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1. Supplementary Methods
1.1. General methods

All reactions were carried out under a dry nitrogen atmosphere by using standard Schlenk
techniques. 1, 2,” 3a,° 3b,* 3d,” 3e,° 3f.° 3g,” 3i,° 3j,° 3n,° 4a,” 4b,” 4¢c,” 4d,* 4e,'” 4f 4g,!! 4j,"”
4k, 41,7 4m,'" 4n,'* 4p,"? 4q,° 4r,"> 4t,'° 4u,"" 4v,"" 147 16,'® [Ru]-1,"” and [Ru]-2'’ were prepared
according to the literature procedures. Other reagents include starting materials for the preparation
of 1,2, 3a—3n, 4a—4v, 5, 8, 14, 16, [Ru]-1, and [Ru]-2, fac-[Ir(ppy)s] (ppy = 2-(pyridyl)phenyl), fac-
[Ir(Fppy)3] (Fppy = 3,5-difluoro-2-(pyridyl)phenyl), [Ir(ppy)(dtbbpy)]PF¢ (dtbbpy = 4,4'-di-tert-
butyl-2,2'-bipyridine), NH4BF4, Lewis acids (BF3-Et;O, B(OH);, BCl3, Sc(OTf);s (OTf =
trifluoromethanesulfonate)), TEMPO, and solvents were obtained from commercial sources.
Solvents were dried by general methods and degassed before use.  Flash column chromatography was
carried out on a Yamazen YFLC-AI-580 system. Gas chromatography—mass spectroscopy (GC—MS)
was performed on a Shimadzu GCMS-QP2010 PLUS instrument. HPLC analyses were performed
on Hitachi L-7100 and GL-7410 apparatuses equipped with a UV detector using 25 cm x 4.6 mm
DAICEL Chiralpak columns. Specific rotations were measured on a JASCO DIP-1000 polarimeter.
X-ray analysis was performed by a Rigaku XtalL AB Synergy-S diffractometer. Photoluminescence
spectra were measured on a Shimadzu RF-5300PC spectrophotometer.  Melting points were
measured by using a Stanford Research Systems OptiMelt MPA100. High-resolution FAB mass
spectra were measured on a JEOL JMS-700 mass spectrometer.  Specific rotations were measured on
a JASCO DIP-1000 polarimeter. '"H NMR (400 MHz), *C{'H} NMR (100 MHz), and '’F NMR
(376 MHz, referenced to CF3CgHs in CDCl3 at 8 —64.0) spectra were measured in CDCl3, (CD3).CO
or CD3CN on a JEOL ECS-400 spectrometer with § values in 'H and *C{'H} NMR calibrated by
using residual peaks of CHCI; ('H: 7.26; *C: 77.0), (CD2H)-CO ('H, 2.09; '*C: 206.0), CDHCN ('H,
1.93; 13C: 117.7) respectively.

1.2. General procedure for the preparation of propargylic alcohol substrates (3 and 8) (taking
1,1,1-trifluoro-2-(4-ethylphenyl)but-3-yn-2-ol (3¢) as a typical example)

0]
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To a solution of 2,2,2-trifluoro-1-(4-ethylphenyl)ethan-1-one (3.00 mmol, 607 mg) in anhydrous
THF (15 mL) was added ethynylmagnesium bromide (0.5 M in THF, 9.0 mL, 4.5 mmol) at 0 °C.
After stirring for 4 h, the mixture was quenched by saturated NH4Cl ag. (4 mL), and the solution was
extracted with Et2O (10 ml x 2). The combined organic layers were dried over anhydrous Na>SO4
and concentrated under reduced pressure.  The residue was purified by column chromatography with
hexane/EtOAcC (95:5-90:10) to give 1,1,1-trifluoro-2-(4-ethylphenyl)but-3-yn-2-ol as a pale yellow oil
(588.8 mg, 2.58 mmol, 86% isolated yield based on the amount of 2,2,2-trifluoro-1-(4-
ethylphenyl)ethan-1-one). *H NMR (400 MHz, (CDs),CO): § 7.76 (d, J = 8.4 Hz, 2H), 7.33 (d, J =
8.4 Hz, 2H), 6.67 (s, 1H), 3.49 (s, 1H), 2.71 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H); *C{'H}
NMR (100 MHz, (CD3).CO): & 145.7,133.8, 127.7, 127.4, 124.1 (q, }Jcr = 283.7 Hz), 80.3, 77.1, 72.4
(0, 2Jcr = 31.6 Hz), 28.4, 15.2; F NMR (376 MHz, (CD;3).CO): § —82.4 (s); HRMS (FAB+) (m/2):

[M]" calcd. for C12H11F30: 228.0762; found: 228.0763.
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1,1,1-Trifluoro-2-(4-(trifluoromethyl)phenyl)but-3-yn-2-ol (3h). A pale yellow oil (683.8 mg,
255 mmol, 85% isolated yield based on the amount of 2,2,2-trifluoro-1-(4-
(trifluoromethyl)phenyl)ethan-1-one). H NMR (400 MHz, CDCls): § 7.88 (d, J = 8.4 Hz, 2H), 7.69
(t, J = 8.4 Hz, 2H), 3.37 (s, 1H), 2.87 (s, 1H); *C{'H} NMR (100 MHz, (CD3)CO)): 5 141.3, 131.7
(0, Wcr = 32.2 Hz), 128.8, 125.9 (q, 3Jcr = 3.5 Hz), 124.9 (g, 2Jcr = 270.2 Hz), 124.2 (q, 3Jcr = 284.0
Hz), 79.7, 78.7, 72.6 (q, 2Jcr = 31.9 Hz) (**C NMR spectrum of this compound was measured in
acetone-ds because some peaks of this compound overlapped with those of CDCls); 1°F NMR (376
MHz, CDClz): 8 —62.9 (s), —80.4 (s); HRMS (FAB+) (m/z): [M+H]" calcd. for C11H7FsO, 269.0401;
found, 269.0401.

Cl F3C //
OH

3k

1,1,1-Trifluoro-2-(3-chloromophenyl)but-3-yn-2-ol (3k). A pale yellow oil (667.1 mg, 2.49 mmol,
83% isolated yield based on the amount of 1-(3-chlorophenyl)-2,2,2-trifluoroethan-1-one). H NMR
(400 MHz, (CD3)2CO): 6 7.75 (br, 1H), 7.63 (d, J = 7.6 Hz, 1H), 7.41 (dg, J = 8.1, 1.1 Hz, 1H), 7.36
(pseudo t, J = 7.8 Hz, 1H), 3.26 (s, 1H), 2.85 (s, 1H); *C{'H} NMR (100 MHz, (CD3).CO): § 136.4,
134.3,129.9, 129.5, 127.4, 125.3, 122.8 (q, YJcr = 284.3 Hz), 78.8, 77.2, 72.3 (q, 2Jcr = 32.6 Hz); 1°F
NMR (376 MHz, (CD3):CO): & -82.0 (s); HRMS (FAB+) (m/z): [M]" calcd. for C1oHsCIF30,
234.0059; found: 234.0068.

Br FsQ_Z
OH

3l

1,1,1-Trifluoro-2-(3-bromophenyl)but-3-yn-2-ol (3I). A pale yellow oil (667.1 mg, 2.40 mmol,
80% isolated yield based on the amount of 1-(3-bromophenyl)-2,2,2-trifluoroethan-1-one). H NMR
(400 MHz, (CD3)2CO): 6 8.09 (br, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76 (dg, J = 8.0, 1.0 Hz, 1H), 7.54
(t, J=8.0 Hz, 1H), 7.09 (s, 1H), 3.68 (s, 1H); *C{'H} NMR (100 MHz, (CDs),CO): & 138.6, 132.3,
130.0, 129.9, 126.1, 123.4 (q, YJcr = 284.0 Hz) 121.6, 79.0, 77.6, 71.6 (g, Jcr = 31.9 Hz); *F NMR
(376 MHz, (CD3),CO, 376 MHz): 8 —80.7 (s); HRMS (FAB+) (m/z): [M]" calcd. for C1oHsBrFz0,
277.9554; found: 277.9565.
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1,1,1-Trifluoro-2-(furan-2-yl)but-3-yn-2-ol (3m). A pale yellow oil (427.7 mg, 2.25 mmol, 75%
isolated yield based on the mount of 2,2,2-trifluoro-1-(furan-2-yl)ethan-1-one). H NMR (400 MHz,
CDCl3): 6 7.48 (d,J = 2.0, 1H), 6.69 (dd, J = 3.3, 0.9 Hz, 1H), 6.42 (dd, J = 3.3, 2.0 Hz, 1H), 3.52 (br,
1H), 2.77 (s, 1H); *C{'H} NMR (100 MHz, CDCl3): 6 146.8, 144.2, 122.4 (q, 1Jcr = 284.6 Hz), 111.1,
110.8, 76.7, 76.3, 69.0 (q, 2Jcr = 34.5 Hz); F NMR (376 MHz, CDCl3): § —81.5 (s); HRMS (FAB+)
(m/z): [M+H]" calcd. for CgHsF30-, 191.0320; found: 191.0318.

F
Ph

5

OH
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1,1-Difluoro-2-phenylbut-3-yn-2-ol (8). A pale yellow oil (477.3 mg, 2.61 mmol, 87% isolated
yield based on the amount of 2,2-difluoro-1-phenylethan-1-one). *H NMR (400 MHz, CDCl;): §
7.69 (dd, J = 7.6, 1.6 Hz, 2H), 7.47-7.38 (m, 3H), 5.72 (t, J = 56.0 Hz, 1H), 3.02(s, 1H), 2.80 (s, 1H);
BC{'H} NMR (100 MHz, (CDs),CO): & 137.8, 128.8, 128.1, 127.0, 115.4 (t, *Jce = 249.6 Hz), 81.2,
76.9, 72.3 (t, 2Jcr = 23.5 Hz) (*3)C NMR spectrum of this compound was measured in acetone-ds
because some peaks of this compound overlapped with those of CDCls3); 1°F NMR (376 MHz, CDCl5):
8 —129.3 (dd, 2Jrr = 276 Hz, 2Jur = 60 Hz), —129.2 (dd, 2Jrr = 276 Hz, 2Jur = 60 Hz); HRMS (FAB+)
(m/z): [M]" calcd. for C1oHsF20, 182.0543; found, 182.0548.

1.3. General procedure for the preparation of 4-alkyl-1,4-dihydropyridine derivatives (4) (taking
diethyl 2,6-dimethyl-4-(4-(trifluoromethyl)benzyl)-1,4-dihydropyridine-3,5-dicarboxylate (4h)
as a typical example)

FsC
o O EtO,C CO,Et
o gt A e [ ]
CHO OEt EtOH N
. reflux, 18 h
2.0 equiv 5.0 equiv H

4h

In a 50 mL Schlenk flask were placed 2-(4-(trifluoromethyl)phenyl)acetaldehyde (940.8 mg, 5.00
mmol), ethyl acetoacetate (1301.4 mg, 10.00 mmol), and ethanol (20 mL) at room temperature under
N», where an aqueous solution of 28 wt % NH3 (1.5 mL, ca. 25 mmol) was added. The reaction
mixture was stirred and refluxed for 18 h by using an oil bath, then was dried in vacuo. The residue
was further purified by column chromatography (Si0») with a mixture of n-hexane/ethyl acetate (7:3)
as an eluent to afford diethyl 2,6-dimethyl-4-(4-(trifluoromethyl)benzyl)-1,4-dihydropyridine-3,5-
dicarboxylate (4h) as a white solid (1070.1 mg, 2.60 mmol, 52% yield based on the amount of 2-(4-
(trifluoromethyl)phenyl)acetaldehyde). mp: 129.0—-130.2 °C; '"H NMR (400 MHz, CDCl3): § 7.40 (d,
J=7.8Hz, 2H,), 7.11 (d, J = 7.8 Hz, 2H,), 6.02 (s, 1H), 4.18 (t, /= 5.7 Hz, 1H), 4.08-3.92 (m, 4H),

2.60 (d, J= 5.7 Hz, 2H), 2.16 (s, 6H), 1.17 (t, J = 7.2 Hz, 6H); 3C{'H} NMR (100 MHz, CDCL): &
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167.6, 145.9, 143.6, 130.1, 127.8 (9, 2Jcr = 31.9 Hz), 124.4 (g, YJcr = 270.2 Hz), 124.0 (q, 3Jcr = 2.9
Hz), 101.2, 59.6, 42.1, 35.3, 18.9, 14.1; °F NMR (376 MHz, CDCl3): & —63.7 (s); HRMS (FAB+)
(m/z): [M]" calcd. for C21H24F3NOs, 411.1657; found, 411.1653.

