl ketone, 1b, (0.10 g, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN 

(0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product 

was purified by flash column chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 

4-[4-(2-methyl-propanyl)phenyl]-3-butyn-2-ol, 5b, for stoichiometric (0.053 g, 0.26 mmol, 52%) and 

substoichiometric (0.066 g, 0.33 mmol, 65%) reactions, as an amorphous white solid.  

1H NMR (500 MHz, CDCl3) 7.41-7.32 (m, 4H), 4.81-4.74 (m, 1H), 1.86 (d, J = 5.3 Hz, 1H), 1.57 (d, J = 6.6 
Hz, 3H), 1.33 (s, 9H). 

13C NMR (126 MHz, CDCl3) 151.7, 131.4, 125.3, 119.5, 90.3, 84.2, 59.0, 34.8, 31.2, 24.5. 

IR νmax (neat) 3246 (br). 

[𝜶]𝑫
𝟐𝟎  +58.3 (c 0.12, CHCl3). 

MS (HRMS-ESI+) Found 225.12500 (C14H16ONa) requires 225.12499. 

Data were in accordance with those previously reported.18 

Stoichiometric 

HPLC: 90% e.e. (98% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 10.79 min, t 

(minor) = 22.27 min.] 

Substoichiometric  

HPLC: 80% e.e. (89% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 10.39 min, t 

(minor) = 20.82 min.] 
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4-(4-Methylphenyl)-3-butyn-2-ol, 5c 

 

According to the general procedure B stoichiometric reaction, 4-(4-methylphenyl)but-3-yn-2-one, 1c, 

(71 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-(4-

methylphenyl)but-3-yn-2-one, 1c, (71 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 

0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified 

by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 4:1) to give 4-

(4-methylphenyl)-3-butyn-2-ol, 5c, for stoichiometric (0.031 g, 0.19 mmol, 39%) and substoichiometric 

(0.037 g, 0.23 mmol, 46%) reactions, as a colourless oil.  

1H NMR (400 MHz, CDCl3) 7.34 (d, J = 8.1 Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 4.77 (m, 1H), 2.37 (s, 3H), 

2.05 (d, J = 4.2 Hz, 1H), 1.57 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 138.5, 131.6, 129.1, 119.5, 90.3, 84.2, 58.9, 24.5, 21.5. 

 [𝜶]𝑫
𝟐𝟎 +40.2 (c 0.97, CHCl3). 

Data were in accordance with those previously reported.4 

Stoichiometric 

HPLC: 84% e.e. (91% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.05 min, t 

(minor) = 8.08 min.] 

Substoichiometric  

HPLC: 79% e.e. (86% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.07 min, t 

(minor) = 8.18 min.] 
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4-(3-Methylphenyl)-3-butyn-2-ol, 5d 

 

According to the general procedure B stoichiometric reaction, 4-(3-methylphenyl)but-3-yn-2-one, 1d, 

(67 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-(3-

methylphenyl)but-3-yn-2-one, 1d, (67 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 

0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified 

by flash column chromatography (20 g SiO2, 25 mm Ø, hexane/ diethyl ether 5:1) to give 4-(3-

methylphenyl)-3-butyn-2-ol, 5d, for stoichiometric (0.048 g, 0.30 mmol, 60%) and substoichiometric 

(0.029 g, 0.18 mmol, 36%) reactions, as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.32-7.28 (m, 1H), 7.27-7.24 (m, 1H), 7.22-7.20 (m, 1H), 7.15-7.12 (m, 1H), 

4.77 (qd, J = 6.6, 5.3 Hz, 1H), 2.35 (s, 3H), 1.90 (d, J = 5.3 Hz, 1H), 1.57 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 138.0, 132.3, 129.3, 128.7, 128.2, 122.4, 90.6, 84.2, 58.9, 24.4, 21.2. 

 [𝜶]𝑫
𝟐𝟎 +54.8 (c 0.31, CHCl3). 

Data were in accordance with those previously reported.4 

Stoichiometric 

HPLC: 74% e.e. (80% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.36 min, t 

(minor) = 11.12 min.] 

Substoichiometric  

HPLC: 77% e.e. (84% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.34 min, t 

(minor) = 11.07 min.] 
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4-(2-Methylphenyl)-3-butyn-2-ol, 5e 

 

According to the general procedure B stoichiometric reaction, 4-(2-methylphenyl)but-3-yn-2-one, 1e, 

(93 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-(2-

methylphenyl)but-3-yn-2-one, 1e, (93 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 

0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified 

by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 4:1) to give 4-

(2-methylphenyl)-3-butyn-2-ol, 5e, for stoichiometric (0.051 g, 0.32 mmol, 64%) and 

substoichiometric (0.050 g, 0.31 mmol, 62%) reactions, as a colourless oil.  

1H NMR (400 MHz, CDCl3) 7.46-7.39 (m, 1H), 7.27- 7.18 (m, 2H), 7.17-7.11 (m, 1H), 4.87-4.78 (m, 1H), 

2.50 (d, J = 4.8 Hz, 1H), 2.45 (s, 3H), 1.61 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 140.2, 132.0, 129.5, 128.4, 125.6, 122.4, 95.1, 82.9, 58.9, 24.6, 20.6. 

[𝜶]𝑫
𝟐𝟎 +4.91 (c 0.61, CHCl3). 

Data were in accordance with those previously reported.19 

Stoichiometric 

HPLC: 73% e.e. (79% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.06 min, t 

(minor) = 9.55 min.] 

Substoichiometric  

HPLC: 71% e.e. (77% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.08 min, t 

(minor) = 9.63 min.] 
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4-(4-Fluorophenyl)but-3-yn-2-ol, 5f 

 

According to the general procedure B stoichiometric reaction, 4-(4-fluorophenyl)-3-butyn-2-one, 1f, 

(62 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-fluoro-3-butyn-2-

one, 1f, (76 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) 

and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 4-(4-fluorophenyl)but-3-yn-2-

ol, 5f, for stoichiometric (0.058 g, 0.35 mmol, 71%) and substoichiometric (0.053 g, 0.32 mmol, 65%) 

reactions, as a yellow oil.  

1H NMR (600 MHz, CDCl3) 7.44-7.42 (m, 2H), 7.04-7.01 (t, J = 8.7 Hz, 2H), 4.79-4.75 (m, 1H), 1.57 (d, J 

= 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 162.59 (d, J = 249.3 Hz), 133.59 (d, J = 8.5 Hz), 118.70 (d, J = 3.5 Hz), 115.59 

(d, J = 22.0 Hz), 90.7, 83.0, 58.9, 24.4. 

19F NMR (196 MHz, CDCl3) 110.9. 

 [𝜶]𝑫
𝟐𝟎 −44.0 (c 0.80, CHCl3) 

Data were in accordance with those previously reported.19 

Stoichiometric 

HPLC: 76% e.e. (83% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 1.0 mL min-1, λ = 254 nm, t (major) = 7.05 min, t (minor) 

= 10.56 min.] 

Substoichiometric  
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HPLC: 67% e.e. (73% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 1.0 mL min-1, λ = 254 nm, t (major) = 7.55 min, t (minor) 

= 10.22 min.] 
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4-(3-Chlorophenyl)-3-butyn-2-ol, 5g 

 

According to the general procedure B stoichiometric reaction, 4-(3-chlorophenyl)but-3-yn-2-one, 1g, 

(68 μL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-(3-

chlorophenyl)but-3-yn-2-one, 1g, (68 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 

0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified 

by flash column chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 4-(3-

chlorophenyl)but-3-yn-2-ol, 5g, for stoichiometric (0.038 g, 0.21 mmol, 42%) and substoichiometric 

(0.029 g, 0.16 mmol, 32%) reactions, as a colourless oil. 

1H NMR (500 MHz, CDCl3) 7.47-7.42 (m, 1H), 7.35-7.30 (m, 2H), 7.28-7.24 (m, 1H), 4.77 (qd, J = 6.6, 5.2 

Hz, 1H), 1.97 (d, J = 5.2 Hz, 1H), 1.57 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 134.1, 131.7, 129.8, 129.5, 128.7, 124.3, 92.2, 82.7, 58.8, 24.3. 

 [𝜶]𝑫
𝟐𝟎 +22.6 (c 0.49, CHCl3). 

Data were in accordance with those previously reported.4 

Stoichiometric 

HPLC: 64% e.e. (70% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 4.81 min, t 

(minor) = 6.34 min.] 

