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I. General remarks

All the reactions dealing with air- or moisture- sensitive compounds were carried out under an at-
mosphere of argon in a glovebox or using standard Schlenk techniques in a reaction vessel which was
dried by a heating gun. Unless otherwise noted, all the reagents were purchased from commercial sup-
pliers without further purification. Solvents for the synthesis of substrates were distilled from sodi-
um/benzophenone (THF, toluene) or calcium hydride (dichloromethane) under a N, atmosphere prior
to use. Solvents for reaction condition screening were purchased from J&K Chemical and degassed
though bubbling argon for 2 hours.

'H NMR, C NMR spectra were obtained at room temperature on a Bruker AV400 MHz or
Bruker AV600 MHz spectrometer with chemical shifts (d) referred to the residual solvent signal.
Chemical shifts were reported upfield to TMS (0.00 ppm) for *H NMR and relative to CDCl3 (77.0
ppm) for 3C NMR. Data were reported as: multiplicity (s= singlet, d= doublet, t= triplet, g= quartet,
m= multiplet), coupling constant in herz (Hz) and signal area integration in natural numbers. Enantio-
meric excess values were determined by Agilent 1290 Series HPLC instrument on a chiral stationary
phase. Optical rotations were measured using 1 mL cell with a 1dm path length on a Rudolph Autopol |
polarimeter at 589 nm. High resolution mass spectra (HRMS) were obtained on Thermo Scientific Q
Exactive hybrid quadrupole-Orbitrap mass spectrometer. A positive ion mass spectrum of sample was
acquired on a Thermo LTQ-FT mass spectrometer with an electrospray ionization source. Crystal

structure was measured with BRUKER APEX I11 diffractometer. !
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I1. Synthesis of substrates

General procedure:

Procedure A: (1]

CBr4 (2.0 eq) B 1) nBuLi (2.1 eq) (0]
o) PPh; (4.0 eq) I " THF, -50 °C to -40 °C /k
- H
R)J\H DCM, 0 °C 2) DMF (2.0 eq) =
-40 °C to rt R
0

PhaPs L o
N
DCM, rt N
R

1a-1u

Step 1: A solution of triphenylphosphine (4.0 eq) and tetrabromomethane (2.0 eq) in DCM (0.15 M)
was stirred at 0 °C for 30 minutes. The aldehyde was added and the mixture was stirred at 0 °C for an-
other hour. After petroleum ether was added to the solution, the mixture was loaded on silica and sub-
jected to flash chromatography (silica, petroleum ether), the gem-dibromoolefines were given after
removing solvent under reduced pressure.

Step 2: Under an atmosphere of argon, nBuLi (2.1 eq., 2.5 M in n-hexane) was added over a period of
30 minutes via syringe pump to a solution of gem-dibromoolefine (1 eq.) in dry THF (0.4 M) at -50 °C,
and the mixture was stirred at -40 °C for 15 minutes. After addition of DMF (2.0 eq.) at once, the mix-
ture was allowed to warm to room temperature and stirred for one hour. The mixture was added to a
stirring solution of NaH,PO4 (aq.)/MTBE (1:1). After five minutes, the layers were separated and the
aqueous layer was extracted with MTBE. The combined organic layers were dried over MgSOs, the
solvent was removed under reduced pressure and the crude product was subjected to flash chromatog-
raphy (silica, PE/EA = 90:10). The alkynyl aldehydes were given after removing the solvent under re-
duced pressure.

Step 3: A solution of aldehyde (1.0 eq.) and phosphine ylide (1.1 eq.) in dichloromethane (0.1 M) was
stirred at room temperature for one hour. The solvent was removed under reduced pressure, the crude
product was dry-loaded on silica and subjected to flash chromatography (silica, PE/EA = 90:10). The
ketones were given after removing the solvent under reduced pressure.

Procedure B:>?!

Synthesis of the a'-alkylation of 1-triphenylphosphoranylidenepropan-2-one
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1) nBuli (1.1 eq) o

0
THF, -78 °C
PhaPs ~ PhoP
2

) Mel, -78 °C to rt
overnight 1va

To a solution of 1-triphenylphosphoranylidenepropan-2-one (1.0 eq) in THF (0.125 M) was added
at -78 °C nBuLi (1.1 eq., 2.5 M in n-hexane). The mixture was stirred at -78 °C for one hour. After io-
domethane (1.4 eq) was added, the mixture was allowed to warm to room temperature and stirred over-
night. The solvent was removed in vacuo, the residue was taken up in DCM and the mixture was
washed three times with H»O, dried with Na,SOs, filtered and concentrated in vacuo. The off-white
solid residue was washed with three portions of ice-cold ether and dried in vacuo to give product as

slightly brown solid, which was used immediately in the next reaction without further purification.

@) Toluene 0

PPh; + —————— PhsPs
Br R reflux

1wa, R = isopropyl
1xa, R= cyclohexyl
1ya, R = cyclopropyl
A solution of the 1-bromo-3-methylbutan-2-one (2.0 g, 12.1 mmol) and triphenylphosphine (3.2 g,
12.1 mmol) were refluxed in dry toluene (20 mL) for 4 h. After completion, the reaction mixture was
allowed to cool to room temperature and the phosphonium salt was filtered and washed with Et,O
(3%100 mL). The phosphonium salt was then dissolved in H,O: DCM (3:2) and 2 M NaOH aq. (100
mL) was added. The mixture was stirred for 2 h and then extracted with DCM (3x100 mL). The com-
bined organic phases were washed with brine, dried with Na;SO4 and concentrated in vacuo to afford

1wa as a white solid. Compound 1xa and lya were prepared according to the same procedure for the

synthesis of 1wa.

0
0 PhgPs. 0
R X
= H DCM, rt = R
Ph Ph
1v, R = Et

1w, R = isopropyl
1x, R= cyclohexyl
1y, R = cyclopropyl
1z, R=Ph

A solution of 3-phenylpropioaldehyde (1.0 eq.) and phosphine ylide (1.1 eq.) in dichloromethane
(0.1 M) was stirred at room temperature for one hour. The solvent was removed under reduced pressure,

the crude product was dry-loaded on silica and subjected to flash chromatography (silica, PE/EA =
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90:10). The ketones (1v-1z) were given after removing the solvent under reduced pressure.

Procedure C:!!

Pd(OAc), (5 mol%) o

(0]
TDMPP (5 mol%)
+ S
\/U\ Toluene, rt, 24 h =Z
Ph

1aa

Ph

A 2-dram, screw-cap vial equipped with a stir bar was charged with Pd(OAc), (22.4 mg, 0.10
mmol, 5 mol %) and tris(2,6-dimethoxyphenyl)phosphine (TDMPP, 44.2 mg, 0.10 mmol, 5 mol %).
PhMe (2.0 mL) was added. The mixture was stirred for 15 minutes, generating a homogeneous, or-
ange-red solution. To the solution was added 3-hexyn-2-one (328 pL, 3.0 mmol, 1.5 equivalents) fol-
lowed by phenylacetylene (220 uL, 2.0 mmol, 1.0 equivalent). Upon addition of the donor alkyne, the
reaction quickly changes in appearance to homogeneous and black. The reaction mixture was stirred
for 14 h, at which point it was filtered through a pipette plug of Florisil® (3 cm), which was rinsed with
Et,0 (10 mL). The solution was concentrated, and the residue was purified via column chromatography

(10:1 hexanes: EtOAc) to afford 1aa (300.0 mg, 76%) as a clear, orange oil.

(E)-6-Phenylhex-3-en-5-yn-2-one (1a) (!
0 Light yellow solid, 89% yield, 3.8 g. 'H NMR (600 MHz, CDCl3): &
4 AN 7.50-7.47 (m, 2H), 7.38-7.33 (m, 3H), 6.83 (d, /= 16.0 Hz, 1H), 6.57 (d, J
— 16.0 Hz, 1H), 2.30 (s, 3H). '*C NMR (151 MHz, CDCls): & 197.08,
137.79, 132.00, 129.45, 128.52, 123.83, 122.16, 99.69, 86.71, 27.69.

HRMS (EI) m/z calcd. for C1,Hy1O ([M+H]"): 171.0805. Found: 171.0805.

(E)-6-(4-Fluorophenyl)hex-3-en-5-yn-2-one (1b) (!

Light yellow solid, 60% yield, 1.1 g. '"H NMR (600 MHz, CDCls): &

O

N 7.47 (dd, J = 8.7, 5.4 Hz, 2H), 7.05 (t, J = 8.6 Hz, 2H), 6.81 (d, J =
=Z
16.1 Hz, 1H), 6.56 (d, J = 16.1 Hz, 1H), 2.30 (s, 3H). 3C NMR (151

F MHz, CDCL): § 196.99, 163.16 (d, J = 250.6 Hz), 137.78, 134.04 (d,
J=8.5Hz, 2C), 123.58, 118.28 (d, J = 3.3 Hz), 115.93 (d, J = 22.8 Hz, 2C), 98.51, 86.50, 27.72. '°F
NMR (376 MHz, CDCls): 8 -108.63- -108.73 (m). HRMS (EI) m/z Caled. for Ci2HioFO ([M+H]"):

189.0710. Found: 189.0710.

S5



(E)-6-(4-Chlorophenyl)hex-3-en-5-yn-2-one (1¢) 1!
0 Light brown solid, 36% yield, 0.74 g."H NMR (600 MHz, CDCl;): &
M 7.42-7.39 (m, 2H), 7.35-7.32 (m, 2H), 6.81 (d, J = 16.0 Hz, 1H), 6.57
(d, J = 16.0 Hz, 1H), 2.31 (s, 3H). 3C NMR (151 MHz, CDCl3): &
cl 196.94, 138.03, 135.63, 133.18, 128.93, 123.39, 120.63, 98.25, 87.56,
27.77. HRMS (EI) m/z Caled. for C12H16CIO ([M+H]"): 205.0416. Found: 205.0416.
(E)-6-(p-Tolyl)hex-3-en-5-yn-2-one (1d) *]
o) Light yellow solid, 60% yield, 1.1 g. 'H NMR (600 MHz, CDCl5): 8
N 737 (d, J = 7.9 Hz, 2H), 7.16 (d, J = 7.7 Hz, 2H), 6.83 (dd, J = 16.1,
2.0 Hz, 1H), 6.54 (dd, J = 16.0, 2.0 Hz, 1H), 2.36 (s, 3H), 2.29 (d, J
Me = 1.9 Hz, 3H). BC NMR (151 MHz, CDCl;): & 197.13, 139.90,
137.42, 131.95, 129.31, 124.08, 119.09, 100.22, 86.33, 27.64, 21.62. HRMS (EI) m/z Calcd. for
C13HpsO ([M+H]"): 185.0962. Found: 185.0961.
(E)-6-(4-(Trifluoromethyl)phenyl)hex-3-en-5-yn-2-one (1e)[!!
o Dark brown solid, 33% yield, 0.8 g. 'H NMR (600 MHz, CDCls): &
N 7.61 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 16.1
Hz, 1H), 6.61 (d, J = 16.1 Hz, 1H), 2.32 (s, 3H). 3C NMR (151
FoC MHz, CDCL3): § 196.80, 138.67, 132.18 (s, 2C), 130.96 (dd, J = 32.7
Hz, 32.7 Hz), 125.90, 125.45 (dd, J = 4.3, 3.3 Hz, 2C), 124.64, 122.90, 97.36, 88.57, 27.84. ’"F NMR
(376 MHz, CDCl;): 8 -62.98 (s). HRMS (EI) m/z Calcd. for Ci3H;oF50 ([M+H]"): 239.0684. Found:
239.0684.
(E)-6-(4-Methoxylphenyl)hex-3-en-5-yn-2-one (1f) B!
o Light yellow solid, 61% yield, 1.2 g. "H NMR (600 MHz, CDCl5):
/@/\)‘\ 5 7.44-7.40 (m, 2H), 6.88-6.85 (m, 2H), 6.83 (d, J = 16.0 Hz, 1H),
6.52 (d, J = 16.0 Hz, 1H), 3.82 (s, 3H), 2.29 (s, 3H). *C NMR
MeO (151 MHz, CDCl5): & 197.16, 160.61, 136.93, 133.72, 124.25,

114.22, 114.20, 100.42, 86.02, 55.37, 27.61. HRMS (EI) m/z Calcd. for C13H;30, ([M+H]): 201.0910.

Found: 201.0910.