MeO,C

EtO,C CO,Et
| H |
4i
Diethyl 4-(4-(methoxycarbonyl)benzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4i).
A white solid (762.2 mg, 1.90 mmol, 38% isolated yield, based on the amount of methyl 4-(2-
oxoethyl)benzoate). mp: 86.5-88.0 °C; '"H NMR (400 MHz, CDCl3): § 7.84 (d, J= 8.4 Hz, 2H), 7.08
(d, J=8.4 Hz, 2H), 5.20 (s, 1H), 4.24 (t,J = 5.5 Hz, 1H), 4.15-4.02 (m, 4H), 3.89 (s, 1H), 2.65 (d, J
=5.5Hz, 2H), 2.15 (s, 6H), 1.24 (t,J= 7.4 Hz, 6H); *C {'"H} NMR (100 MHz, CDCl;): § 167.6, 167.4,
145.5, 145.2, 130.1, 128.5, 127.6, 101.4, 59.7, 51.9, 42.2, 35.4, 19.2, 14.3; HRMS (FAB+) (m/z):
[M+H]" calcd. for C22H28NOs, 402.1917; found, 402.1936.

Br

EtO,C CO,Et
| H |
40
Diethyl 4-(3-bromobenzyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (40). A white
solid (971.3 mg, 230 mmol, 46% isolated yield, based on the amount of 2-(3-
bromobenzyl)acetaldehyde). mp: 88.3-89.5 °C; 'H NMR (400 MHz, CDCls): § 7.27 (ddd, J = 7.8,
2.0,0.9 Hz1H,), 7.20 (t, J=2.0 Hz, 1H,), 7.03 (t, /= 7.8 Hz, 1H), 6.91 (d of pseudo t, /= 7.8, 1.6 Hz,
1H), 5.36 (s, 1H), 4.19 (t, /= 5.6 Hz, 1H), 4.15-4.04 (m, 4H), 2.54 (d, /= 5.6 Hz, 2H), 2.18 (s, 6H),
1.26 (t,J=7.2 Hz, 6H); *C{'H} NMR (100 MHz, CDCl5): § 167.6, 145.7, 141.7,133.0, 128.8, 128.7,

128.6, 121.3, 101.4, 59.7, 41.9, 354, 19.2, 14.3; HRMS (FAB+) (m/z): [M+H]" calcd. for
C20H25BrNQg, 422.0967; found, 422.0946.

EtO,C CO,Et
|

Iz

4s
Diethyl 2,6-dimethyl-4-(naphthalen-2-ylmethyl)-1,4-dihydropyridine-3,5-dicarboxylate (4s). A
white solid (846.0 mg, 2.15 mmol, 43% isolated yield, based on the amount of 2-(4-(naphthalen-2-

ylmethyl))acetaldehyde). mp: 119.0-120.6 °C; 'H NMR (400 MHz, CDCls): & 7.78-7.71 (m, 2H),
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7.65 (d, J= 8.8 Hz, 1H,), 7.43 (s, 1H), 7.41-7.36 (m, 2H), 7.20 (dd, J = 8.0 Hz, 1.2Hz, 1H), 5.09 (s,
1H), 4.28 (t, J = 5.4 Hz, 1H), 4.10-3.95 (m, 4H), 2.75 (d, J= 5.2 Hz, 2H), 2.12 (s, 6H), 1.19 (t, J= 7.2
Hz, 6H); 13C{IH} NMR (100 MHz, CDCls3): 6 167.8, 145.4, 137.0, 133.2, 131.9, 129.1, 128.2, 127.4
(overlapping), 126.3, 125.5, 124.9, 101.8, 59.6, 42.4, 35.6, 19.2, 14.3; HRMS (FAB+) (m/z): [M]"
calcd. for C24H27NO4, 393.1940; found, 393.1951.

1.4. General procedure for the preparation of chiral propargylic alkylation products (5, 7, and
9) (taking (R)-(2-(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa) as a typical example)

cat. [Ru]-2 (5 mol%)
P> cat. fac-[Ir(ppy)s] (1 mol%)
NH,4BF, (10 mol%)
, EtO-C COEL BE Et,0 (1.2 equiv)
OH - CICH,CH,CI
ﬁ 25°C, 48 h
visible light

FsC

7Taa

3a 4a (1.2 equiv)

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NH4BF4
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH.CCH.CI (2.0 mL) was added, and then the
mixture was magnetically stirred at room temperature for 30 min. Then, 1,1,1-trifluoro-2-phenylbut-
3-yn-2-0l (3a) (20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (4a) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol), and BF3-Et,O (15 uL,
17 mg, 0.12 mmol) were added under N> at room temperature. The reaction flask was placed in an
As One LTB-125 constant low temperature water bath set at 25 °C, and was illuminated from the
bottom of the bath with an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to
750 nm) at a distance of approximately 2 cm from the light source for 48 h. The volatiles were
removed in vacuo, and the residue was purified by column chromatography (SiO2) with n-hexane as
an eluent to afford (R)-(2-(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa) as a colorless oil (22.2
mg, 0.081 mmol, 81% yield based on the amount of 3a). [0]p?® =—12.2 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCl3): 6 7.68-7.64 (m, 2H), 7.39-7.33 (m, 3H), 7.22-7.09 (m, 3H), 7.00-6.97 (m, 2H),
3.52 (d, J=13.2 Hz, 1H), 3.42 (d, J = 13.2 Hz, 1H), 2.66 (s, 1H); *C{'H} NMR (100 MHz, CDCI3):
5 134.4,133.3, 130.8, 128.5, 128.5, 128.3, 127.6, 127.0, 125.7 (q, YJcr = 282.7 Hz), 79.0 (q, 3Jcr= 1.9
Hz), 78.1, 53.0 (g, 2Jcr = 26.5 Hz), 40.7; *°F NMR (376 MHz, CDCl;): § —73.5 (s); HRMS (FAB+)
(m/z): [M]" calcd. for Ci7H13F3, 274.0969; found: 274.0964. The enantiomeric excess of 7aa was
determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 14.6 min (major) and 19.9 min (minor), 94% ee.

L~

5
But-3-yne-1,2-diyldibenzene (5). A colorless oil (15.1 mg, 0.073 mmol, 73% yield based on the
amount of 1). [a]p?® = —14.8 (0.5 M in CHCI3); *H NMR (400 MHz, CDCls) § 7.33-7.19 (m, 8H),

7.13 (d, J = 7.2 Hz, 2H), 3.88 (ddd, J = 7.8, 6.8, 2.5 Hz, 1H), 3.06 (dd, J = 13.2, 7.8 Hz, 1H), 3.04 (dd,

J=13.2, 6.8 Hz, 1H), 2.28 (d, J = 2.5 Hz, 1H); 3C{'H} NMR (100 MHz, CDCls) § 140.7, 138.6,
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129.4,128.4,128.1, 127.6, 126.9, 126.5, 85.3, 71.9, 44.7, 39.8; HRMS (FAB+) (m/z): [M+H]" calcd.
for Ci6H1s, 207.1174; found: 207.1173. The enantiomeric excess of 5 was determined by HPLC
analysis; DAICEL Chiralpak OJ-H, hexane/PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm,
retention time: 21.8 min (minor) and 44.7 min (major), 48% ee.

F3C //

&

7ab
(R)-1-Methyl-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7ab). A colorless oil (22.5
mg, 0.078 mmol, 78% yield based on the amount of 3a). [a]p?’ =+21.9 (0.5 M in CHCl;); *H NMR
(400 MHz, CDCl3): 6 7.68-7.64 (m, 2H), 7.39-7.33 (m, 3H), 6.92 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.0
Hz, 2H), 3.48 (d, J = 13.6 Hz, 1H), 3.38 (d, J = 13.6 Hz, 1H), 2.65 (s, 1H), 2.24 (s, 3H); *C{'H} NMR
(100 MHz, CDCl5): § 136.5, 133.4, 131.2, 130.6, 128.5 (overlapping), 128.3, 128.2, 125.7 (q, Jcr =
282.7 Hz), 79.1, 78.0, 53.0 (q, 2Jcr = 26.2 Hz), 40.3, 21.0; F NMR (376 MHz, CDCl;): § —73.5 (5);
HRMS (FAB+) (m/z): [M]" calcd. for CigHisF3, 288.1126; found: 288.1128. The enantiomeric
excess of 7ab was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1,
flow rate = 0.5 mL/min, A = 220 nm, retention time: 13.7 min (major) and 18.9 min (minor), 94% ee.

Me

FgC //

&

7Tac

(R)-1-Methyl-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7ac). A colorless oil (24.0
mg, 0.079 mmol, 79% yield based on the amount of 3a). [a]p?’ =+66.9 (0.5 M in CHCl3); *H NMR
(400 MHz, CDCl3): 6 7.68-7.64 (m, 2H), 7.40-7.33 (m, 3H), 6.89 (d, J = 8.8 Hz, 2H), 6.66 (d, J = 8.8
Hz, 2H), 3.72 (s, 3H), 3.46 (d, J = 13.6 Hz, 1H), 3.37 (d, J = 13.6 Hz, 1H), 2.65 (s, 1H); *C{'H} NMR
(100 MHz, CDCl5): & 158.5, 133.4, 131.7, 128.5 (overlapping), 128.3, 126.3, 125.7 (q, 1Jcr = 282.7
Hz), 113.0, 79.1 (q, 3Jcr = 1.9 Hz), 78.0, 55.0, 53.1 (g, 2Jcr = 26.2 Hz), 39.9; °F NMR (376 MHz,
CDCl3, 376 MHz): & —71.7 (s); HRMS (FAB+) (m/z): [M]" calcd. for C1gH1sF30, 304.1075; found,
304.1088. The enantiomeric excess of 7ac was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/PrOH = 90/10, flow rate = 0.5 mL/min, A = 220 nm, retention time: 20.1 min (major)
and 23.7 min (minor), 92% ee.

OMe

F3C //

o

7ad

(R)-4-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)phenol (7ad). A colorless oil (20.3 mg, 0.070

mmol, 70% yield based on the amount of 3a). [0]p*® =—40.9 (0.5 M in CHCl3); *H NMR (400 MHz,
s7
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CDCl3): 6 7.66-7.62 (m, 2H), 7.39-7.33 (m, 3H), 6.84 (d, J = 8.8 Hz, 2H), 6.57 (d, J = 8.8 Hz, 2H),
3.44 (d, J=13.8 Hz, 1H), 3.35 (d, J = 13.8 Hz, 1H), 2.65 (s, 1H), 2.1-1.3 (br, 1H); *C{'H} NMR (100
MHz, CDCl5): § 154.5, 133.4, 131.9, 128.5, 128.5, 128.3, 126.6, 125.7 (q, Jcr = 282.7 Hz), 114.5,
79.1 (g, 3Jcr= 1.9 Hz), 78.0, 53.2 (q, 2Jcr = 26.2 Hz), 40.0; °F NMR (376 MHz, CDCl;): § —73.3 (8);
HRMS (FAB+) (m/z): [M]" calcd. for C17H13F30, 290.0918; found, 290.0912. The enantiomeric
excess of 7ad was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 80/20,
flow rate = 0.5 mL/min, A = 220 nm, retention time: 19.8 min (major) and 31.3 min (minor), 92% ee.

F3C //

&

Tae

(R)-1-Fluoro-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7ae). A colorless oil (23.4
mg, 0.080 mmol, 80% yield based on the amount of 3a). [0]p*® =—17.1 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCl3): 6 7.65-7.61 (m, 2H), 7.39-7.34 (m, 3H), 6.93 (dd, J = 8.8, 5.6 Hz, 2H), 6.80
(pseudo t, J = 8.8 Hz, 2H), 3.47 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 13.2 Hz, 1H), 2.66 (s, 1H); *C{'H}
NMR (100 MHz, CDCl5): & 162.0 (d, Ncr = 244.4 Hz), 133.2, 132.2 (d, 3Jcr = 7.6 Hz), 130.0 (d, “Jcr
= 2.8 Hz), 128.7, 128.4, 128.4, 125.6 (q, }Jcr = 279.5 Hz), 114.5 (d, 2Jcr= 21.0 Hz), 78.8 (q, 3Jcr= 1.9
Hz), 78.2, 53.0 (q, 2Jcr = 26.8 Hz), 40.0; °F NMR (376 MHz, CDCls): 6 —73.4 (s), —117.3 (s); HRMS
(FAB+) (m/z): [M+H]" calcd. for C17H13Fs, 293.0953; found, 293.0962. The enantiomeric excess of
7ae was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate =
0.3 mL/min, A =220 nm, retention time: 32.2 min (major) and 35.0 min (minor), 92% ee.

F3C //

7af

(R)-1-Chloro-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7af). A white solid (22.8
mg, 0.074 mmol, 74% yield based on the amount of 3a). mp: 56.4-57.8 °C; [a]p*° =-19.5 (0.5 M in
CHCl3); *H NMR (400 MHz, CDCls): § 7.65-7.61 (m, 2H), 7.40-7.34 (m, 3H), 7.08 (d, J = 8.2 Hz,
2H), 6.90 (d, J=8.2 Hz, 2H), 3.47 (d, J = 13.6 Hz, 1H), 3.38 (d, J = 13.6 Hz, 1H), 2.67 (s, 1H); 3C{'H}
NMR (100 MHz, CDCl5): § 133.0, 132.8, 132.0, 128.7, 128.4 (overlapping), 127.8, 125.6 (q, 1Jcr =
282.7 Hz), 78.7 (q, 3Jcr = 1.9 Hz), 78.3, 52.9 (q, 2Jcr = 26.2 Hz), 40.1; F NMR (376 MHz, CDCls):
d —73.5 (s); HRMS (FAB+) [M]" (m/z): calcd. for C17H12CIF3, 308.0580; found: 308.0570. The
enantiomeric excess of 7af was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 17.3 min (major) and 25.4
min (minor), 90% ee.

