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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 (HCI) 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 (HCl,q) baths. Room temperature is approximately 20 °C. “Brine” refers to a

saturated solution of sodium chloride in H,0

NMR Spectroscopy: *H, 3C, !B and °F NMR spectra were recorded on Bruker Avance Il 400
and 500 MHz; Bruker AVI 400 MHz; Bruker Avance | 600 MHz spectrometers. Chemical shifts are
reported in parts per million (ppm). H and 3C NMR spectra were referenced to the residual solvent
peak (CHCls: 7.27 ppm, 77.00 ppm CH,Cl,: 5.32 ppm, 54.00 ppm; THF: 1.73 ppm, 25.37; CH5CN: 1.94
ppm, 1.39 ppm). Multiplicities are shows as s (singlet), d (doublet), t (triplet), g (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™ 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 F2s4). Staining with
KMnO, 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 lonization (CI*) spectra were performed with methane
reagent gas, with either a double focusing sector field (DFSF) or time-of-flight (TOF) mass analyzer.
Electrospray lonization (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 (Et,0) (Fisher, BHT stabilized ACS grade), and dichloromethane (CH.Cl,) (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 (CH,Cl;) (ACS grade), ether (Et;0)
(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 |I.
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

TSRS §

H
H
H H;
P
s1d S1e

S1a S1b S1c S1f S1g
Terpene (1.0 eq.)
O H-B-9-BBN (1.0 eq) OH
s A
THF, 16 h

Entry Terpene Ketone Yield (%)° e.e. (%)
1° Sla 4-Phenyl-3-butyn-2-one 70 78
2 Slb 4-Phenyl-3-butyn-2-one 90 80
3 Slc Acetophenone 0 -
4 S1d Acetophenone 11 -
5 Sid 4-Phenyl-3-butyn-2-one 9 -
6 Sle Acetophenone 0 -
7 Sle 4-Phenyl-3-butyn-2-one 0 -
8 Sif Acetophenone 0 -
9 Sif 4-Phenyl-3-butyn-2-one 0 -
10 Slg Acetophenone 0 -
11 Slg 4-Phenyl-3-butyn-2-one 0 -
12 S1b 4-Phenyl-3-buten-2-one 0 -
13 S1b Methyl 2-oxo-2-phenylacetate® 93 33
14 S1b a-keto S-phenyl thiopropanoate® 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 SiO,, 20 mm @, hexane/diethyl ether 5:1). Reaction time = 3 hours. b) Yield
determined by 'H 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

YRl

S1a S1b

o Terpene (X mol%)
H-B-9-BBN (Y mol%) H

// HBpin (1.2 eq.) ©/\
THF, 16 h
Entry Terpene Time for in situ Terpene  H-B-9-BBN Temperature Yield® e.e.c
catalyst formation (X mol%) (Y mol%) (°C) (%) (%)
(hours)

1 Sla 2 10 10 0 69 1

2 Sla 2 30 30 0 69 20
3 Sla 2 100 100° 0 70 78
4 Sla 2 30 30 -10 85 -

6 Sla 2 100 100° -10 74 31
7 Sla 2 10 10 -40 <10 -

8 Sla 2 30 30 -40 20 11
9 Sib 2 100 100 0 93 74
10 S1b 2 20 20 0 90 82
11 S1b 6 20 20 0 90 66
12 Slb 16 20 20 0 95 72
13 Sib 16 100 20 0 92 71
14 Sib 16 20 10 0 42 72
15 Sib 2 10 10 0 81 68
16 Sib 2 5 5 0 73 64
17 Sib 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 SiO,, 20 mm @, hexane/diethyl
ether 5:1). 'H 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.
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Figure S1: 1B NMR spectra of the stepwise addition of reactants.
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S4 1°B |abelling experiments.
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Figure S2: 1B and 1°B 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 a-pinene and 4-phenyl-3-butyn-2-one
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Figure S4: Competition experiments of B-pinene and 4-phenyl-3-butyn-2-one

S10



S6 Substrate synthesis.

General Procedure A

n-BuLi (1.20 eq.) o

// ZnCl, (1.00 eq.)
R ¥ CI)J\RZ Z R2

THF R

By modification of the method of Dos Santos,* 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(ll) 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 H,0, 25
mL), brine (3 x 25 mL), then dried (MgSQ.), filtered and concentrated in vacuo. The crude product was

purified by flash column chromatography (SiO,).
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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), ZnCl; (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 SiO,, 50
mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCl;) 184.6, 133.0, 130.7, 128.6, 120.0, 90.3, 88.3, 32.8.

Data were in accordance with those previously reported.?
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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), ZnCl; (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
Si0,, 50 mm @, 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.2 33-35 °C

'H 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, CDCl;) 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.?
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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), ZnCl, (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 SiO5,
50 mm @, 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, CDCls) 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, CDCls) 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.?
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4-(3-Methylphenyl)but-3-yn-2-one, 1d

AN

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), ZnCl, (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 SiO5,
50 mm @, 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.

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

13C NMR (126 MHz, CDCl;) 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.*
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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), ZnCl, (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 SiO,, 50
mm @, 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, CDCls) 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, CDCls) 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.®
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4-(4-Fluorophenyl)-3-butyn-2-one, 1f

A\

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), ZnCl, (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 SiO,,
50 mm @, 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.

'H NMR (400 MHz, CDCl;) 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.

F NMR (376 MHz, CDCl3) -106.5.

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

Cl Z

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), ZnCl; (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 SiO,, 50
mm @, 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.

H 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, CDCls) 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.*
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4-Phenyl-3-butyn-2-one-methyl-ds, 1h

A\

CD,

By modification of the method of Liang,” a solution of methanol-ds 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-ds, 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, CHCls) 2.47 (m).

3C NMR (126 MHz, CDCl;) 184.7, 133.1, 130.8, 128.7, 119.9, 90.4, 88.3, 32.8 (m).

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

MS (HRMS-ESI*) Found 170.06460 (C10HsD3ONa), 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,® 4-bromo-N,N-diethylbenzamide (2.6 g, 10 mmol), 3-butyn-
2-ol (2.9 mL, 30 mmol), copper(l) iodide (0.2 g, 1 mmol) and bis(triphenylphosphine)palladium(ll)
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 SiO,, 50 mm @, Et,0) 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 CH,Cl, (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 SiO,, 50 mm @, Et,0) 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)

H NMR (500 MHz, CDCls) 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, CDCl;) 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 Vmax (neat) 2201 (m), 1667 (s), 1613 (s).

MS (HRMS-ESI*) Found 244.13310 (Cy5H1s02N), requires 244.13321.
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Methyl 4-(3-oxobut-1-yn-1-yl) benzoate, 1j

AN

By a modification of the method of He,® bis(triphenylphosphine)palladium(ll) dichloride (0.35 g, 0.50
mmol), copper(l) 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
x 50 mL). The combined organic extracts were filtered through celite then concentrated in vacuo. The
product was purified by flash column chromatography (40 g SiO,, 50 mm @, 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, CDCls) 8.09-8.07 (m, 2H), 7.67-7.64 (m, 2H), 3.96 (s, 3H), 2.49 (s, 3H).

13C NMR (126 MHz, CDCl;) 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.®
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3-Decyn-2-one, 1k

0]

o

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), ZnCl; (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 SiO,, 50 mm @, 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, CDCls) 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, CDCls) 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.!

S22



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), ZnCl, (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 SiO,, 50 mm @,
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.1? 43-46 °C (cyclohexane)

'H NMR (500 MHz, CDCls) 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, CDCl;) 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.!?
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5-Phenoxypent-3-yn-2-one, 1n

0]
i ,O\/J\
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), ZnCl, (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 SiO,, 50 mm @,
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.

'H NMR (500 MHz, CDCls) 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, CDCl;) 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.!?
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5-Phenylthiopent-3-yn-2-one, 10

(0]
@S/J\
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), ZnCl, (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 SiO,, 50 mm @,
petroleum ether/diethyl ether 5:1) to give 5-phenylthiopent-3-yn-2-one, 10, (0.456 g, 2.40 mmol,
12%) as a yellow oil.

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

13C NMR (126 MHz, CDCl;) 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.*
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6-Phenylhex-3-yn-2-one, 1p

AN

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), ZnCl, (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 SiO,, 50
mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCl;) 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.!?
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4-(4-N,N-Dimethylaniline)but-3-yn-2-one, 1q

AN

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), ZnCl; (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 SiO,, 50
mm @, 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).

'H 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, CDCl;3) 184.6, 151.7, 135.1, 111.5, 105.4, 94.6, 89.1, 40.0, 35.5.

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

MS (HRMS-ESI*) Found 188.10660 (C12H140ON), requires 188.10699.
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4-(4-Methoxyphenyl)-3-butyn-2-one, 1r

AN

According to general procedure A, 4-ethynylanisole (2.6 mL, 20 mmol), n-butyllithium (1.6 M in
hexanes, 15 mL, 24 mmol), ZnCl, (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 SiO, 50 mm @,
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).

H NMR (500 MHz, CDCls) 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, CDCls) 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.
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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), ZnCl; (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 SiO,, 50 mm
@, 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.