Substoichiometric  

HPLC: 42% e.e. (46% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 4.82 min, t 

(minor) = 6.32 min.] 
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4-Phenyl-3-butyn-2-ol-methyl-d3, 5h 

 

According to the general procedure B stoichiometric reaction, 4-phenyl-3-butyn-2-one-methyl-d3, 1h, 

(99 μL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-phenyl-3-butyn-2-

one-methyl-d3, 1h, (89 μL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 

0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash 

column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 4-phenyl-3-

butyn-2-ol-methyl-d3, 5h, for stoichiometric (0.049 g, 0.33 mmol, 66%) and substoichiometric (0.052 

g, 0.35 mmol, 70%) reactions, as a colourless oil. 

1H NMR (500 MHz, CDCl3) 7.49 – 7.42 (m, 2H), 7.36 – 7.31 (m, 3H), 4.78 (s, 1H). 

2D NMR (77 MHz, CHCl3) 1.53 (d, J = 2.3 Hz, 3D). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 91.1, 84.0, 58.8, 24.1 (m). 

[𝜶]𝑫
𝟐𝟎 +45.2 (c 0.54, CHCl3). 

MS: (HRMS-EI+) Found 148.08330 (C10H6D3O), requires 148.08362. 

Stoichiometric 

HPLC: 66% e.e. (72% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.06 min, t 

(minor) = 9.55 min.] 

Substoichiometric  

HPLC: 57% e.e. (62% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.08 min, t 

(minor) = 9.63 min.] 
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-ol, 5i 

 

According to the general procedure B stoichiometric reaction, 4-(4-N,N-diethylaniline)but-3-yn-2-one, 

1i, (0.094 g, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 

mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(4-N,N-

diethylaniline)but-3-yn-2-one, 1i, (0.094 g, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 

mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted for 40 h. The product 

was purified by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) 

to give 4-(4-N,N-diethylaniline)but-3-yn-2-ol, 5i, for stoichiometric (0.067 g, 0.27 mmol, 55%) and 

substoichiometric (0.064 g, 0.26 mmol, 52%) reactions, as an amorphous yellow solid.  

MP 87-88 °C (petroleum ether). 

1H NMR (500 MHz, CDCl3) 7.46 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.2 Hz, 2H), 4.81-4.70 (m, 1H), 3.53 (s, 
2H), 3.25 (s, 2H), 2.15 (m, 1H), 1.57 (d, J = 6.6 Hz, 3H), 1.34-1.19 (m, 3H), 1.18-1.12 (m, 3H). 

13C NMR (126 MHz, CDCl3) 170.6, 137.0, 131.7, 126.4, 123.6, 92.3, 83.2, 58.7, 43.3, 39.4, 24.3, 14.2, 
12.3. 

[𝜶]𝑫
𝟐𝟎 +45.7 (c 0.35, CHCl3). 

IR νmax (neat) 3468 (br), 2987 (s), 2201 (s), 1613 (s). 

MS (HRMS-ESI+) Found 246.14840 (C15H20O2N), requires 246.14886.  

Stoichiometric 

HPLC: 81% e.e. (88% e.e. corrected) [Chiralpak ADH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 0.4 mL min-1, λ = 254 nm, t (minor) = 32.00 min, t 

(major) = 35.70 min.] 
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Substoichiometric  

HPLC: 82% e.e. (89% e.e.  corrected) [Chiralpak ADH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 90:10, ν = 0.4 mL min-1, λ = 254 nm, t (minor) = 31.92 min, t 

(major) = 35.55 min.] 
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Methyl 4-(3-hydroxybut-1-yn-1-yl)benzoate, 5j 

 

According to the general procedure B stoichiometric reaction, methyl 4-(3-oxobut-1-yn-1-yl) 

benzoate, 1j, (50 mg, 0.25 mmol), H-B-9-BBN (0.50 mL, 0.5 M in THF, 0.25 mmol) and (S)-β-pinene (78 

µL, 0.25 mmol) were reacted. According to the general procedure C substoichiometric reaction, 

methyl 4-(3-oxobut-1-yn-1-yl) benzoate, 1j, (50 mg, 0.25 mmol), HBpin (44 µL, 0.30 mmol), H-B-9-BBN 

(0.10 mL, 0.5 M in THF, 0.05 mmol) and (S)-β-pinene (8.0 µL, 0.05 mmol) were reacted. The product 

was purified by flash column chromatography (12 g SiO2, 25 mm Ø, petroleum ether/ethyl acetate 5:1) 

to give methyl 4-(3-hydroxybut-1-yn-1-yl)benzoate, 5j, for stoichiometric (0.045 g, 0.22 mmol, 88%) 

and substoichiometric (0.040 g, 0.20 mmol, 78%) reactions, as an orange oil.  

1H NMR (600 MHz, CDCl3) 8.01-7.99 (m, 2H), 7.51-7.49 (m, 2H), 4.80 (q, J = 6.6 Hz, 1H), 3.94 (s, 3H), 

1.59 (d, J = 6.6 Hz, 3H). 

13C NMR (151 MHz, CDCl3) 140.6, 128.5, 128.4, 126.3, 83.9, 83.0, 58.6, 35.1, 24.7, 20.9. 

[𝜶]𝑫
𝟐𝟎 −8.80 (c 0.50, CHCl3). 

Data were in accordance with those previously reported.20 

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-α-methoxy-α-

trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through 19F NMR 

spectroscopy, the spectra were referenced against unreacted Mosher’s acid (−71.2 ppm).  

Stoichiometric:   84% e.e. (91% e.e. corrected)  

Substoichiometric:  62% e.e. (67% e.e. corrected) 
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Dec-3-yn-2-ol, 5k 

 

According to the general procedure B stoichiometric reaction, 3-decyn-2-one, 1k, (76 µL, 0.50 mmol), 

H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were reacted. 

According to the general procedure C substoichiometric reaction 3-decyn-2-one, 1k, (76 µL, 0.50 

mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 

µL, 0.10 mmol) were reacted. The product was purified by flash column chromatography (20 g SiO2, 

25 mm Ø, hexane/diethyl ether 9:1) to give dec-3-yn-2-ol, 5k, for stoichiometric (0.027 g, 0.18 mmol, 

35%) and substoichiometric (0.046 g, 0.30 mmol, 60%) reactions, as a colourless oil.  

1H NMR (500 MHz, CDCl3) 4.54 (tq, J = 6.6, 2.0 Hz, 1H), 2.21 (td, J = 7.2, 1.9 Hz, 2H), 1.71 (m, 1H), 1.51 

(m, 2H), 1.45 (d, J = 6.5 Hz, 3H), 1.44-1.28 (m, 6H), 0.91 (t, J = 7.0 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 84.8, 82.2, 58.7, 31.3, 28.6, 28.5, 24.8, 22.5, 18.7, 14.0. 

 [𝜶]𝑫
𝟐𝟎 +23.1 (c 0.012, CHCl3) 

Data were in accordance with those previously reported.21 
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4-Hexylbut-3-yn-2-yl benzoate, S5k 

 

According to general procedure D, dec-3-yn-2-ol, 5k, (28 μL, 0.20 mmol), pyridine (0.07 mL, 0.8 mmol) 

and benzoyl chloride (23 μL, 0.20 mmol), were reacted for 2 hours at 0 °C. The reaction was quenched 

with diethyl ether (5 mL) and washed with brine (5 mL), the organic phase was dried over magnesium 

sulfate and purified by flash column chromatography to give 4-hexylbut-3-yn-2-yl benzoate, S5k, 

(0.026 g, 0.10 mmol, 50%) as a colourless oil. 

1H NMR (500 MHz, CDCl3) 8.09 (dd, J = 8.3, 1.4 Hz, 2H), 7.58 (ddt, J = 8.7, 7.0, 1.3 Hz, 1H), 7.46 (dd, J = 

8.2, 7.4 Hz, 2H), 5.72 (qt, J = 6.6, 2.0 Hz, 1H), 2.23 (td, J = 7.2, 2.0 Hz, 2H), 1.62 (d, J = 6.6 Hz, 3H), 1.53 

(m, 2H), 1.39 (m, 2H), 1.35-1.26 (m, 4H), 0.9 (t, J = 7.2 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 165.6, 133.0, 130.3, 129.8, 128.3, 85.8, 78.7, 61.5, 31.3, 28.5, 22.5, 21.9, 

18.7, 14.0. 