Cl
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F3C //

&

7ag
(R)-1-Bromo-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7ag). A colorless oil (24.0
mg, 0.068 mmol, 68% yield based on the amount of 3a). [0]p?® =—49.5 (0.5 M in CHCl3); *H NMR
(400 MHz, CDCl3): 6 7.65-7.61 (m, 2H), 7.38-7.34 (m, 3H), 7.23 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8
Hz, 2H), 3.45 (d, J = 13.6 Hz, 1H), 3.36 (d, J = 13.6 Hz, 1H), 2.67 (s, 1H); *C{'H} NMR (100 MHz,
CDCls): & 133.3, 133.0, 132.4, 130.7, 128.7, 128.4 (overlapping), 125.6 (q, Jcr = 282.7 Hz), 121.2,
78.7 (0, 3Jcr = 2.4 Hz), 78.4, 52.8 (0, 2Jcr = 26.8 Hz), 40.2; °F NMR (376 MHz, CDCl;): § —73.5;
HRMS (FAB+) (m/z): [M]* calcd. for C17H12BrFs, 352.0074; found, 352.0083. The enantiomeric
excess of 7ag was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1,
flow rate = 0.5 mL/min, A = 220 nm, retention time: 15.4 min (major) and 23.7 min (minor), 94% ee.

Br

F3C //

&

7ah
(R)-1-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)-4-(trifluoromethyl)benzene (7ah). A white
solid (25.3 mg, 0.074 mmol, 74% yield based on the amount of 3a). mp: 54.5-55.5 °C; [a]p?® = —
49.1 (0.5 M in CHCl3); *H NMR (400 MHz, CDCl;): § 7.66-7.62 (m, 2H), 7.39-7.35 (m, 5H), 7.08
(d, 2H, J = 8.4 Hz), 3.56 (d, J = 13.4 Hz, 1H), 3.46 (d, J = 13.4 Hz, 1H), 2.68 (s, 1H); *C{'H} NMR
(100 MHz, (CDs),CO): § 140.1, 133.6, 132.3, 129.6, 129.5 (q, 2Jcr = 31.6 Hz), 129.4, 129.2, 126.6 (q,
Ycr = 282.4 Hz), 125.2 (g, YJcr = 269.8 Hz), 125.0 (g, 3Jcr = 2.8 Hz), 80.8, 79.1, 53.4 (q, 2Jcr = 27.2
Hz), 40.2 (*3C NMR spectrum of this compound was measured in acetone-ds because some peaks of
this compound overlapped with those of CDCls); °F NMR (376 MHz, CDCls): § —64.1 (s), —73.6 (S);
HRMS (FAB+) (m/z): [M]" calcd. for CigHioFe, 342.0843; found, 342.0856. The enantiomeric
excess of 7ah was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1,
flow rate = 0.5 mL/min, A = 220 nm, retention time: 11.4 min (major) and 15.6 min (minor), 91% ee.

CF3

F3C //

&

7ai
Methyl (R)-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzoate (7ai). A pale yellow solid
(24.9 mg, 0.075 mmol, 75% yield based on the amount of 3a). mp: 74.0-75.5 °C; [a]p*® =—45.6 (0.5
M in CHCls); *H NMR (400 MHz, CDC1s): § 7.79 (d, J = 8.4 Hz, 2H), 7.65-7.62 (m, 2H), 7.38-7.33
(m, 3H), 7.05 (d, J = 8.4 Hz, 2H), 3.86 (s, 3H), 3.56 (d, J = 14.0 Hz, 1H), 3.47 (d, J = 14.0 Hz, 1H),
2.67 (s, 1H); BC{'H} NMR (100 MHz, CDCls): & 166.9, 139.7, 133.0, 130.8, 128.9, 128.8, 128.7,

128.4, 125.6 (g, Wcr = 282.7 Hz), 78.6 (g, 3Jcr = 1.9 Hz), 78.4, 52.8 (q, 2Jcr = 26.8 Hz), 52.0, 40.7; 19F
S9
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NMR (376 MHz, CDCl3): 6 -73.5 (s); HRMS (FAB+) (m/z): [M+H]" calcd. for C19H16F302, 333.1102;
found, 333.1107. The enantiomeric excess of 7ai was determined by HPLC analysis; DAICEL
Chiralpak OJ-H, hexane/PrOH = 90/10, flow rate = 0.5 mL/min, A = 220 nm, retention time: 18.9 min
(major) and 31.1 min (minor), 96% ee.

F3C é

&

7aj

(R)-1-(tert-Butyl)-4-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7aj). A white solid
(23.1 mg, 0.070 mmol, 70% yield based on the amount of 3a). mp: 88.7-89.9 °C; [a]p?® =-13.2 (0.5
M in CHCls); *H NMR (400 MHz, CDCls): § 7.69-7.66 (m, 2H), 7.39-7.33 (m, 3H,), 7.13 (d, J = 8.4
Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 3.50 (d, J = 13.6 Hz, 1H), 3.39 (d, J = 13.6 Hz, 1H), 2.65 (s, 1H),
1.24 (s, 9H); BC{'H} NMR (100 MHz, CDCls): & 149.6, 133.5, 131.3, 130.3, 128.5, 128.5, 128.2,
125.7 (q, Ncr = 282.7 Hz), 124.5, 79.2 (q, *Jcr = 1.9 Hz), 77.8, 52.9 (q, 2Jcr = 26.2 Hz), 40.0, 34.3,
31.3; °F NMR (376 MHz, CDCl3): & —72.0 (s); HRMS (FAB+) (m/z): [M]" calcd. for Ca1H21Fs3,
330.1595; found, 330.1594. The enantiomeric excess of 7aj was determined by HPLC analysis;
DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time:
9.9 min (major) and 17.9 min (minor), 84% ee.

Bu

F3C //

Y j\"'

7ak

(R)-4-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)-1,1'-biphenyl (7ak). A white solid (24.9 mg,
0.071 mmol, 71% yield based on the amount of 3a). mp: 102.6-103.7 °C; [a]p?’ = —46.4 (0.5 M in
CHCls); *H NMR (400 MHz, CDCl3): § 7.71-7.67 (m, 2H), 7.52 (dd, J = 7.2, 1.2 Hz, 2H), 7.42-7.34
(m, 7H), 7.30 (tt, J = 7.4, 1.6 Hz,1H), 7.05 (d, J = 8.0 Hz, 2H), 3.56 (d, J = 13.2 Hz, 1H), 3.47 (d, J =
13.2 Hz, 1H), 2.69 (s, 1H); *C{'H} NMR (100 MHz, CDCls): § 140.6, 139.7, 133.4, 133.3, 131.1,
128.7, 128.6, 128.5, 128.3, 127.2, 126.9, 126.2, 125.7 (q, Jcr = 283.7 Hz), 79.0, 78.1, 53.0 (q, Jcr =
26.5 Hz), 40.3; °F NMR (376 MHz, CDCls): & —71.8 (s); HRMS (FAB+) (m/z): [M]" calcd. for
CasH17F3, 350.1282; found: 350.1270. The enantiomeric excess of 7ak was determined by HPLC
analysis; DAICEL Chiralpak OD, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention
time: 11.4 min (minor) and 12.4 min (major), 83% ee.

Ph
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F3C //

Ph*"
Me

7al

(R)-1-Methyl-3-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7al). A colorless oil (21.0
mg, 0.073 mmol, 73% yield based on the amount of 3a). [0]p*® =—-14.9 (0.5 M in CHCl3); *H NMR
(400 MHz, CDCl3): 8 7.67-7.64 (m, 2H), 7.38-7.33 (m, 3H), 7.00 (pseudo t, J = 7.4 Hz, 1H), 6.96 (d,
J =8.0 Hz, 1H), 6.79 (br, 1H), 6.76 (d, J = 6.8 Hz, 1H), 3.47 (d, J = 13.4 Hz, 1H), 3.38 (d, J = 134
Hz, 1H), 2.65 (s, 1H), 2.19 (s, 3H); *C{'H} NMR (100 MHz, CDCls): § 137.0, 134.2, 133.4, 131.7,
128.5,128.2, 127.7, 127.7, 127.4, 127.2, 125.7 (q, *Jce = 282.7 Hz), 79.0 (q, *Jce= 1.9 Hz), 78.0, 53.0
(0, 2Jce = 26.2 Hz), 40.7, 21.3; °F NMR (376 MHz, CDCl3): § —72.0 (s); HRMS (FAB+) (m/z): [M]*
calcd. for C1gHisF3, 288.1126; found, 288.1137. The enantiomeric excess of 7al was determined by
HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A =220 nm,
retention time: 13.6 min (major) and 17.7 min (minor), 90% ee.

F3C //
Ph"

7am

(R)-1-Fluoro-3-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7am). A colorless oil (23.4
mg, 0.080 mmol, 80% yield based on the amount of 3a). [0]p*® =—48.0 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCl3): 6 7.67-7.62 (m, 2H), 7.42-7.34 (m, 3H), 7.07 (dd, J = 14.0, 8.6 Hz, 1H), 6.85
(ddd, J = 8.6, 7.6, 2.8 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.72 (dd, J = 7.6, 2.4 Hz, 1H), 3.50 (d, J =
13.2 Hz, 1H), 3.41 (d, J = 13.2 Hz, 1H), 2.69 (s, 1H); *C{'H} NMR (100 MHz, CDCls): 6 162.1 (d,
LJcr = 243.4 Hz), 136.8 (d, 3Jce = 7.7 Hz), 133.0, 128.9 (d, 3J = 8.6 Hz), 128.7, 128.4 (overlapping),
126.5 (d, *Jcr= 1.9 Hz), 125.5 (q, YJcr = 283.0 Hz), 117.6 (d, 2Jce = 22.0 Hz), 114.0 (d, 2Jcr = 20.1 Hz),
78.7 (9, 3Jcr = 1.9 Hz), 78.3, 52.8 (q, 2Jcr = 26.8 Hz), 40.4; F NMR (376 MHz, CDCls): § —73.6 (5),
-115.7 (s); HRMS (FAB+) (m/z): [M]* calcd. for Ci7H12F4, 292.0875; found, 292.0872. The
enantiomeric excess of 7am was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 11.9 min (major) and 16.0
min (minor), 90% ee.

F3C //
3.

7an

(R)-1-Chloro-3-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7an). A colorless oil (23.8
mg, 0.077 mmol, 77% yield based on the amount of 3a). [0]p?® =—13.5 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCl3): 6 7.66—7.61 (m, 2H), 7.40-7.34 (m, 3H), 7.13 (ddd, J = 8.0, 2.1, 0.9 Hz, 1H), 7.03

(t, J=8.0, Hz, 1H), 7.00 (pseudo t, J = 2.0 Hz, 1H), 6.82 (d of pseudo t, J = 8.0, 1.4 Hz, 1H), 3.47 (d,
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J=13.8 Hz, 1H), 3.38 (d, J = 13.8 Hz, 1H), 2.70 (s, 1H); *C{'H} NMR (100 MHz, CDCIl5): § 136.3,
133.3,133.0, 130.9, 128.8, 128.8, 128.4 (overlapping), 127.2, 125.5 (q, 1Jcr = 282.7 Hz), 78.6 (q, 3Jcr
= 1.9 Hz), 78.4, 52.8 (q, 2Jcr = 26.8 Hz), 40.4; %F NMR (376 MHz, CDCl;): § —73.5 (s); HRMS
(FAB+) (m/z): [M]" calcd. for C17H12CIF3, 308.0580; found, 308.0578. The enantiomeric excess of
7an was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate =
0.5 mL/min, A = 220 nm, retention time: 22.4 min (major) and 33.0 min (minor), 91% ee.

F3C //
@ Br

7ao

(R)-1-Bromo-3-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7a0). A colorless oil (25.4
mg, 0.072 mmol, 72% yield based on the amount of 3a). [o]p*® = —44.5 (0.5 M in CHCl3); *H NMR
(400 MHz, CDCl3): 6 7.65-7.61 (m, 2H), 7.39-7.35 (m, 3H,), 7.29 (ddd, J = 8.0, 2.0, 0.9 Hz, 1H), 7.16
(t, J=2.0 Hz, 1H), 6.97 (t, J = 8.0 Hz, 1H), 6.86 (d of pseudo t, J = 8.0, 1.4 Hz, 1H), 3.46 (d, J = 13.6
Hz, 1H), 3.37 (d, J = 13.6 Hz, 1H), 2.70 (s, 1H). "*C{'H} NMR (100 MHz, CDCl;) : § 136.6, 133.8,
133.0, 130.1, 129.3, 129.1, 128.8, 128.4, 128.4, 125.5 (q, YJc.r = 282.7 Hz), 121.5, 78.6 (g, 3Jcr= 1.9
Hz), 78.5, 52.9 (g, 2Jcr = 26.8 Hz), 40.4; *°F NMR (376 MHz, CDCls): 5 —73.4 (s); HRMS (FAB+)
(m/z): [M]" calcd. for C17H12BrF3, 352.0074; found, 352.0073. The enantiomeric excess of 7ao was
determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 19.5 min (major) and 27.8 min (minor), 93% ee.