'H NMR (400 MHz, CDCls) 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, CDCl;) 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.*
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4-Methyl-1-phenylpentyn-3-one, 1t

A

According to general procedure A, phenylacetylene (2.20 mL, 20.0 mmol), n-butyllithium (1.6 M in
hexanes, 15 mL, 24.0 mmol), ZnCl, (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 SiO,, 50
mm @, 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.

H 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, CDCls) 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.®®
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1-Fluoro-4-phenyl-3-butyn-2-one, 1u

By a modification of the method of Zhang,* 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
Et,O'BFs (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 x 25 mL) and saturated
aqueous ammonium chloride solution (2 x 20 mL) and extracted with Et,0. The combined organic
extracts were dried with magnesium sulfate and concentrated under reduced pressure. The product
was purified by flash column chromatography (80 g SiO,, 50 mm @, 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.1° 30-32 °C (ethyl acetate)

1H NMR (500 MHz, CDCls) 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, CDCls) 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).

F NMR (376 MHz, CDCl3) -224.7.

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

By a modification of the method reported by Zhang,* 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 Et,O'BFs (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 x 25 mL)
and saturated aqueous ammonium chloride solution (2 x 20 mL) and the combined aqueous phases
were extracted with Et;0. 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 x

102 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, CDCls) 7.75-7.67 (m, 2H), 7.63-7.56 (m, 1H), 7.52-7.43 (m, 2H).

13C NMR (126 MHz, CDCl;) 167.4 (q, J = 288 Hz), 134.0, 132.6, 129.0, 118.1, 113.7 (q, J = 42 Hz), 100.6,
83.4.

F NMR (376 MHz, CDCl3) -77.81.

Data were in accordance with those previously reported.*
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1,2:3,4-Di-O-isopropylidene-6-0O-(prop-2-ynyl)-a-p-galactopyranoside, S1x

>
s

By modification of procedure reported by Ekholm,” sodium hydride (60% dispersion in mineral oil, 3.6
g, 90 mmol) was added to a solution of 1,2;3,4-di-isopropylidene-a-b-galactopyranose (5.0 g, 19 mmol)
in anhydrous THF (80 mL) at O °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 H,O (50 mL) was added. The mixture was extracted with Et;0 (4 x 40 mL). The
combined organic phases were dried over MgSOsand concentrated in vacuo. The crude mixture was
purified by flash column chromatography (80 g SiO,, 50 mm @, petroleum ether/diethyl ether 2:1) to
give 1,2:3,4-di-O-isopropylidene-6-O-(prop-2-ynyl)-a-b-galactopyranoside, S1x, (4.10 g, 13.7 mmol,

72%) as a colourless solid.

MP 134-136 °C (petroleum ether)

H NMR (400 MHz, CDCls) 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, /= 7.2, 5.2, 2.0 Hz, 1H), 3.79 (dd, /= 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.”
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1,2:3,4-Di-O-isopropylidene-6-0O-(but-2-yn-3-one)-a-p-galactopyranoside, 1x

0]

\FC\)C(??}Q(/O/J\

According to general procedure A, 1,2:3,4-di-O-isopropylidene-6-O-(prop-2-ynyl)-a-D-
galactopyranoside S2x (3.4 g, 11 mmol), n-butyllithium (2.5 m in hexanes, 5.7 mL, 14 mmol), ZnCl, (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 SiO,, 50 mm @, hexane/ethyl acetate 10:3) to give
1,2:3,4-di-O-isopropylidene-6-O-(but-2-yn-3-one)-a-bD-galactopyranoside, 1x, (1.58 g, 4.64 mmol, 42%)

as a yellow oil.

H NMR (400 MHz, CDCls) 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, CDCls) 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 (C17H2507) required 341.15948.

IR Vimex (neat) 2242 (w), 1680 (s), 1382 (m).
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1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-one, 1y
O\/J\

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,
H,0 (150 mL) was added and the mixture extracted with Et;0 (3 x 40 mL). The mixture was dried over
MgSO, 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), ZnCl, (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 SiO,, 50 mm @, 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, CDCls) 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, CDCls) 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 (C17H2,0,Na), required 281.15120.

IR Vmox (nNeat) 2216 (w), 1762 (m), 1682 (s).
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S7 Substrate scope

General Procedure B for the stoichiometric hydroboration of propargylic ketones

O (S)-B-pinene (1.0 eq.) OH
H-B-9-BBN (1.0 eq.
/Rz (10eq.) /Rz
R1 THF, 0°C R1

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)-B-pinene (78 uL, 0.50 mmol) at 0 °C under an argon atmosphere. After 16 hours

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

was purified by flash column chromatography (SiO.).

General Procedure C for the substoichiometric hydroboration of propargylic ketones

(S)-B-pinene (0.20 eq.)

O H-B-9-BBN (0.20 eq.) OH
HBpin (1.2 eq.
R1 THF, 0°C R1

Propargylic ketone, 2, (0.50 mmol) and HBpin (87 pL, 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)-B-pinene (16 uL, 0.10 mmol) at 0 °C under an
argon atmosphere. After 16 hours the reactions were quenched with SiO; (0.3 g, excess), filtered and

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

General Procedure D for the derivatisation of alcohols to esters

o)

O pyridine
JO\H cl (15eq.) JO\
R"OR2 T CH,Clp, rt,2h R1 > R2

Pyridine (0.07 mL, 0.8 mmol) was added to a solution of propargylic alcohol (0.30 mmol) in CH,Cl, (1
mL) at 0 °C and allowed to stir for 5 minutes before adding benzoyl chloride (46 pL, 0.50 mmol). The
solution was warmed to room temperature and stirred for 2 hours. The solution was dissolved in
CH.Cl; and purified by flash column chromatography.
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4-Phenyl-but-3-yn-2-ol, 5a

H. OH

=Z

According to the general procedure B stoichiometric reaction, 4-phenyl-3-butyn-2-one, 1a, (72 L,
0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were
reacted. According to the general procedure C substoichiometric reaction, 4-phenyl-3-butyn-2-one,
1a, (72 pL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 m in THF, 0.10 mmol) and
(5)-B-pinene (16 upL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (20 g SiO», 25 mm @, 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).

H NMR (500 MHz, CDCls) 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,
1H), 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.
[a]Z? +22.7 (c 0.22, CHCI3).
Data were in accordance with those previously reported.*

Stoichiometric

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 90:10, v = 1.0 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 90:10, v = 1.0 mL min?, A = 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

A\

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)-B-pinene (78 puL,
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 pL, 0.60 mmol), H-B-9-BBN
(0.20 mL, 0.5 m in THF, 0.10 mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product
was purified by flash column chromatography (20 g SiO», 25 mm @, 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.

'H NMR (500 MHz, CDCls) 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).

3C NMR (126 MHz, CDCls5) 151.7, 131.4, 125.3, 119.5, 90.3, 84.2, 59.0, 34.8, 31.2, 24.5.
IR Vmax (neat) 3246 (br).

[a]Z? +58.3 (c0.12, CHC3).

MS (HRMS-ESI*) Found 225.12500 (C14H160Na) requires 225.12499.

Data were in accordance with those previously reported.®

Stoichiometric

HPLC: 90% e.e. (98% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 90:10, v = 0.4 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 90:10, v = 0.4 mL min, A = 254 nm, t (major) = 10.39 min, t

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

H OH
Z

According to the general procedure B stoichiometric reaction, 4-(4-methylphenyl)but-3-yn-2-one, 1c,
(71 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-(4-
methylphenyl)but-3-yn-2-one, 1c, (71 pL, 0.50 mmol), HBpin (87 L, 0.60 mmol), H-B-9-BBN (0.20 mL,
0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified
by flash column chromatography (20 g SiO,, 25 mm @, petroleum ether/diethyl ether 4:1) to give 4-
(4-methylphenyl)-3-butyn-2-ol, 5¢, for stoichiometric (0.031 g, 0.19 mmol, 39%) and substoichiometric

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

'H NMR (400 MHz, CDCls) 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, / = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCls) 138.5, 131.6, 129.1, 119.5, 90.3, 84.2, 58.9, 24.5, 21.5.
[a]Z? +40.2 (c 0.97, CHCI3).
Data were in accordance with those previously reported.

Stoichiometric

HPLC: 84% e.e. (91% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-(3-
methylphenyl)but-3-yn-2-one, 1d, (67 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL,
0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified
by flash column chromatography (20 g SiO,, 25 mm @, 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, CDCls) 138.0, 132.3, 129.3, 128.7, 128.2, 122.4, 90.6, 84.2, 58.9, 24.4, 21.2.

[a]%? +54.8 (c 0.31, CHCI3).

Data were in accordance with those previously reported.

Stoichiometric

HPLC: 74% e.e. (80% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 254 nm, t (major) = 5.34 min, t

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

H, OH
=

According to the general procedure B stoichiometric reaction, 4-(2-methylphenyl)but-3-yn-2-one, 1e,
(93 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-(2-
methylphenyl)but-3-yn-2-one, 1e, (93 pL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL,
0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified
by flash column chromatography (20 g SiO,, 25 mm @, 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, CDCls) 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, CDCl5) 140.2, 132.0, 129.5, 128.4, 125.6, 122.4, 95.1, 82.9, 58.9, 24.6, 20.6.
[a]Z? +4.91 (c 0.61, CHCI3).
Data were in accordance with those previously reported.®

Stoichiometric

HPLC: 73% e.e. (79% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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

H, OH

According to the general procedure B stoichiometric reaction, 4-(4-fluorophenyl)-3-butyn-2-one, 1f,
(62 uL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-fluoro-3-butyn-2-
one, 1f, (76 uL, 0.50 mmol), HBpin (87 pL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 m in THF, 0.10 mmol)
and (S)-B-pinene (16 plL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (20 g SiO5, 25 mm @, 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.