IR νmax (neat) 2987, 2955, 2932, 2246, 1720, 1601, 1264. 

MS (HRMS-ESI+) Found 259.16950 (C17H23O2), required 259.16926. 

Stoichiometric 

HPLC: 39% e.e. (42% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 0.4 mL min-1, λ = 220 nm, t (minor) = 3.847 min, t 

(major) = 3.643 min.] 

Substoichiometric  

HPLC: 31% e.e. (34% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 0.4 mL min-1, λ = 220 nm, t (minor) = 3.798 min, t 

(major) = 3.654 min.] 
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4-Trimethylsilyl-3-butyn-2-ol, 5l 

 

According to the general procedure B stoichiometric reaction, 4-trimethylsilyl-3-butyn-2-one, 1l, (72 

µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-trimethylsilyl-3-

butyn-2-ol, 1l, (72 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 

mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (12 g SiO2, 25 mm Ø petroleum ether/ethyl acetate 4:1) to give 4-trimethylsilyl-3-

butyn-2-ol, 5l, for stoichiometric (0.060 g, 0.42 mmol, 84%) and substoichiometric (0.053 g, 0.37 

mmol, 75%) reactions, as a yellow oil.  

1H NMR (500 MHz, CDCl3) 4.54 (q, J = 6.6 Hz, 1H), 1.47 (d, J = 6.6 Hz, 3H), 0.19 (s, 9H). 

13C NMR (126 MHz, CDCl3) 107.7, 88.4, 58.8, 24.3, 0.14. 

 [𝜶]𝑫
𝟐𝟎 −30.0 (c 0.2, CHCl3) 

Data were in accordance with those previously reported.22 

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-α-methoxy-α-

trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through 19F NMR 

spectroscopy, the spectra were referenced against unreacted Mosher’s acid (−71.2 ppm) and 

compared with racemate. 

Stoichiometric:   63% e.e. 68% e.e. corrected 

Substoichiometric:  59% e.e. 64% e.e. corrected 
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4-(3-Methoxyphenyl)-3-butyn-2-ol, 5m 

 

According to the general procedure B stoichiometric reaction, 4-(3-methyoxyphenyl)but-3-yn-2-one, 

1m, (87 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 

mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(3-

methyoxyphenyl)but-3-yn-2-one, 1m, (87 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 

mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted for 40 h. The product 

was purified by flash column chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 

4-(3-methyoxyphenyl)-3-butyn-2-ol, 5m, for stoichiometric (0.043 g, 0.24 mmol, 49%) and 

substoichiometric (0.065 g, 0.37 mmol, 74%) reactions, as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.24 (dd, J = 8.2, 7.6 Hz, 1H), 7.05 (ddd, J = 7.6, 1.4, 1.0 Hz, 1H), 6.98 (dd, J = 

2.6, 1.4 Hz, 1H), 6.90 (ddd, J = 8.2, 2.6, 1.0 Hz, 1H), 4.78 (qd, J = 6.6, 5.2 Hz, 1H), 3.82 (s, 3H), 1.92 (d, J 

= 5.2 Hz, 1H), 1.60-1.56 (d, J = 6.6Hz, 3H). 

13C NMR (126 MHz, CDCl3) 159.3, 129.4, 124.2, 123.6, 116.5, 115.1, 90.7, 84.0, 58.9, 58.8, 24.4. 

 [𝜶]𝑫
𝟐𝟎 +36.1 (c 2.24, CHCl3). 

Data were in accordance with those previously reported.20 

Stoichiometric 
HPLC: 74% e.e. (80% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 6.68 min, t 

(minor) = 17.09 min.] 

Substoichiometric  

HPLC: 68% e.e. (74% e.e. corrected)[Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 6.71 min, t 

(minor) = 17.11 min.] 
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5-Phenoxypent-3-yn-2-ol, 5n 

 

According to the general procedure B stoichiometric reaction, 5-phenoxypent-3-yn-2-one, 1n, (71 µL, 

0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were 

reacted. According to the general procedure C substoichiometric reaction, 5-phenoxypent-3-yn-2-

one, 1n, (71 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) 

and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 4:1) to give 5-phenoxypent-3-

yn-2-ol, 5n, for stoichiometric (0.040 g, 0.23 mmol, 45%) and substoichiometric (0.031 g, 0.18 mmol, 

35%) reactions, as a yellow oil.  

1H NMR (400 MHz, CDCl3) 7.33 (dd, J = 8.7, 8.7 Hz, 2H), 7.02-6.95 (m, 3H), 4.74 (d, J = 1.7 Hz, 2H), 4.60 

(td, J = 6.6, 5.0 Hz, 1H), 1.86 (d, J = 5.0 Hz, 1H), 1.48 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 157.7, 129.5, 121.5, 114.9, 89.2, 79.0, 58.4, 56.1, 26.0. 

 [𝜶]𝑫
𝟐𝟎 +18.2 (c 0.88, CHCl3) 

Data were in accordance with those previously reported.14 

Stoichiometric 

HPLC: 76% e.e. (83% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 280 nm, t (major) = 10.15 min, t 

(minor) = 22.32 min.] 

Substoichiometric  

HPLC: 64% e.e. (70% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 280 nm, t (major) = 10.01 min, t 

(minor) = 21.77 min.] 

  



S54 

 

5-Phenylthiopent-3-yn-2-ol, 5o 

 

According to the general procedure B stoichiometric reaction, 5-phenylthiopent-3-yn-2-one, 1o, (74 

µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 5-phenylthiopent-3-

yn-2-one, 1o, (74 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 

mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 4:1) to give 5-phenylthiopent-3-

yn-2-ol, 5o, for stoichiometric (0.023 g, 0.12 mmol, 24%) and substoichiometric (0.041 g, 0.21 mmol, 

43%) reactions, as a brown oil.  

1H NMR (400 MHz, CDCl3) 7.53-7.42 (m, 2H), 7.39-7.30 (m, 2H), 7.29-7.23 (m, 1H), 4.52 (td, J = 6.6, 1.8 

Hz, 1H), 3.66 (d, J = 1.8 Hz, 2H), 1.76 (br s, 1H), 1.41 (d, J = 6.6 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 135.1, 130.5, 129.0, 127.0, 85.5, 80.0, 58.5, 24.3, 23.0. 

 [𝜶]𝑫
𝟐𝟎 +33.3 (c 0.42, CHCl3). 

Data were in accordance with those previously reported.14 

Stoichiometric 

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.12 min, t 

(minor) = 10.18 min.] 

Substoichiometric  

HPLC: 72% e.e. (78% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.72 min, t 

(minor) = 11.01 min.] 
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6-Phenylhex-3-yn-2-ol, 5p 

 

According to the general procedure B stoichiometric reaction, 6-phenylhex-3-yn-2-one, 1p, (74 µL, 

0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were 

reacted. According to the general procedure C substoichiometric reaction, 6-phenylhex-3-yn-2-ol, 1p, 

(74 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-

β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column chromatography 

(12 g SiO2, 25 mm Ø, petroleum ether/ethyl acetate 7:3) to give 6-phenylhex-3-yn-2-ol, 5p, for 

stoichiometric (0.054 g, 0.31 mmol, 62%) and substoichiometric (0.046 g, 0.26 mmol, 53%) reactions, 

as a colourless oil.  

1H NMR (600 MHz, CDCl3) 7.33-7.31 (m, 2H), 7.25-7.23 (m, 3H), 4.54-4.50 (m, 1H), 2.84 (t, J = 7.3 Hz, 

2H), 2.52 (td, J = 7.6, 1.9 Hz, 2H), 1.44 (d, J = 6.6 Hz, 3H).  

13C NMR (151 MHz, CDCl3) 140.6, 128.5, 128.4, 126.3, 83.9, 83.0, 58.6, 35.1, 24.7, 20.9.  

 [𝜶]𝑫
𝟐𝟎 −28.6 (c 0.7, CHCl3) 

Data were in accordance with those previously reported.24 

Stoichiometric 

HPLC: 83% e.e. (90% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 1.0 mL min-1, λ = 210 nm, t (major) = 5.84 min, t 

(minor) = 9.34 min.] 