S6



(E)-6-(3-Fluorophenyl)hex-3-en-5-yn-2-one (1g) [*]
o Brown oil, 53% yield, 3.8 g. 'H NMR (600 MHz, CDCl;): 6 7.32 (td, J
. y AN =179, 5.8 Hz, 1H), 7.28-7.24 (m, 1H), 7.17 (ddd, J = 9.3, 2.6, 1.4 Hz,
1H), 7.08 (tdd, J = 8.4, 2.6, 1.0 Hz, 1H), 6.81 (d, J = 16.1 Hz, 1H), 6.58
(d, J = 16.1 Hz, 1H), 2.31 (d, J = 1.1 Hz, 3H). 3C NMR (151 MHz,
CDCl3): 8 196.90, 162.34 (d, J=247.4 Hz), 138.32, 130.15 (d, /= .8 Hz), 127.8 (d, J= 2.8 Hz), 123.94
(d, J=9.5 Hz), 123.21, 118.68 (d, J = 22.3 Hz), 116.79 (d, J = 21.7 Hz), 97.85 (d, /= 3.3 Hz), 87.32,
27.78. F NMR (376 MHz, CDCl;): 8 -112.36 (td, J = 8.9, 5.8 Hz). HRMS (EI) m/z Calcd. for
Ci2H1oFO ([M+H]"): 189.0710. Found: 189.0710.
(E)-6-(3-Chlorophenyl)hex-3-en-5-yn-2-one (1h)
o Light yellow solid, 37% yield, 0.8 g. '"H NMR (600 MHz, CDCl;): §
\@/VJ\ 743 (t, J = 1.9 Hz, 1H), 7.32 (ddt, J = 7.8, 6.3, 1.4 Hz, 2H),
Cl =
7.27-7.23 (m, 1H), 6.77 (d, J= 16.1 Hz, 1H), 6.54 (d, J = 16.0 Hz,
1H), 2.27 (d, J = 2.0 Hz, 3H). 3C NMR (151 MHz, CDCL): &
196.87, 138.34, 134.39, 131.73, 130.07, 129.75, 129.65, 123.84, 123.16, 119.85, 97.66, 87.59, 27.78.
HRMS (EI) m/z Calcd. for C12H;0CIO ([M+H]"): 205.0416. Found: 205.0416.
(E)-6-(3-(Trifluoromethyl)phenyl)hex-3-en-5-yn-2-one (1i)
0 Light yellow solid, 15% yield, 0.4 g. '"H NMR (600 MHz, CDCl5):
@/VK § 7.74 (d, J = 1.8 Hz, 1H), 7.67-7.61 (m, 2H), 7.49 (t, J = 7.8 Hz,
F3C =
1H), 6.82 (d, J = 16.1 Hz, 1H), 6.61 (d, J = 16.1 Hz, 1H), 2.32 (s,
3H). BC NMR (151 MHz, CDCl;):  196.83, 138.54, 134.97, 131.20
(q, J = 32.8 Hz), 129.09, 128.72 (q, J = 3.9 Hz), 125.89 (q, J = 3.7 Hz), 123.56 (d, J = 273.5 Hz),
123.11, 122.95, 97.31, 87.86, 27.84. '°F NMR (376 MHz, CDCl5): 8 -63.04. HRMS (EI) m/z Caled. for
C13H1oF30 ([M+H]"): 239.0684. Found: 239.0684.
(E)-6-(3-Methoxylphenyl)hex-3-en-5-yn-2-one (1j) [!]
o Light yellow solid, 53% yield, 1.0 g. "H NMR (600 MHz, CDCl5):
Meo\@/&)‘\ 5 7.28-7.24 (m, 1H), 7.08 (dt, J= 7.6, 1.3 Hz, 1H), 7.00 (dd, J=2.7,
1.4 Hz, 1H), 6.93 (ddt, J= 8.3, 2.5, 1.2 Hz, 1H), 6.82 (dd, J = 16.0,
1.4 Hz, 1H), 6.57 (dd, J = 16.1, 1.4 Hz, 1H), 3.81 (d, J = 1.6 Hz,

3H), 2.30 (d, J = 2.2 Hz, 3H). 3C NMR (151 MHz, CDCL): § 197.05, 159.40, 137.87, 129.60, 124.56,
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123.74, 123.10, 116.66, 116.10, 99.57, 86.48, 55.33, 27.70. HRMS (EI) m/z Calcd. for Ci3H30:
(IM+H]"): 201.0910. Found: 201.0910.
(E)-6-(2-Fluorophenyl)hex-3-en-5-yn-2-one (1k)
0 Light yellow solid, 36% yield, 0.7 g. '"H NMR (600 MHz, CDCl3): & 7.46
F é X (td, J = 7.4, 1.8 Hz, 1H), 7.36 (dddd, J = 8.4, 7.2, 5.3, 1.8 Hz, 1H),
7.15-7.07 (m, 2H), 6.84 (d, J = 16.1 Hz, 1H), 6.60 (d, J = 16.1 Hz, 1H),
2.30 (s, 3H). BC NMR (151 MHz, CDCl5): § 196.94, 162.77 (d, J = 253.4
Hz), 138.27, 133.70, 131.29 (d, J = 7.9 Hz), 124.17 (d, J = 3.8 Hz), 123.27, 115.71 (d, J = 20.7 Hz),
110.91 (d, J = 15.6 Hz), 92.57, 91.42 (d, J= 3.3 Hz), 27.75. 1F NMR (376 MHz, CDCl3): & -108.81 (dt,
J=9.4,6.0 Hz). HRMS (EI) m/z Calcd. for CioH;oFO ([M+H]"): 189.0710. Found: 189.0710.
(E)-6-(2-Chlorophenyl)hex-3-en-5-yn-2-one (11) [
0 Light yellow oil, 39% yield, 0.8 g. '"H NMR (600 MHz, CDCls): § 7.51
Cl é X (dd, J=17.7, 1.7 Hz, 1H), 7.45-7.41 (m, 1H), 7.31 (td, J= 7.8, 1.7 Hz, 1H),
7.27-7.23 (m, 1H), 6.87 (d, J = 16.1 Hz, 1H), 6.62 (d, J = 16.2 Hz, 1H),
2.32 (s, 3H). 3C NMR (151 MHz, CDCl3): & 195.91, 137.42, 135.31,
132.64, 129.41, 128.46, 125.59, 122.26, 121.15, 94.77, 90.34, 26.70. HRMS (EI) m/z Calcd. for
C12H10Cl1O ([M+H]"): 205.0416. Found: 205.0416.
(E)-6-(2-Methoxylphenyl)hex-3-en-5-yn-2-one (1m)
o Light yellow oil, 45% yield, 0.9 g. '"H NMR (600 MHz, CDCls): § 7.43
OMe // A (dd, J=17.6, 1.7 Hz, 1H), 7.38-7.32 (m, 1H), 6.94 (td, /= 7.5, 1.1 Hz, 1H),
6.89 (td, J=17.5, 1.1 Hz, 1H), 6.88 (d, J = 16.1 Hz, 1H), 6.57 (d, J=16.1
Hz, 1H), 3.90 (s, 3H), 2.30 (s, 3H). '3C NMR (151 MHz, CDCl): &
197.21, 160.32, 137.52, 133.95, 131.13, 124.24, 120.61, 111.37, 110.76, 96.48, 90.76, 55.84, 27.57.
HRMS (EI) m/z Calcd. for C13Hi30, ((M+H]"): 201.0910. Found: 201.0910.
(E)-6-(2,3-Dimethoxylphenyl)hex-3-en-5-yn-2-one (1n)
0 Light yellow solid, 29% yield, 0.7 g. '"H NMR (600 MHz, CDCls):
é AN 8 7.11 (dt, J=8.3, 1.3 Hz, 1H), 6.97 (d, J= 1.9 Hz, 1H), 6.84 (d, J
= 1.9 Hz, 1H), 6.82 (dd, J = 16.0, 0.9 Hz, 1H), 6.53 (dd, J = 16.0,

=

o)
© 0.9 Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 2.29 (s, 3H). 3C NMR (151

MHz, CDCl): 6 197.12, 150.54, 148.77, 137.04, 125.85, 124.07, 114.46, 114.25, 111.07, 100.45, 85.87,
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55.95 (s, 2C), 27.66. HRMS (EI) m/z Calcd. for Ci4Hi503 ([M+H]"): 231.1016. Found: 231.1015.
(E)-6-(Benzo|d][1,3]dioxol-5-yl)hex-3-en-5-yn-2-one (10)

0 Light yellow solid, 54% yield, 1.2 g. '"H NMR (600 MHz, CDCl;): &
N 6.90 (ddt, J=7.8, 3.0, 1.4 Hz, 1H), 6.86 — 6.81 (m, 2H), 6.79 (tdd, J =

o

=Z
7.8,3.4, 1.3 Hz, 1H), 6.58 (ddd, J = 16.1, 3.5, 1.4 Hz, 1H), 6.03 (dd, J

=3.5, 1.4 Hz, 2H), 2.29 (dd, J = 3.3, 1.4 Hz, 3H). >C NMR (151 MHz,
CDCl): 6 196.93, 148.95, 147.62, 138.01, 124.88, 123.36, 121.79, 109.80, 103.90, 101.56, 93.39,
90.56, 27.72. HRMS (EI) m/z Calcd. for C13H;;05 ((M+H]): 215.0702. Found: 215.0703.
(E)-6-(Naphthalen-1-yl)hex-3-en-5-yn-2-one (1p) !
0 Bronw oil, 55% yield, 1.2 g. "H NMR (600 MHz, CDCl;): & 8.29 (dd, J
N =82, 1.3 Hz, 1H), 7.91-7.85 (m, 2H), 7.73 (dd, J = 7.2, 1.2 Hz, 1H),

=Z
7.61 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 7.57 — 7.53 (m, 1H), 7.46 (dd, J =

8.3, 7.1 Hz, 1H), 6.99 (d, J = 16.1 Hz, 1H), 6.69 (d, J = 16.0 Hz, 1H),
2.35 (s, 3H). 3C NMR (151 MHz, CDCl5): § 197.08, 137.81, 133.16, 131.44, 130.13, 128.47, 127.23,
126.73, 126.72, 125.88, 125.27, 123.84, 119.77, 97.90, 91.55, 27.75. HRMS (EI) m/z Calcd. for
Ci16H120 ([M+H]"): 221.0960. Found: 221.0960.
(E)-6-(Naphthalen-2-yl)hex-3-en-5-yn-2-one (1q) !
o Light yellow solid, 57% yield, 1.3 g. 'H NMR (600 MHz, CDCls): &
2N 8.03 (d, J = 1.6 Hz, 1H), 7.86 — 7.79 (m, 3H), 7.52 (tdd, J = 8.4, 6.6,
O 1.8 Hz, 3H), 6.89 (d, J = 16.0 Hz, 1H), 6.62 (d, J = 16.0 Hz, 1H),

2.33 (s, 3H). ®C NMR (151 MHz, CDCl;): 8 197.09, 137.81, 133.32,

132.86, 132.49, 128.27, 128.17, 128.02, 127.84, 127.36, 126.83, 123.86, 119.41, 100.19, 87.08, 27.73.
HRMS (EI) m/z Calcd. for Ci6Hi20 ([M+H]"): 221.0960. Found: 221.0960.