H NMR (600 MHz, CDCls) 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, CDCls) 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.

1F NMR (196 MHz, CDCls) 110.9.

[a]2° -44.0 (c 0.80, CHCls)

Data were in accordance with those previously reported.?

Stoichiometric

HPLC: 76% e.e. (83% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol =95:5,v=1.0 mL min}, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol =95:5,v=1.0 mLmin, A =254 nm, t (major) = 7.55 min, t (minor)

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

H, OH

Cl Z

According to the general procedure B stoichiometric reaction, 4-(3-chlorophenyl)but-3-yn-2-one, 1g,
(68 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-(3-
chlorophenyl)but-3-yn-2-one, 1g, (68 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL,
0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified
by flash column chromatography (20 g SiO,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 7.47-7.42 (m, 1H), 7.35-7.30 (m, 2H), 7.28-7.24 (m, 1H), 4.77 (qd, /= 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, CDCls) 134.1, 131.7, 129.8, 129.5, 128.7, 124.3,92.2, 82.7, 58.8, 24.3.

[a]Z? +22.6 (c 0.49, CHCI3).

Data were in accordance with those previously reported.

Stoichiometric

HPLC: 64% e.e. (70% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 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 x 25 cm), particle size =5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 254 nm, t (major) = 4.82 min, t

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

H, OH
=~ CDs

According to the general procedure B stoichiometric reaction, 4-phenyl-3-butyn-2-one-methyl-ds, 1h,
(99 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-phenyl-3-butyn-2-
one-methyl-ds, 1h, (89 pL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 m in THF,
0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified by flash
column chromatography (20 g SiO,, 25 mm @, petroleum ether/diethyl ether 3:1) to give 4-phenyl-3-
butyn-2-ol-methyl-ds, 5h, for stoichiometric (0.049 g, 0.33 mmol, 66%) and substoichiometric (0.052

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

4 NMR (500 MHz, CDCls) 7.49 — 7.42 (m, 2H), 7.36 — 7.31 (m, 3H), 4.78 (s, 1H).
2D NMR (77 MHz, CHCl5) 1.53 (d, J = 2.3 Hz, 3D).

13 NMR (126 MHz, CDCl5) 131.7, 128.4, 128.3,91.1, 84.0, 58.8, 24.1 (m).
[a]2° +45.2 (c 0.54, CHCls).

MS: (HRMS-EI*) Found 148.08330 (C10HsD30), requires 148.08362.
Stoichiometric

HPLC: 66% e.e. (72% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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

~_N
0

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)-B-pinene (78 pL, 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 uL, 0.60 mmol), H-B-9-BBN (0.20
mL, 0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted for 40 h. The product
was purified by flash column chromatography (20 g SiO,, 25 mm @, 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).

'H NMR (500 MHz, CDCls) 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.

[a]2° +45.7 (c 0.35, CHCls).
IR Vmax (neat) 3468 (br), 2987 (s), 2201 (s), 1613 (s).
MS (HRMS-ESI*) Found 246.14840 (CisH2002N), requires 246.14886.

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

hexane/2-propanol = 90:10, v = 0.4 mL min, A = 254 nm, t (minor) = 32.00 min, t
(major) = 35.70 min.]

546



Substoichiometric

HPLC: 82% e.e. (89% e.e. corrected) [Chiralpak ADH (0.46 x 25 cm), particle size =5 um
hexane/2-propanol = 90:10, v = 0.4 mL min™®, A = 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

H, OH

AN

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)-B-pinene (78
uL, 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 pL, 0.30 mmol), H-B-9-BBN
(0.10 mL, 0.5 M in THF, 0.05 mmol) and (S)-B-pinene (8.0 uL, 0.05 mmol) were reacted. The product
was purified by flash column chromatography (12 g SiO,, 25 mm @, 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, CDCls) 8.01-7.99 (m, 2H), 7.51-7.49 (m, 2H), 4.80 (g, J = 6.6 Hz, 1H), 3.94 (s, 3H),
1.59 (d, J = 6.6 Hz, 3H).

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

[a]%? -8.80 (c 0.50, CHCl3).

Data were in accordance with those previously reported.?°

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-a-methoxy-a-
trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through *F 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

HpH
\/\/\/\

According to the general procedure B stoichiometric reaction, 3-decyn-2-one, 1k, (76 pL, 0.50 mmol),
H-B-9-BBN (1.0 mL, 0.5 ™M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were reacted.
According to the general procedure C substoichiometric reaction 3-decyn-2-one, 1k, (76 uL, 0.50
mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16
pL, 0.10 mmol) were reacted. The product was purified by flash column chromatography (20 g SiO»,
25 mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCls) 84.8, 82.2, 58.7, 31.3, 28.6, 28.5, 24.8, 22.5, 18.7, 14.0.
[a]Z? +23.1 (c 0.012, CHCl3)

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

o

H ‘\\O\/(
\/\/\/\ o

According to general procedure D, dec-3-yn-2-ol, 5k, (28 uL, 0.20 mmol), pyridine (0.07 mL, 0.8 mmol)
and benzoyl chloride (23 uL, 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.

H NMR (500 MHz, CDCls) 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 vmax (neat) 2987, 2955, 2932, 2246, 1720, 1601, 1264.
MS (HRMS-ESI*) Found 259.16950 (C17H230,), required 259.16926.

Stoichiometric

HPLC: 39% e.e. (42% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 pm
hexane/2-propanol = 95:5, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 95:5, v = 0.4 mL min?, A = 220 nm, t (minor) = 3.798 min, t

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

According to the general procedure B stoichiometric reaction, 4-trimethylsilyl-3-butyn-2-one, 11, (72
pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 pL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-trimethylsilyl-3-
butyn-2-ol, 11, (72 uL, 0.50 mmol), HBpin (87 L, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10
mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (12 g SiO,, 25 mm @ 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.

'H NMR (500 MHz, CDCl5) 4.54 (q, J = 6.6 Hz, 1H), 1.47 (d, J = 6.6 Hz, 3H), 0.19 (s, 9H).

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

[a]%? -30.0 (c 0.2, CHCl5)

Data were in accordance with those previously reported.??

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-a-methoxy-a-
trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through °F 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 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 pL, 0.50
mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(3-
methyoxyphenyl)but-3-yn-2-one, 1m, (87 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20
mL, 0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted for 40 h. The product
was purified by flash column chromatography (20 g SiO», 25 mm @, 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.

H 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, CDCls3) 159.3, 129.4, 124.2, 123.6, 116.5, 115.1, 90.7, 84.0, 58.9, 58.8, 24.4.
[a]Z? +36.1 (c 2.24, CHCI3).
Data were in accordance with those previously reported.?°

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

hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size =5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 pL,
0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were
reacted. According to the general procedure C substoichiometric reaction, 5-phenoxypent-3-yn-2-
one, 1n, (71 pL, 0.50 mmol), HBpin (87 pL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 m in THF, 0.10 mmol)
and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (20 g SiO, 25 mm @, 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, CDCls) 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.

[a]%? +18.2 (c 0.88, CHCl3)

Data were in accordance with those previously reported.'*

Stoichiometric

HPLC: 76% e.e. (83% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 280 nm, t (major) = 10.01 min, t
(minor) =21.77 min.]
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5-Phenylthiopent-3-yn-2-ol, 50

I
‘O
I

X

o
According to the general procedure B stoichiometric reaction, 5-phenylthiopent-3-yn-2-one, 10, (74
uL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 5-phenylthiopent-3-
yn-2-one, 10, (74 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10
mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (20 g SiO,, 25 mm @, petroleum ether/diethyl ether 4:1) to give 5-phenylthiopent-3-

yn-2-ol, 50, 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, CDCls) 7.53-7.42 (m, 2H), 7.39-7.30 (m, 2H), 7.29-7.23 (m, 1H), 4.52 (td, /= 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, CDCls) 135.1, 130.5, 129.0, 127.0, 85.5, 80.0, 58.5, 24.3, 23.0.
[a]2° +33.3 (c 0.42, CHCls).
Data were in accordance with those previously reported.'

Stoichiometric

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size =5 pm
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 254 nm, t (major) = 7.72 min, t

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

H, OH
=

According to the general procedure B stoichiometric reaction, 6-phenylhex-3-yn-2-one, 1p, (74 pL,
0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were
reacted. According to the general procedure C substoichiometric reaction, 6-phenylhex-3-yn-2-ol, 1p,
(74 uL, 0.50 mmol), HBpin (87 L, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-
B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified by flash column chromatography
(12 g Si0,, 25 mm @, 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.

H NMR (600 MHz, CDCl) 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, CDCls) 140.6, 128.5, 128.4, 126.3, 83.9, 83.0, 58.6, 35.1, 24.7, 20.9.
[a]%? -28.6 (c 0.7, CHCs)
Data were in accordance with those previously reported.?