Substoichiometric  

HPLC: 54% e.e. (59% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol =  

80:20, ν = 1.0 mL min-1, λ = 210 nm, t (major) = 6.05 min, t (minor) = 9.59 min.] 
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4-(4-N,N-Dimethylaniline)but-3-yn-2-ol, 5q 

 

According to the general procedure B stoichiometric reaction, 4-(4-N,N-dimethylaniline)but-3-yn-2-

one, 1q, (0.094 g, 0.50 mmol), H-B-9-BBN (2.0 mL, 0.25 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 

0.50 mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(4-N,N-

dimethylaniline)but-3-yn-2-one, 1q, (0.094 g, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (1.2 

mL, 0.08 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was 

purified by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to 

give 4-(4-N,N-dimethylaniline)but-3-yn-2-ol, 5q, for stoichiometric (0.052 g, 0.27 mmol, 55%) and 

substoichiometric (0.052 g, 0.27 mmol, 55%) reactions, as a yellow cuboids.  

MP 65-66 °C (diethyl ether); Lit.25 55-56 °C (ethyl acetate). 

1H NMR (500 MHz, CDCl3) 7.37-7.28 (m, 2H), 6.68-6.64 (m, 2H), 4.77 (qd, J = 6.5, 4.9 Hz, 1H), 2.99 (s, 
6H), 1.99 (d, J = 5.0 Hz, 1H), 1.59 (d, J = 6.5 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 150.2, 132.8, 111.8, 109.4, 88.8, 85.0, 59.1, 40.2, 24.6. 

 [𝜶]𝑫
𝟐𝟎 +31.2 (c 1.25, CHCl3). 

Data were in accordance with those previously reported.25 

Stoichiometric 
HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.04 min, t 

(minor) = 9.33 min.] 

Substoichiometric  

HPLC: 48% e.e. (52% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.13 min, t 

(minor) = 9.47 min.] 
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4-(4-Methoxyphenyl)but-3-yn-2-ol, 5r 

 

According to the general procedure B stoichiometric reaction, 4-(4-methoxyphenyl)-3-butyn-2-one, 

1r, (76 µL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 

mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(4-

methoxyphenyl)-3-butyn-2-one, 1r, (76 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 

mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was 

purified by flash column chromatography (20 g SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 4-

phenyl-but-3-yn-2-ol, 5r, for stoichiometric (0.058 g, 0.33 mmol, 66%) and substoichiometric (0.048 g, 

0.27 mmol, 54%) reactions, as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.43-7.31 (m, 2H), 6.90-6.81 (m, 2H), 4.82-4.71 (m, 1H), 3.83 (s, 3H), 2.10 

(m, 1H), 1.55 (d, J = 6.5 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 159.7, 133.1, 114.7, 113.9, 89.6, 83.9, 58.9, 55.3, 24.9. 

 [𝜶]𝑫
𝟐𝟎 +23.1 (c 0.13, CHCl3) 

Data were in accordance with those previously reported.18 

Stoichiometric 

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.86 min, t 

(minor) = 13.93 min.] 

Substoichiometric  

HPLC: 40% e.e. (44% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.86 min, t 

(minor) = 13.66 min.] 

  



S58 

 

1-Phenyl-1-pentyn-3-ol, 5s 

 

According to the general procedure B stoichiometric reaction, 1-phenyl-1-pentyn-3-one, 1s, (86 µL, 

0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were 

reacted. According to the general procedure C substoichiometric reaction, 1-phenyl-1-pentyn-3-one, 

1s, (86 µL, 0.50 mmol), HBpin (87 µL), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene 

(16 µL, 0.10 mmol) were reacted. The product was purified by flash column chromatography (20 g 

SiO2, 25 mm Ø, hexane/diethyl ether 5:1) to give 1-phenyl-1-pentyn-3-ol, 5s, for stoichiometric (0.038 

g, 0.24 mmol, 47%) and substoichiometric (0.029 g, 0.18 mmol, 36%) reactions, as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.49-7.43 (m, 2H), 7.37-7.30 (m, 3H), 4.58 (q, J = 6.1 Hz, 1H), 1.91-1.82 (m, 

2H), 1.54 (s, 1H), 1.11 (t, J = 7.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 122.7, 89.9, 85.0, 64.3, 31.0, 9.5. 

 [𝜶]𝑫
𝟐𝟎 −17.9 (c -0.005, CHCl3) 

Data were in accordance with those previously reported.18 

Stoichiometric 

HPLC: 73% e.e. (79% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 4.97 min, t 

(minor) = 8.22 min.] 

Substoichiometric  

HPLC: 46% e.e. (50% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.00 min, t 

(minor) = 8.32 min.] 
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4-Methyl-1-phenyl-pent-1-yn-3-ol, 5t 

 

According to the general procedure B stoichiometric reaction, 4-methyl-1-phenyl-pent-1-yn-3-one, 1t, 

(50 µL, 0.5 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 4-methyl-1-phenyl-

pent-1-yn-3-one, 1t, (74 µL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 

0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash 

column chromatography (12 g SiO2, 25 mm Ø, petroleum ether/ethyl acetate 6:1) to give 4-methyl-1-

phenyl-pent-1-yn-3-ol, 5t, for stoichiometric (0.061 g, 0.35 mmol, 70%) and substoichiometric (0.050 

g, 0.29 mmol, 57%) reactions, as a yellow oil.  

1H NMR (600 MHz, CDCl3) 7.54-7.39 (m, 2H), 7.45-7.30 (m, 3H), 4.42 (d, J = 5.6 Hz, 1H), 2.04-1.95 (m, 

1H), 1.10 (dd, J = 8.6, 6.7 Hz, 6H). 

13C NMR (121 MHz, CDCl3) 131.7, 128.4, 128.3, 122.8, 88.9, 85.6, 68.4, 34.7, 18.1, 17.6. 

[𝜶]𝑫
𝟐𝟎 −2.28 (c 0.7, CHCl3) 

Data were in accordance with those previously reported.18 

Stoichiometric 

HPLC: 56% e.e. (61% e.e. corrected) [Chiralpak IB (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 1.0 mL min-1, λ = 254 nm, t (major) = 4.48 min, t 

(minor) = 6.13 min.] 

Substoichiometric  

HPLC: 22% e.e. (24% e.e. corrected) [Chiralpak IB (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 1.0 mL min-1, λ = 254 nm, t (major) = 4.03 min, t 

(minor) = 5.15 min.] 
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1-Fluoro-4-phenyl-3-butyn-2-ol, 5u 

 

According to the general procedure B stoichiometric reaction, 1-fluoro-4-phenyl-3-butyn-2-one, 1u, 

(0.081 g, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) 

were reacted. According to the general procedure C substoichiometric reaction, 1-fluoro-4-phenyl-3-

butyn-2-one, 1u, (0.081 g, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 

0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash 

column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 5:2) to give 1-fluoro-4-

phenyl-3-butyn-2-o1, 5u, for stoichiometric (0.052 g, 0.32 mmol, 63%) and substoichiometric (0.049 

g, 0.30 mmol, 60%) reactions, as a colourless oil. 

1H NMR (400 MHz, CDCl3) 7.57-7.42(m, 2H), 7.41-7.29 (m, 3H), 4.99-4.83 (m, 1H), 4.75-4.40 (m, 2H), 
2.62-2.44 (m, 1H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.9, 128.4, 121.8, 86.8 (d, J = 177 Hz), 86.3, 84.6, 62.3 (d, J = 24 
Hz). 

19F NMR (376 MHz), CDCl3) −223.5. 

[𝜶]𝑫
𝟐𝟎 +134.8 (c 0.23, CHCl3). 

Data were in accordance with those previously reported.26 

Stoichiometric 

HPLC: 72% e.e. (78% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 6.24 min, t 

(minor) = 9.86 min.] 

Substoichiometric  

HPLC: 32% e.e. (35% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 6.26 min, t 

(minor) = 9.92 min.] 
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v 

 

According to the general procedure B stoichiometric reaction, 1,1,1-trifluoro-4-phenylbut-3-yn-2-one, 

1v, (77 μL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 

mmol) were reacted. According to the general procedure C substoichiometric reaction, 1,1,1-trifluoro-

4-phenylbut-3-yn-2-one, 1v, (77 μL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M 

in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by 

flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1,1,1-

trifluoro-4-phenylbut-3-yn-2-ol, 5v, for stoichiometric (0.052 g, 0.260 mmol, 52%) and 

substoichiometric (0.079 g, 0.395 mmol, 80%) reactions, as a yellow oil. 