(E)-6-(Thiophen-2-yl)hex-3-en-5-yn-2-one (1r) [l

o  Yellow oil, 2% yield, 0.3 g 'H NMR (600 MHz, CDCl): & 7.38 (dt, J = 5.1,

2N 0.9 Hz, 1H), 7.31 (dd, J = 3.5, 1.1 Hz, 1H), 7.03 (dd, J = 5.1, 3.7 Hz, 1H),

\ | 6.83 (d, J = 16.0 Hz, 1H), 6.5 (d, J = 16.0 Hz, 1H), 2.30 (s, 3H). 3C NMR

(151 MHz, CDCls): § 196.87, 137.06, 133.74, 129.38, 127.49, 123.31,

122.11, 93.04, 91.01, 27.80. HRMS (EI) m/z Calced. for CioHsOS ([M+H]*): 177.0368. Found:

177.0368.
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(E)-6-Cyclohexylhex-3-en-5-yn-2-one (1s) "]
o  Yellow oil, 61% yield, 1.0 g. "H NMR (600 MHz, CDCl3): § 6.62 (dt, J =
=N 16.0, 1.6 Hz, 1H), 6.40 (dd, J = 16.1, 1.2 Hz, 1H), 2.55 (d, J = 10.0 Hz,
1H), 2.24 (d, J = 1.1 Hz, 3H), 1.86-1.79 (m, 2H), 1.72-1.67 (m, 2H),
1.55-1.43 (m, 3H), 1.32 (tt, J = 9.9, 4.0 Hz, 3H). 3C NMR (151 MHz,
CDCl): 6 197.45, 137.38, 125.11, 106.38, 78.22, 32.21, 30.09, 27.39, 25.75, 24.78. HRMS (EI) m/z
Calcd. for Ci2H;70 ([M+H]"): 177.1274. Found: 177.1274.
(E)-6-Cyclopentylhex-3-en-5-yn-2-one (1t) [!]
o Yellow oil, 25% yield, 0.4 g. '"H NMR (600 MHz, CDCls): § 6.61 (dd, J =
27N 16.1, 2.2 Hz, 1H), 6.39 (d, J = 16.1 Hz, 1H), 2.79 (pd, J = 7.6, 2.3 Hz, 1H),
2.24 (s, 3H), 1.96 (dqd, J = 10.9, 5.7, 2.3 Hz, 2H), 1.78-1.70 (m, 2H),
1.67-1.62 (m, 2H), 1.58 (ddt, J = 10.0, 7.4, 3.7 Hz, 2H). 3C NMR (151 MHz,
CDCl3): 6 197.45, 137.27, 125.15, 106.70, 77.82, 33.61, 31.11, 27.40, 25.07. HRMS (EI) m/z Calcd.
for C11HisO ([M+H]"): 163.1118. Found: 163.1118.
(E)-Tridec-3-en-5-yn-2-one (1u)
o) Yellow oil, 52% yield, 1.0 g. 'H NMR (600 MHz, CDCl;): &
2N 6.60 (dt, J = 16.0, 2.3 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 2.38
(td, J=7.1, 2.3 Hz, 2H), 2.24 (s, 3H), 1.55 (p, J = 7.2 Hz, 2H),
1.39 (dd, J = 10.9, 5.0 Hz, 2H), 1.32-1.25 (m, 6H), 0.88 (t, J = 6.7 Hz, 3H). >*C NMR (151 MHz,
CDCl): 6 197.45, 137.47, 125.04, 102.57, 78.26, 31.69, 28.84, 28.75, 28.31, 27.40, 22.61, 19.88, 14.07.
HRMS (EI) m/z Calcd. for Ci3H2:0 ([M+H]"): 193.1588. Found: 193.1589.
(E)-7-Phenylhept-4-en-6-yn-3-one (1v)
o Yellow oil, 89% vyield, 1.6 g. "H NMR (600 MHz, CDCly): & 7.55 —
27N 7.45 (m, 2H), 7.42-7.31 (m, 3H), 6.87 (d, J = 16.0 Hz, 1H), 6.61 (d, J =
15.9 Hz, 1H), 2.60 (q, J = 7.3 Hz, 2H), 1.14 (t, J = 7.3 Hz, 3H). 13C
NMR (151 MHz, CDCL): § 199.62, 136.73, 131.99, 129.36, 128.50,

122.75, 122.24, 98.90, 86.99, 34.39, 7.97. HRMS (EI) m/z Calcd. for Ci3H;,0 ([M+H]*): 185.0961.

Found: 185.0961.
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(E)-2-Methyl-7-phenylhept-4-en-6-yn-3-one (1w)
o Yellow oil, 45% yield, 0.5 g. '"H NMR (400 MHz, CDCls): § 7.41 (dd, J
4 X =17.4,2.2 Hz, 2H), 7.33-7.23 (m, 3H), 6.85 (d, /= 15.8 Hz, 1H), 6.63 (d,
J=15.8 Hz, 1H), 2.71 (p, J = 6.9 Hz, 1H), 1.08 (d, J = 6.9 Hz, 6H). 13C
NMR (101 MHz, CDCl): & 202.33, 135.31, 132.00, 129.33, 128.50,
123.00, 122.29, 98.59, 87.28, 39.60, 18.14. HRMS (EI) m/z Calcd. for C4H;s0 ((M+H]"): 199.1118.

Found: 199.1118.

(E)-1-cyclohexyl-5-phenylpent-2-en-4-yn-1-one (1x)
Light yellow solid, 60% yield, 'H NMR (600 MHz, Chloro-

0O
X

form-d) 8 7.48 (d, J = 5.6 Hz, 2H), 7.35 (q, J = 6.9, 6.4 Hz,

Z Lt 3H). 690 (d, /= 158 Hz, 1H), 6.70 (d, /= 15.8 Hz, 1H), 2.52

(tt, J=11.3, 3.4 Hz, 1H), 1.88 (d, J= 17.1 Hz, 2H), 1.81 (d, J

Exact Mass: 239.1430 = 12.8 Hz, 2H), 1.69 (d, J = 12.6 Hz, 1H), 1.45 — 1.17 (m,

5H)."*C NMR (151 MHz, Chloroform-d) § 201.71, 135.62, 131.99, 129.30, 128.49, 122.82, 122.32,
98.51, 87.34, 49.52, 28.40, 25.85, 25.66. HRMS (EI) m/z Calcd. for Ci17H100 ([M+H]"): 239.1430.
Found: 239.1431.

(E)-1-cyclopropyl-5-phenylpent-2-en-4-yn-1-one (1z)

o White solid, 52% yield, 1.0 g. '"H NMR (600 MHz, CDCls): §

2N 7.51-7.47 (m, 2H), 7.37-7.35 (m, 2H), 6.90 (d, J = 15.9 Hz, 1H), 6.73
(d,J=15.9 Hz, 1H), 2.10 (tt, J= 7.8, 4.5 Hz, 1H), 1.15 (dt, J= 4.5, 3.4

Hz, 2H), 0.98 (dq, J = 7.3, 3.7 Hz, 2H). 3C NMR (151 MHz, CDCls):
§ 198.92, 137.00, 132.01, 129.34, 128.50, 122.48, 122.30, 98.81, 87.19, 20.02, 11.64. HRMS (EI) m/z
Caled. for C14H30 ([M+H]Y): 197.0962. Found: 197.0961.

(E)-4-ethyl-6-phenylhex-3-en-5-yn-2-one (1aa) [l
Orange oil, 76% yield, 0.3 g.'H NMR (600 MHz, CDCl;) § 7.50-7.46 (m,
O 2H),7.35(q,J = 3.9 Hz, 3H), 6.50 (s, 1H), 2.81 (q, J = 7.5 Hz, 2H), 2.24
X (s, 3H), 1.21 (t, J = 7.5 Hz, 3H). *C NMR (151 MHz, CDCl5) 8 197.71,
142.90, 131.96, 130.06, 129.07, 128.45, 122.43, 94.81, 90.56, 31.93, 25.83,
12.90. HRMS (EI) m/z Calcd. for C14HisO ([M+H]"): 199.1117. Found:
199.1117.

Z
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I11. General procedure for iridium catalyzed hydrogenation

General procedure for the asymmetric hydrogenation at S/C =1 000: Toa 2.5
mL vial was added the catalyst precursor [Ir(COD)Cl], (3.4 mg, 0.005 mmol), ligands (L1-LS5, 0.011
mmol) and anhydrous iPrOH (1.0 mL) under argon atmosphere. The mixture was stirred for 3 h at
25 °C giving orange red solution in the argon-filled glovebox. The resulting solution (10 pL) trans-
ferred by syringe into a 3.0 mL vial charged with fresh distilled substrate (0.1 mmol) and Cs,CO3
(0.001 mmol, 0.33 mg) in 1.0 mL /PrOH. The vials were transferred to an autoclave, which was then
charged with 50 atm of H» and stirred at room temperature for 16 h. The hydrogen gas was released
slowly in a well-ventilated hood and the solution was concentrated and passed through a short column
of silica gel to get the product. The yield was determined by '"H NMR analysis. The product was ana-

lyzed by chiral HPLC for ee values.

(E)-6-(3-Methoxylphenyl)hex-3-en-5-yn-2-ol (2a) [8]

OH Brown oil, 99% yield, 93% ee; [a]p*® = +13.50 (c = 1.0, CHCl3). The en-

é AN antiomeric excess was determined by HPLC on OJ-H column, hexane:
isopropanol = 95:5; flow rate = 0.9 mL/min; UV detection at 220 nm; tg =
40.67 min (minor), 42.88 min (major). 'H NMR (600 MHz, CDCl;) § 7.43
(dd, J=6.4, 3.0 Hz, 2H), 7.31 (dd, J = 5.2, 2.0 Hz, 3H), 6.27 (dd, J = 15.9, 5.7 Hz, 1H), 5.93 (dd, J =
15.9, 1.6 Hz, 1H), 4.49-4.36 (m, 1H), 1.60 (br, 1H), 1.33 (d, J = 6.4 Hz, 3H). '3C NMR (151 MHz,
CDCl) 6 146.62, 131.52, 128.32, 128.22, 123.24, 109.24, 90.14, 87.26, 68.35, 23.08. HRMS (EI) m/z

Caled. for C1,Hy; ([M+H-H,0]"): 155.0855. Found: 155.0855.

TAD C., Sig=220 4 Ref=380. 100 (HFPWHFP-1-178 Ak pencne 202205 17 15-26- 18veiscaior00002 D) 1 AT G, GIg=220 4 Ft= 360,100 [HEPIHFP-1-179-ARynarons1 2022-06-17 1746-1Breiac a0 000 D)
ot | ) £ "y 5
200 B g I
1 350
L | |
] 2004 |
150 i
| 220
1|
00| ]
] mn:
% o
2 04
v ol _ _ _
» 2 5 » P P P P T T T T TR N A T
Signal 1: DAD1 C, Sig=22@,4 Ref=360,100 Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
EERt EEEEEEE |=-==]-=----- [-===mmmmn- [-==--mm- [-=------ | SRt EEEEEE R [-==-nmnmn- [-==-mmmnnm [-=------ \
1 37.205 BB ©.742@ 9790.67480 203.23193 49.8759 1 40.674 BB 8.6102 696.12868 17.49568 3.7198
2 39.886 BB ©.7563 9839.38672 200.59166 50.1241 2 42.881 BB 8.7274 1.80180e4  378.47845 96.2802
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(E)-6-(4-Fluorophenyl)hex-3-en-5-yn-2-ol (2b) )

OH Brown oil, 90% yield, 91% ee; [a]p> = +3.00 (c = 1.0, CHCIl;). The

é AN enantiomeric excess was determined by HPLC on OJ-H column, hex-
ane: isopropanol = 95:5; flow rate = 0.9 mL/min; UV detection at 254
nm; tg = 29.24 min (minor), 32.17 min (major). 'H NMR (600 MHz,

CDCL): ¢ 7.43-7.39 (m, 2H), 7.03-6.98 (m, 2H), 6.27 (dd, J=15.9, 5.8 Hz, 1H), 5.91 (dd, J=15.9, 1.5

Hz, 1H), 4.42 (t, J = 6.6 Hz, 1H), 1.80 (br, 1H), 1.33 (d, J = 6.5 Hz, 3H). 3C NMR (101 MHz, CDCl;):

$162.46 (J=249.2 Hz), 146.71, 133.37 (J= 8.0 Hz), 119.35 (/= 3.7 Hz), 115.61 (J=22.0 Hz), 109.04,

89.04, 86.96, 68.30, 23.08. 'F NMR (376 MHz, CDCls): § -111.01 (dd, J = 9.8, 4.9 Hz). HRMS (EI)

m/z Caled. for C1oH oF (M+H-H0]%): 173.0761. Found: 173.0761.