Stoichiometric

HPLC: 83% e.e. (90% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 1.0 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol =

80:20, v=1.0 mL min?, A =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

\ .
2

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)-B-pinene (78 pL,
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 uL, 0.60 mmol), H-B-9-BBN (1.2
mL, 0.08 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was
purified by flash column chromatography (20 g SiO,, 25 mm @, 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.?> 55-56 °C (ethyl acetate).

'H NMR (500 MHz, CDCl;) 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, CDCls) 150.2, 132.8, 111.8, 109.4, 88.8, 85.0, 59.1, 40.2, 24.6.
[a]2° +31.2 (c 1.25, CHCls).
Data were in accordance with those previously reported.?®

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

hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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

H OH

AN

According to the general procedure B stoichiometric reaction, 4-(4-methoxyphenyl)-3-butyn-2-one,
1r, (76 pL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50
mmol) were reacted. According to the general procedure C substoichiometric reaction, 4-(4-
methoxyphenyl)-3-butyn-2-one, 1r, (76 L, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20
mL, 0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was
purified by flash column chromatography (20 g SiO,, 25 mm @, 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.

H 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, CDCls) 159.7, 133.1, 114.7, 113.9, 89.6, 83.9, 58.9, 55.3, 24.9.

[a]Z? +23.1 (c 0.13, CHCl3)

Data were in accordance with those previously reported.!®

Stoichiometric

HPLC: 80% e.e. (87% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size =5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 254 nm, t (major) = 5.86 min, t
(minor) = 13.66 min.]
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1-Phenyl-1-pentyn-3-ol, 5s

H OH

According to the general procedure B stoichiometric reaction, 1-phenyl-1-pentyn-3-one, 1s, (86 L,
0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were
reacted. According to the general procedure C substoichiometric reaction, 1-phenyl-1-pentyn-3-one,
1s, (86 pL, 0.50 mmol), HBpin (87 pL), H-B-9-BBN (0.20 mL, 0.5 m in THF, 0.10 mmol) and (S)-B-pinene
(16 pL, 0.10 mmol) were reacted. The product was purified by flash column chromatography (20 g
Si0,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCls) 131.7, 128.4, 128.3, 122.7, 89.9, 85.0, 64.3, 31.0, 9.5.

[a]Z? -17.9 (c -0.005, CHCls)

Data were in accordance with those previously reported.®

Stoichiometric

HPLC: 73% e.e. (79% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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

H OH

Z

According to the general procedure B stoichiometric reaction, 4-methyl-1-phenyl-pent-1-yn-3-one, 1t,
(50 pL, 0.5 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol)
were reacted. According to the general procedure C substoichiometric reaction, 4-methyl-1-phenyl-
pent-1-yn-3-one, 1t, (74 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF,
0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified by flash
column chromatography (12 g SiO», 25 mm @, 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.

'H NMR (600 MHz, CDCl;) 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, CDCls) 131.7, 128.4, 128.3, 122.8, 88.9, 85.6, 68.4, 34.7, 18.1, 17.6.
[a]Z? -2.28 (c 0.7, CHCl5)
Data were in accordance with those previously reported.!®

Stoichiometric

HPLC: 56% e.e. (61% e.e. corrected) [Chiralpak IB (0.46 x 25 cm), particle size = 5 pm
hexane/2-propanol = 80:20, v = 1.0 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 1.0 mL min?, A = 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)-B-pinene (78 uL, 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 uL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF,
0.10 mmol) and (S)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified by flash
column chromatography (20 g SiO,, 25 mm @, petroleum ether/diethyl ether 5:2) to give 1-fluoro-4-
phenyl-3-butyn-2-01, 5u, for stoichiometric (0.052 g, 0.32 mmol, 63%) and substoichiometric (0.049

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

H NMR (400 MHz, CDCls) 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, /= 177 Hz), 86.3, 84.6, 62.3 (d, J = 24
Hz).

19F NMR (376 MHz), CDCl3) -223.5.
[a]3° +134.8 (c 0.23, CHCl3).
Data were in accordance with those previously reported.?®

Stoichiometric

HPLC: 72% e.e. (78% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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

OH
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According to the general procedure B stoichiometric reaction, 1,1,1-trifluoro-4-phenylbut-3-yn-2-one,
1v, (77 uL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 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 uL, 0.50 mmol), HBpin (87 pL, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 ™M
in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product was purified by
flash column chromatography (20 g SiO,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 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).
F NMR (376 MHz, CDCl3) -79.4.

[a]Z? +17.1 (c 0.35, CHCl3)

Data were in accordance with those previously reported.?’

Stoichiometric

HPLC: 64% e.e. (70% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 80:20, v = 0.4 mL min?, A = 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 uL, 0.50 mmol), H-B-
9-BBN (1.0 mL, 0.5 M in THF, 0.50 mmol) and (S)-B-pinene (78 uL, 0.50 mmol) were reacted. According
to the general procedure C substoichiometric reaction, pyruvonitrile (36 uL, 0.50 mmol), HBpin (87 pL,
0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 m in THF, 0.10 mmol) and (S)-B-pinene (16 puL, 0.10 mmol) were
reacted. The product was purified by flash column chromatography (20 g SiO», 25 mm @, 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, CDCls) 4.62 (q, J = 6.8 Hz, 1H), 1.63 (d, J = 6.8 Hz, 3H).

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

[a]%? -89.7 (c 0.29, CHCI3).

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

According to general procedure D, 2-hydroxypropanenitrile (14 pL, 0.20 mmol), pyridine (0.07 mL) and
benzoyl chloride (23 pL, 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.

H NMR (500 MHz, CDCls) 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 (g, = 7.0 Hz, 1H), 1.80 (d, J = 7.0 Hz, 3H).

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

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

Data were in accordance with those previously reported.?

Stoichiometric

HPLC: 66% e.e. (72% e.e. corrected) [Chiralpak ODH (0.46 x 25 cm), particle size = 5 um
hexane/2-propanol = 95:5, v =0.4 mL min, A = 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 x 25 cm), particle size = 5 um
hexane/2-propanol = 95:5, v =0.4 mL min, A = 254 nm, t (major) = 7.11 min, t (minor)

=7.55 min.]
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1,2:3,4-Di-O-isopropylidene-6-0O-(but-2-yn-3-ol)-a-D-galactopyranoside, 5x

\FSCEO%Q(/O/i

According to the general procedure B stoichiometric reaction, 1,2:3,4-di-O-isopropylidene-6-O-(but-
2-yn-3-one)-a-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)-B-pinene (78 uL, 0.50 mmol) were reacted. According to the general procedure C
substoichiometric reaction, 1,2:3,4-di-O-isopropylidene-6-0-(but-2-yn-3-one)-a-D-galactopyranoside,
1x, (0.17 g, 0.50 mmol), HBpin (87 L, 0.60 mmol), H-B-9-BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and
(5)-B-pinene (16 pL, 0.10 mmol) were reacted. The product was purified by flash column
chromatography (20 g SiO,, 25 mm @, petroleum ether/diethyl ether 3:1) to give 1,2:3,4-di-O-
isopropylidene-6-O-(but-2-yn-3-ol)-a-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.
'H 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, /= 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 (C17H2607) required 343.17513.

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

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

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

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

H OH

"1,

According to the general procedure B stoichiometric reaction, 1,3-diisopropyl-2-(5-phenoxy)pent-3-
yn-2-one, 1y, (130 uL, 0.50 mmol), H-B-9-BBN (1.0 mL, 0.5 m in THF, 0.50 mmol) and (S)-B-pinene (78
uL, 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 uL, 0.50 mmol), HBpin (87 uL, 0.60 mmol), H-B-9-
BBN (0.20 mL, 0.5 M in THF, 0.10 mmol) and (S)-B-pinene (16 uL, 0.10 mmol) were reacted. The product
was purified by flash column chromatography (20 g SiO,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 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 (C17H2502Na), required 283.16685.

IR Vimax (neat) 3363 (br), 2356 (w).

[a]3° +19.2 (c 0.112, CHCl3).

Enantiomeric excess determined through derivitisation with Mosher’s acid [(S)-a-methoxy-a-
trifluoromethylphenylacetic acid]. The resulting diastereotopic ratio was determined through *F 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

(5)-B-Pinene (16 pL, 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 pL, 0.50
mmol) was added at 0 °C. HBpin (87 pL, 0.60 mmol) was added dropwise by syringe pump over the
course of 16 hours (5.4 pL ht). The product was purified by flash column chromatography (20 g SiO,
25 mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCls) 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 x 25 cm), particle size = 5 um hexane/2-
propanol = 80:20, v = 0.4 mL min, A =254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.]

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

H, OH

=

(S)-B-Pinene (16 pL, 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 pL, 0.50

mmol) were HBpin (87 plL, 0.60 mmol) added at 0 °C. The product was purified by flash column
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chromatography (20 g SiO,, 25 mm @, 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.

'H NMR (500 MHz, CDCls) 7.49-7.43 (m, 2H), 7.37-7.30 (m, 3H), 4.58 (q, / = 6.1 Hz, 1H), 1.91-1.82 (m,
2H), 1.54 (s, 1H), 1.11 (t, /= 7.4 Hz, 3H).

13C NMR (126 MHz, CDCl;) 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 x 25 cm), particle size = 5 um hexane/2-

propanol = 80:20, v = 0.4 mL min, A = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.]