1H NMR (500 MHz, CDCl3) 7.55-7.48 (m, 2H), 7.46-7.38 (m, 1H), 7.41-7.33 (m, 2H), 4.94 (dq, J = 8.2, 

5.7 Hz, 1H), 2.54 (d, J = 8.2 Hz, 1H). 

13C NMR (126 MHz, CDCl3) 132.1, 129.5, 128.5, 120.9 (q, J = 282 Hz) , 88.0, 80.4, 62.9 (q, J = 36 Hz). 

19F NMR (376 MHz, CDCl3) −79.4. 

 [𝜶]𝑫
𝟐𝟎 +17.1 (c 0.35, CHCl3) 

Data were in accordance with those previously reported.27 

Stoichiometric 

HPLC: 64% e.e. (70% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t 

(minor) = 6.10 min.] 

Substoichiometric  

HPLC: 12% e.e. (13% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t 

(minor) = 6.06 min.] 
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2-Hydroxypropanenitrile, 5w 

 

According to the general procedure B stoichiometric reaction, pyruvonitrile (36 µL, 0.50 mmol), H-B-

9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were reacted. According 

to the general procedure C substoichiometric reaction, pyruvonitrile (36 µL, 0.50 mmol), HBpin (87 µL, 

0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were 

reacted. The product was purified by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum 

ether/diethyl ether 5:1) to give 2-hydroxypropanenitrile, 5w, for stoichiometric (0.022 g, 0.31 mmol, 

62%) and substoichiometric (0.022 g, 0.31 mmol, 62%) reactions, as a colourless oil. 

1H NMR (500 MHz, CDCl3) 4.62 (q, J = 6.8 Hz, 1H), 1.63 (d, J = 6.8 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 120.5, 57.1, 21.8. 

 [𝜶]𝑫
𝟐𝟎 −89.7 (c 0.29, CHCl3). 

Data were in accordance with those previously reported.28 
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2-Benzoyloxy-1-butyronitrile, S5w 

 

According to general procedure D, 2-hydroxypropanenitrile (14 μL, 0.20 mmol), pyridine (0.07 mL) and 

benzoyl chloride (23 μL, 0.20 mmol), were reacted for 2 hours at 0 °C. The reaction was quenched with 

diethyl ether (5 mL) and washed with brine (5 mL). The organic phase was dried over magnesium 

sulfate and purified by flash column chromatography to give 2-benzoyloxy-1-butyronitrile, S5w, (0.025 

g, 0.14 mmol, 71%) as a colourless oil. 

 

1H NMR (500 MHz, CDCl3) 8.08 (dd, J = 8.3, 1.4 Hz, 2H), 7.72-7.57 (m, 1H), 7.51 (dd, J = 8.3, 7.4 Hz, 2H), 

5.68 (q, J = 7.0 Hz, 1H), 1.80 (d, J = 7.0 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 164.8, 134.0, 130.0, 128.7, 128.3, 117.6, 57.8, 19.0. 

IR νmax (neat) 2906 (w), 2185 (s), 2143 (m), 1657 (s), 1597 (s). 

Data were in accordance with those previously reported.29 

Stoichiometric 

HPLC: 66% e.e. (72% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.14 min, t (minor) 

= 7.62 min.] 

Substoichiometric  

HPLC: 60% e.e. (65% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm 

hexane/2-propanol = 95:5, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 7.11 min, t (minor) 

= 7.55 min.] 
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1,2:3,4-Di-O-isopropylidene-6-O-(but-2-yn-3-ol)-α-D-galactopyranoside, 5x 

 

According to the general procedure B stoichiometric reaction, 1,2:3,4-di-O-isopropylidene-6-O-(but-

2-yn-3-one)-α-D-galactopyranoside, 1x, (0.17 g, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 

mmol) and (S)-β-pinene (78 µL, 0.50 mmol) were reacted. According to the general procedure C 

substoichiometric reaction, 1,2:3,4-di-O-isopropylidene-6-O-(but-2-yn-3-one)-α-D-galactopyranoside, 

1x, (0.17 g, 0.50 mmol), HBpin (87 µL, 0.60 mmol),  H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and 

(S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1,2:3,4-di-O-

isopropylidene-6-O-(but-2-yn-3-ol)-α-D-galactopyranoside, 5x, for stoichiometric (0.110 g, 0.32 mmol, 

64%) and substoichiometric (0.108 g, 0.32 mmol, 63%) reactions, as a colourless oil. 

1H NMR (500 MHz, CDCl3) 5.53 (d, J = 5.0 Hz, 1H), 4.60 (dd, J = 7.9, 2.4 Hz, 1H), 4.55 (qt, J = 6.6, 1.7 Hz, 

1H), 4.37-4.22 (m, 4H), 4.00-3.96 (m, 1H), 3.78-3.60 (m, 2H), 1.48-1.41 (m, 6H), 1.57 (m, 2H), 1.36-1.30 

(m, 6H), 1.38 (m, 6H).  

13C NMR (126 MHz, CDCl3) 109.4, 108.6, 96.4, 88.5, 80.0, 71.2, 70.7, 70.5, 68.8, 66.8, 58.8, 58.4, 26.1, 

26.0, 25.0, 24.5, 24.2. 

MS (HRMS-ESI+) Found 343.17420 (C17H26O7) required 343.17513. 

IR νmax (neat) 3459 (br), 1456 (w), 1382 (m). 

The diastereotopic ratio was measured through 1H NMR spectroscopy, specifically the CH resonance 

occurring at 4.66-4.54 ppm and compared to the racemic reduction with NaBH4.  

Stoichiometric  65:35 d.r. 

Substoichiometric 64:36 d.r. 
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1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, 5y 

 

According to the general procedure B stoichiometric reaction, 1,3-diisopropyl-2-(5-phenoxy)pent-3-

yn-2-one, 1y, (130 μL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-β-pinene (78 

µL, 0.50 mmol) were reacted. According to the general procedure C substoichiometric reaction, 1,3-

diisopropyl-2-(5-phenoxy)pent-3-yn-2-one, 1y, (130 μL, 0.50 mmol), HBpin (87 µL, 0.60 mmol), H-B-9-

BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-β-pinene (16 µL, 0.10 mmol) were reacted. The product 

was purified by flash column chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) 

to give 1,3-diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, 5y, for stoichiometric (0.084 g, 0.32 mmol, 65%) 

and substoichiometric (0.089 g, 0.34 mmol, 68%) reactions, as a colourless oil. 

1H NMR (500 MHz, CDCl3) 7.13 (m, 3H), 4.63 (q, J = 6.8 Hz, 1H), 4.51 (d, J = 1.7 Hz, 2H), 3.40 (hept, J = 

6.9 Hz, 2H), 1.50 (d, J = 6.8 Hz, 3H), 1.26 (d, J = 6.9 Hz, 12H). 

13C NMR (126 MHz, CDCl3) 152.7, 142.0, 125.2, 124.1, 88.9, 79.6, 62.2, 58.4, 32.2, 26.7, 24.1. 

MS (HRMS-ESI+) Found 283.16750 (C17H25O2Na), required 283.16685. 

IR νmax (neat) 3363 (br), 2356 (w). 

[𝜶]𝑫
𝟐𝟎 +19.2 (c 0.112, CHCl3). 

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-α-methoxy-α-

trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through 19F NMR 

spectroscopy, the spectra were referenced against unreacted Mosher’s acid (−71.2 ppm).  

Stoichiometric:   85% e.e. (92% e.e. corrected) 

Substoichiometric:  84% e.e. (91% e.e. corrected) 
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S8 Deviation from standard reaction conditions 

1-Phenyl-1-pentyn-3-ol, 5s 

 

(S)-β-Pinene (16 µL, 0.10 mmol) and H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) were reacted at 

room temperature for 2 hours under an argon atmosphere. 1-Phenyl-1-pentyn-3-ol, 1s, (65 μL, 0.50 

mmol) was added at 0 °C. HBpin (87 µL, 0.60 mmol) was added dropwise by syringe pump over the 

course of 16 hours (5.4 μL h-1). The product was purified by flash column chromatography (20 g SiO2, 

25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1-phenyl-1-pentyn-3-ol, 5s, (0.046 g, 0.29 mmol, 

57%) as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.49-7.43 (m, 2H), 7.37-7.30 (m, 3H), 4.58 (q, J = 6.1 Hz, 1H), 1.91-1.82 (m, 

2H), 1.54 (s, 1H), 1.11 (t, J = 7.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 122.7, 89.9, 85.0, 64.3, 31.0, 9.5. 