DA B, Sig~254 A Ref=30.100 (AFPHFP-1 1801 202208 24 7

T TADH B, Si-254,4 Fial-380, 100 (HFPURFP-1 1501 2022.05-24 2103 SAvelseatoni0003 B

3180 3|

onG0002
3 w0l f
3

» F
Signal 1: DAD1 B, Sig=254,4 Ref=360,100 Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % #  [min] [min] [mAU*s ] [mAU] %
wmen e T B |--ommeeee R |- eoo- I R R R e |--omee- |
1 31.819 BB ©.5433 1.48398e4  412.93991 49.8630 1 29.239 BB 0.5506 126.26639 3.37378  4.7576

2 34.184 BB ©0.5982 1.49213e4 378.25698 50.1370 2 31.672 BB 0.6240 2527.74023 61.95370 95.2424

(E)-6-(4-Chlorophenyl)hex-3-en-5-yn-2-ol (2¢)

OH Light yellow solid, 95% yield, 90% ee; [a]p®® = +6.40 (¢ = 1.0,

P CHCIs). The enantiomeric excess was determined by HPLC on OJ-H
=
column, hexane: isopropanol = 95:5; flow rate = 0.9 mL/min; UV

cl detection at 254 nm; tr = 28.45 min (minor), 30.85 min (major). 'H

NMR (400 MHz, CDCls): § 7.38-7.33 (m, 2H), 7.30-7.26 (m, 2H), 6.27 (dd, J = 15.9, 5.7 Hz, 1H), 5.91
(dd, J=15.9, 1.4 Hz, 1H), 4.41 (pd, J = 6.4, 1.5 Hz, 1H), 1.68 (br, 1H), 1.33 (d, J = 6.4 Hz, 3H). 13C
NMR (101 MHz, CDCls): & 147.08, 134.22, 132.71, 128.74, 128.67, 121.75, 108.92, 88.97, 88.25,

68.27, 23.08. HRMS (EI) m/z Calcd. for Ci2HoCl ((M+H-H,0]1%): 189.0466. Found: 189.0466.
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TADT B, 5254 4 icf=380, 100 (HFPHFP-1-180.1 2022.06.24 21 03 Sdveacaion 0004 5] 1 ADT B, Si=254 4 Ref=380, 100 (HFFHFP-1-180-1 2022 05 24 21 03 SAwekacaliond 0035 D)

. N
H % & @ A
20 o
0
ol
N "
& =
“ »
= o 2
[] o o
» PA PA Py Py Py % | P P Py & Py pA P
Signal 1: DAD1 B, Sig=254,4 Ref=360,100 Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
ORI EELEREE [-=mn]emeneee [-mmeeene [-omesneeee [--mmeeee R R R o R [--mmeee [
1 26.066 BB 0.5276 4511.02100 131.03139 50.4353 1 28.450 BB 0.5063 134.82475 3.98901 4.9893
2 28.394 MM 0.6133 4433.14697 120.46500 49.5647 2 30.851 BB 0.6277 2567.45679 62.96851 95.0107

(E)-6-(p-Tolyl)hex-3-en-5-yn-2-ol (2d)
OH Light yellow oil, 99% yield, 93% ee; [a]p®® = +13.10 (c = 1.0,
é XX : CHCI3). The enantiomeric excess was determined by HPLC on OJ-H
column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV
Me detection at 220 nm; tg = 51.38 min (minor), 56.48 min (major). 'H
NMR (400 MHz, CDCls): § 7.37-7.29 (m, 3H), 7.12 (dd, /= 7.9, 5.8 Hz, 3H), 6.25 (dd, J = 15.9, 5.9
Hz, 1H), 5.91 (dd, J = 15.8, 1.4 Hz, 1H), 441 (pd, J = 6.4, 1.5 Hz, 1H), 2.35 (s, 3H), 1.75 (br, 1H),
1.32 (d, J = 6.4 Hz, 3H). *C NMR (101 MHz, CDCl3): § 146.12, 138.27, 131.31, 128.99, 120.04,
109.30, 90.24, 86.53, 68.26, 22.96, 21.39. HRMS (EI) m/z Calcd. for C3Hi3 ((M+H-H,01"): 169.1012.

Found: 169.1011.

OAD1 €, Sig=220 4 Rof=360 100 (HFPHF P-1-180-2 2022-05-25 14-06-E3rslacationd0005 D) DAD C. 5ig=2204 Ref=350,100 (HFAHF P-1-150-2 2022-05-25 14-06-53v elacaton00006. D)
120 fl ".‘
] . [\
| 5 100 I
w] | £ |
1 | |
1 | m I
b [ |
o] | | © |
1 | | |
| { |
w0 ( | CE ‘.
Eo ] A 2 %
o — — — — S — E— —
aa a o =2 Y @ P P @ 2 = A P
Signal 1: DAD1 C, Sig=220,4 Ref=360,100 Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %
“eeefemeees |-eefmmmeees |--eenenee |-nsneeeees |-wonnees | eeenfmmneees P | == meeee | -nmeneees | -meee e |
1 52.097 BB 1.1529 9623.35938 131.32373 49.7889 1 51.384 BB ©.8819 452.85243 6.32434 3.6475
2 57.498 BBA 1.4544 97064.97266 101.05866 50.2111 2 56.479 BBA 1.4816 1.19416e4 125.55444 96.3525

(E)-6-(4-(Trifluoromethyl)phenyl)hex-3-en-5-yn-2-ol (2e)
Brown oil, 89% yield, 90% ee; [a]p> = +14.70 (c = 1.0, CHCl;). The enantiomeric excess was deter-
mined by HPLC on OJ-H column, hexane: isopropanol = 97:3; flow rate = 0.9 mL/min; UV detection

at 220 nm; tg = 34.11 min (minor), 38.19 min (major). 'H NMR (400 MHz, CDCl): § 7.56 (d, J = 8.4
S14
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Hz, 2H), 7.52 (d, J = 8.2 Hz, 2H), 6.33 (dd, J = 15.9, 5.6 Hz, 1H),

5.94 (dd, J = 15.9, 1.5 Hz, 1H), 4.44 (pd, J = 6.4, 1.5 Hz, 1H), 1.83

(br, 1H), 1.34 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCL): &

147.87, 131.70, 129.84 (q, J = 34.2 Hz), 127.10, 125.24 (q, J = 3.6

Hz), 122.72, 108.62, 89.69, 88.65, 68.20, 23.05. '°F NMR (377 MHz, CDCls): § -62.82. HRMS (EI)

m/z Caled. for Ci3HoF3 ((M+H-H,0]%): 223.0729. Found: 223.0728.

DADT C. 5g=2204 R 360,100 (1FPHFP-

ZE 0525 1400 S ScabonO0TZ )
z
A

— 43150
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Signal 1: DAD1 C, Sig=220,4 Ref=360,100

Signal 1: DAD1 C, Sig=220,4 Ref=360,160

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAuU] % # [min] [min]  [mAU*s] [mAU] %
seesfneene R |-oeeeeee |+eeeeeeee |--eeeees R e B R |--neeeeee |---mneee |
1 38.545 BB 0.7180 7960.38721 165.83539 49.8509 1 34.106 MM 0.6776 72.57250 1.78516 5.0377
2 43.158 BB 0.8881 8008.00635 138.18913 50.1491 2 38.193 BB 09.7495 1368.01831 26.80314 94.9623

(E)-6-(4-Methoxylphenyl)hex-3-en-5-yn-2-ol (2f) [°!

Light yellow oil, 99% yield, 92% ee; [a]p®® = +53.30 (c = 1.0,
CHCIs). The enantiomeric excess was determined by HPLC on
OD-H column, hexane: isopropanol = 90:10; flow rate = 1.0
MeO mL/min; UV detection at 210 nm; tg = 17.00 min (minor), 33.63
min (major). '"H NMR (600 MHz, CDCl;): 8 7.37 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.3 Hz, 2H), 6.23 (dd,
J=15.9, 5.8 Hz, 1H), 5.97-5.87 (m, 1H), 4.41 (p, /= 6.2 Hz, 1H), 3.81 (s, 3H), 1.70 (br, 1H), 1.33 (d, J
= 6.4 Hz, 3H). 3C NMR (151 MHz, CDCl3): § 159.58, 145.82, 132.97, 115.35, 113.99, 109.49, 90.17,

85.99, 68.39, 55.29, 23.08. HRMS (EI) m/z Calcd. for Ci3Hi30 ([M+H-H>O]%): 185.0961. Found:

DAD1B, Sig= Ref=off (SongiyHFP- P1-B5-HFP-1-180-4MeO-rac.D) DADT B, Sig=2 10,4 Ref=of! (Songhy\HFP-1- 180 2022-08- 26 22-45- 48006 1-66-HF P-1-10-4Me0 e D)
mau] ma )
400
204 g
309 8
i
1 fi
300 2001 Il
| |
0] : I
3 50 [ |
200+ |
|
o] | 1
150 07 |
I
100 ] [l
0 B \
B |1
50 1 € | \
1 A | \
ol o N S J AN
5 2 25 30 3 P 0 ) 2 3 IR
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Signal 1: DAD1 B, Sig=210,4 Ref=off Signal 1: DAD1 B, Sig=218,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min) [min]  [mAU*s] [mau] % #  [min] [min]  [mAU*s] [mAU] %

1 16.957 BV R ©.4341 1.24732e4  443.46393 49.8112 1 16.997 W R ©9.3250 566.77216  21.40012 4.1412
2 33.814 VW R ©.6900 1.25677e4 215.00428 50.1888 2 33.631 VB R ©.6797 1.31196e4 226.53383 95.8588

(E)-6-(3-Fluorophenyl)hex-3-en-5-yn-2-ol (2g)
OH Brown oil, 89% yield, 90% ee; [a]p®® = +23.20 (c = 1.0, CHCI;). The
X enantiomeric excess was determined by HPLC on OD-H column, hex-
ane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 220
nm; tg = 10.96 min (minor), 13.95 min (major). 'H NMR (600 MHz,
CDCL): 8 7.27 (q, J = 7.8 Hz, 1H), 7.20 (dd, J=7.6, 1.4 Hz, 1H), 7.13-7.10 (m, 1H), 7.01 (td, J = 8.5,
2.7 Hz, 1H), 6.29 (dd, J = 15.9, 5.7 Hz, 1H), 5.91 (dd, J = 16.0, 1.5 Hz, 1H), 4.55-4.35 (m, 1H), 1.89
(br, 1H), 1.33 (d, J = 6.5 Hz, 3H). *C NMR (151 MHz, CDCl;): § 162.36 (d, J = 246.3 Hz), 147.36,
129.87 (d, J = 8.7 Hz), 127.39 (d, J = 2.8 Hz), 125.10 (d, J = 9.4 Hz), 118.26 (d, J = 22.6 Hz), 115.54
(d, J = 21.2 Hz), 108.80, 88.81 (d, J = 3.6 Hz), 88.19, 68.25, 23.05. 'F NMR (376 MHz, CDCl3): §

-113.03 (td, J = 9.2, 5.9 Hz). HRMS (EI) m/z Caled. for Ci4H;s0 ([M+H-H,0]"): 173.0761. Found:

173.0761.
DT A S04 R TP 105 - OO 07 15 V-GS P ET P TS S-ac] OADY &SG04 R FFPYFP-1 185100 B 0715 V52 4D0 P T EB TP 1 TS 3r-6a )
Amz § ;
o I g ]
- |
] |
) |‘ “ 5
1000 | N
] I 40 /
10 |
| ] |
20 :
e~ L R
} T o % A o B b 5
Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] % #  [min] [min] [mAU*s] [mAU] %

1 11.835 BV R ©.3164 4.83538e4 1998.46814 49.6305 1 10.958 BV R ©.1984

44.01674 2.91097 4.1507
2 13.898 BV R ©.3691 4.09546e4 1748.4165@0 50.3695

2 13.947 BB 9.3361 1016.44257 47.41914 95,8493
(E)-6-(3-Chlorophenyl)hex-3-en-5-yn-2-ol (2h)

oH Light yellow oil, 97% yield, 90% ee; [a]p* = +6.40 (c = 1.0, CHCL).

cl 4 X The enantiomeric excess was determined by HPLC on OD-H column,
hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at
210 nm; tg = 10.56 min (minor), 13.29 min (major). 'H NMR (600

MHz, CDCly): § 7.41 (d, J = 1.9 Hz, 1H), 7.31-7.26 (m, 2H), 7.23 (t, J = 7.8 Hz, 1H), 6.29 (dd, J =
S16



15.9, 5.7 Hz, 1H), 5.91 (dd, J = 15.9, 1.6 Hz, 1H), 4.42 (p, J = 6.2 Hz, 1H), 1.80 (br, 1H), 1.33 (d, J =

6.5 Hz, 3H). 1*C NMR (151 MHz, CDCls): & 147.42, 134.14, 131.34, 129.75, 129.62, 129.54, 128.45,

124.98, 108.78, 88.63, 88.49, 68.24, 23.06. HRMS (EI) m/z Calcd. for Ci;H1oCl ([M+H-H,O]"):

189.0466. Found: 189.0466.
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Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
P PN P |-nnnnneee- |-=nnneneee |--nnnee- |
1 16.754 BB 8.2633 1.87716e4 637.65548 49.5469

2 13.499 VB R ©.3323 1.09687e4

508.67017 5@.4531

Signal 1: DAD1 A, S5ig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
e R e R | -mm e |-mmeeees |
1 10.561 BV R ©.2532 591.30859 33.1681@ 4.7316

2 13.295 BB 0.3259 1.19056e4  564.82953 95.2684

(E)-6-(3-(Trifluoromethyl)phenyl)hex-3-en-5-yn-2-ol (2i)

oH Brown oil, 87% yield, 90% ee; [a]p® = +14.70 (c = 1.0, CHCL).