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

H, OH

(5)-B-Pinene (16 uL, 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 L, 0.50
mmol) were HBpin (87 uL, 0.60 mmol) added at —20 °C. The product was purified by flash column
chromatography (20 g SiO,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCls) 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 x 25 cm), particle size = 5 um hexane/2-

propanol = 80:20, v = 0.4 mL min%, A = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.]

S67



1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v

H OH
_F
Z F

F

(S)-B-pinene (16 pL, 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 pL,
0.50 mmol) was added at 0 °C. HBpin (87 uL, 0.60 mmol) was added dropwise by syringe pump over
the course of 16 hours (5.4 pL h?). The product was purified by flash column chromatography (20 g
Si0,, 25 mm @, 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.

H NMR (500 MHz, CDCls) 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, CDCls) 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 x 25 cm), particle size = 5 um hexane/2-

propanol = 80:20, v = 0.4 mL min%, A = 254 nm, t (major) = 5.20 min, t (minor) = 6.06 min.]
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S9 Reaction progress and Eyring plot.
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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 ds-THF (0.50 mL) and reacted at room temperature for 16
hours. !B 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 pL, 1.38 mmol) was
added to the sealed tube. The sealed tube was heated at a specified temperature using a Bruker
Avance Ill 400 MHz spectrometer. *H NMR spectroscopy was gathered at 1 minute intervals for 30
minutes. Conversion was determined by integration of the resonances 5.21 (q, / = 6.6 Hz) (borinic

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

rate

kop =
°bs ~ Iporinic ester][HBpin|
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b) Eyring plot Ln(kobs/T) vs 1000/T
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S11 NMR data.
4-Phenyl-3-butyn-2-one, 1a
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Methyl (4-tert-butylphenyl)ethynyl ketone, 1b

'H NMR
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4-(4-Methylphenyl)but-3-yn-2-one, 1c

'H NMR
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4-(3-Methylphenyl)but-3-yn-2-one, 1d

'H NMR
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4-(2-Methylphenyl)but-3-yn-2-one, 1e

'H NMR
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4-(4-Fluorophenyl)-3-butyn-2-one, 1f
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F NMR
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4-(3-Chlorophenyl)but-3-yn-2-one, 1g
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4-Phenyl-3-butyn-2-one-methyl-ds, 1h

'H NMR
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-one, 1i

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

'H NMR
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3-Decyn-2-one, 1k

'H NMR
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4-(3-Methoxyphenyl)but-3-yn-2-one, 1m

'H NMR
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5-Phenoxypent-3-yn-2-one, 1n
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5-Phenylthiopent-3-yn-2-one, 10

'H NMR

il

T T T
A - pl
g sz 2 g
R 3 3
T T T T T T T T T T . T T T
.0 7.5 7.0 6.5 8.0 5s 50 4.5 4.0 35 30 25 20 1.5 1.0 05 [
1 (ppm)}
13
CNMR
E A 2 % & - 4R 3 a
2 5 - EE 2 E
| | | | W | |

T T T T T T T T T T T T T T T T T T T T T T T
130 220 210 200 190 180 170 160 150 140 130 120 110 100 S0 80 70 €0 50 40 M 20 10 0 -1D
1 (ppm} o

588



6-Phenylhex-3-yn-2-one, 1p

'H NMR
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4-(4-N,N-Dimethylaniline)but-3-yn-2-one, 1q

'H NMR
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4-(4-Methoxyphenyl)-3-butyn-2-one, 1r

'H NMR
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1-Phenyl-1-pentyn-3-one 1s
H NMR
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4-Methyl-1-phenylpentyn-3-one, 1t

'H NMR
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1-Fluoro-4-phenyl-3-butyn-2-one, 1u

'H NMR

7T T
294 &
AoR =
T T T T T T T T T T T T T r T T T T T T
1.0 0.5 100 9.5 9.0 BS5 80 7.5 70 6.5 60 5.5 5.0 4.5 4.0 35 30 25 2.0 1.5 10 0S5 0.0
» 1 (ppm)
13
CNMR
[ ]
R REE X o TE
L a8 2 # g
W v | | Ve
]
. J n
r T T T T T T T T T T
210 200 1%0 180 170 160 150 140 130 120 110 100 90 70 &0 50 40 30 20 10 o -10

| ] 1 (ppm)

594



F NMR
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-one, 1v

'H NMR
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F NMR
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1,2:3,4-Di-O-isopropylidene-6-0O-(prop-2-ynyl)-a-D-galactopyranoside, S1x

'H NMR
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1,2:3,4-Di-O-isopropylidene-6-0O-(but-2-yn-3-one)-a-D-galactopyranoside, 1x

'H NMR
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1,3-Diisopropyl-2-(5-Phenoxy)pent-3-yn-2-one, 1y

'H NMR
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4-Phenyl-but-3-yn-2-ol, 5a
'H NMR
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4-[4-(2-Methyl-propanyl)phenyl]-3-butyn-2-ol, 5b
'H NMR
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4-(4-Methylphenyl)-3-butyn-2-ol, 5¢
'H NMR
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4-(3-Methylphenyl)-3-butyn-2-ol, 5d
'H NMR
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4-(2-Methylphenyl)but-3-yn-2-ol, 5e

'H NMR
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4-(4-Fluorophenyl)but-3-yn-2-ol, 5f

'H NMR:
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F NMR
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4-(3-Chlorophenyl)-3-butyn-2-ol, 5g

'H NMR
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4-Phenyl-3-butyn-2-ol-methyl-ds, 5h

'H NMR
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13C NMR
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-ol, 5i
'H NMR
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Methyl 4-(3-hydroxybut-1-yn-1-yl)benzoate, 5j

'H NMR
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Dec-3-yn-2-ol, 5k

'H NMR
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Dec-3-yn-2-ol acetate, S5k

H NMR
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4-Trimethylsilyl-3-butyn-2-ol, 5/

'H NMR
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4-(3-Methoxyphenyl)-3-butyn-2-ol, 5m

'H NMR
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5-Phenoxypent-3-yn-2-ol, 5n

'H NMR
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5-Phenylthiopent-3-yn-2-ol, 50

'H NMR
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6-Phenylhex-3-yn-2-ol, 5p

'H NMR
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4-(4-N,N-Dimethylaniline)but-3-yn-2-ol, 5q

'H NMR
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4-(4-Methoxyphenyl)but-3-yn-2-ol, 5r

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

'H NMR
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4-Methyl-1-phenyl-pent-1-yn-3-ol, 5t

'H NMR
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Fluoro-4-phenyl-3-butyn-2-ol, 5u
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v

'H NMR
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F NMR
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2-Hydroxypropanenitrile, 5w

'H NMR
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2-Benzoyloxy-1-butyronitrile, S5w
'H NMR

Phj\o H
N
J

N

T g 3
S S S =
< ERN “
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
13
CNMR
g 3853 8 © 3
3 SR8 ] N a
VSNV

o

Ph

Y,

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)



1,2:3,4-Di-O-isopropylidene-6-0O-(but-2-yn-3-ol)-a-D-galactopyranoside, 5x

'H NMR
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1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, 5y

'H NMR
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$12 HPLC data.

4-Phenyl-but-3-yn-2-ol, 5a

Racemate
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4-[4-(2-Methyl-propanyl)phenyl]-3-butyn-2-ol, 5b
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MWD1 G, Sig=254.4 Ref=360,16 (DCUOANNE 2019-02-22 17-07-3NKNO1087A4.00

mil |
1200 — )
1 g &
1000—_ gvté“
200
800
400
200
o]
T T T T T T T T 1
5 10 15 20 25 30 35 40 min
[ [ ]
File Inf Time Area Height width Area¥ Symmetry
[ LCFile [KNO102744.0 - [ [ 1192 [ 145875 [ 13907 [ 17491 | 50577 | 0782 |
[ File Path | C:ACHEM32414DATANDCA DANNE 2019-02-22 17-07-374 [ 2] 208 | 1426188 | 316 | 25343 [ 49423 [ 063 |
Stoichiometric
| MWD1 C, Sig=254.4 Ref=360,16 (DCWOANNE 2019-02-25 16-51-55\KN010684B.0)
mall | b .
] il
. A
2=
o
_2_:
4
] &
7 il
- g &
J g",géh
2| —
1 e b e e
- T T T T T T T T 1
10 12.5 15 17.5 20 225 25 275 min
[« o]
File Ink Time Area Height Width Areak Symmebiy
[ LC-File [KNO10648.D - [T ] 1o [ 13402 ] 13 [ 1723 [ 96317 | 085 |
I File Path | CACHEM3241\DATANDCAOANNE 2019-02-26 16-51-654 [ 2] 22 | B5.8 | see1 | 139903 | 4ee3 | 083 |
Substoichiometric
MWOD1 C, Sig=254.4 Ref=360,16 (DCJOANNE 2018-02-25 16-51-55\WN0 10638 0)
-
S
vt i e
0 2 s 8 P 20 = 24 22 mn
K] )
File Infi # Time Area Height Width AreaX Symmetry
[ LC-Fils [ KNOT0B3E.D - IEREEE T 85 [ 1533z [ eges | o7aa |
| File Path | C:\CHEM324 15DATANDCAWOANNE 2015-02-25 16-61-55\ 2] 208 ] 916 | ezl | 24603 | 10043 | 0459 |
I mo lacr_Lan anaa.on