HPLC: 60% e.e. (65% e.e. corrected)[Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm hexane/2-

propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.] 

1-Phenyl-1-pentyn-3-ol, 5s 

 

(S)-β-Pinene (16 µL, 0.10 mmol) and H-B-9-BBN (0.10 mL, 0.5 M in THF, 0.05 mmol) were reacted at 

room temperature for 2 hours under an argon atmosphere. 1-Phenyl-1-pentyn-3-ol, 1s, (65 μL, 0.50 

mmol) were HBpin (87 µL, 0.60 mmol) added at 0 °C. The product was purified by flash column 
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chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1-phenyl-1-pentyn-

3-ol, 5s, (0.053 g, 0.33 mmol, 66%) as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.49-7.43 (m, 2H), 7.37-7.30 (m, 3H), 4.58 (q, J = 6.1 Hz, 1H), 1.91-1.82 (m, 

2H), 1.54 (s, 1H), 1.11 (t, J = 7.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 122.7, 89.9, 85.0, 64.3, 31.0, 9.5. 

HPLC: 62% e.e. (67% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm hexane/2-

propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.] 

1-Phenyl-1-pentyn-3-ol, 5s 

 

(S)-β-Pinene (16 µL, 0.10 mmol) and H-B-9-BBN (0.10 mL, 0.5 M in THF, 0.05 mmol) were reacted at 

room temperature for 2 hours under an argon atmosphere. 1-Phenyl-1-pentyn-3-ol, 1s, (65 μL, 0.50 

mmol) were HBpin (87 µL, 0.60 mmol) added at −20 °C. The product was purified by flash column 

chromatography (20 g SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1-phenyl-1-pentyn-

3-ol, 5s, (0.018 g, 0.11 mmol, 22%) as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.49-7.43 (m, 2H), 7.37-7.30 (m, 3H), 4.58 (q, J = 6.1 Hz, 1H), 1.91-1.82 (m, 

2H), 1.54 (s, 1H), 1.11 (t, J = 7.4 Hz, 3H). 

13C NMR (126 MHz, CDCl3) 131.7, 128.4, 128.3, 122.7, 89.9, 85.0, 64.3, 31.0, 9.5. 

HPLC: 62% e.e. (67% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm hexane/2-

propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.] 
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v 

 

(S)-β-pinene (16 µL, 0.10 mmol) and H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) were reacted at 

room temperature for 2 hours under an argon atmosphere. 1,1,1-Trifluoro-3-decyn-2-one, 1v, (77 μL, 

0.50 mmol) was added at 0 °C. HBpin (87 µL, 0.60 mmol) was added dropwise by syringe pump over 

the course of 16 hours (5.4 μL h-1). The product was purified by flash column chromatography (20 g 

SiO2, 25 mm Ø, petroleum ether/diethyl ether 3:1) to give 1,1,1-trifluoro-3-decyn-2-ol, 5v, (0.070 g, 

0.35 mmol, 70%) as a colourless oil.  

1H NMR (500 MHz, CDCl3) 7.55-7.48 (m, 2H), 7.46-7.38 (m, 1H), 7.41-7.33 (m, 2H), 4.94 (dq, J = 8.2, 

5.7 Hz, 1H), 2.54 (d, J = 8.2 Hz, 1H). 

13C NMR (126 MHz, CDCl3) 132.1, 129.5, 128.5, 120.9 (q, J = 282 Hz) , 88.0, 80.4, 62.9 (q, J = 36 Hz). 

19F NMR (376 MHz, CDCl3) −79.4. 

HPLC: 53% e.e. (58% e.e. corrected) [Chiralpak ODH (0.46 × 25 cm), particle size = 5 µm hexane/2-

propanol = 80:20, ν = 0.4 mL min-1, λ = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.] 

  



S69 

 

S9 Reaction progress and Eyring plot. 

 

 

a) Procedure for reaction progress monitoring 

In a J. Young NMR tube, H-B-9-BBN (0.027 g, 0.22 mmol) and 4-(2-methylphenyl)but-3-yn-2-ol, 5e, 

(0.035 g, 0.22 mmol) were dissolved in d8-THF (0.50 mL) and reacted at room temperature for 16 

hours. 11B NMR spectroscopy was used to observe the formation of the borinic ester species, S3, (56 

ppm) and to ensure there was complete consumption of H-B-9-BBN. HBpin (200 μL, 1.38 mmol) was 

added to the sealed tube. The sealed tube was heated at a specified temperature using a Bruker 

Avance III 400 MHz spectrometer. 1H NMR spectroscopy was gathered at 1 minute intervals for 30 

minutes. Conversion was determined by integration of the resonances 5.21 (q, J = 6.6 Hz) (borinic 

ester, S3) and 5.05 (q, J = 6.6 Hz) (alkoxyboronic ester, S4). 

 

𝑘𝒐𝒃𝒔 =
𝒓𝒂𝒕𝒆

[𝒃𝒐𝒓𝒊𝒏𝒊𝒄 𝒆𝒔𝒕𝒆𝒓][𝑯𝑩𝒑𝒊𝒏]
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b) Eyring plot Ln(kobs/T) vs 1000/T 

 

𝒍𝒏
𝒌

𝑻
=  −

𝜟𝑯‡

𝑹
 .

𝟏

𝑻
+ 𝒍𝒏

𝒌𝑩

𝒉
+

𝜟𝑺‡

𝑹
 

Graph error calculated with 90% confidence interval.  Error = (STD Dev) X 1.64 

ΔH‡ = 16.3 (2.1) kcal mol-1 

ΔS‡ = −21.5 (7.3) e.u. 

ΔG‡ = 22.7 (4.5) kcal mol-1 

 

  

ln(k/T) = -8.21(1000/T) + 13.0
R² = 0.979

-14.4

-14.2

-14

-13.8

-13.6

-13.4

-13.2

-13

-12.8

-12.6

3.16 3.18 3.2 3.22 3.24 3.26 3.28 3.3 3.32 3.34

ln
(k

/T
)

1000/T 



S71 

 

S10 References 

1. Dos Santos, A. A.; Castelani, P.; Bassora, B. K.; Fogo, J. C.; Costa, C. E.; Comasseto, J. V. 

Chemoselective reduction of b-butyltellanyl a,b-unsaturated carbonyl compounds to allylic 

alcohols. Tetrahedron, 2005, 61, 9173–9179. 

2. Civit, M. G.; Sanz, X.; Vogels, C. M.; Bo, C.; Westcott, S. A.; Fernández, E. Ynones Merge 

Activation/Conjugate Addition of Chalcogenoborates ArE‐Bpin (E=Se, S) Adv. Synth. Catal. 

2015 357, 3098-3103. 

3. Hoffner, J.; Schottelius, M. J.; Feichtinger, D.; Chen, P. Chemistry of the 2,5-Didehydropyridine 

Biradical:  Computational, Kinetic, and Trapping Studies toward Drug Design J. Am. Chem. Soc. 

1998, 120, 376-385. 

4. Zhang, Y.; Yuan, M.; Liu, W.; Xie, J.; Zhou, Q.; Iridium-Catalyzed Asymmetric Transfer 

Hydrogenation of Alkynyl Ketones Using Sodium Formate and Ethanol as Hydrogen Sources 

Org. Lett. 2018, 20, 4486-4489. 

5. Ohkuma, T.; Kurono, N.; Sakaguchi, Y.; Yamauchi, K.; Yurino, T.; Enantioselective 

Cyanosilylation of Alkynyl Ketones Catalyzed by Combined Systems Consisting of Chiral 

Ruthenium(II) Complex and Lithium Phenoxide Adv. Synth. Catal. 2018, 360, 1517-1522. 

6. Liu, J.; Xie, X.; Ma, S. Aerobic Oxidation of Propargylic Alcohols to α,β-Unsaturated Alkynals or 

Alkynones Catalyzed by Fe(NO3)3·9H2O, TEMPO and Sodium Chloride in Toluene Synthesis 

2012, 44, 1569-1576. 

7. Liang, L.; Li, E.; Xie, P.; Huang, Y.; Phosphine‐Initiated Domino Reaction: A Convenient Method 

for the Preparation of Spirocyclopentanones Chem. Asian J. 2014, 9, 1270-1273. 