FaC Z

X The enantiomeric excess was determined by HPLC on OD-H col-

umn, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV de-

tection at 220 nm; tg = 8.16 min (minor), 8.95 min (major). 'H NMR

(600 MHz, CDCL): & 7.68 (s, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.43 (t, J= 7.8

Hz, 1H), 6.32 (dd, J = 16.0, 5.6 Hz, 1H), 5.93 (dd, J = 16.0, 1.5 Hz, 1H), 4.51-4.32 (m, 1H), 1.84 (br,

1H), 1.34 (d, J = 6.5 Hz, 3H). *C NMR (151 MHz, CDCL): § 147.70, 134.53, 130.94 (d, J = 32.5 Hz),

128.84, 128.29 (q, J = 3.9 Hz), 124.71 (q, J = 3.7 Hz), 124.22, 122.80, 108.62, 88.83, 88.47, 68.22,

23.06. '°F NMR (376 MHz, CDCL): 8 -63.00. HRMS (EI) m/z Caled. for Ci3HioFs ([M+H-H,0]"):

223.0729. Found: 223.0728.
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Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mAU] % # [min] [min]  [mAU*s] [mAU] %
R ERCREE P | e R |--een oo R R P e O R |--ennnee |
1 8.133 BV 8.2314 2.29455e4 1580.34155 49.6816 1 8.158 BV 0.2217 645.11975 45.42713 4.9148
2  8.926 VB 9.2437 2.32396e4 1492.36121 50.3184 2 8.954 VB 0.2389 1.24808e4  814.13019 95.0852

(E)-6-(3-Methoxylphenyl)hex-3-en-5-yn-2-ol (2j)
OH Light yellow oil, 98% yield, 93% ee; [a]p®® = +12.30 (c = 1.0,
MeO é X : CHCI3). The enantiomeric excess was determined by HPLC on
OD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min;
UV detection at 210 nm; tg = 10.56 min (minor), 13.29 min (major).
'H NMR (400 MHz, CDCl3): 8 7.14 (t,J = 7.9 Hz, 1H), 6.95 (dt, J = 7.6, 1.2 Hz, 1H), 6.89 (dd, J=2.7,
1.4 Hz, 1H), 6.79 (ddd, J= 8.3, 2.6, 1.0 Hz, 1H), 6.20 (dd, J=15.9, 5.8 Hz, 1H), 5.84 (dd, /=159, 1.5
Hz, 1H), 4.33 (pd, J = 6.4, 1.5 Hz, 1H), 3.73 (s, 1H), 3.72 (s, 3H), 1.71 (br, 1H), 1.25 (zd, J = 6.5 Hz,
3H). BC NMR (101 MHz, CDCIs): & 159.31, 146.80, 129.39, 124.23, 124.10, 116.28, 114.89, 109.13,

90.05, 87.14, 68.30, 55.27, 23.06. HRMS (EI) m/z Calcd. for C;3H;30 ([M+H-H,O]"): 185.0961.

Found: 185.0958.

o W=330.100 (PP P 1-180-1 20230524 71-055 Aralcatondio10 ) o1 e
ma § 2 - ma 8 e
o H ] 1 5,
i [ § 1 i
o | f\ o "
1 [ R ] [
[ 1 [ [
i [ [ ] [
100 [ | | 100 | 1
| | 1
1 | | ] |
20| |1 0] |
1 | | ] |
o] | | o] |
1 | / ] |
*] | ] |
o] y =] 5 ,,-"’f \
1 1 ) \
o] _ R R o T N S |
5 2 = P 8 & & & & & = 2 = = a P P P % &
Signal 1: DAD1 C, Sig=220,4 Ref=360,100 Signal 1: DAD1 C, Sig=22@,4 Ref=360,16@0
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % #  [min] [min] [mAU*s] [mAU] %
el B |- |- meeee e | -omemeee- | -mmmneee I s e R | -omeeeneee |-emeeee |
1 57.853 BV 1.1138 1.16540e4  159.99001 50.6981 1 58.827 MM 1.0009 445.65683 7.42078 3.6921
2 60.297 VB 1.1487 1.13331e4  149.11703 49.3019 2 60.102 MM 1.2349 1.16250e4 157.00688 96.30879

(E)-6-(2-Fluorophenyl)hex-3-en-5-yn-2-ol (2k)
OH Brown oil, 89% yield, 93% ee; [a]p? = +18.20 (c = 1.0, CHCI;). The enan-
F é X : tiomeric excess was determined by HPLC on OD-H column, hexane: iso-
propanol = 90:10; flow rate = 1.0 mL/min; UV detection at 220 nm; tgr =
7.08 min (minor), 8.39 min (major). 'H NMR (600 MHz, Chloroform-d) &
7.42 (td, J=17.4, 1.8 Hz, 1H), 7.28 (dddd, J = 8.4, 7.3, 5.3, 1.8 Hz, 1H), 7.11-7.05 (m, 2H), 6.32 (dd, J

=15.9,5.7 Hz, 1H), 5.96 (dd, J = 15.9, 1.5 Hz, 1H), 4.58-4.20 (m, 1H), 1.89 (br, 1H), 1.33 (d, /= 6.5
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Hz, 3H). 3C NMR (151 MHz, Chloroform-d) 8 162.56 (d, J = 251.5 Hz), 147.36, 133.38, 129.92 (d, J
= 8.1 Hz), 123.94 (d, J = 3.8 Hz), 115.49 (d, J = 21.0 Hz), 111.87 (d, J = 15.4 Hz), 108.93, 92.32 (d, J
= 3.2 Hz), 83.32, 68.29, 23.02. '°F NMR (376 MHz, Chloroform-d) & -110.13 (m). HRMS (EI) m/z

Calcd. for C14H;50 ([M+H-H20]"): 173.0761. Found: 173.0761.
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Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=228,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mau] %
Senf e [ [ |-mnmnnnoee |=emeeene |-emnmnee R P e |-memnmeeee e | -ereenes |
1 7.085 BB 0.1773 1.51677e4 1347.83350 49.6104 1 7.881 BB 9.1744 266.20370 24.19430 3.6318
2 8.414 BB ©.2085 1.54059e4 1148.38062 50.3896 2 8.395 BB ©.2027 7063.61182 539.78387 96.3682

(E)-6-(2-Chlorophenyl)hex-3-en-5-yn-2-ol (21)
OH Light yellow oil, 93% yield, 92% ee; [0]p?® = +13.80 (¢ = 1.0, CHCl3). The
Cl é X : enantiomeric excess was determined by HPLC on OD-H column, hexane:
isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 220 nm; tg =
10.56 min (minor), 13.29 min (major). 'H NMR (600 MHz, CDCL):
7.47-7.44 (m, 1H), 7.40-7.37 (m, 1H), 7.24-7.18 (m, 2H), 6.34 (dd, J=15.9, 5.7 Hz, 1H), 5.98 (dd, J =
15.9, 1.5 Hz, 1H), 4.51-4.27 (m, 1H), 1.75 (s, 1H), 1.33 (d, J = 6.5 Hz, 3H). *C NMR (151 MHz,

CDCl): 8 147.55, 135.75, 133.24, 129.26, 129.21, 126.44, 123.18, 108.92, 92.44, 86.77, 68.27, 23.01.

HRMS (EI) m/z Caled. for C1,H;oCl ((M+H-H,0]"): 189.0466. Found: 189.0466.

DADT A, 50+ f=ofT (SongIyHFP-1-190 TB1-HFP-1-190-30/4ac D) _D/\D"'\Sq'ﬂﬁﬂef'ﬂliﬂa»”lr EE O03-Fi-B2HFP-
v #
o f - i
§ by
500 g 500 |
w00 f
|
|
200 m |
|
|
200 m |
100 @ -
E "\‘
o 04— — ~ R
105 1 15 B 125 Y 135 P 145 i I W05 ) 115 2 125 13 135 " 145
Signal 1: DAD1 A, Sig=22@,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] % #  [min] [min] [mAU*s] [mAU] %
et ol R B e B Bt INCEES ERERRRS |--en - |-ommmeeeee |--noeneee- |-=oe--- |
1 18.754 BB ©.2633 1.87716e4  637.85548 49.5459 1 1@.561 BV R ©.2532 591.3e859 33.1681@ 4.7316
2 13.499 VB R ©.3323 1.89687e4 588.67017 50.4531 2 13.295 BB ©.3259 1.19056e4  564.82953 95.2684
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(E)-6-(2-Methoxylphenyl)hex-3-en-5-yn-2-o0l (2m)

OH Light yellow oil, 99% yield, 91% ee; [a]p®® = +12.10 (¢ = 1.0, CHCl3). The

OMe
=

X enantiomeric excess was determined by HPLC on OD-H column, hexane:

isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tg =

17.30 min (minor), 32.48 min (major). 'H NMR (600 MHz, CDCl;): § 7.40
(dd, J=17.6, 1.7 Hz, 1H), 7.30-7.26 (m, 1H), 6.91 (t, J=7.5 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 6.29 (dd,
J=159,59Hz, 1H), 5.98 (dd, J=15.9, 1.4 Hz, 1H), 4.41 (pd, J= 6.4, 1.4 Hz, 1H), 3.89 (s, 3H), 1.60
(br, 1H), 1.32 (d, J = 6.4 Hz, 3H). 1*C NMR (151 MHz, CDCls): § 159.82, 146.35, 133.52, 129.74,
120.49, 112.37, 110.60, 109.59, 91.30, 86.44, 68.44, 55.82, 23.03. HRMS (EI) m/z Calcd. for C13H ;30

(IM+H-H,0]"): 185.0961. Found: 185.0958.
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Signal 1: DAD1 A, Sig=228,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %

1 17.384 BB 0.4200 6.53026e4 1876.32715 49.7824 1 17.301 BV R ©.4464 1568.95361 47.86911 4.3821
2 32.384 MM 1.0235 6.58734e4 1072.66650@ 50.2176 2 32.477 W R 0.8507 3.42348e4  549.63275 95.6179

(E)-6-(2,3-Dimethoxylphenyl)hex-3-en-5-yn-2-ol (2n)
OH Light yellow oil, 96% yield, 91% ee; [a]p® = +21.70 (¢ = 1.0,
MeO é X CHCIs). The enantiomeric excess was determined by HPLC on
e

OD-H column, hexane: isopropanol = 90:10; flow rate = 1.0
MeO

mL/min; UV detection at 220 nm; tr = 18.84 min (minor), 29.06
min (major). 'H NMR (600 MHz, CDCl;): § 7.04 (dd, J = 8.3, 1.9 Hz, 1H), 6.94 (d, J = 1.9 Hz, 1H),
6.80 (d, J=8.3 Hz, 1H), 6.24 (dd, /= 15.9, 5.9 Hz, 1H), 5.91 (dd, /= 15.9, 1.5 Hz, 1H), 4.57-4.33 (m,
1H), 3.88 (s, 3H), 3.87 (s, 3H), 1.59 (br, 1H), 1.33 (d, J = 6.4 Hz, 3H). 3*C NMR (151 MHz, CDCl5): §
149.48, 148.62, 146.03, 124.82, 115.41, 114.19, 111.01, 109.35, 90.28, 85.88, 68.39, 55.89, 23.11.