5133




4-(4-Methylphenyl)-3-butyn-2-ol, 5¢
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4-(3-Methylphenyl)-3-butyn-2-ol, 5d
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4-(2-Methylphenyl)but-3-yn-2-ol, 5e
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4-(4-Fluorophenyl)but-3-yn-2-ol, 5f
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4-(3-Chlorophenyl)-3-butyn-2-ol, 5g
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4-Phenyl-3-butyn-2-ol-methyl-ds, 5h
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4-(4-N,N-Diethylbenzamide)but-3-yn-2-ol, 5i
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Dec-3-yn-2-ol acetate, S5k
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4-(3-Methoxyphenyl)-3-butyn-2-ol, 5m
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5-Phenoxypent-3-yn2-ol, 5n
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[ LCFile [KND1-1170.0 - [T ] 1108 [ 16179 ] 835 [ 033 [ 50007 [ o782 |
I File Path | C:ACHEM3201\DATANDCWOANNE 20130312 16-51-534 | 2] 25787 | 18175 | 302 | osaes | 43993 [ 1e97 |
f e
Stoichiometric
‘ MWD D, Sig=280,4 Ref=360,16 (DC\JOANNE 20190313 14-32-13\KN01-0948.0)
mN_l_:
ao—f
70
LE
s0-
0=
a0
| \;\b
E o3
- § o
102 e
0 e N
10 12 14 18 1 20 2 24 rin
K| I I
File Inf: ti # Time Area Height Width Area? Symmetry
LCFile [KNO1-094B.D | [1 ] 10145 [ 15538 | 91.5 [ 02wz [ 87987 | 0728 |
File Path | C:ACHEM32414DATAMDCHOANNE 20190313 14-32-134 | [ 2] 2232 | 2121 [ 55 | ogae [ 1zmz | oga |
Substoichiometric
| MWD1 D, Sig=280.4 Ref=360,16 (DC\JOAMNE 2019-03-13 14-32-13WN01-095A.0)
miLl - =}
s0-
0=
20-
20-
] e
: 2 8
10— o
: o
0l . ./_\
h T T T T T T T
10 12 14 16 18 20 22 min
[« I i
File Inf ki # Time Area Height Width Area¥ Symmetiy
[ LC-File [KNO1-0954.D -] [1 ] 1om ] 312 | 56.8 [ 02115 [ 82205 | 0832 |
I File Path | C:ACHEM32414DATANDCWOANNE 20190313 14-32134 | [ 2] =7ee [ 1974 ] 5.3 | ogzs [ 1778 | 0837 |
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5-Phenylthiopent-3-yn-2-ol, 50

Racemate

| MWD1 G, Sig=254.4 Ref=360,16 (DCUOANNE 2019-04-18 17-03-15\WN01-147.0)

10.355

T o
min

]

File Inf ki Time Area Height

Width

Area¥ Symmetry

LC-File | KNO1-147.0 7258 [ 137952 | 3871

[ 0213

[ 80358 | 0699 |

CACHEM32ANDATANDCA DANME 2019-04-18 17-03-154 | | 10.355 | 13553.3 | 737

[ oo

| 49g42 | nass |

File: Path

Stoichiometric

| MWD G, Sig=254,4 Ref=360,16 (DCWOANNE 2013-03-18 17-57-349KN0 109640

700

800

10178

] [

File Inf i Time Area

Height

Width

Area¥  Symmetry

LC-File [KND10964.D 7123 [ g1s48 | 743

[ 01971

[ a0183 [ 0771 |

[ 10178 [ 95 | 56.9

I File Path | C:ACHEM3241\DATAVDCWDANNE 2013-03-18 17-67-34% I

[ 02133

| as17 [ oz |

Substoichiometric

| MWD1 C, Sig=254.4 Ref=360,16 (PCWJOANNE 2019-03-18 17-57-34KN01097A.0)

~

1200

1000

800

800

400

200

min

File Inf ki Time Area Height

Width

Area¥ Symmetry

[ LC-File [KND10974.D 7717 | 22026 | 18288

01708

[ 85738 | 063

I File Path | C:ACHEM32415\DATAVDCWOANNE 20130318 17-57-34% [2] 11mz | w27 | 2038

0.2543

[ 14262 | o84 |

5144




6-Phenylhex-3-yn-2-ol, 5p

Racemate

| MWD1 B, Sig=220 4 Ref=360,16 [DCJOANNE 2020-02-11 10-01-48UD04152F.D)

o
T
T T T ; T
8 il 10 12 14 min
[ -+
File Inf i # Time Area Height Width Area¥ Symmetry
[ Diate | 11-Feb-20, 10:04:03 | 4 [ 1] &3 | 148883 [ 12186 | 02009 | 45713 | 063 |
[ Sample [JD04163F | [ 2] me | trero4 | 7668 | 03889 | 54887 | 2074 |

Stoichiometric

| MWD1 A, Sig=210.4 Ref=360,16 (DCWJOANNE 2019-01-18 13-03-31\J0033962.0)

g
oo b b bl bo v Lol

o 2 4 (i 8 10 12 14 16 18 min
[+ [+]
File Inf ki # Time Area Height Width Area¥ Symmetry
[ File Path | C:ACHEM32415DATANDCAOANNE 2019-01-18 13-0331% < [1 ] 5844 [ 37022 [ 3435 [ 01797 [ 91534 | 0578 |
[ Date [18-Jan-19, 13:57:46 ; 217 933 [ 338 | 24.4 [ oz:7 T sa6 [ 083 |
Substoichiometric
| MWD1 B, Sig=220, 4 Ref=360,16 (DCWIOANNE 2019-01-18 11-20-32\.JD03397.0)
mALl -]
400—-
300—-
] o
200 — e
] R
100 —|
o
B T T T T T 1
(i 8 10 12 14 min
[T |
File Inf L] # Time Area Height Width Area¥ Symmetry
[ File Path [ C:ACHEM32\T\DATANDCMODANNE 20190118 1120324 4] [T ] 8047 5226 | 505 [ 01725 [ 78842 | 0868
[ Date [18-Jan-19, 11:21:52 . [ 2] 88w | 161 | 1088 | 024 | 23058 | 0995 |
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4-(4-N,N-Dimethylaniline)but-3-yn-2-ol, 5q

Racemate

| MWD1 C, Sig=254,4 Ref=360,16 (DCWOANNE 2018-03-08 11-04-16\KN01-117A.D)

2

2
=]

&
=1

5
a

=
=1

=)

T~

9.126

=
[=]
N N A R I W

File Informati

[ LC-File [KNO1-1174.D

Time

Area

Height

Width

AreaX

Symmetry

£.907

70216

[ s@26

[ 01786

[ 43.890

[ 0633

[ Filz Path | CACHEM32414DATAMDCWOANNE 2019-03-08 11-04-16% |

9126

70525

[ 44m4

[ 02w

[ s0.110

[ n7e

Stoichiometric

| MWD C, Sig=254,4 Ref=360,16 (DCWOANNE 2019-03-08 11-04-168\N01-1158.0)

82

2 5 5 &
=1 =] =1 =)

=]

)

File Inf

LC-File | KNO1-1158.D

Time

Area

Height

Width

Area%

Symmely

7.036

6433

[ 535

[ 01784

[ 83706

063

File Path

CACHEM 324 ADATANDCWOANNE 2019-03-08 11-04-16% |

9325

7333

| 476

[IEES

| 10294

0.843

Miate I NARA19 122108

Substoichiometric

| MWD1 C, Sig=254,4 Ref=3680,16 [DCWJOANNE 2019-03-08 11-04-18\KND1-118A.0)

82 8 &8 8§ 8 1
[EWRWE WS NS NI W RN NN

=1
=]

o

a.471

o

min

File Informati

Area

Height

Width

AreaX

Symmetry

[ LCFile [KND1-1164.D

8675.8

7067

[ 01867

[ 73.858

[ 0E07

I File Path | C:ACHEM32414DATANDCHWOANNE 2019-03-08 11-04-164 |

a070.8

196.2

| ozam

| 26142

| o7




4-(4-Methoxyphenyl)but-3-yn-2-ol, 5r

Racemate

MWD1 G, Sig=254.4 Ref=360,16 (DCLWIOANNE 2018-11-08 13-14-16\003280.0)

mall |
200—:
150—-
: w
] =
100 2
50~
o-
: T T T T T 1
(i 8 10 12 14 min
[ i
File Inf: ki # Time Area Height Width Area® Symmelry
File Path [ C:ACHEM32\1\DATANDCWOANNE 20181108 131416 [1] 5w [ 2654 [ 2798 [ 0145 [ 50098 [ 0767 |
Date [08-Now-18, 1315:07 [2 ] 1ams [ 26053 | 118 | ozess | 43902 [ 0305 |
Stoichiometric
‘ MWD1 C, Sig=254,4 Ref=360,16 (DC\JOANNE 2018-11-14 14-36-20\KN01-20A.D)
mil - 2
500 |
41]1]:
EH]O{
200;
100—: Q
0 /\
s s 10 5 A 18 in,
[T o
File Inf i Time Area Height Width Area% Symmebiy
[ LC-File [KND1-208.0 - [1] ses6 [ aszz2 [ 5285 [ 01402 [ 69893 | 0745 |
| File Path | CACHEM3ZATADATANDCA DANNE 2018-11-14 14-36-20% 2] 1 | =zzos | 923 [ mzez1 [ 30107 [ nsga |
Substoichiometric
| MWD1 C, Sig=254 4 Ref=380,16 (DCWOANNE 2018-11-08 13-14-16\MN01194.0)
mal | @
2000
1750—5
1500—;
1250—f
1000—5
750—5
500—5
E =
250—: g
P — : :
h T T T T T T T T T (U
-] T 8 9 10 11 12 13 14 min
K] [0
File Inf # Time Area Height Width Area¥X Symmetry
[ LCFile [ KNOT134.D - [T ] &1 | 1o973k4 [ 2808 [ 0123 [ 90083 [ 0877 |
I File Path | C:\CHEM32414DATAMDCHWOANNE 2018-11-08 13-14-164 2] 139 [ a7e7 | %B.7 | ozmss | asm | o9 |