8. Jeong, K. S.; Cho, Y. L.; Chang, S. Y.; Park, T. Y.; Song, J. U. Assembly and Binding Properties of 

Osmate Ester-Bridged Binuclear Macrocycles J. Org. Chem. 1999, 64, 9459-9466.  

9. He, X.; Li, Y.; Wang, M.; Chen, H.; Chen, B.; Liang, H.; Zhang, Y.; Pang, J.; Qiu, L. Highly efficient 

synthesis of benzodioxins with a 2-site quaternary carbon structure by secondary amine-

catalyzed dual Michael cascade reactions Org. Biomol. Chem. 2018, 16, 5533-5538.  

10. Parisi, G.; Colella, M.; Monticelli, S.; Romanazzi, G.; Holzer, W.; Langer, T.; Degennaro, L.; Pace, 

V.; Luisi, R. Exploiting a “Beast” in Carbenoid Chemistry: Development of a Straightforward 

Direct Nucleophilic Fluoromethylation Strategy  J. Am. Chem. Soc. 2017, 139, 13648–13651. 



S72 

 

11. Lippincott, D. J.; Trejo-soto, P. J.; Gallou, F.; Lipshutz, B. H.; Copper-Catalyzed Oxidative 

Cleavage of Electron-Rich Olefins in Water at Room Temperature Org. Lett. 2018, 20, 5094–

5097. 

12. Domingo-Legarda, P.; Soler-Yanes, R.; Quirós-López, T. M.; Buñuel, E.; Cárdenas, D. J.; Iron‐

Catalyzed Coupling of Propargyl Bromides and Alkyl Grignard Reagents Eur. J. Org. Chem. 

2018, 2018, 4900-4904. 

13. Li, J.; Yang, F.; Ma, Y.; Ji, K. Gold(III)‐Catalyzed Intermolecular Oxidation‐Cyclization of Ynones: 

Access to 4‐Substituted Chroman‐3‐ones Adv. Synth. Catal. 2019, 361, 2148-2153.  

14. Luo, F. T.; Ko, S. L.; Liu, L.; Chen, H.; Stereoselective Synthesis of (Z )-α-Phenoxymethylene-γ-

butyrolactone and Its Sulfur Analogues from 2-Propynyloxy- or 2-Propynylthiobenzene 

Heterocycles 2000, 53, 2055–2066. 

15. Schömberg, F.; Zi, Y.; Vilotijevic, I. Lewis-base-catalysed selective reductions of ynones with a mild 

hydride donor Chem. Commun. 2018, 54, 3266-3269. 

16. Hogendorf, W. F. J.; Verhagen, C. P.; Malta, E.; Goosen, N.; Overkleeft, H. S.; Filippov, D. V.; 

Van der Marel, G. A.; The synthesis of a menthol derivative of 2-aminopurine as a fluorescent 

DNA lesion Tetrahedron 2009, 65, 10430-10435. 

17. Ekholm, F. S.; Pynnonen, H.; Vilkman, A.; Pitkanen, V.; Helin, J.; Saarinen, J.; Satomaa, T.; 

Introducing Glycolinkers for the Functionalization of Cytotoxic Drugs and Applications in 

Antibody–Drug Conjugation Chemistry ChemMedChem 2016, 11, 2501-2505. 

18. Ni, K.; Meng, L.; Ruan, H.; Wang, L. Controllable chemoselectivity in the coupling of 

bromoalkynes with alcohols under visible-light irradiation without additives: synthesis of 

propargyl alcohols and α-ketoesters Chem. Commun. 2019, 55, 8438-8441. 

19. Watanabe, K.; Miyazaki, Y.; Okubo, M.; Zhou, B.; Tsuji, H.; Kawatsura, M.; Nickel-Catalyzed 

Asymmetric Propargylic Amination of Propargylic Carbonates Bearing an Internal Alkyne 

Group Org. Lett. 2018, 20, 5448-5451. 

20. Soler-Yanes, R.; Arribas-Álvarez, I.; Guisán-Ceinos, M.; Buñuel, E.; Cárdenas, D. J.; NiI Catalyzes 

the Regioselective Cross‐Coupling of Alkylzinc Halides and Propargyl Bromides to Allenes 

Chem. Eur. J. 2017, 23, 1584-1590. 



S73 

 

21. Tsui, G. C.; Villeneuve, K.; Carlson, E.; Tam, W. Ruthenium-Catalyzed [2 + 2] Cycloadditions 

between Norbornene and Propargylic Alcohols or Their Derivatives Organometallics 2014, 33, 

3847–3856. 

22. Rahman, M. T.; Cook, J. M.; Unprecedented Stereocontrol in the Synthesis of 1,2,3‐

Trisubstituted Tetrahydro‐β‐carbolines through an Asymmetric Pictet–Spengler Reaction 

towards Sarpagine‐Type Indole Alkaloids Eur. J. Org. Chem. 2018, 2018, 3224-3229. 

23. Fleming, I.; Higgins, D.; Lawrence, N. J.; Thomas, A. P. J. A regioselective and stereospecific 

synthesis of allylsilanes from secondary allylic alcohol derivatives Chem. Soc. Perkin Trans. 

1992, 1, 3331-3349. 

24. Cheng, X.; Wang, Z.; Quintanilla, C. D.; Zhang, L.; Chiral Bifunctional Phosphine Ligand Enabling 

Gold-Catalyzed Asymmetric Isomerization of Alkyne to Allene and Asymmetric Synthesis of 

2,5-Dihydrofuran J. Am. Chem. Soc. 2019, 141, 3787-3791. 

25. Panteleev, J.; Huang, R. Y.; Lui, E. K. J.; Lautens, M. Addition of Arylboronic Acids to 

Arylpropargyl Alcohols en Route to Indenes and Quinolines Org. Lett. 2011, 13, 5314–5317. 

26. Kalow, J. A.; Doyle, A. G. Mechanistic Investigations of Cooperative Catalysis in the 

Enantioselective Fluorination of Epoxides J. Am. Chem. Soc. 2011, 133, 16001–16012. 

27. Ramasamy, M.; Lin, H.; Kuo, S.; Hsieh, M. Lewis Acid-Catalyzed Rearrangement of 

Fluoroalkylated Propargylic Alcohols: An Alternative Approach to β-Fluoroalkyl-α,β-enones 

SynLett. 2019, 30, 356–360. 

28. Pal, I.; Chaudhari, S. R.; Suryaprakash, N.; A versatile ternary ionic complex for chiral 

discrimination of molecules with diverse functionalities using 1H NMR New J. Chem. 2014, 38, 

4908–4912. 

29. Steemers, L.; Wijsman, L.; van Maarseveen, J. H. Adv. Synth. Catal. 2018, 360, 4241-4245. 

  



S74 

 

S11 NMR data. 

4-Phenyl-3-butyn-2-one, 1a 

1H NMR 
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Methyl (4-tert-butylphenyl)ethynyl ketone, 1b 

1H NMR 

 
13C NMR 
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4-(4-Methylphenyl)but-3-yn-2-one, 1c 

1H NMR 

 

13C NMR 
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4-(3-Methylphenyl)but-3-yn-2-one, 1d 

1H NMR 
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4-(2-Methylphenyl)but-3-yn-2-one, 1e 

1H NMR 
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4-(4-Fluorophenyl)-3-butyn-2-one, 1f 

1H NMR 
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19F NMR 
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4-(3-Chlorophenyl)but-3-yn-2-one, 1g 

1H NMR 
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4-Phenyl-3-butyn-2-one-methyl-d3, 1h 

1H NMR 

 

13C NMR 
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-one, 1i 

1H NMR 

 

13C NMR 
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Methyl 4-(3-oxobut-1-yn-1-yl) benzoate, 1j 

1H NMR 
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3-Decyn-2-one, 1k 

1H NMR 
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4-(3-Methoxyphenyl)but-3-yn-2-one, 1m 

1H NMR 

 

13C NMR 
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5-Phenoxypent-3-yn-2-one, 1n 

1H NMR 
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5-Phenylthiopent-3-yn-2-one, 1o 

1H NMR 

 

13C NMR 
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6-Phenylhex-3-yn-2-one, 1p 

1H NMR 
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4-(4-N,N-Dimethylaniline)but-3-yn-2-one, 1q 