F3C //
Me

o

7ap

(R)-1-Methyl-2-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7ap). A colorless oil (21.3
mg, 0.074 mmol, 74% yield based on the amount of 3a). [0]p*® =—50.8 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCls): & 7.68-7.64 (m, 2H), 7.39-7.35 (m, 3H), 7.10 (dd, J = 8.0, 2.0 Hz,1H), 7.07
(pseudotof d J=7.8, 1.5 Hz, 1H), 6.88 (pseudo t of d, J = 7.2, 2.0 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H),
3.61(d, J = 14.4 Hz, 1H), 3.44 (d, J = 14.4 Hz, 1H), 2.55 (s, 1H), 2.25 (s, 3H). "*C{'H} NMR (100
MHz, (CD3).CO): & 138.3, 134.6, 133.6, 130.7, 130.6, 129.2, 129.1, 128.9, 127.3, 126.7 (q, JcF =
282.1 Hz), 125.4,79.4,79.2 (q, 3Jcr = 1.9 Hz), 52.9 (g, 2Jcr = 26.9 Hz), 36.7, 19.9 (3C NMR spectrum
of this compound was measured in acetone-de because some peaks of this compound overlapped with
those of CDCl3); **F NMR (376 MHz, CDCls): & —73.5 (s); HRMS (FAB+) (m/z): [M]* calcd. for
CigHisF3, 288.1126; found, 288.1112. The enantiomeric excess of 7ap was determined by HPLC
analysis; DAICEL Chiralpak OJ-H, hexane/PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm,
retention time: 14.4 min (major) and 20.0 min (minor), 90% ee.

S12



F3C

si&

7aq

(R)-1-Fluoro-2-(2-phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzene (7aq). A colorless oil (22.8
mg, 0.078 mmol, 78% yield based on the amount of 3a). [0]p*® =—47.0 (0.5 M in CHCl5); *H NMR
(400 MHz, CDCl3): 6 7.71-7.67 (m, 2H), 7.38-7.33 (m, 3H), 7.18-7.11 (m, 1H), 7.02-6.85 (m, 3H),
3.62 (d, J=13.6 Hz, 1H), 3.51 (d, J = 13.6 Hz, 1H), 2.64 (s, 1H); *C{'H} NMR (100 MHz, CDCls):
8 161.4 (d, YJcr = 245.3 Hz), 133.4, 132.0 (d, 3Jcr = 3.8 Hz), 128.8 (d, %Jcr = 8.6 Hz), 128.6, 128.4,
128.2, 125.6 (q, YJce = 282.7 Hz), 123.2 (d, *Jcr = 3.8 Hz), 121.8 (d, 2Jcr = 14.4 Hz), 115.0 (d, ?Jcr =
23.0 Hz), 78.8 (q, 3Jcr = 1.9 Hz), 77.6, 52.3 (g, 2Jcr = 26.8 Hz), 33.1; F NMR (376 MHz, CDCl3): &
—~73.4 (s), —116.8 (s); HRMS (FAB+) (m/z): [M]" calcd. for C17H12F4, 292.0875; found, 292.0865.
The enantiomeric excess of 7aq was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 15.6 min (major) and 18.7
min (minor), 93% ee.

F3C ‘
Tar

(R)-1-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)naphthalene (7ar). A white solid (22.4 mg,
0.069 mmol, 69% yield based on the amount of 3a). mp: 83.6-84.2 °C; [a]p?® = +26.9 (0.5 M in
CHCl3); *H NMR (400 MHz, CDCls): § 8.11-8.06 (m, 1H), 7.82-7.77 (m, 1H), 7.70-7.66 (m, 3H),
7.47-7.41 (m, 2H), 7.37-7.33 (m, 2H), 7.17 (pseudo t, J = 7.8 Hz, 1H), 6.94 (d, J = 6,8 Hz, 1H), 4.16
(d, J = 14.4 Hz, 1H), 3.89 (d, J = 14.4 Hz, 1H), 2.41 (s, 1H); BC{'H} NMR (100 MHz, CDCl3): &
134.0, 133.5, 133.0, 130.5, 128.6, 128.5, 128.4 (overlapping), 128.3, 127.6, 125.9 (q, Jce = 283.0 Hz),
125.5, 125.3, 124.7, 124.2, 79.2 (9, 3Jcr = 2.0 Hz), 78.0, 52.4 (q, 2Jce = 26.5 Hz), 36.1; °F NMR (376
MHz, CDCls): 8 -71.9 (s); HRMS (FAB+) (m/z): [M]" calcd. for Co1H1sFs, 324.1126; found, 324.1132.
The enantiomeric excess of 7ar was determined by HPLC analysis; DAICEL Chiralpak OD,
hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 10.4 min (minor) and 12.9
min (major), 91% ee.

Fgc

O

Tas
(R)-2-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)naphthalene (7as). A colorless oil (23.0 mg,
0.071 mmol, 71% yield based on the amount of 3a). [a]p** =+37.9 (0.5 M in CHCI3); *H NMR (400
MHz, CDCl3): 6 7.74 (dd, J = 5.6, 3.3 Hz, 1H), 7.71-7.67 (m, 2H), 7.65 (dd, J = 6.3, 3.3 Hz, 1H),

7.75-7.62 (m, 4H), 7.58 (d, J = 8.3 Hz, 1H), 7.47 (br, 1H), 7.41 (d, J = 5.6 H, 1H), 7.40 (d, J = 6.3 Hz,
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1H), 7.38-7.33 (m, 3H), 7.07 (dd, J = 8.3, 1.8 Hz, 1H), 3.69 (d, J = 13.4 Hz, 1H), 3.60 (d, J = 13.4 Hz,
1H), 2.66 (s, 1H); *C{'H} NMR (100 MHz, CDCl5): § 133.4,132.9, 132.4, 131.9, 129.9, 128.7, 128.6,
128.5, 128.3, 127.7, 127.4, 126.9, 125.7, 125.7 (q, YJcr = 282.7 Hz), 125.7, 79.0 (q, Jcr = 1.9 Hz),
78.2,53.1 (g, 2Jcr = 26.5 Hz), 40.9; *F NMR (376 MHz, CDCl3): § —73.4 (s); HRMS (FAB+) (m/2):
[M]" calcd. for CaiHisFs, 324.1126; found: 324.1115. The enantiomeric excess of 7as was
determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 22.3 min (minor) and 26.3 min (major), 95% ee.

FsC, =
DA

7at

(R)-5-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)benzo[d][1,3]dioxole (7at). A colorless oil
(21.0 mg, 0.066 mmol, 66% yield based on the amount of 3a). [a]p** =+52.5 (0.5 M in CHCl;); 'H
NMR (400 MHz, CDCl3): 6 7.67-7.64 (m, 2H), 7.40-7.34 (m, 3H), 6.57 (d, J = 8.1 Hz, 1H), 6.49 (d,
J=1.3 Hz, 1H), 6.44 (dd, J = 8.1, 2.2 Hz, 1H), 5.86 (dd, J = 2.2, 1.3 Hz, 1H), 3.43 (d, J = 13.6 Hz,
1H), 3.34 (d, J = 13.6 Hz, 1H), 2.68 (s, 1H); '*C{'H} NMR (100 MHz, CDCIs): § 146.8, 146.5, 133.3,
128.6, 128.4, 128.3, 127.9, 125.6 (g, Jce = 283.0 Hz), 124.2, 111.0, 107.5, 100.8, 79.0, 78.1, 53.1 (q,
2Jcr = 26.2 Hz), 40.5; F NMR (376 MHz, CDCl3): § —73.4 (s); HRMS (FAB+) (m/z): [M]* calcd. for
C18H13F302, 318.0868; found, 318.0865. The enantiomeric excess of 7at was determined by HPLC
analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 90/10, flow rate = 1.0 mL/min, A = 220 nm,
retention time: 22.7 min (minor) and 48.1 min (major), 91% ee.

&

7au

(R)-2-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)furan (7au). A colorless oil (19.7 mg, 0.080
mmol, 80% yield based on the amount of 3a). [0]p*® =—16.2 (0.5 M in CHCl3); *H NMR (400 MHz,
CDCl3): & 7.64-7.60 (m, 2H), 7.44-7.35 (m, 4H,), 6.42 (d, J = 3.2 Hz, 1H), 6.00-5.99 (m, 1H), 6.73-
6.72 (m, 1H), 6.42 (d, J = 3.2 Hz, 1H), 6.00 (ddd, J = 3.2, 2.4, 0.8Hz, 1H), 2.74 (s, 1H), 2.29 (d, J =
0.8 Hz, 2H); *C{'H} NMR (100 MHz, CDCls): & 153.3, 146.0, 134.2, 128.8, 128.5, 128.3, 124.1 (q,
LJcr = 284.6 Hz), 111.0, 106.4, 78.2 (q, 3Jcr = 1.9 Hz), 75.7, 52.3 (9, 2Jcr = 29.7 Hz), 13.6; °F NMR
(376 MHz, CDCl3): 8 —72.2 (s); HRMS (FAB+) (m/z): [M]* calcd. for C1sH11F30, 264.0762; found,
264.0752. The enantiomeric excess of 7au was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 21.0 min (major) and
27.2 min (minor), 90% ee.

Fgc //
(@]
|
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Tav

(R)-2-(2-Phenyl-2-(trifluoromethyl)but-3-yn-1-yl)thiophene (7av). A colorless oil (21.0 mg,
0.075 mmol, 75% yield based on the amount of 3a). [a]p?® =—12.5 (0.5 M in CHCl3); *H NMR (400
MHz, CDCl3): 6 7.71-7.67 (m, 2H), 7.42-7.36 (m, 3H,), 7.03 (dd, /= 5.1, 1.2 Hz, 1H), 6.80 (dd, J =
5.1, 3.7 Hz, 1H), 6.72 (d, J = 3.7 Hz, 1H), 3.80 (d, J = 14.8 Hz, 1H), 3.68 (d, J = 14.8 Hz, 1H), 2.66
(s, 1H); 3C{'H} NMR (100 MHz, CDCls): § 135.8, 132.8, 128.8, 128.6, 128.4, 128.2, 126.0, 125.3 (q,
Ycr = 282.7 Hz), 124.9, 78.9 (9, 3Jcr = 1.9 Hz), 77.7, 52.9 (q, ZJcr = 27.2 Hz), 35.4; F NMR (376
MHz, CDCl3): & —74.1 (s); HRMS (FAB+) (m/z): [M]* calcd. for CisH11FsS, 280.0534; found,
280.0522. The enantiomeric excess of 7av was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 15.4 min (major) and
22.9 min (minor), 94% ee.

F3C //
S
| 4

F3C //
Me/©

7ba

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-methylbenzene (7ba). A colorless oil (23.4 mg,
0.081 mmol, 81% yield based on the amount of 3b). [0]p*’ =—44.6 (0.5 M in CHCI3); *H NMR (400
MHz, CDCl3): 6 7.53 (d, J = 8.0 Hz, 2H), 7.18-7.10 (m, 5H), 7.00 (d, J = 8.0, 1.6 Hz, 2H), 3.50 (d, J
=13.4 Hz, 1H), 3.40 (d, J = 13.4 Hz, 1H), 2.63 (s, 1H), 2.35 (s, 3H); *C{'H} NMR (100 MHz, CDCl5):
5 138.4,134.5,130.8, 130.3, 129.0, 128.3, 127.5, 126.9, 125.7 (q, YJcr = 282.7 Hz), 79.1 (9, 3Jcr= 2.0
Hz), 77.8, 52.6 (0, 2Jcr = 26.5 Hz), 40.6, 21.0; °F NMR (376 MHz, CDCls): & —72.1 (s); HRMS
(FAB+) (m/z): [M]" calcd. for C1gH1sF3, 288.1126; found, 288.1123.  The enantiomeric excess of 7ba
was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 15.1 min (major) and 22.2 min (minor), 90% ee.

F3C //

Et/©

7ca
(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-ethylbenzene (7ca). A colorless oil (23.0 mg,
0.076 mmol, 76% yield based on the amount of 3¢). [a]p** =—47.4 (0.5 M in CHCI3); *H NMR (400
MHz, CDCls): & 7.56 (d, J = 7.6 Hz, 2H), 7.21-7.10 (m, 5H), 7.01 (dd, J = 8.0, 1.6 Hz, 2H), 3.51 (d,
J=13.2 Hz, 1H), 3.41 (d, J = 13.2 Hz, 1H), 2.66 (q, J = 7.7 Hz, 2H), 2.63 (s, 1H), 1.25 (t, J = 7.7 Hz,
3H); BC{'H} NMR (100 MHz, CDCl;): § 144.6, 134.6, 130.8, 130.6, 128.4,127.7,127.5,126.9, 125.7
(9, Ner = 282.7 Hz), 79.2 (q, 3Jcr = 2.9 Hz), 77.8, 52.6 (g, 2Jcr = 26.5 Hz), 40.7, 28.3, 15.2; 1°F NMR
(376 MHz, CDCl3): 6 —73.6 (s); HRMS (FAB+) (m/z): [M]" calcd. for C19H17F3, 302.1282; found,
302.1280. The enantiomeric excess of 7ca was determined by HPLC analysis; DAICEL Chiralpak
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0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 11.7 min (major) and
14.6 min (minor), 90% ee.