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

Racemate
| MWD1 C, Sig=254,4 Ref=360,16 (DC\JOANNE 2013-02-14 15-06-05\WND1-087TE.D)
800 |
700—5
BDO—E
E o
500 | o
400—5
300—5
200—5
100—5
'E ' : .
7| T T T T T T T 1
o 25 5 75 10 128 15 17.5 min
[ [+]
File Inf ti # Time Area Height Width Area¥ Symmebry
I LC-File [KNO1-087E.D - [+ ] o077 [ 7o7ae | 2433 [ 01264 [ 50.062 | 0O.ES6 |
| File Path | C:ACHEM32431ADATAND CWOANNE 2019-02-14 15-06-05% [2] 9em | 70888 [ 4526 [ 02279 | 49938 | 0907 |
Stoichiometric reaction
| MWD1 G, Sig=254,4 Ref=360,16 (DCWOANNE 2015-02-20 14-17-06\WN01050.0)
mall |
1200
1000-
300—:
00—
400 o~
1 g
200—_ ;‘.Yté'
7 _/\
a T T T T T T 1
5 (i T 8 a9 10 min
[ O
File Inf ti # Time Area Height Width Area¥ Symmetry
[ LC-File [KNO10S0.0 - [1 ] 4974 [ 106447 | 13196 [ 01344 [ 85080 [ 0702 |
I File Path | C:ACHEM32415DATANDCWOANNE 2013-02-20 14-17-06% [ 2] mseee | @67 | 1325 | o248 [ 14920 | 0836 |
Substoichiometric reaction
| MWD1 G, Sig=254.4 Ref=360,16 (DCWOANNE 2019-02-20 14-17-06WN01049.0)
mall |
2000 _{g;'-\
] 267
] G
151]0—_
1000—:
500—:
o] .
h T T T T T T
5 (i T 8 9 min
[« [ i
File Inf i # Time Area Height Width Area¥ Symmelry
[ LC-File [KND1049.0 - [1 ] 4999 [ 322172 [ 25008 | 02147 | 58237 | 0773
I File Path [ C:ACHEM324T\DATAADCYW DANNE 20715-02-20 14-17-06% [ 2] 835 [ zmm3y [ 1ss8e [ o247 | sive3 | 082 |




Slow addition experiment

| MWD1 D, Sig=280,4 Ref=360,16 (DCWOANNE 2013-08-26 15-48-08'N02-109.0)

ALl | [
e0-
140
120
100
20—
60~
40-
: 9
- @
20— o
o=
) T T T T T T T
0 25 5 7.5 10 12.5 15 17.5 min
[ [+]
File Inf ti # Time Area Height Wwidth Area¥ Symmelry
LC-File [KNO2-103D [1] s083 [ 1945 [ 1726 [ 01042 [ 80104 [ 075 |
File Path | CACHEM32VTADATANDCA DANNE 2015-08-26 15-48-06% [ 2] 88 [ 2%7 | 236 | 01574 [ 19896 | 0817 |
Date | 26-Aug-19. 15:50:20
Samnle [KMO2AM9
Reduced loading of H-B-9-BBN (10 mol%)
| MWD D, Sig=280 4 Ref=360,16 (DCWJOANNE 2019-09-24 17-20-59WN02-142.0)
maLl | ] &
700-| ﬁ
E E
800
500—5
44]0%
:wo—f
200-5 o \,\‘@
E 3 aé\
100 o
LE
25 5 75 10 125 15 17.5 min
[oI [+]
File Information # Time Area Height Width Area%  Symmetby
LC-Fils [KMD2-142D [ 487 [ Ezo06 | 7456 | 071386 81458 [ 0717
File Path [ CACHEM324150ATAADCLIOANNE 20130324 172059, IR 933 | nzaes | 18541 | 1268 |
Date | 24-5ep-19, 18:15:62
Reduced reaction temperature
| MWD1 D, Sig=280,4 Ref=360,16 (DC\JOANNE 2019-09-24 17-20-59\WN02-143.0)
mall—|
360 —
:-uJu—f
250—5
200—5
150 —
100—5 .
: i
50 e
o-
“ T T T T T T 1
o 25 5 75 10 12.5 17.5 min
[T ]
File Ink: i Time Area Height Width Area¥  Symmetry
LCFile [KNO2-143.0 [T ] amme [ 2o548 | 389.6 [ 0109 [ eoeea [ 0641 |
File Path | C:A\CHEM32414DATANDCWOANNE 2019-09-24 17-20-53% [ 2] 872 ] 583.3 | 50.8 | o191 [ 1@z [ 1003 |
Date | 24-5ep-19, 13:08:40
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4-Methyl-1-phenyl-pent-1-yn-3-ol, 5t

Racemate

MWD1 C. Sig=254.4 Ref=360.16 (DCWOANNE 2018-10-29 10-51-290D03185.0)

maLl |
3 &
400—_ 8 _'}‘,}W
i =
300 |
200{
100—:
0- . ‘
h T T T T T |
45 5 55 (i1 65 7 min
[ I ]
File Ink # Time Area Height width AreaZ Symmeby
[ LC-File [JDO3185.D - [t ] 4472 [ 26134 [ 4683 [ 00332 [ 50455 | 0552 |
I File Path | C:ACHEM32414DATAMDCYWOANNE 2018-10-23 10-51-294 2] ®12 | 2521 [ 321 | 01374 [ 49544 | o07es |
Stoichiometric
MWD1 C. Sig—254.4 Ref=360.16 (DCUJOANNE 2018-10-29 10-51-Z9\D03184.0)
Al
2000
1500 |
] &
1000 | 5 ‘g
1 s
5{]0{
0] .
- T T T T T T il
4 45 5 5.5 -] a5 min
(K1} Ic]
File Inf # Time Aea Height Width Area®  Symmebiy
[ LCFils [JDO3184.0 - [ 4432 | 202296 | 24804 [ 01376 | 78323 | 0764 |
| File Path | CACHEM32\15DATAADCAM OANNE 2018-10-29 10-51-25 | 2 6127 | BRI | B822 | 0138 | 21677 | 11a |
Substoichiometric
MWD1 D, Sig=280.4 Ref=360,16 (DCLOANNE 2018-10-29 10-51-29u003183.0)
mALl | =
25—
20-
: 3
15— &
10—
5—
0-
T T T T T T ]
4 45 5 5.5 L] 8.5 min
[« | I
File Inf L] # Time Area Height Width Area¥ Symmetry
LCFile [JD03183.0 - [T ] 404 [ 128z ] ] [ 00683 [ 60707 | 0734 |
File Path | C:A\CHEM32414DATANDCWOANNE 2018-10-29 10-51-294 [ 2] 5154 | a3 [ 138 [ ooem | 39293 | o7e3 |




1-Fluoro-4-phenyl-3-butyn-2-ol, 5u

Stoichiometric

| MWD B, Sig=220 4 Ref=360,16 (DCWJOANNE 2019-06-11 17-43-33WN02-022.0)

800

500

&
a
nollononlnnoolnosolonanlonnolonnolonns

Q875
2

T 1
12 min

File Inf

Area

Height

Width

Area

Symmetiy

71987

B33

0158

[ ee20z [ 0828

#
[ LCFile [KNOZ-022.D | [1
z

11823

629

01388

[ 13798 [ 0983

| File Path | C\CHEM32414DATANDCWOANNE 20150611 17-43-33% | |
I 1

Fioie 141 w10 270040

Substoichiometric

| MWD B, Sig=220,4 Ref=360,16 (DCWOANNE 2019-06-11 17-43-33WWN02023.0)

@

HE
E

2
2

&
&

]
2

]
2

5]
2

=]
=1

=

8824

min

File Inf

Height

Width

AreaZ%  Symmehliy

LC-File:

KNO2-023 D

7461

01574

[ 6607 | 077

File: Path

CACHEM32ATADATANDCAOANMNE 2019-06-11 17-43-334

2385

02293

| 33833 [ o8

Date

aJun19.23:01:22
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1,1,1-Trifluoro-4-phenylbut-3-yn-2-ol, 5v

Racemate

MWD1 G, Sig=254 4 Ref=360,16 (DCWOANNE 2019-04-09 16-51-58WN01-142A.0)