1H NMR 
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4-(4-Methoxyphenyl)-3-butyn-2-one, 1r 

1H NMR  

 

13C NMR 
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1-Phenyl-1-pentyn-3-one 1s 

1H NMR  
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4-Methyl-1-phenylpentyn-3-one, 1t 

1H NMR 
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1-Fluoro-4-phenyl-3-butyn-2-one, 1u 

1H NMR 

 

13C NMR 
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19F NMR 
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-one, 1v 

1H NMR 

 

13C NMR 
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19F NMR 
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1,2:3,4-Di-O-isopropylidene-6-O-(prop-2-ynyl)-α-D-galactopyranoside, S1x  

1H NMR 
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1,2:3,4-Di-O-isopropylidene-6-O-(but-2-yn-3-one)-α-D-galactopyranoside, 1x 

1H NMR 

 

13C NMR 
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1,3-Diisopropyl-2-(5-Phenoxy)pent-3-yn-2-one, 1y 

1H NMR 
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4-Phenyl-but-3-yn-2-ol, 5a 

1H NMR 

 

 
13C NMR 
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4-[4-(2-Methyl-propanyl)phenyl]-3-butyn-2-ol, 5b 

1H NMR 
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4-(4-Methylphenyl)-3-butyn-2-ol, 5c 

1H NMR 
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4-(3-Methylphenyl)-3-butyn-2-ol, 5d 

1H NMR 
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4-(2-Methylphenyl)but-3-yn-2-ol, 5e 

1H NMR 

 

13C NMR 
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4-(4-Fluorophenyl)but-3-yn-2-ol, 5f 

1H NMR:  
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19F NMR 
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4-(3-Chlorophenyl)-3-butyn-2-ol, 5g 

1H NMR 

 
13C NMR 

 

  



S109 

 

4-Phenyl-3-butyn-2-ol-methyl-d3, 5h 

1H NMR 
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-ol, 5i 

1H NMR 
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Methyl 4-(3-hydroxybut-1-yn-1-yl)benzoate, 5j 

1H NMR 
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Dec-3-yn-2-ol, 5k 

 1H NMR 
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Dec-3-yn-2-ol acetate, S5k 

1H NMR 
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4-Trimethylsilyl-3-butyn-2-ol, 5l 

1H NMR  
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4-(3-Methoxyphenyl)-3-butyn-2-ol, 5m 

1H NMR 

 
13C NMR  
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5-Phenoxypent-3-yn-2-ol, 5n 

1H NMR 
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5-Phenylthiopent-3-yn-2-ol, 5o 

1H NMR 
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6-Phenylhex-3-yn-2-ol, 5p 

1H NMR 
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4-(4-N,N-Dimethylaniline)but-3-yn-2-ol, 5q 

1H NMR 
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4-(4-Methoxyphenyl)but-3-yn-2-ol, 5r 

1H NMR 

 

 
13C NMR 

 

  



S122 

 

1-Phenyl-1-pentyn-3-ol, 5s 

1H NMR 
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4-Methyl-1-phenyl-pent-1-yn-3-ol, 5t 

1H NMR 
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Fluoro-4-phenyl-3-butyn-2-ol, 5u 

1H NMR  

 

13C NMR 
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v 

1H NMR 
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2-Hydroxypropanenitrile, 5w 

1H NMR 
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2-Benzoyloxy-1-butyronitrile, S5w 

1H NMR 
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1,2:3,4-Di-O-isopropylidene-6-O-(but-2-yn-3-ol)-α-D-galactopyranoside, 5x 

1H NMR 

 

13C NMR 

  



S131 

 

1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, 5y 

1H NMR 

 

 

13C NMR 

  



S132 

 

S12 HPLC data. 

4-Phenyl-but-3-yn-2-ol, 5a 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S133 

 

 

4-[4-(2-Methyl-propanyl)phenyl]-3-butyn-2-ol, 5b 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S134 

 

4-(4-Methylphenyl)-3-butyn-2-ol, 5c 

Racemate

 

Stoichiometric 

 

Substiochiometric 

 

 

 



S135 

 

4-(3-Methylphenyl)-3-butyn-2-ol, 5d 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 

 



S136 

 

 

4-(2-Methylphenyl)but-3-yn-2-ol, 5e 

Racemate

 

Stoichiometric 

 

Substoichiometric 

 



S137 

 

4-(4-Fluorophenyl)but-3-yn-2-ol, 5f 

Racemate 

 

Stoichiometric 

 

Substoichiometric

 

  



S138 

 

4-(3-Chlorophenyl)-3-butyn-2-ol, 5g 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S139 

 

4-Phenyl-3-butyn-2-ol-methyl-d3, 5h 

Stoichiometric 

 

Substoichiometric 

 

  



S140 

 

4-(4-N,N-Diethylbenzamide)but-3-yn-2-ol, 5i 

 

Stoichiometric 

 

Substoichiometric 

 

 

  



S141 

 

Dec-3-yn-2-ol acetate, S5k 

Racemate

 

Stoichiometric 

 

Substoichiometic

  



S142 

 

4-(3-Methoxyphenyl)-3-butyn-2-ol, 5m 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 

  



S143 

 

5-Phenoxypent-3-yn2-ol, 5n 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 

  



S144 

 

5-Phenylthiopent-3-yn-2-ol, 5o 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 

  



S145 

 

6-Phenylhex-3-yn-2-ol, 5p 

Racemate 

  

Stoichiometric 

 

Substoichiometric 

 

 



S146 

 

 

4-(4-N,N-Dimethylaniline)but-3-yn-2-ol, 5q 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S147 

 

4-(4-Methoxyphenyl)but-3-yn-2-ol, 5r 

Racemate 

 

Stoichiometric

Substoichiometric

 



S148 

 

1-Phenyl-1-pentyn-3-ol, 5s  

Racemate 

 

 

Stoichiometric reaction 

 

 

Substoichiometric reaction 

 



S149 

 

 

Slow addition experiment 

 

Reduced loading of H-B-9-BBN (10 mol%) 

 

Reduced reaction temperature 

 



S150 

 

 

4-Methyl-1-phenyl-pent-1-yn-3-ol, 5t 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S151 

 

1-Fluoro-4-phenyl-3-butyn-2-ol, 5u 

Stoichiometric 

 

Substoichiometric 

 

  



S152 

 

1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v 

Racemate 

Stoichiometric

 

Substoichiometric 

 



S153 

 

 

Slow addition experiment: 

 

 



S154 

 

2-Benzoyloxy-1-butyronitrile, S5w 

Racemate 

 

Stoichiometric 

 

Substoichiometric 

 



S155 

 

S13 NMR techniques for determination of enantiomeric excess 

Methyl 4-(3-hydroxybut-1-yn-1-yl)benzoate, S5j 

19F NMR of Mosher’s acid derivative 

Stoichiometric: 

Substoichiometric: 
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4-Trimethylsilyl-3-butyn-2-ol, S5l 

19F NMR of Mosher’s acid derivative 

Racemate  

Stoichiometric 



S157 

 

Substoichiometric 

 

 

 

 

 

 

 

 

 

 

 

1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, S5y 

19F NMR of Mosher’s acid derivative 

Stoichiometric 

 



S158 

 

Substoichiometric 

 

 

 

 

 

 

 

 

 

 

  

1,2:3,4-Di-O-isopropylidene-6-O-(but-2-yn-3-ol)-α-D-galactopyranoside, 5x 

 

 

Stoichiometric 



S159 

 

  

Substoichiometric 

Racemate 



S160 

 

S14 NMR GC data for determination of enantiomeric excess of β-pinene 

(1S)-(-)-beta-Pinene, 98%, Acros Organics, Cas: 18172-67-3, Lot: A0386886 

 

GC: 92% e.e. [Rt®-bDEXsm (30 m, 0.25 mmID, 0.25 μm df), 16 psi column head pressure, 

10:1 split, 1  μl injection, ν = 4 °C min-1, start = 60 °C, FID 1 A, t (minor) = 10.660 min, t 

(major) = 10.809 min.] 

 

Mixture of enantiomers of β-pinene 

 

GC: 29% e.e. [Rt®-bDEXsm (30 m, 0.25 mmID, 0.25 μm df), 16 psi column head pressure, 

10:1 split, 1  μl injection, ν = 4 °C min-1, start = 60 °C, FID 1 A, t (major) = 10.633 min, t 

(minor) = 10.871 min.] 

 

 