HRMS (EI) m/z Calcd. for C14H50, ((M+H-H>0]"): 215.1067. Found: 215.1067.
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Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
R BERRE e R R |-nmmeee R O R |-mmmmeeee |--mmeee |
1 18.459 VB R 0.4641 7.21558e4 1798.49377 50.1878 1 18.838 MF 0.5463 765.38196 23.35213 4.4965
2 28.531 BB 0.7614 7.16157e4 1154.96924 49.8122 2 29.960 BV R 0.7788 1.62793e4 296.40308 95.5895

(E)-6-(Benzo|d][1,3]dioxol-5-yl)hex-3-en-5-yn-2-ol (20)

Light yellow oil, 98% yield, 91% ee; [a]p? = +21.00 (c = 1.0, CHCl).
OH

/—0 : The enantiomeric excess was determined by HPLC on OD-H column,

o) Z N

hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at
220 nm; tg = 17.30 min (minor), 32.48 min (major). 'H NMR (600
MHz, CDClz): § 6.87 (dd, J=6.1, 3.1 Hz, 1H), 6.77 (q, J= 3.9, 3.1 Hz, 2H), 6.30 (dd, /= 15.9, 5.7 Hz,
1H), 6.01 (s, 2H), 5.95 (dd, J=15.9, 1.6 Hz, 1H), 4.41 (pd, J= 6.5, 1.5 Hz, 1H), 1.66 (br, 1H), 1.32 (d,
J = 6.5 Hz, 3H). *C NMR (151 MHz, CDCl3): § 148.30, 147.41, 147.21, 124.77, 121.60, 108.90,
108.74, 105.02, 101.29, 91.36, 83.85, 68.29, 23.02. HRMS (EI) m/z Calcd. for Ci3H;10:

(IM+H-H,01"): 199.0754. Found: 199.0753.
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Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

1 18.754 BB ©.4828 2.00676e4  638.23840 49.8402 1 18.785 MM 8.5123 184.80820 6.01290 4.6504
2 33.157 BB ©.79@4 2.081963e4  353.56485 58.1598 2 33.359 BV R 9.7119 3789.23486 67.19691 95.3496

(E)-6-(Naphthalen-1-yl)hex-3-en-5-yn-2-ol (2p)

OH  Light yellow oil, 96% yield, 92% ee; [a]o® = +11.60 (¢ = 1.0, CHCL).

The enantiomeric excess was determined by HPLC on OJ-H column,

hexane: isopropanol = 95:5; flow rate = 0.9 mL/min; UV detection at
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220 nm; tg = 51.42 min (minor), 60.18 min (major). '"H NMR (400 MHz, CDCl5): § 8.36-8.28 (m, 1H),
7.83 (ddt, J = 12.9, 8.3, 1.0 Hz, 2H), 7.70-7.64 (m, 1H), 7.55 (dddd, J = 22.2, 8.1, 6.8, 1.4 Hz, 3H),
7.43 (dt, J = 8.3, 6.2 Hz, 1H), 6.39 (dd, J=15.9, 5.8 Hz, 1H), 6.15-5.99 (m, 1H), 4.47 (pd, J=6.5, 1.5
Hz, 1H), 1.72 (br, 1H), 1.38 (d, J = 6.4 Hz, 3H). 3C NMR (101 MHz, CDCl3): § 146.75, 133.22,
133.19, 130.33, 128.73, 128.29, 126.75, 126.43, 126.18, 125.27, 120.92, 109.40, 92.22, 88.26, 68.40,

23.12. HRMS (EI) m/z Caled. for C1gHy3 ([M+H-H>01"): 205.1012. Found: 205.1012.
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Signal 1: DAD1 C, Sig=220,4 Ref=36@,100 Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area  peak RetTime Type Width Area Height Area
[mau] % #  [min] [min]  [mAU*s] [mAU] %

# [min] [min]

[mAU*s]
Lol Eabatnl Bahtpnl EUTEI EREERRE R R |---meeeee |--enmeeee |---eeoe |
1 49.428 BB 1.2038 3.61690e4  444.25500 50.3582 1 51.420 MM 1.4060 378.96361 4.49229 3.7349
2 57.886 BB 1.4825 3.56545e4  344.76144 49.6418 2 60.178 BB 1.5551 9767.70783  92.56463 96.2651

(E)-6-(Naphthalen-2-yl)hex-3-en-5-yn-2-ol (2q)
oH Light yellow oil, 94% yield, 90% ee; [a]p® = +27.10 (¢ = 1.0,

// X - CHCIl3). The enantiomeric excess was determined by HPLC on

OO OD-H column, hexane: isopropanol = 92:8; flow rate = 1.0 mL/min;

UV detection at 220 nm; tg = 16.75 min (minor), 23.37 min (major).

"H NMR (600 MHz, CDCl3): 4 7.96 (d, J = 1.6 Hz, 1H), 7.82-7.76 (m, 3H), 7.49 (ddd, /= 7.2, 3.4, 2.0

Hz, 3H), 6.33 (dd, J=15.9, 5.8 Hz, 1H), 5.98 (dd, /= 15.8, 1.5 Hz, 1H), 4.44 (pd, J= 6.5, 1.5 Hz, 1H),

1.73 (br, 1H), 1.35 (d, J = 6.5 Hz, 3H). 3*C NMR (151 MHz, CDCl3): § 146.80, 133.01, 132.79, 131.37,
128.34, 128.00, 127.77 (d, 2 C), 126.68, 126.56, 120.56, 109.27, 90.57, 87.69, 68.36, 23.10. HRMS (EI)

m/z Calcd. for Ci¢His ((M+H-H20]"): 205.1012. Found: 205.1012.

GAD1 A, S=220 4 Rebech (SorgF P-1-190 2022-06-20 22364 006-P 1-BA-HFP-1-190- 2028 0)
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Signal 1: DAD1 A, Sig=228,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAuU] %
e e P |-=mnnnnee |---nomeeee |---nnne R |-mmn e e | mmmemeees |-mmmeees !

1 16.216 BB ©.4100 8552.31934 317.76370 49.9427 1 16.757 VB R ©.4192 2259.26221 75.34460 4.9310
2 23.320 BB ©.6359 8571.95703 204.97488 50.8573 2 23.370 BB ©.6340 4.35587e4  955.30060 95.0690

(E)-6-(Thiophen-2-yl)hex-3-en-5-yn-2-ol (2r)

OH Brown oil, 78% yield, 60% ee; [a]p?® = +2.00 (c = 0.5, CHCIl;). The en-

. // AN antiomeric excess was determined by HPLC on OD-H column, hexane:
\ , isopropanol = 90:110; flow rate = 1.0 mL/min; UV detection at 254 nm,;

tr = 8.19 min (minor), 10.06 min (major). 'H NMR (600 MHz, CDCl;): &

7.25(d,J=3.7Hz, 1H), 7.19 (d, J= 3.7 Hz, 1H), 6.97 (dd, J = 5.2, 3.7 Hz, 1H), 6.26 (dd, J=15.9, 5.7
Hz, 1H), 5.93 (dd, J =15.9, 1.5 Hz, 1H), 4.42 (pd, J = 6.3, 1.5 Hz, 1H), 1.57 (br, 1H), 1.33 (d, /= 6.4
Hz, 3H). *C NMR (151 MHz, CDCls): § 146.68, 131.79, 127.22, 127.07, 123.30, 108.90, 91.10, 83.30,

68.30, 23.08. HRMS (EI) m/z Calcd. for C1oHoS ([M+H-H,0]%): 161.0420. Found: 161.0420.

DADT B, Sig-254 4 R~ 360,100 (IFPIF P11 2022-10-31 174047100714 1% P- -9 THG-ae 0] TG B, Sg=254 4 Rel~-380, 100 (AT PP Tur o 1 ol 20221031 17-46-4TI008-F1F 7-HFP-1-180-TH-e D)
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Signal 1: DAD1 B, Sig=254,4 Ref=360,100 Signal 1: DAD1 B, Sig=254,4 Ref=368,100

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %

SR [ [ - [ — —— | -=em]emmeee R |--eommeeee |--meeeee |--emnee- \
1 8.173 MF ©.2039 7515.72217 614.23846 49.9730 1 8.194 BB 9.1695 165.491@6  15.14762 19.9449
2 10.059 BB 0.2404 7523.84619 481.22772 50.0270 2 10.059 BB 8.2481 664.25189 42.55873 80.0551

(E)-6-Cyclohexylhex-3-en-5-yn-2-ol (2s)
OH  Light yellow oil, 99% yield, 99% ee; [a]p* = +13.90 (c = 1.0, CHCl;). The
é N - enantiomeric excess was determined by HPLC on OD-H column, hexane:
isopropanol = 98:2; flow rate = 0.5 mL/min; UV detection at 220 nm; tg =
20.57 min (minor), 21.61 min (major). 'H NMR (600 MHz, CDCl;): § 6.07
(ddd, J=15.8, 6.2, 0.6 Hz, 1H), 5.69 (ddd, J=15.8, 2.1, 1.4 Hz, 1H), 4.37-4.26 (m, 1H), 2.61-2.37 (m,
1H), 1.83-1.78 (m, 2H), 1.73-1.67 (m, 2H), 1.55-1.49 (m, 1H), 1.43 (dtd, J=15.3, 8.6, 7.7, 3.3 Hz, 2H),
1.35-1.26 (m, 4H). 1.27 (d, J = 6.4 Hz, 3H). 3C NMR (151 MHz, CDCls): & 144.96, 109.96, 96.21,
78.13, 68.43, 32.66, 29.69, 25.86, 24.92, 23.00. HRMS (EI) m/z Caled. for CioHi7 ((IM+H-H>O1%):

161.1325. Found: 161.1326.
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it 1 1 1o @ 21 z A 2 1 % a7 15 18 ] 2t z 2
Signal 1: DAD1 C, Sig=220,4 Ref=360,100 Signal 1: DAD1 C, Sig=220,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
N R |=eeeforennes E— [ — | =meefmmnee [ Pt R |=emmnmeeev P |
1 28.153 MF 8.7679 1.93701e4 420.43927 49.7875 1 20.573 MM 9.4428 10@.88435 3.79688 9.1791
2 21.267 FM 8.7667 1.95354e4  424.66470 50.2125 2 21.614 FM 0.6677 5.62281ed4 1403.56348 99.8209

(E)-6-Cyclopentylhex-3-en-5-yn-2-ol (2t)

Light yellow oil, 97% yield, 95% ee; [a]p? = +10.40 (c = 1.0, CHCL).
OH

The enantiomeric excess was determined by HPLC on OD-H column,

Z
hexane: isopropanol = 98:2; flow rate = 0.8 mL/min; UV detection at 220
nm; tg = 11.21 min (minor), 11.97 min (major). 'H NMR (600 MHz,
CDCl): ¢ 6.08 (ddd, J=15.8, 6.4, 0.6 Hz, 1H), 5.70 (ddd, /=158, 2.1, 1.4 Hz, 1H), 4.34 (pd, J = 6.4,
1.4 Hz, 1H), 2.73 (pd, J = 7.6, 2.1 Hz, 1H), 2.00-1.90 (m, 2H), 1.80-1.70 (m, 2H), 1.69-1.50 (m, 6H),
1.29 (d, J = 6.4 Hz, 3H). >*C NMR (151 MHz, CDCls): & 144.91, 109.98, 95.57, 77.76, 68.43, 33.82,

30.76, 24.99, 23.01. HRMS (EI) m/z Calcd. for C1His ((M+H-H,0]%): 147.1168. Found: 147.1169.