3
a

&
a

5
a

[=]
®
0

| 266

o

o
=)
=]

sl b b b b ol bo ool ol

5.5 5.75

6.5

File Informati

[ LC-File [KND1-1424.D

Time

Area

Height

Width

Area¥ Symmelry

5.303

178433

16347 |

01383

[ 43071 [ 0B85 |

[ File Path | CACHEM3241\DATANDCN OANNE 2013-04-09 1651584

Stoichiometric

E.266

185183

14853 [ 0156

[ sogzs [ o7sr |

| MWD1 G, Sig=254.4 Ref=360,16 (DCUOANNE 2019-04-10 16-27-23WN01-134A.0)

2

2000

=
2

1500

]
a

1000

o
3

&

ra
a8

o

6.100

T 1
11 min

File Informati

[ LCFile [KNO1-1344.D

Area

Height Width

Area¥ Symmetry

277N 2

2218 | 01485

[ @542 | 0459

[ Filz Path | CACHEM32315DATANDCWOANNE 2015-04-10 16-27-234

Substoichiometric

62736

5E8.1 | 01715

| 18458 | 0737 |

MWD1 G, Sig=254 4 Ref=360,16 (DCWOANNE 2013-04-10 16-27-23WN01-135A.0)

2

1400

1200

1000

o
=1
=]

2
a

&
a

5
=]

T~

6059

=]

55 (]

7.5 min

File Informati

I LC-File [KMO1-1354.0

Area

Height

Width

Area¥ Symmetry

16009.4

15018 ]

01434

[ 56413 [ 0595 |

| File Path | C:ACHEM32\TADATANDCA OANNE 2013-04-10 16-27-23%

12369.4

10707 |

01783

| 43587 [ o077 |




Slow addition experiment:

MWD D, Sig=280.4 Ref=380.16 (DCWWOANNE 2018-08-28 14-52-33\BLANK_1.0)

mAl - & &
800 r;g}
] o
.’:DD—_
400
300-
: &
200 2 _@\
: ol
100-
o
T T T T T T T |
0 25 5 75 10 126 15 176 min
[« ] o]
File Inf ki # Time Area Height ‘Width Area® Symmebry
LC-File [BLANK_1D [T ] 4529 33576 | FI74 [ D006 | 7753 | DEM |
File Path | CACHEM32415DATAND CWOANNE 2019-08-28 14-52-334 [ 2] &0 10163 | 141 | 01202 | 23247 | D78 |
Date | 28-4ug-19, 151611
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2-Benzoyloxy-1-butyronitrile, S5w

Racemate

MWD1 C, Sig=254.4 Ref=360,16 (PCWJOANNE 2013-03-12 16-51-53\N01-104RAC.0)

mall | o
120
100
20—
e
40-
20
o-
: T T T T T 1
8 10 12 14 16 18 min
[ I 2]
File Ink ki # Time Area Height Width AreaX Symmetiy
[ LC-File [KNO1-104RAC.D - [1 ] anz 2679.5 1466 | 02432 [ 43337 | 0589
I File Path | CACHEM32414DATANDCHWOANNE 20190312 16-51-534 [ 2] 10448 2751.5 14329 | 02665 [ Boeel | 0EB2 |
Stoichiometric
MWD1 C, Sig=254,4 Ref=360,16 (DC\JOANNE 2019-03-18 17-57-34'KN01-102A.0)
madJ - g
1000—-
800—-
BDO—-
400—_ =
] o
- -
200 |
o- .
- T T T T T T T T T T
8.5 T 75 8 85 ] 9.5 10 10.5 min
[« O -]
File Ink: ki # Time Area Height ‘Width Area¥ Symmehiy
[ LC-File [KNOT-1026.D - [ ] 712 [ 11808 131.2 01568 | 82906 | 0566
[ File Path | C:ACHEM32414DATAYDCA DANNE 2019-03-18 176734 [ 2] 7e3 | 24383 2244 01606 | 17.034 | 0743 |
Substoichiometric
MWD1 C, Sig=254 4 Ref=360,16 [DCWOANNE 2018-03-18 17-57-34\MN01-103A.0)
madl - e
] ~
200
151]—:
100
- 2
g ]
: -
<05
0- .
L T T T T T T
675 T 7.25 75 T.75 8.25 min
K] | IN— I
File Inf ki # Time Area Height ‘Width Area® Symmetrp
[ LC-File [KND1-1034.D - [1 ] 7107 25722 2569 [ 01484 [ 79818 [ 06
I File Path | C:ACHEM32\T\DATANDCA OANNE 2013-03-18 17-57-34% [ 2] 7548 650.4 62.4 | 01542 | 20182 | omie |




S$13 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:

= o (0]
= 3 FsC
i MeO=r" O H
s Ph -
[ 7
I|
II /O
| 0
S =
—a e
8 S|
‘ 776.8 ! 771I.D ' 77I1.2 ' 77i.4 ' 77i.6 ' 771‘8 ' 77i.0 ! 77i2 ' 77I2.4 ' 77‘26 ' 77i.8 ' 773‘.0 73‘.2 73‘.4 75.6
f1 (ppm)
Substoichiometric:
If
Y,
T
70.5 72.5
f1 (ppm)
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4-Trimethylsilyl-3-butyn-2-ol, S5/
1F NMR of Mosher’s acid derivative

Racemate

-71.70
-71.96

L

N <
-71.62 -71.64 -71.66 -71.68 -71.70 -71.72 -71.74 -71.76 -71.78 -71.80 -71.82 -71.84 -71.86 -71.88 -71.90 -71.92 -71.94 -71.96 -71.98 -72.00 -72.02 -72.04
f1 (ppm)
Stoichiometric
5 g
7 N
—_—
—— —_—
o S
& &
-71.50 -71.55 -71.60 -71.65 -71.70 -71.75 -71.80 -71.85 -71.90 -71.95 -72.00 -72.05 -72.10 -72.15
f1 (ppm)
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Substoichiometric

71.70
-71.86

— —

T T T T
-71.85 -71.90 -71.95 -72.00

f1 (ppm)

T T T T T T T T
-71.45 -71.50 -71.55 -71.60 -71.65 -71.70 -71.75 -71.80

1,3-Diisopropyl-2-(5-phenoxy)pent-3-yn-2-ol, S5y
1F NMR of Mosher’s acid derivative

Stoichiometric

7117

FsC

MeO= O H
Ph

\‘\

T
-72.05

T
-72.10

F4.0x10°
F3.8x10°
F3.6x10°
F3.4x10°
F3.2x10
F3.0x10°
t2.8x10*
F2.6x10°
F2.4x10®
F2.2x10*
t2.0x10°
F1.8x10°
F1.6x10°
F1.4x10®
F1.2x16®
F1.0x10®
t-8.0x10"
t6.0x10"
F4.0x10"
F2.0x10"
to.0

t-2.0x10'

T T T T
-71.8 -71.9 -72.0 -72.1 -72.2 -72.3 -72.4
f1 (ppm)

T
-72.15

T
-72.20

T
-72.25

T
-72.3



Substoichiometric

ta.0x10®
’/
[
|
| F3.5x10°
|
7 /
/ / F3.
y Y, 3.0x10°
t2.5x10°
F2.0x10°
F1.5x10®
F1.0x10°
t5.0x10"
u\_//L Lo.o
£y R
T T T T T T T T T T T T T T
71.1 712 713 714 715 716 717 718 719 720 721 722 723 72.5 72.6
1 (ppm)

1,2:3,4-Di-O-isopropylidene-6-0O-(but-2-yn-3-ol)-a-D-galactopyranoside, 5x

&

0354

b1
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90000

80000

L 70000
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S$14 NMR GC data for determination of enantiomeric excess of B-pinene

(1S)-(-)-beta-Pinene, 98%, Acros Organics, Cas: 18172-67-3, Lot: AO386886

FID1 A, (REMZ0102907 .00

counts
110000 -
=] ,s\“é\
100000 3@_0@.'\
=R
20000 -
20000 - 4;996"
70000 &,@*’
60000 o
S0000
10‘.8 10‘.8 1I1 11‘.2 11‘.4min
El || 0]
# Time Area Height ‘width AreaX Symmetry
[ 1] 1086 [ ®5387 [ 18131 [ 00508 | 4164 [ 0.862 |
[ 2] 1083 | tzresr2 | Z7werl | 00765 | 95836 | 0.2% |
GC: 92% e.e. [Rt®-bDEXsm (30 m, 0.25 mmID, 0.25 um df), 16 psi column head pressure,

10:1 split, 1 pl injection, v=4°Cmin?, start =60 °C, FID 1 A, t (minor) = 10.660 min, t
(major) = 10.809 min.]

Mixture of enantiomers of B-pinene

FID1 A, (RBA20102903.0)
counts

a0000 -
20000

70000 o

>10533
10.871

G0000 o

S0000 o

10.4 10.5 106 107 10.8 1049 11 111 112 min

[« [— I
# Time Area Height Width AreaX Symmelry
[[1 ] 10633 | 529326 | 157233 | 00493 [ 64443 | 0515 |
L2 108 | 2g2081 | 9085 | 00815 | 35557 | 0667 |

GC: 29% e.e. [Rt®-bDEXsm (30 m, 0.25 mmID, 0.25 um df), 16 psi column head pressure,

10:1 split, 1 pl injection, v=4 °C min’, start =60 °C, FID 1 A, t (major) = 10.633 min, t
(minor) =10.871 min.]
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