F3C //

Me0/©

7da

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-methylbenzene (7da). A colorless oil (21.6 mg,
0.071 mmol, 71% yield based on the amount of 3d). [o]p?® =—43.6 (0.5 M in CHCI3); *H NMR (400
MHz, CDCl3): & 7.58 (d, J = 9.0 Hz, 2H), 7.20-7.11 (m, 3H), 7.01 (dd, J = 7.6, 1.6 Hz, 2H), 6.89 (d,
J=9.0Hz, 2H), 3.82 (s, 3H), 3.50 (d, J = 13.4 Hz, 1H), 3.40 (d, J = 13.4 Hz, 1H), 2.63 (s, 1H); *C{'H}
NMR (100 MHz, CDCI5): § 159.6, 134.5, 130.8, 129.7, 127.6, 126.9, 125.7 (q, }Jcr = 282.7 Hz), 125.2,
113.5, 79.2 (q, *Jcr = 2.0 Hz), 77.8, 55.2, 52.3 (q, *Jcr = 26.5 Hz), 40.6; °F NMR (376 MHz, CDCl3):
3 —74.0 (s); HRMS (FAB+) (m/z): [M+H]" calcd. for C1gH16F30, 304.1153; found: 305.1140. The
enantiomeric excess of 7da was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/'PrOH = 90/10, flow rate = 0.5 mL/min, A = 220 nm, retention time: 23.2 min (major) and 34.6
min (minor), 91% ee.

F3C //

F/©

7Tea

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-fluorobenzene (7ea). A colorless oil (22.5 mg,
0.077 mmol, 77% yield based on the amount of 3e). [a]p** =—58.8 (0.5 M in CHCl3); *H NMR (400
MHz, CDCls): § 7.62 (dd, J = 8.6, 5.0 Hz, 2H), 7.20-7.10 (m, 3H), 7.04 (pseudo t, J = 8.4 Hz, 2H),
6.98 (dd, J = 8.0, 1.6 Hz, 2H), 3.46 (d, J = 13.2 Hz, 1H), 3.41 (d, J = 13.2 Hz, 1H), 2.67 (s, 1H);
BC{'H} NMR (100 MHz, CDCl3): & 162.7 (d, *Jce = 247.3 Hz), 134.1, 130.7, 130.4 (d, 3Jcr = 7.7 Hz),
129.1 (d, *Jcr = 2.9 Hz), 127.7, 127.1, 125.6 (q, *Jcr = 282.7 Hz), 115.2 (d, 2Jcr = 21.1 Hz), 78.8 (q,
3Jcr = 2.9 Hz), 78.2, 52.5 (q, 2Jcr = 26.7 Hz), 40.8; °F NMR (376 MHz, CDCl3): § —73.8 (s), —115.1
(s); HRMS (FAB+) (m/z): [M+H]" calcd. for Ci7HiaFs, 293.0953; found, 293.0945. The
enantiomeric excess of 7ea was determined by HPLC analysis; DAICEL Chiralpak OD, hexane/'PrOH
= 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 9.0 min (major) and 10.0 min (minor),
94% ee.

F3C é

A

7fa

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-chlorobenzene (7fa). A colorless oil (22.8 mg,
0.074 mmol, 74% yield based on the amount of 3f). [a]p*® =—54.2 (0.5 M in CHCl3); *H NMR (400
MHz, CDCl3): & 7.58 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H), 7.21-7.11 (m, 3H), 6.99 (dd, J =

8.0, 1.6 Hz, 2H), 3.47 (d, J = 13.6 Hz, 1H), 3.42 (d, J = 13.6 Hz, 1H), 2.68 (s, 1H); *C{'H} NMR
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(100 MHz, CDCls): § 134.7, 134.0, 131.9, 130.7, 129.9, 128.5, 127.7, 127.1, 125.5 (q, Jcr = 282.7
Hz), 78.6 (q, 3Jcr = 1.9 Hz), 78.4, 52.6 (, 2Jcr = 26.8 Hz), 40.6; 1°F NMR (376 MHz, CDCl3): § -72.0
(s); HRMS (FAB+) (m/z): [M]" calcd. for C17H12CIF3, 308.0580; found: 308.0590. The enantiomeric
excess of 7fa was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1,
flow rate = 0.5 mL/min, A = 220 nm, retention time: 15.2 min (major) and 16.6 min (minor), 90% ee.

F3C //

Br/©

7ga

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-bromobenzene (7ga). A white solid (24.7 mg,
0.070 mmol, 70% yield based on the amount of 3g). mp: 49.2-59.3 °C; [a]p*® = —20.3 (0.5 M in
CHCl3); *H NMR (400 MHz, CDCls): & 7.53-7.46 (m, 4H), 7.20-7.11 (m, 3H), 6.98 (dd, J = 8.0, 1.6
Hz, 2H), 3.46 (d, J = 13.2 Hz, 1H), 3.41 (d, J = 13.2 Hz, 1H), 2.67 (s, 1H); *C{'H} NMR (100 MHz,
CDCl): 6 133.9, 132.5, 131.4, 130.7, 130.3, 127.7, 127.2, 125.4 (q, YJce = 283.0 Hz), 123.0, 78.5 (q,
3)ce= 1.9 Hz), 78.4, 52.7 (q, 2Jce = 26.8 Hz), 40.6; °F NMR (376 MHz, CDCl3): § —73.7 (s); HRMS
(FAB+) (m/z): [M]" calcd. for C17H12BrF3, 352.0074; found: 352.0083. The enantiomeric excess of
7ga was determined by HPLC analysis; DAICEL Chiralpak OD, hexane/'PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 8.8 min (major) and 9.8 min (minor), 92% ee.

F3C 4

F3C \//\

7ha

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-4-(trifluoromethyl)benzene (7ha). A colorless oil
(28.4 mg, 0.083 mmol, 83% yield based on the amount of 3h). [a]p?® =—50.2 (0.5 M in CHCl;); H
NMR (400 MHz, CDCl3): 6 7.78 (d, J = 8.0 Hz, 2H), 7.61 (d, J = 8.0 Hz, 2H), 7.21-7.10 (m, 3H), 6.97
(dd, J = 7.6, 1.4 Hz, 2H), 3.50 (d, J = 13.6 Hz, 1H), 3.46 (d, J = 13.6 Hz, 1H), 2.72 (s, 1H); ’*C{'H}
NMR (100 MHz, CDCls): § 137.5, 133.7, 130.7, 129.0 128.4 (q, 2Jcr = 12.8 Hz), 127.8, 127.3, 125.4
(0, YJce = 283.0 Hz), 125.2 (q, *Jcr = 3.5 Hz), 123.8 (q, 1Jcr = 270.9 Hz), 78.8, 78.3 (q, 3Jcr = 1.9 Hz),
53.0 (q, 2Jcr = 26.8 Hz), 40.7; F NMR (376 MHz, CDCl3): § —64.3 (s), —73.3 (s); HRMS (FAB+)
(m/z): [M]" calcd. for CigH1oFs, 342.0843; found, 342.0847. The enantiomeric excess of 7ha was
determined by HPLC analysis; DAICEL Chiralpak OD, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min,
A =220 nm, retention time: 9.7 min (major) and 10.7 min (minor), 93% ee.

Fgc //

w

Me

7ia
(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-3-methylbenzene (7ia). A colorless oil (19.3 mg,

0.067 mmol, 67% yield based on the amount of 3i). [a]p*® =—49.4 (0.5 M in CHCl3); *H NMR (400
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MHz, CDCls): 6 7.47-7.44 (br, 2H), 7.25 (pseudo t, J = 8.0 Hz, 1H), 7.21-7.10 (m, 4H), 6.99 (dd, J =
8.0, 1.6 Hz, 2H), 3.51 (d, J = 13.6 Hz, 1H), 3.40 (d, J = 13.6 Hz, 1H), 2.64 (s, 1H), 2.36 (s, 3H); *C{'H}
NMR (100 MHz, CDCls): 6 137.9, 134.5, 133.2, 130.8, 129.3, 129.2, 128.1, 127.5, 126.9, 125.7 (q,
Ycr = 282.7 Hz), 125.4, 79.1 (q, 3Jcr = 2.0 Hz), 78.0, 52.9 (q, 2Jcr = 26.2 Hz), 40.7, 21.6; F NMR
(376 MHz, CDCl3): 6 —73.4 (s); HRMS (FAB+) (m/z): [M+H]" calcd. for C1gH16F3, 289.1204; found,
289.1203. The enantiomeric excess of 7ia was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 13.9 min (major) and
15.4 min (minor), 90% ee.

F3C //

W'

7ja

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-3-fluorobenzene (7ja). A colorless oil (21.0 mg,
0.072 mmol, 72% yield based on the amount of 3j). [0]p>° =—18.5 (0.5 M in CHCI3); *H NMR (400
MHz, CDCl3): 6 7.44 (br d, J = 8.0 Hz, 1H), 7.40-7.30 (m, 2H), 7.20-7.10 (m, 3H), 7.05 (pseudo t of
dd, J=8.3,2.8, 0.9 Hz, 1H), 6.98 (d, J = 8.0, 1.6 Hz, 2H), 3.47 (d, J = 13.4 Hz, 1H, 3.42 (d, J = 13.4
Hz, 1H), 2.68 (s, 1H); *C{'H} NMR (100 MHz, CDCl5): § 162.5 (d, Jcr = 245.3 Hz), 136.0 (d, 3Jcr
= 7.7 Hz), 133.9, 130.7, 129.7 (d, 3Jcr = 7.7 Hz), 127.7,127.2, 125.0 (q, YJcr = 282.7 Hz), 124.1, 116.1
(d, 2Jcr = 24.0 Hz), 115.6 (d, 2Jcr = 21.1 Hz), 78.4, 77.2, 52.9 (q, 2Jcr = 27.1 Hz), 40.8; °F NMR (376
MHz, CDCl3): 8-73.4 (s), -113.8 (s); HRMS (FAB+) (m/z): [M]" calcd. for C17H12F4, 292.0875; found,
292.0878. The enantiomeric excess of 7ja was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 11.9 min (major) and
16.0 min (minor), 90% ee.

Cl FsC, =~

W

Tka

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-3-chlorobenzene (7ka). A colorless oil (20.1 mg,
0.065 mmol, 65% yield based on the amount of 3k). [0]p*’ =—50.0 (0.5 M in CHCI3); *H NMR (400
MHz, CDCl3): 6 7.64 (br, 1H), 7.54 (d, J = 7.2 Hz, 1H), 7.33 (dt, J = 8.0, 1.8 Hz, 1H), 7.29 (pseudo t,
J=7.4Hz, 1H), 7.21-7.11 (m, 3H), 6.99 (dd, J = 7.6, 1.2 Hz, 1H), 3.47 (d, J = 13.6 Hz, 1H), 3.42 (d,
J=13.6 Hz, 1H), 2.69 (s, 1H); *C{'H} NMR (100 MHz, CDClL): § 135.5, 134.3, 133.9, 130.7, 129.4,
128.9, 128.8, 127.7, 127.2, 126.6, 125.4 (q, Jcr = 283.0 Hz,), 78.6, 78.4 (q, Jcr = 2.0 Hz), 52.9 (q,
2)cr = 24.8 Hz), 40.7; F NMR (376 MHz, CDCl3): § —73.4 (s); HRMS (FAB+) (m/z): [M]* calcd. for
C17H12CIF3, 308.0580; found: 308.0576. The enantiomeric excess of 7ka was determined by HPLC
analysis; DAICEL Chiralpak OJ-H, hexane/PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm,
retention time: 27.9 min (major) and 35.2 min (minor), 95% ee.
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7la

(R)-1-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)-3-bromobenzene (7la). A colorless oil (24.7 mg,
0.070 mmol, 70% yield based on the amount of 31). [a]p?’ =—45.9 (0.5 M in CHCI3); *H NMR (400
MHz, CDCls): & 7.79 (br, 1H), 7.58(d of pseudo quint, J = 8.0, 0.9 Hz, 1H), 7.49 (ddd, J = 8.0, 1.8,
0.9 Hz, 1H,), 7.23 (t, J = 8.0 Hz, 1H), 7.19-7.11 (m, 3H), 6.99 (dd, J = 8.0, 1.6 Hz, 1H), 3.46 (d, J =
13.4 Hz, 1H), 3.41 (d, J = 13.4 Hz, 1H), 2.69 (s, 1H); 3C{'H} NMR (100 MHz, CDCls): § 135.7,
133.8, 131.8, 131.7, 130.7, 129.7, 127.7, 127.2, 127.1, 125.4 (q, YJcr = 283.0 Hz,), 122.5, 78.7, 78.3
(0, 3Jcr = 1.9 Hz), 52.8 (0, 2Jcr = 26.5 Hz), 40.7; °F NMR (376 MHz, CDCl3): § —73.4 (s); HRMS
(FAB+) (m/z): [M]" calcd. for C17H12BrF3, 352.0074; found, 352.0070. The enantiomeric excess of
7la was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate =
0.5 mL/min, A = 220 nm, retention time: 14.1 min (minor) and 18.4 min (major), 90% ee.