DADTE, SG=2104 Ref=afl (1FPUTFP-1-. -1 2022-1025 2 1-10-021005 P -ESHFP-1-184-ycliperty-ac.0) _DADTE, SG=210.4 Ref=ofl (HF PUHFP-1-_lkyh1 2022-10:25 21-10-02005F1-EHFF-1- 104 cyciopenty-ee. D)
mAU % ,!af
: 8 o
4004 =
500
%00 o]
2004 3007
200
100]
100]
ol
105 It} s 2 125 Py 135 % 145 i 105 11 118 1 125 5 135 P us i
Signal 1: DAD1 B, Sig=21@,4 Ref=off Signal 1: DAD1 B, Sig=218,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mau] % #  [min] [min] [mAU*s] [mAL] %

1 11.2@7 BV @.3228 8564.08301 418.37183 50.0252 1 11.759 MF @.2414 485.48688 27.989%  2.7391
2 11.966 VB ©.3424 8555.45996 355.3884@ 49.9748 2 12.163 FM ©.3797 1.43983e4 531.995356 97.26089

(E)-Tridec-3-en-5-yn-2-ol (2u)

Light yellow oil, 99% yield, 93% ee; [a]p®® = +8.10 (¢ = 1.0,

AN CHCIl3). The enantiomeric excess was determined by HPLC on

=
AS-H column, hexane: isopropanol = 97:3; flow rate = 0.6
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mL/min; UV detection at 210 nm; tx = 8.92 min (major), 9.56 min (minor). 'H NMR (600 MHz,
CDCl3): 6 6.07 (dd, J = 15.8, 6.1 Hz, 1H), 5.68 (dq, J = 15.8, 1.9 Hz, 1H), 4.33 (pd, J = 6.1, 1.3 Hz,
1H), 2.29 (td, J = 7.2, 2.1 Hz, 2H), 1.52 (p, J = 7.2 Hz, 3H), 1.33-1.24 (m, 11H), 0.88 (t, /= 6.8 Hz,
3H). 13*C NMR (151 MHz, CDCls): § 145.04, 109.92, 91.48, 78.23, 68.42, 31.74, 28.87, 28.82, 28.72,

23.03, 22.63, 19.39, 14.09. HRMS (EI) m/z Calcd. for Ci3sHy ([M+H-H;O]"): 177.1638. Found:

177.1639.
u " § \&;ﬂ
g 00 .-réi
] |
{ { |
1 | o |
20 | |
1 |
{ ' 200
1]
™ . )
i
_____ — S — — . ——— . . 0 — —
Signal 1: DAD1 B, Sig=210,4 Ref=360,100 Signal 1: DAD1 B, Sig=210,4 Ref=360,108
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min]  [mAU*s] [mAU] %
e R [-=--]------- [-=----=--- [---------- [-------- I EE [----]------- [====mmmmem [-=--mmmee [-=------ |
1 9.099 BV 8.2128 5831.32959 403.18901 49.7374 1 8.926 MF 8.2677 1.89432e4  625.20978 96.2215
2 9.745 VB 8.2316 5892.91650 366.57050 50.2626 2 9.560 MF 8.2668 394.38736 24.64115 3.7785

(E)-7-Phenylhept-4-en-6-yn-3-ol (2v)
OH Light yellow oil, 98% yield, 93% ee; [a]p* = +15.60 (¢ = 1.0, CHCI).
4 X The enantiomeric excess was determined by HPLC on OJ-H column,
hexane: isopropanol = 95:5; flow rate = 0.9 mL/min; UV detection at
220 nm; tg = 27.15 min (minor), 30.79 min (major). 'H NMR (600 MHz,
CDCl): 8 7.43 (m, 2H), 7.31 (m, 3H), 6.24 (dd, J=15.9, 6.1 Hz, 1H), 5.94 (dd, J=15.9, 1.4 Hz, 1H),
4.15 (qd, J = 6.3, 1.4 Hz, 1H), 1.71 (br, 1H), 1.61 (g, J = 7.2 Hz, 2H), 0.97 (t, J = 7.4 Hz, 3H). 3C
NMR (151 MHz, CDCls): 6 145.47, 131.52, 128.32, 128.21, 123.26, 110.07, 90.04, 87.40, 73.68, 29.91,

9.58. HRMS (EI) m/z Caled. for Ci3H;30 ([M+H-H,0]"): 169.1012. Found: 169.1013.

RO A S22 RS PP P-io0 T TR BABT A §5=220 4 Rof-oll (HF PIHFPC1- 16061 2023 0620 0663 11003 F 188 HFP- 1180 Eloo 1)
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Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=228,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
e B e E e e e et I B |- oeeee |- |- |-ooeee |
1 27.163 VB ©.5847 5.41548e4 1325.38591 58.8939 1 27.153 BV R 0.3895 278.92084 8.52983 3.4318
2 38.889 MM ©.8166 5.39518e4 1101.98552 49.9061 2 30.793 BB 0.6014 7848.70605 197.59824 96.5682

(E)-2-Methyl-7-phenylhept-4-en-6-yn-3-ol (2w)
Light yellow oil, 98% yield, 93% ee; [a]p®® = +5.80 (¢ = 1.0, CHCl5).
F The enantiomeric excess was determined by HPLC on OJ-H column,
Z ‘ . .
hexane: isopropanol = 95:5; flow rate = 0.9 mL/min; UV detection at
220 nm; tg = 22.47 min (minor), 26.41 min (major). 'H NMR (600
MHz, CDCL): § 7.46-7.41 (m, 2H), 7.30 (dd, /= 5.1, 2.0 Hz, 3H), 6.24 (dd, J=15.9, 6.3 Hz, 1H), 5.93
(dd, J=15.9, 1.4 Hz, 1H), 3.98 (td, /= 6.3, 1.4 Hz, 1H), 1.86-1.73 (m, 1H), 1.60 (s, 1H), 0.95 (dd, J =
10.7, 6.8 Hz, 6H). *C NMR (151 MHz, CDCls): § 144.19, 131.52, 128.32, 128.20, 123.27, 110.81,

89.93, 87.49, 77.38, 33.88, 18.20, 17.78. HRMS (EI) m/z Calcd. for Ci4H;s ((M+H-H,0]"): 183.1168.

Found: 183.1169.

) | i
2004 5 n | |
| [
o (|
o] wd [
{ [
s | | 1
| |
100+ | | |
2 [ |
R -
wq
o S —_—
21 2 2 2 = 2 2 % P i ) 2 z ) 24 25 = P
Signal 1: DAD1 C, Sig=220,4 Ref=360,100 Signal 1: DADL C, Sig=220,4 Ref=368,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
4 [min) [min] [mAU*s]  [mAU] % #  [min] [min] [mAU*s]  [mAU] %
S B e B B bl B ] INETEEY EEPEPES [----]-mnnne- [-emmrennnn [=mmmmmees [=--mmne- \
1 23.461 BB ©.4251 6433.85566 232.27856 50.0693 1 22.471 BB 0.4584 77.36378  2.42352  2.6569
2 27.118 BB ©.5018 6415.26674 197.05025 49.9387 2 26.412 BB 0.5451 2834.46240  80.44243 97.3431
(R,E)-1-cyclohexyl-5-phenylpent-2-en-4-yn-1-o0l (2x)
OH 95% yield, 90% ee. [a]p 2° = -16.10 (c = 1.0, CHCI;). The enantio-
é meric excess was determined by HPLC on Chiral OJ-3 column, 254

nm, 25 °C, "Hexane: ‘PrOH = 95: 5; flow 1.0 mL/min; tr (major) =
32.8 min; tr (minor) = 28.6 min. "H NMR (400 MHz, Chloroform-d)
87.60 (dd, J=7.8, 1.8 Hz, 2H), 7.18 — 7.00 (m, 3H), 6.29 (dd, J=15.9, 6.1 Hz, 1H), 6.01 (dd, J=15.9,
1.5 Hz, 1H), 3.73 — 3.59 (m, 1H), 1.87 — 1.59 (m, 5H), 1.34 — 0.93 (m, 7H). *C NMR (101 MHz,
Chloroform-d) & 145.33, 131.55, 128.40, 123.92, 110.15, 90.14, 88.34, 43.68, 28.74, 28.07, 26.49,

26.19, 26.15.
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signal 1: DAD1 B, Sig=254,4 Ref=366,100
Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % #  [min] [min] [mAU*s]  [mAU] %
______________________________________________________ e e R R Bt Rttt
I | ! I I I I 1 28.567 BB ©.8482 851.78851 13.83654  4.9395
1 28.567 BB ©.8482 851.78851 13.83654 4.9395 2 32.783 BB 1.0941 1.63928e4  222.35158 95.0605
2 32.783 BB 1.0941 1.63928e4  222.35156 95.0605

(E)-1-cyclopropyl-5-phenylpent-2-en-4-yn-1-ol (2y)

Light yellow oil, 97% yield, 53% ee; [a]p®> = +9.80 (¢ = 1.0, CHCI;).
The enantiomeric excess was determined by HPLC on OD-H column,
hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at
220 nm; tg = 10.79 min (minor), 13.97 min (major). 'H NMR (600
MHz, CDCl;): § 7.46-7.41 (m, 2H), 7.31 (qd, J=4.1, 1.3 Hz, 3H), 6.32 (dd, /= 15.9, 5.6 Hz, 1H), 5.98
(dd, J=15.9, 1.5 Hz, 1H), 3.58 (ddd, J= 8.2, 5.6, 1.5 Hz, 1H), 1.61 (br, 1H), 1.03 (qt, J = 8.2, 4.9 Hz,
1H), 0.64-0.54 (m, 2H), 0.43-0.38 (m, 1H), 0.34-0.29 (m, 1H). '*C NMR (151 MHz, CDCl;): § 141.90,
129.33, 126.12, 126.00, 121.09, 107.63, 87.91, 85.25, 74.18, 15.18, 1.02. HRMS (EI) m/z Calcd. for

CisHiz ((M+H-H,071%): 181.1012. Found: 181.1011.

DADT A, Si=2204 REfeafl (F PHFP-1- -00-H 20220715 T5-42-49013-P1-F T1-HFP-1- 195-Cycopropane #2.0)

00 Il ) &
_ 1 :
s Il b 0] M
‘ | N [
=0] h |1
[ [ L [
I a I
400 [\ |
[ |1 ] . (|
o [ [ H I
N | AR |
| |\ |
[ . 1004 | |
1004 | | \ [ i
| \ / /
e—_ ) _ )\ S / -
7 H iy T = & A ; H & P Py 5 VR
Signal 1: DAD1 A, Sig=220,4 Ref=off Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mau] % # [min] [min] [mAU*s] [mAU] %
L e I B e Bt Bt INIERRE) A R P O et | -eemee |
1 10.608 BV R ©.2603 1.2756%4  765.91987 49.8791 1 10.487 BV R ©.2697 3917.98242 226.57425 23.4870
2 14.108 BV R ©.3588 1.28188e4 568.59119 50.1209 2 13.972 BV R ©.3650 1.27635e4  545.41449 76.5130
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(E)-1,5-diphenyl-123-pent-2-en-4-yn-1-ol (2z)!'"!
55% yield, 63% ee, [a]p?® = 17.50 (c = 1.0, CHCI3). The enanti-

omeric excess was determined by HPLC on Chiral IF column, 254

nm, 25 °C, "Hexane: 'PrOH = 95: 5; flow 1.0 mL/min; tr (major) =

14.1 min; tg (minor) = 16.4 min. 'H NMR (400 MHz,
Chloroform-d) 6 7.54 (dd, J= 7.6, 2.1 Hz, 2H), 7.29 — 7.27 (m, 1H), 7.25 — 7.13 (m, 4H), 7.07 (q, J =
5.3 Hz, 3H), 6.38 (dd, J = 15.8, 5.7 Hz, 1H), 6.12 (dd, J = 15.7, 1.6 Hz, 1H), 4.90 (d, J = 5.7 Hz, 1H).
3C NMR (101 MHz, Chloroform-d) & 94.40, 91.63, 80.84, 77.73, 76.90, 75.71, 73.05, 58.95, 40.07,

37.31, 23.32.

(E)-4-ethyl-6-phenylhex-3-en-5-yn-2-ol (2aa)
Light yellow oil, 90% yield, 96% ee; [a]p* = +40.00 (¢ = 1.0, CHCL;). The
enantiomeric excess was determined by HPLC on OD-H column, hexane:

isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tg =

8.89 min (minor), 10.80 min (major). 'H NMR (600 MHz, CDCls): §
7.48-7.41 (m, 2H), 7.30 (qd, J z= 4.8, 1.7 Hz, 3H), 5.91 (d, J = 8.9 Hz, 1H), 4.68 (dq, J = 8.9, 6.3 Hz,
1H), 2.29 (q, J = 7.6 Hz, 2H), 1.57 (br, 1H), 1.31 (d, J = 6.3 Hz, 3H), 1.18 (t, J = 7.6 Hz, 3H). 13C
NMR (151 MHz, CDCls): & 139.80, 131.56, 128.29, 128.09, 126.17, 123.36, 90.35, 88.54, 64.32, 24.52,

23.44, 13.54. HRMS (EI) m/z Calcd. for Ci4H;s ((M+H-H>O0]%): 183.1168. Found: 183.1168.