Fgc //
&
\ @)

7ma

(R)-2-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)furan (7ma). A colorless oil (20.1 mg, 0.076 mmol,
76% yield based on the amount of 3m). [a]p*® = —11.0 (0.5 M in CHCl3); 'H NMR (400 MHz,
CDCl3): 6 7.50 (dd, J = 2.0, 0.8 Hz, 1H), 7.21-7.15 (m, 3H,), 6.97 (dd, /= 7.6, 1.8 Hz, 2H), 6.40 (dd,
J=3.6,0.8, Hz, 1H), 6.32 (dd, J = 3.6 Hz, 2.0 Hz, 1H), 3.61 (d, J = 12.8 Hz, 1H), 3.22 (d, J = 12.8
Hz, 1H), 2.47 (s, 1H); *C{'H} NMR (100 MHz, CD;CN): & 147.2, 144.4, 134.6, 130.9, 128.2, 127.7,
125.2 (q, YJcr = 282.7 Hz), 112.8, 111.2, 77.5, 76.9 (q, 3Jcr = 1.9 Hz), 49.7 (q, 2Jcr = 28.1 Hz), 38.7;
F NMR (376 MHz, CDCl3): 8 —74.7 (s). HRMS (FAB+) (m/z): [M]* calcd. for C1sH11F30, 264.0762;
found, 264.0758. The enantiomeric excess of 7ma was determined by HPLC analysis; DAICEL
Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 13.2 min
(minor) and 16.0 min (major), 96% ee.

F3C //
&
\ S

7na
(S)-2-(2-Benzyl-1,1,1-trifluorobut-3-yn-2-yl)thiophene (7na). A colorless oil (18.2 mg, 0.065
mmol, 65% yield based on the amount of 3n). [a]p?’ =-51.6 (0.5 M in CHCl3); *H NMR (400 MHz,
CDCls): § 7.30 (dd, J = 4.9, 1.4 Hz, 1H), 7.22-7.14 (m, 4H,), 7.04 (dd, J = 8.0 1.6 Hz, 1H), 6.98 (dd,
J=4.9,3.6 Hz, 1H), 3.41 (d, J=12.8 Hz, 1H), 3.36 (d, J = 12.8 Hz, 1H), 2.60 (s, 1H); *C{'H} NMR
(100 MHz, CDsCN): § 137.3, 134.0, 130.6, 128.3, 127.6, 127.2, 126.8, 126.3, 125.1 (q, Jcr = 282.7
Hz), 78.5, 76.8, 50.5 (g, 2Jcr = 28.1 Hz), 42.6 (**C NMR spectrum of this compound was measured in
acetonitrile-ds because some peaks of this compound overlapped with those of CDCls); *°F NMR (376
MHz, CDCl3): & -75.1 (s); HRMS (FAB+) (m/z): [M]* calcd. for CisH11FsS, 280.0534; found,

280.0527. The enantiomeric excess of 7na was determined by HPLC analysis; DAICEL Chiralpak
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0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 18.4 min (minor)
and 23.6 min (major), 90% ee.

F3C //

7Ir

(R)-1-(2-(3-Bromophenyl)-2-(trifluoromethyl)but-3-yn-1-yl)naphthalene (7lr). A white solid
(24.6 mg, 0.061 mmol, 61% yield based on the amount of 31). mp: 95.2-96.4 °C; [0]p>° = +36.9 (0.5
M in CHCl3); *H NMR (400 MHz, CDCls): & 8.08-8.02 (m, 1H), 7.85-7.79 (m, 2H), 7.71 (d, J = 8.0
Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.51-7.41 (m, 3H), 7.22 (pseudo t, J = 7.0 Hz, 1H), 7.20 (pseudo t,
J=8.0Hz, 1H),6.97 (d, J=7.2 Hz, 1H), 4.14 (d, J = 14.4 Hz, 1H), 3.85 (d, J = 14.4 Hz, 1H), 2.45 (s,
1H); BC{'H} NMR (100 MHz, CDCls): § 136.3, 133.6, 132.9, 131.8, 131.6, 130.0, 129.8, 128.6, 128 4,
127.9, 126.9, 125.6 (g, YJcr = 283.0 Hz), 125.5, 125.4, 124.7, 124.1, 122.6, 78.7, 78.5 (q, 3Jcr = 1.9
Hz), 52.3 (g, 2Jcr = 26.8 Hz), 36.2; F NMR (376 MHz, CDCls): § —71.6 (s); HRMS (FAB+) (m/2):
[M]" calcd. for CoiH14BrFs, 402.0231; found, 402.0240. The enantiomeric excess of 7Ir was
determined by HPLC analysis; DAICEL Chiralpak OD, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min,
A =220 nm, retention time: 13.6 min (minor) and 18.9 min (major), 91% ee. Colorless needle crystals
suitable for X-ray analysis were obtained by recrystallization from Et>O, after additional purification
of (R)-isomer by HPLC.

Br

HF2C //
9

(R)-(2-(Difluoromethyl)but-3-yne-1,2-diyl)dibenzene (9). A colorless oil (19.2 mg, 0.075 mmol,
75% yield based on the amount of 8).  [a]p?® =-32.7 (0.5 M in CHCl3); *H NMR (400 MHz, CDCls):
67.61 (dd, J=8.0, 1.6 Hz, 2H), 7.40-7.31 (m, 3H), 7.22—7.15 (m, 3H), 7.07 (dd, J = 7.2, 2.4 Hz, 2H),
5.95 (t, J = 56.2 Hz, 1H), 3.39 (d, J = 13.2 Hz, 1H), 3.31 (dd, J = 13.2, 0.8 Hz, 1H), 2.62 (s, 1H);
BC{™H} NMR (100 MHz, CDCls): § 135.2, 134.9, 130.7, 128.3, 128.2, 128.1, 127.7, 126.9, 116.5 (t,
1Jce=250.1 Hz), 80.8 (dd, 3Jcr = 5.7, 3.8 Hz), 77.5, 51.1 (t, 2Jcr = 20.1 Hz), 41.2 (t, 3Jcr = 2.9 Hz); *°F
NMR (376 MHz, CDCls): § —123.3 (dd, 2Jer = 268 Hz, 2Jur = 54 Hz), —126.5 (dd, dd, 2Jrr = 268 Hz,
2Jue = 54 Hz); HRMS (FAB+) (m/z): [M+H]" calcd. for C17H1sF2, 257.1142; found, 257.1137. The
enantiomeric excess of 9 was determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH
=99/1, flow rate = 1.0 mL/min, A = 220 nm, retention time: 19.4 min (major) and 30.4 min (minor),
63% ee.

1.5. Large-Scale Preparation of 7aa

In an oven dried 100 mL Schlenk flask were placed [Ru]-2 (63.0 mg, 0.050 mmol) and NH4BF
(11.0 mg, 0.10 mmol) under N2.  Anhydrous CICH2CCH2CI (20 mL) was added, and then the mixture

was magnetically stirred at room temperature for 60 min.  Then, 1,1,1-trifluoro-2-phenylbut-3-yn-2-
$20



ol (3a) (200 mg. 1.0 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4a)
(412.1 mg, 1.2 mmol), fac-[Ir(ppy)s] (6.4 mg, 0.01 mmol), and BF3-Et2O (148 puL, 170 mg, 1.20 mmol)
were added under N; at room temperature. The reaction flask was placed in an As One LTB-125
constant low temperature water bath set at 25 °C, and was illuminated from the bottom of the bath with
an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to 750 nm) at a distance of
approximately 2 cm from the light source for 48 h. The volatiles were removed in vacuo, and the
residue was purified by column chromatography (SiO») with n-hexane as an eluent to afford (R)-(2-
(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa) as a colorless oil (205.5 mg, 0.75 mmol, 75%
yield based on the amount of 3a) with 93% ee.

1.6. Preparation of (S)-(4-bromo-2-(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (10)

FiC, ~  AgNO; (10 mol%) FC, Br
NBS (1.2 equiv)
© acetone ©
25°C,2h
7aa 10
93% ee 95%, 93% ee

In a 20 mL Schlenk flask were placed (R)-7aa (27.4 mg. 0.10 mmol, 93% ee), N-
bromosuccinimide (NBS) (21.4 mg, 0.12 mmol) and AgNO3z (1.7 mg, 0.010 mmol) under N2, where
acetone (5.0 mL) was added at room temperature. And the mixture was stirred at room temperature
for 2 h. The volatiles were then removed in vacuo, and the residue was purified by column
chromatography (SiO2) with n-hexane as an eluent to afford (S)-(4-bromo-2-(trifluoromethyl)but-3-
yne-1,2-diyl)dibenzene (10) as a colorless oil (33.6 mg, 0.95 mmol, 95% yield based on the amount of
7aa). [o]p?®=-41.3 (0.5 M in CHCI3); *H NMR (400 MHz, CDCls): § 7.60-7.56 (m, 2H), 7.38-7.33
(m, 3H), 7.19-7.11 (m, 3H), 6.95 (dd, J = 7.8, 1.4 Hz, 2H), 3.49 (d, J = 13.4 Hz, 1H), 3.42 (d, J = 13.4
Hz, 1H); C{'H} NMR (100 MHz, CDCIs): § 134.3, 133.5, 130.7, 128.6, 128.4, 128.3, 127.6, 127.0,
125.5 (g, WJcr = 283.0 Hz), 75.5, 54.2 (q, 2Jcr = 26.5 Hz), 49.6, 41.0; *°F NMR (376 MHz, CDCl5): §
-73.2 (s); HRMS (FAB+) (m/z): [M]" calcd. for Ci7H12BrFs, 352.0074; found: 352.0080. The
enantiomeric excess of 10 was determined by HPLC analysis; DAICEL Chiralpak OJ-H,
hexane/'PrOH = 100/0, flow rate = 0.5 mL/min, A = 220 nm, retention time: 16.0 min (major) and 19.4
min (minor), 93% ee.

1.7. Preparation of (S)-(2-(trifluoromethyl)but-3-yne-1,2 4-triyl)tribenzene (11)

Pd(PPhs), (5 mol%) O
Fac Cul (10 mol%)
©/ EtsN (4 equiv) F3C
THF
50°C, 18 h O
7aa 2 equiv
93% ee

93%, 93% ee

In a 20 mL Schlenk flask were placed (R)-7aa (27.4 mg. 0.10 mmol, 93% ee), iodobenzene (40.8
mg, 0.20 mmol), Pd(PPh3)4 (5.8 mg, 0.0050 mmol), Cul (1.9 mg, 0.010 mmol), and EtsN (56 uL, 0.40
mmol) under N2, where THF (2.0 mL) was added at room temperature. And the mixture was stirred

at 50 °C for 18 h. The volatiles were then removed in vacuo, and the residue was purified by column
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chromatography (SiO2) with n-hexane as an eluent to afford (S)-(2-(trifluoromethyl)but-3-yne-1,2,4-
triyl)tribenzene (11) as a white solid. (32.6 mg, 0.93 mmol, 93% vyield based on the amount of 7aa).
mp: 57.0-58.5 °C; [@]p?*: —=53.5 (0.5 M in CHCl3); 'H NMR (400 MHz, CDCls): § 7.70 (br d, J = 8.0
Hz,2H), 7.45 (dd, J = 7.6, 2.0 Hz, 2H), 7.40-7.33 (m, 6H), 7.19-7.10 (m, 3H), 7.04 (dd, J = 7.6, 1.6
Hz, 2H), 3.58 (d, J = 13.2 Hz, 1H), 3.50 (d, J = 13.2 Hz, 1H); *C{'H} NMR (100 MHz, CDCl3): §
134.8, 134.3,131.7, 130.8, 128.7, 128.6, 128.4, 128.3, 128.3, 127.5, 126.9, 125.9 (q, 1Jcr = 283.3 Hz),
122.2,89.6, 84.5, 53.6 (q, 2Jcr= 26.5 Hz), 41.2; 1°F NMR (376 MHz, CDCls): § —73.2; HRMS (FAB+)
(m/z): [M]" calcd. for Co3Hi7F3, 350.1282; found: 350.1289. The enantiomeric excess of 11 was
determined by HPLC analysis; DAICEL Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5
mL/min, A = 220 nm, retention time: 8.0 min (major) and 9.5 min (minor), 93% ee.

1.8. Preparation of (S)-(2-(trifluoromethyl)butane-1,2-diyl)dibenzene (12).
FoC 4 Pd/C (10 mol%)

\ H, (1 atm) F3C
©‘ MeOH
25 °C, 18h
12

7aa
93% ee 96%, 92% ee

In a 20 mL Schlenk flask were placed (R)-7aa (27.4 mg. 0.10 mmol, 93% ee), and Pd/C (10.6
mg, 0.01 mmol, Palladium 10% on Carbon) under N2, where MeOH (4.0 mL) was added at room
temperature.  After substitution of N> atmosphere to H> atmosphere by a hydrogen balloon, the
mixture was stirred at room temperature for 18 h.  The volatiles were then removed in vacuo, and the
residue was purified by column chromatography (SiO2) with n-hexane as an eluent to afford (S)-(2-
(trifluoromethyl)butane-1,2-diyl)dibenzene (12) as a colorless oil. (26.7 mg, 0.96 mmol, 96% yield
based on the amount of 7aa). [a]p** =—-50.3 (0.5 M in CHCl3); *H NMR (400 MHz, CDCl;) § 7.41—
7.29 (m, 5H), 7.20-7.09 (m, 3H), 6.80 (dd, J = 7.6, 1.6 Hz, 2H), 3.22 (s, 2H), 2.01 (qq, J = 7.5, 0.7,
Hz, 2H), 0.96 (tq, J = 7.5, 1.4 Hz, 3H); *C{'H} NMR (100 MHz, CDCl3): 8 137.1, 135.7, 130.7, 128.6
(0, Nc-r = 284.6 Hz), 128.2 (overlapping), 127.7, 127.4, 126.6, 52.6 (q, 2Jcr = 21.7 Hz), 42.0, 25.0,
8.9; 9F NMR (376 MHz, CDCls): § —68.4; HRMS (FAB+) (m/z): [M]" calcd. for C17H17F3, 278.1282;
found, 278.1293. The enantiomeric excess of 12 was determined by HPLC analysis; DAICEL
Chiralpak OJ-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: 11.5 min
(minor) and 36.1 min (major), 92% ee.

1.9. Preparation of (R)-(2-(trifluoromethyl)pent-3-ene-1,2,5-triyl)tribenzene (13)

fac-[Ir(Fppy)s] (1 mol%)

FiC, =~  EOC ) COEL Nicl6H,0 10 mol%) 3R~ \(j
\“. + v
© \ THF @
H
4a

25°C, 24 h
visible light
7aa 13
93% ee 1.5 equiv 70%. 92% ee
E/Z = 89/11

In a 20 mL Schlenk flask were placed (R)-7aa (27.4 mg. 0.10 mmol, 93% ee), 4a (51.5 mg,

0.375mmol), fac-[Ir(Fppy)3] (0.8 mg, 0.0011 mmol), and NiCl2.6H20 (2.4 mg, 0.020 mmol) under N2,
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where THF (2.0 mL) was added at room temperature. The reaction flask was placed in an As One
LTB-125 constant low temperature water bath set at 25 °C, and was illuminated from the bottom of
the bath with an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to 750 nm) at
a distance of approximately 2 cm from the light source for 24 h. E/Z ratio of (R)-(2-
(trifluoromethyl)pent-3-ene-1,2,5-triyl)tribenzene in the crude mixture was determined to be 55/45 by
quantitative measurement of GC-MS. The volatiles were then removed in vacuo, and the residue was
purified by column chromatography (SiO2) with n-hexane as an eluent to afford a mixture of (R,E)-(2-
(trifluoromethyl)pent-3-ene-1,2,5-triyl)tribenzene ((E)-13) and (R,Z)-(2-(trifluoromethyl)pent-3-ene-
1,2,5-triyl)tribenzene ((Z)-13) as a colorless oil (E/Z = 89/11, 25.6 mg, 0.70 mmol, 70% yield based
on the amount of 7aa). [a]p*® =—26.5 (0.5 M in CHCl;); *H NMR (400 MHz, CDCl;): (E)-13: &
7.48-7.44 (m, 2H), 7.36-7.27 (m, 5H), 7.22 (t of pseudo t, J = 7.2, 1.7Hz, 1H), 7.18-7.07(m, 5H), 6.86
(dd, J=8.0, 1.6 Hz, 2H), 5.93 (dtg, J = 16.0, 6.9, 1.6 Hz, 1H), 5.65 (dq, J = 16.0, 1.3 Hz,1H), 3.50 (d,
J=14.2 Hz, 1H), 3.47 (d, J = 6.9 Hz, 2H), 3.37 (d, J = 14.2 Hz, 1H); (Z)-13 (*H NMR resonances due
to 11H of aromatic CH, 1H of CH=CHCH_, and 3H of CH> overlapping with those of (E)-13 (& 7.48—
7.06, 5.97-5.88, and 3.53-3.49, respectively): 6.95 (dd, J =7.6, 1.6Hz, 2H), 6.90 (dd, J = 8.2, 1.4 Hz,
2H), 5.83 (dg, J = 12.0, 1.8 Hz, 1H), (m, 3H, 3H of two CH2 resonances overlapping with those of (E)-
13), 3.33 (d, J = 13.6 Hz, 1H); *C{'H} NMR (100 MHz, CDCl;s, 100 MHz): (E)-13: § 139.6, 137.4,
135.6,133.3, 131.0, 129.2, 129.1, 128.6, 128.5, 128.0, 127.7, 127.6, 127.3 (q, YJcr = 283.3 Hz), 126.5,
126.2, 55.2 (g, 2Jce = 23.0 Hz), 40.7, 39.5; (2)-13: § 139.7, 137.9, 136.2, 136.0, 131.3, 129.3, 128.8,
128.3, 128.1, 126.8, 126.6, 126.6 (q, 'Jcr = 277.9 Hz), 126.0, 55.1 (q, 2Jcr = 23.0 Hz), 42.9, 35.6; °F
NMR (376 MHz, CDCls): § —69.9; HRMS (FAB+) (m/z): [M]" calcd. for C24H21F3, 366.1595; found,
366.1605. The enantiomeric excess of 13 was determined by HPLC analysis; DAICEL Chiralpak
0J-H, hexane/'PrOH = 99/1, flow rate = 0.5 mL/min, A = 220 nm, retention time: (E)-13: 13.8 min
(minor) and 15.8 min (major), 92% ee; (Z)-13: 11.9 min (minor) and 18.3 min (major), 92% ee.

1.10. Preparation of 14

In an oven dried 20 mL Schlenk flask were placed [Ru]-1 (30.0 mg, 0.026 mmol), NH4BF4 (5.5
mg, 0.052 mmol) under N2.  Anhydrous CICH2CCHCI (3.0 mL) was added, and then the mixture
was magnetically stirred at room temperature. After the addition of 3a (52.0 mg, 0.26 mmol) and
BF;-Et;0 (8 pL, 9 mg, 0.065 mmol), the mixture was stirred at 25 °C for 24 h.  Then, the solvent was
filtered to remove residual inorganic salts. The filtrate was concentrated under reduced pressure,
where conversion of [Ru]-1 into 14 (98% NMR yield) was confirmed by 'H NMR by using 1,1,2,2-
tetrachloroethane as an internal standard. The residue was washed with hexane (5 mL x 3) and Et,O
(5 mL x 3) to give reddish brown solid (14) in 71% yield (25.8 mg, 0.018 mmol) (Fig. 6a).’

1.11. Stoichiometric reaction of 14 with 4a

In an oven dried 20 mL Schlenk flask were placed 14 (138 mg, 0.10 mmol) and under No.
Anhydrous CICH2CCHClI (2.0 mL) was added and then, 1,1,1-trifluoro-2-(p-tolyl)but-3-yn-2-ol (3b)
(21.4 mg, 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4a)
(41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol) were added under N> at room temperature.
The reaction flask was placed in an As One LTB-125 constant low temperature water bath set at 25 °C,
and was illuminated from the bottom of the bath with an Aitech System TMN100x120-22WD 12 W
white LED lamp (400 nm to 750 nm) at a distance of approximately 2 cm from the light source for 48

h. The volatiles were removed in vacuo, and the residue was purified by column chromatography
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(S102) with n-hexane as an eluent to afford (R)-(2-(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa)
as a colorless oil (18.1 mg, 0.066 mmol, 66% yield based on the amount of 3a) with 88% ee (Fig. 6b).

1.12. Catalytic reaction of 3a with 4a by using 14 as a catalyst

In an oven dried 20 mL Schlenk flask were placed 14 (6.9 mg, 0.0050 mmol) and under No.
Anhydrous CICH,CCHCI (2.0 mL) was added, and then, 1,1,1-trifluoro-2-phenylbut-3-yn-2-ol (3a)
(20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4a)
(41.2 mg, 0.12 mmol), fac-[Ir(ppy)s] (0.7 mg, 0.0011 mmol), and BF3-Et,O (15 pL, 17 mg, 0.12 mmol)
were added under N> at room temperature. The reaction flask was placed in an As One LTB-125
constant low temperature water bath set at 25 °C, and was illuminated from the bottom of the bath with
an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to 750 nm) at a distance of
approximately 2 cm from the light source for 48 h. The volatiles were removed in vacuo, and the
residue was purified by column chromatography (SiO») with n-hexane as an eluent to afford (R)-(2-
(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa) as a colorless oil (23.3 mg, 0.085 mmol, 85%
yield based on the amount of 3a) with 85% ee (Fig. 6¢).

1.13. Reactions in the presence of TEMPO

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NH4BF4
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH.CCH.CI (2.0 mL) was added, and then the
mixture was magnetically stirred at room temperature for 30 min.  Then, 1,1,1-trifluoro-2-phenylbut-
3-yn-2-ol (3a) (20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (4a) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol), and BF3-Et,O (15 uL,
17 mg, 0.12 mmol) were added under N> at room temperature. The reaction flask was placed in an
As One LTB-125 constant low temperature water bath set at 25 °C, and was illuminated from the
bottom of the bath with an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to
750 nm) at a distance of approximately 2 cm from the light source for 48 h. The volatiles were
removed in vacuo, and the crude yield of 1-(benzyloxy)-2,2,6,6-tetramethylpiperidine (15)*° (34%
NMR yield) was determined by 'H NMR in CDCls, where 1,1,2,2-tetrachloroethane (16.8 mg, 0.100
mmol) was added as an internal standard (Fig. 6d).

1.14. Deuterium labeling reaction
[Ru]-2 (5 mol%)

fac-{Ir(ppy)g] (1 mol%) . H/ID
FiC. 2 NH4BF 4 (10 mol%) 3
EtO,C CO2Et BF;-Et,0 (1.2 equiv) ©
OH + | |
N CICH,CH,CI
b 25°C,48h
3a 4a-d1 (1 2 equw) visible Iight 7aa, 77%, 93% ee
H/D = 70/30

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NH4BF
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH2CCH2CI (2.0 mL) was added, and then the
mixture was magnetically stirred at room temperature for 30 min.  Then, 1,1,1-trifluoro-2-phenylbut-
3-yn-2-ol (3a) (20.0 mg. 0.10 mmol), dicthyl 4-benzyl-2,6-dimethyl-1-deuterium-4-hydropyridine-
3,5-dicarboxylate (4a-d1) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol), and BF3-Et,O

(15 pL, 17 mg, 0.12 mmol) were added under N> at room temperature. The reaction flask was
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placed in an As One LTB-125 constant low temperature water bath set at 25 °C, and was illuminated
from the bottom of the bath with an Aitech System TMN100x120-22WD 12 W white LED lamp (400
nm to 750 nm) at a distance of approximately 2 cm from the light source for 48 h.  The volatiles were
removed in vacuo, and the residue was purified by column chromatography (SiO2) with n-hexane as
an eluent to afford (R)-(2-(trifluoromethyl)but-3-yne-1,2-diyl)dibenzene (7aa) as a colorless oil (21.1
mg, 0.077 mmol, 77% yield based on the amount of 3a) with 93% ee. The ratio of H/D is determined
by '"H NMR to be 70/30 at & 2.66.

1.15. Stern—Volmer analysis

Luminescence quenching experiments for the THF solution of fac-[Ir(ppy):] (2.0 pmol/L,
prepared by stepwise dilutions of fac-[Ir(ppy)3] (1.3 mg, 2.0 umol) with CICH>CH>Cl) with 3a, 4a or
16 in selected concentrations were performed on a Shimadzu RF-5300PC spectrophotometer, where
the solutions containing fac-[Ir(ppy)s:] and 3a, 4a or 16 were excited at Amax = 440 nm, and emissions
were measured at A =494 nm.

From the slopes (100.5 for 3a, 208.3 for 4a and 32.6 for 16,) obtained by the plot and the excited-
state lifetime of fac-[Ir(ppy)s] (t = 1.9 us),?! the rate constants were calculated to be at, k3a = (5.3 +
0.2) x 10" M 571 (3a), k4a = (1.10 £ 0.05) x 10 M ' 57! (4a) and k16 = (1.72 £0.07) x 10’ M ' s ! (16),
respectively, by using the Stern—Volmer linear correlation relationship (Fig. 7a).

1.16. Light on/off experiments

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NH4BF4
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH,CCHCI (2.0 mL) was added, and then the mixture
was magnetically stirred at room temperature for 30 min.  Then, 1,1,1-trifluoro-2-phenylbut-3-yn-2-
ol (3a) (20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate
(4a) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol), and BF3-Et,O (15 pL, 17 mg, 0.12
mmol) were added under N> at room temperature. The reaction flask was placed in an As One LTB-
125 constant low temperature water bath set at 25 °C. The reaction was conducted for 32 h under
alternating periods of (1) irradiation from the bottom of the bath with an Aitech System TMN100x120—
22WD 12 W white LED lamp (400 nm to 750 nm) at a distance of approximately 2 cm from the light
source, and (2) darkness with the reaction vessel wrapped with aluminum foil, where yields of 7aa
were determined every 4 hours by quantitative measurements of gas chromatography—mass
spectroscopy (GC-MS) recorded on a Shimadzu GCMS-QP2010 PLUS instrument, where n-octane
was added as an internal standard (Fig. 7b).