OG- CEHFE 205 P e D) GAGTE, SGe210.4 Aol FFPHFR - acesh 347

.....

ol N 10

i

— N o~ - - - . S

is H 85 8 85 10 108 1 ns mif 78 & ue a as 1 148 1 is

signal 1: DAD1 B, Sig=210,4 Ref=off Signal 1: DAD1 B, Sig=210,4 Ref=off

Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAuU] %

emefememeee [ I |omemmeen [ [— [ O |- mmmmeee [N [ |
1 9.068 MM 0.2655 4671.00391 293.24487 55.6950 1 8.894 BV 0.1831 164.63252 13.42265 1.8242
2 11.022 BB ©0.2420 3715.75684 238.25311 44.3050 2 1e.862 BB 0.2367 8860.26074 584.98914 98.1758
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IV. Gram-scale reaction and transformation of products

0 [I(COD)CI],/L3 OH
X S/C =1, 000 N
Z 'PrOH, 1 mol? Z
Ph r , 1 mol% Cs,CO3 Ph
1a H, (50 atm), rt, 16 h 22

Asymmetric hydrogenation of (E)-6-phenylhex-3-en-5-yn-2-one at S/C =
1000: To a 2.5 mL vial was added the catalyst precursor [Ir(COD)CI], (3.4 mg, 0.005 mmol), ligands
(L3, 0.011 mmol) and anhydrous /PrOH (1.0 mL) under argon atmosphere. The mixture was stirred for
3 h at 25 °C giving orange red solution in the argon-filled glovebox. An aliquot of the catalyst solution
(580 pL, 0.0058mmol) was transferred into a 50 mL hydrogenation vessel, then Cs>2COs3 (1.9 mg, 0.06
mmol), ketone (5.8 mmol, 1.0 g) and anhydrous /PrOH (10 mL) was added. The vessel was placed in
an autoclave which was then charged with 50 atm of H, and stirred at 25-30 °C for 16 h. The work-up
was identical to that described for the asymmetric hydrogenation at S/C = 1 000.

(R)-(E)-6-phenylhex-3-en-5-yn-2-ol (2a): 95% yield, 90% ee.

OH
: 5% wt Pd/C, H, (20 atm) OH

\ >
/\/\/\
Z MeOH Ph

Ph
2a 3

Hydrogenation of (R)-(E)-6-phenylhex-3-en-5-yn-2-ol (2a): In a 2.5 mL vial was added
the (R)-(E)-6-phenylhex-3-en-5-yn-2-o0l (2a) (17.0 mg, 0.1 mmol) and 5% wt Pd/C (1 mg) and 1mL
MeOH, Then the vial was placed in an autoclave which was then charged with 20 atm of H, and stirred
at 25-30 °C for 12 h. The hydrogen gas was released slowly in a well-ventilated hood and the solution
was concentrated and passed through a short column of silica gel to get the product in almost quantita-
tive yield (16.9 mg, 99% yield).['!l The yield was determined by 'H NMR analysis. The product was

analyzed by chiral HPLC for determination of ee values (85% ee).

OH OH OH
- m-CPBA : . :
/ \ > / + / BN
= 10 ° 7o) 7o)
Ph DCM, -10°C Ph Ph

2a 4a 4b

Oxidation of (R)-(E)-6-phenylhex-3-en-5-yn-2-ol (2a): To a solution of 2a (0.10 mmol,
1.00 eq.) in DCM (2 mL) at 0 °C was added mchloroperbenzoic acid (0.20 mmol, 2.00 eq.). After 0.5 h,

the resulting solution was stirred at room temperature for 24 h until complete consumption of starting
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material (verified by TLC). The mixture was washed with 10% solution of Na>,CO; (2 mL) and then
extracted with DCM (2 mL). The organic layer was dried with Na,SO4 and the solvent was removed
under reduced pressure. The crude product was purified by flash chromatography on silica to afford
product 4 as mixtures of two diastereomers (4a, 57% yield, 90% ee; 4b, 38% yield, 90% ee).[%” Mix-

ture of two diastereoisomers that could not be separated by flash cromatography.

(R)-6-phenylhexan-2-ol (3) !
OH Colorless oil, 16.9 mg, 99% yield, 85% ee; [a]p® = -5.50 (c = 1.0,
Ph /\/\/_\ CHCls). The enantiomeric excess was determined by HPLC on OD-H
column, hexane: isopropanol = 90:10; flow rate = 0.9 mL/min; UV de-
tection at 210 nm; tr = 6.22 min (minor), 6.77 min (major). 'H NMR (600 MHz, CDCI3) &: 7.29-7.26
(m, 2H), 7.20-7.15 (m, 3H), 3.82-3.74 (m, 1H), 2.62 (t, J = 7.7 Hz, 2H), 1.71-1.58 (m, 2H), 1.52-1.42

(m, 3H), 1.35 (m, 2H), 1.18 (d, J = 6.2 Hz, 3H). 3C NMR (151 MHz, CDCl3) &: 142.59, 128.39,

128.28, 125.66, 68.09, 39.18, 35.92, 31.48, 25.44, 23.53.

- S R T80 TETRE T T R E 57104 Aol (SRR 100196 2072 18 780 003 ST S P T 10 BT
24 £
1000 ) - :
300 | 0
.‘ I
w0 | 0 |
[
|
200 { 00 - ‘.
o L — — -—
""" R SR S ST T 5 3 8 mi
Signal 1: DAD1 C, $Sig=210,4 Ref=off Signal 1: DAD1 C, 5ig=210,4 Ref=off
Peak RetTime Type Width Area Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

] e e |--smeeeee- |--meemeeee |--meeees el L l--oemmooee -emmoee- l----mm-- I
1 6.278 MM 8.1569 9844.52539 1845.52209 50.7112 1 6.218 BB 6.1863 409.39331 35.56622 7.7782
2 6.834 MM ©.1656 9568.40625 962.74898 49.2888 2 6.775 BB ©.1519 4853.94238 497.38000 92.2218

1-(3-(phenylethynyl)oxiran-2-yl)ethan-1-ol (4) ['> 13

. . o . 0
OH OH Light yellow oil (17.0 mg, 95% total yield), 57%

. . 0 Lo . .
+ é 6 . yield, 90% ee for the major diastereoisomer (4a):

Ph Ph

'H NMR (600 MHz, CDCls) 8 7.45 (m, 2H), 7.32
4a 4b

(m, 3H), 3.81 (m, 1H), 3.61 (d, J = 2.2 Hz, 1H),
3.26 (dd, J=2.2 Hz, 1H), 1.88 (s, 1H), 1.36 (d, J= 6.5 Hz, 5H). '3C NMR (151 MHz, CDCl;) § 131.91,
128.89, 128.35, 121.85, 84.90, 84.22, 66.42, 64.03, 44.03, 20.04. The enantiomeric excess was deter-

mined by HPLC on OD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection
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at 210 nm; tg = 33.65 min (minor), 37.08 min (major).

GADT 5. S04 2 O SN i B2 0217 2005 3000 P 1 DB P 2 8T O D)
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38% yield and 90% ee for the minor diastereoisomer (4b): 'H NMR (600 MHz, CDCl;) § 7.45 (m,
2H), 7.32 (m, 3H), 4.06 (m, 1H), 3.68 (d, J=2.5 Hz, 1H), 3.30 (t, /=2.5 Hz, 1H), 1.94 (s, 1H), 1.33 (d,
J=6.5 Hz, 3H). *C NMR (151 MHz, CDCls) & 131.89, 128.87, 128.41, 121.89, 85.17, 84.20, 64.17,
63.52, 42.30, 18.56. The enantiomeric excess was determined by HPLC on OD-H column, hexane:

isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tr = 27.62 min (minor), 47.89

min (major).
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V. NMR spectra of all the compounds
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"H NMR spectra (600 MHz, CDCls) of 1b
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BF NMR spectra (376 MHz, CDCls) of 1b

L3801~
1L7801-
0L'801~
89°801-
L9801~
L9801~
99°801-
+9°801-

AN

"H NMR spectra (600 MHz, CDCls) of 1¢

1€c—

AN

Cl

i

=00'¢

660
Foo't

S34
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13C NMR spectra (151 MHz, CDCls) of 1d
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13C NMR spectra (151 MHz, CDCls) of 1e
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"H NMR spectra (600 MHz, CDCls) of 1f
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"H NMR spectra (600 MHz, CDCls) of 1g
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9F NMR spectra (376 MHz, CDCls) of 1g
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13C NMR spectra (151 MHz, CDCls) of 1h
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13C NMR spectra (151 MHz, CDCls) of 1i
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"H NMR spectra (600 MHz, CDCls) of 1j
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"H NMR spectra (600 MHz, CDCls) of 1k
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9F NMR spectra (376 MHz, CDCls) of 1k
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13C NMR spectra (151 MHz, CDCls) of 11
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13C NMR spectra (151 MHz, CDCls) of 1m
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13C NMR spectra (151 MHz, CDCls) of 1n
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13C NMR spectra (151 MHz, CDCls) of 10
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13C NMR spectra (151 MHz, CDCls) of 1p
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13C NMR spectra (151 MHz, CDCls) of 1q
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13C NMR spectra (151 MHz, CDCls) of 1r

08°LC—

T8'9L
mo.hhv
VTLL

10°16 ~
¥0°€6 7

1°eei
1e°eT —
6v°LT1 —
g6zl 7
vLeer
90Le1/

L8961 —

"H NMR spectra (600 MHz, CDCls) of 1s

9007
90°0 1
€'

I
)
—

~
Rt
o

A
©
——

AN

Fsie
e
w1ET
2602

Fu60

Fo

S52



8L¥CT
SL'ST~
6€°LT
60°0¢
~N.Nm\

8€901 —

[rser —

8E°LET —

SY'L6T —

13C NMR spectra (151 MHz, CDCls) of 1s

AN

"H NMR spectra (600 MHz, CDCl5) of 1t

2e0z
o
yAN4
1z
vELE

Fe60
TooL

S53



LO'ST~
ovLT—
e —
19¢e
78°9L
SAE/
YTLLF
Nwﬁ\
L18L
0901 —

N

—

S srsti—

~~

o

p—

m LTLel—

@)

=

—

"

—

N

<

et

B

15)

1)

(o8

w2

DMA SHL6T—

o

s}

N\

"H NMR spectra (600 MHz, CDCls) of 1u

8¢9
Iv'9
om,ww

9TL—

AN

FL1E

EEL9
Fg0'z
FoLZ

F00'€
F902

Fes0
FooL

S54



LOVI
8861 /
_c.NN/
ow,bw/
1€°8¢C
mw,wNW
8'8¢C

oc;m\

LSTO1 —

Y0'STI —

LY'LEl —

SY'L6T —

13C NMR spectra (151 MHz, CDCls) of 1u

AN

"H NMR spectra (600 MHz, CDCls) of 1v

659 /

6t’L

AN

Tooz

Tzoe
et

S55



13C NMR spectra (151 MHz, CDCls) of 1v
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13C NMR spectra (101 MHz, CDCls) of 1w
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13C NMR spectra (151 MHz, CDCls) of 1x
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13C NMR (151 MHz, CDCLs) of 1y
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13C NMR spectra (151 MHz, CDCls) of 1aa
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13C NMR spectra (151 MHz, CDCls) of 2a
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13C NMR spectra (151 MHz, CDCls) of 2b
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"H NMR spectra (400 MHz, CDCls) of 2¢
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"H NMR spectra (400 MHz, CDCls) of 2d
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"H NMR spectra (400 MHz, CDCls) of 2e
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9F NMR spectra (377 MHz, CDCls) of 2e
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13C NMR spectra (151 MHz, CDCls) of 2f
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13C NMR spectra (151 MHz, CDCls) of 2g
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"H NMR spectra (600 MHz, CDCls) of 2i
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9F NMR spectra (376 MHz, CDCls) of 2i
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13C NMR spectra (101 MHz, CDCls) of 2j
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13C NMR spectra (151 MHz, CDCls) of 2k
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"H NMR spectra (600 MHz, CDCls) of 21

€T\

&l
v /

1
=

Cl

=<'l

Fse0
Fseo

FCle
=160
=90'L

13C NMR spectra (151 MHz, CDCls) of 21

10°€c —

°6'801 —

81°€T
tboT1 M
17621
szez1 7
vreel W
sLsel

SSLYT —

Cl

S74



"H NMR spectra (600 MHz, CDCls) of 2m
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"H NMR spectra (600 MHz, CDCl5) of 20
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"H NMR spectra (400 MHz, CDCls) of 2p
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"H NMR spectra (600 MHz, CDCls) of 2q
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"H NMR spectra (600 MHz, CDCls) of 2r
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"H NMR spectra (600 MHz, CDCls) of 2s
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"H NMR spectra (600 MHz, CDCls) of 2t
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"H NMR spectra (600 MHz, CDCls) of 2u
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"H NMR spectra (600 MHz, CDCls) of 2v
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"H NMR spectra (600 MHz, CDCls) of 2w
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"H NMR (400 MHz, CDCl3) of 2x
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'H NMR (400 MHz, CDCL;) of 2y
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"H NMR spectra (600 MHz, CDCls) of 2z
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"H NMR spectra (600 MHz, CDCls) of 2aa
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"H NMR spectra (600 MHz, CDCls) of 3
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"H NMR spectra (600 MHz, CDCls) of 4
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