1.17. Cyclic voltammetric studies

Cyclic voltammograms were recorded on an ALS/Chi model 610C electrochemical analyzer in
CICH2CHCI containing 1 mM of sample and 0.1 M of "BusNPF¢ as a supporting electrolyte using
glassy carbon working electrode and platinum wire counter electrode at a scan rate of 0.1 V/s at room
temperature. All potentials were measured against Ag/AgNOs reference electrode (0.01 M AgNOs3, 0.1
M "NBu4ClO4, MeCN) and converted to the values vs FeCp>™° (Cp = n’-CsHs). The cyclic
voltammograms of fac-[Ir(ppy)s], 4a, and 3a in CICH2,CH>Cl are shown in Supplementary Fig. 1.
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Supplementary Fig. 1: Cyclic voltammetric studies. a Cyclic voltammogram of fac-[Ir(ppy)s] in
CICH2CHCI. E1o(Ir/lr) = =1.60 V vs FeCp2*°, Epa(Ir/Ir*) = +0.25 V vs FeCp2"°.  Therefore, Epc(Ir*/Ir)
=+0.90 V vs FeCp,"°, E1(Ir*'*) = -2.25 V vs FeCp2*"°, based on the emission energy of fac-[Ir(ppy)s]
at 2.50 eV.?* b Cyclic voltammogram of 4a in THF. Ep.(4a/4a*) = +0.53 V vs FeCp,"°. ¢ Cyclic
voltammogram of 3a in CICH.CHCI. Ey.(3a/3a~) = -1.36 V vs FeCp,*.

S26



1.18. Time profile experiment

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NHsBF4
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH2CCH2CI (2.0 mL) was added, and then the
mixture was magnetically stirred at room temperature for 30 min. Then, 1,1,1-trifluoro-2-phenylbut-
3-yn-2-ol (3a) (20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (4a) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)s] (0.7 mg, 0.0011 mmol), and BF3-Et;O (15 pL,
17 mg, 0.12 mmol) were added under N> at room temperature. The reaction flask was placed in an
As One LTB-125 constant low temperature water bath set at 25 °C, and was illuminated from the
bottom of the bath with an Aitech System TMN100x120-22WD 12 W white LED lamp (400 nm to
750 nm) at a distance of approximately 2 cm from the light source. Yields of 7aa at selected times
(2,4, 8, 12, 24 and 48 h) were determined by quantitative measurements of gas chromatography—mass
spectroscopy (GC-MS) recorded on a Shimadzu GCMS-QP2010 PLUS instrument, where n-octane
was added as an internal standard (Supplementary Fig. 2). The reaction rate was calculated as k7aa =
(2.33+£0.04)x 107" M s,
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Supplementary Fig. 2: Time profile experiment.
1.19. Determination of quantum yields

In an oven dried 20 mL Schlenk flask were placed [Ru]-2 (6.3 mg, 0.0050 mmol) and NH4BF4
(1.1 mg, 0.010 mmol) under N2. Anhydrous CICH.CCH.CI (2.0 mL) was added, and then the
mixture was magnetically stirred at room temperature for 30 min. Then, 1,1,1-trifluoro-2-phenylbut-
3-yn-2-ol (3a) (20.0 mg. 0.10 mmol), diethyl 4-benzyl-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (4a) (41.2 mg, 0.12 mmol), fac-[Ir(ppy)3] (0.7 mg, 0.0011 mmol), and BF3-Et,O (15 uL,
17 mg, 0.12 mmol) were added under N> at room temperature. The reaction flask was illuminated
from the side with an Ushio SX-U1251HQ ultrahigh pressure 250 W Hg lamp equipped with a 440-
nm band pass filter (Kenko B440) at a distance of approximately 2 cm from the light source for 6 h.
The volatiles were removed in vacuo, and the crude yield of 7aa (0.00920 mmol, 9.2% NMR yield
based on the amount of 3a was determined by '"H NMR in CDCl;, where 1,1,2,2-tetrachloroethane

(16.8 mg, 0.100 mmol) was added as an internal standard. Independently, the yields of 7aa were
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determined by terminating the reactions at 2 and 4 h, which clarified a zero-order reaction rate at 4.26
x 10 mols”!.  The irradiated light intensity to a 2.5 mL solution in 50-mL Schlenk was estimated to
be 8.50 x 107 E s! at 440 nm by using K3[Fe(C204)3] as a chemical actinometer.”* Thus, the
quantum yield of the photoredox- and ruthenium-catalyzed reaction of 3a with 4a to afford propargylic
alkylated product 7aa is given as ® = 0.0502 + 0.0003 (Supplementary Fig. 3).
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Supplementary Fig. 3: Quantum yield determination.

1.20. X-ray crystallographic study of (R)-1-(2-(3-bromophenyl)-1,1,1-trifluorobut-3-yn-2-
yDnaphthalene (7Ir)

Diffraction data for a crystal of 7Ir were collected for the 20 range of 4.5° to 62.2° at —180 °C on
a Rigaku XtalLAB Synergy-S diffractometer equipped with a HyPix-6000HE Hybrid Photon Counting
(HPC) detector and VariMax optics using multi-layer mirror monochromated Mo-Ka (A = 0.71073 A)
radiation, and VariMax optics. Intensity data were corrected for Lorentz and polarization effect and
for empirical absorptions (CrysAlisPro),”> while structure solutions and refinements were carried out
by using CrystalStructure package.’® Positions of non-hydrogen atoms were determined by direct
methods (SHELXT Version 2014/5),?” and subsequent Fourier syntheses (SHELXL Version 2016/6),%
and were refined on F,?> with all the unique reflections by full-matrix least squares with anisotropic
thermal parameters. All the hydrogen atoms were placed at the calculated positions with fixed
isotropic parameters. Anomalous dispersion effects were included in F.,” and mass attenuation
coefficients, values for Af' and Af", and neutral atom scattering factors were taken from references.’
32 The absolute configuration of 7Ir with a chiral center at the C(1) atom was determined to be (R),
with the Flack parameter refined to be —0.005(5). Details of the crystal and data collection parameters
of (R)-7Ir are summarized in Supplementary Table 1. An ORTEP drawing of (R)-7Ir is shown in
Supplementary Fig. 4.
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Supplementary Table 1 Crystallographic data for (R)-7Ir

compound (R)-TIr

chemical formula C21H14BrFs

CCDC number 2172478

formula weight 403.24

crystal size, mm?3 0.131 x 0.066 x 0.037
crystal color, habit colorless, needle
temperature, °C -180

crystal system monoclinic

space group P21 (no. 4)

a, A 9.1554(4)
b, A 7.1034(3)
c, A 13.5438(6)
a, deg 90

B, deg 103.113(4)

y, deg 90

Vv, A3 857.85(7)

4 2

dealcd, g, cM=3 1.561
F(000) 404

M, cm™ 24.327
transmission factors range 0.847 - 0.914
number of measured reflections 13715

number of unique reflections 4344

number of refined parameters 226

Rint 0.0457
R1(I>2a(l)® 0.0297

wR?2 (all data) ® 0.0564
GOF ¢ 1.000
maximum residual peak / hole, e A-3 +0.30/-0.33
Flack parameter —0.005(5)

a R1 = 5||Fo| — |Fell/Z|Fol. ® WR2 = [E{w(Fo? — F22YEW(F2)2]"2, w = 1/[0%(Fo2) + P, P = (Max(Fo2, 0) + 2
F2)/3 [r=3.65]. ©GOF = [Ew(Fo? — Fe2)%(No — Nparams)]""2.
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Supplementary Fig. 4: ORTEP drawing of (R)-7Ir. Thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths (A) and angles (°): C(1)-C(2): 1.468(4), C(1)-C(4): 1.535(4),
C(1)-C(5): 1.548(4), C(1)-C(11): 1.556(4), C(2)-C(3): 1.188(5); C(2)-C(1)-C(4):106.6(2), C(2)—
C(1)-C(5): 111.3(2), C(4)-C1)-C(5): 106.9(2), C(2)-C1)-C(11): 110.4(3), C(4)-C1)-C(11): 108.1(2),
C(5)-C1)-C(11): 113.2(2), C(3)—C2)-C(1): 178.4(3).

S30



1.21. DFT calculations

DFT calculations were carried out with the Gaussianl6 (Revision A.03) program package.’’
Geometry optimization and analytical vibrational frequency analysis were performed by ®B97XD
Kohn-Sham DFT *** (restricted KS method for singlet state and unrestricted KS method for doublet
and triplet states).*” In the numerical integration, a larger grid (superfinegrid) was used.”> Pople’s 6-
311G** basis set*® for C, H, S, and CI atoms and the SDD basis set’’ with the effective core potential
for Ru atom were used for the Gaussian basis functions (5d-type). The solvent effects of
dichloroethane were estimated by the IEF-PCM method***? for the gas phase optimized structures.
For the IEF-PCM calculations, the ®B97XD functional was used with the larger basis set (Pople’s 6-
311++G** basis set*® for C, H, N, O, S, and Cl atoms (5d-type) and the SDD basis set for Ru atom;
®B97XD(IEFPCM)/(SDD, 6-311++G**)//oB97XD(IEFPCM)/(SDD, 6-311G**)). The Gibbs free
energy at 298K was estimated by the IEF-PCM energy and the gas-phase thermal correction term (7).
All the results are summarized in Supplementary Table 2 and Supplementary Figs. 5-8.

Supplementary Table 2 Total electronic energy E and Gibbs free energy G2 (a. u.)
wB97XD/(SDD, 6-311G**) wB97XD(IEFPCM)/(SDD, 6-311++G**)
//wB97XD/(SDD, 6-311G**)

E T E (5298.15K
| -2652.931215 0.577572 -2652.987526 -2652.409954
Bn- -270.878749 0.085445 -270.884482 -270.799037
I -2923.827178 0.683276 -2923.885964 -2923.202688
TS -2923.824805 0.685582 -2923.882584 -2923.197002
I -2923.871077 0.688734 -2923.937231 -2923.248497
v -2924.089301 0.688499 -2924.116165 -2923.427666
v -2924.502562 0.703703 -2924.566060 -2923.862357
Vi -2924.163164 0.701287 -2924.351071 -2923.649784
2ir(ppy)s|  -1540.585524 0.417328 -1540.672281 -1540.254953
lir(ppy)s]  -1540.580980 0.424514 -1540.608779 -1540.184265
PyH* -861.641565 0.252167 -861.717414 -861.465247
Py -861.257404 0.238104 -861.277723 -861.039619
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Supplementary Fig. 5. Structures optimized at wB97X-D/(SDD, 6-311G**) level of theory. Bond
lengths are given in A.
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Supplementary Fig. 8: Spin density in Ill.
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1.22. NMR charts
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Supplementary Fig. 9: 'H, 3C, and 'F NMR charts of 3c.

S35



F:C =~

OH
FsC

3h

H U -
o iy o % 7 Iy % P % Py 3 £y 1y

X parts per Million : Proton

Il ) kJ

2200 2100 000 1800 1700 1600 1500

00 1300 200 00 000 %00 00 700 530 530 a0 300 200 100 [ 100 200

AINS= AN

wmam—g] ——

X parts per Millon : Carbont

bundance

1000 €0 800 700 60 500 450 300 200 100 6 100 200 300 400 500 600 700 800 00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2960 -300.0

D
\
H

X parts per Million : Flvorine1s

Supplementary Fig. 10: 'H, '3C, and 'F NMR charts of 3h.
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Supplementary Fig. 11

H, 13C, and '°F NMR charts of 3k.

S37



Br F3C,

OH

3l

A uk

B
=] O

C

C

X parts per Million : Proton

368

L —
1z —

(ousandihs)

200 2100 2000 1900 1800 7o 1600 1500 400

0870
138580 —

X ars e i : Carbnsa

00 000 %00

200 300 40 500 600 700 80 90 1000 1100 1200 1300 1400

100

abundance

1000 80 700 60 500 400 300 280 100 0 200 300 400 500

X parts per Million : Flvorine1s

0

780

et

0800 1000 1100 1200 -1300

07—

1400 1500

71800 1700 1800 1800 2000 2100 2200 2300 2400 2300 2600 2700 2800 2900 3000

Supplementary Fig. 12: 'H, 3C, and "9F NMR charts of 3l.

S38




o1

undance

X parts per Million : Proton

120 140 160 180 200 220 240 260 280 300

100

H

2200 2100 2000 1800 1800 1700 1600 1500 a0 300

X partsper Millon : Carbon13

bundance

060 900 800 700 600 500 400 300 200 100 0 100 200 300 400 500 600 700 80 800 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

]

X parts per Million : Flvorine1s

Supplementary Fig. 13: 'H, 3C, and '"F NMR charts of 3m.
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Supplementary Fig. 15: 'H, 3C, and 'F NMR charts of 4h.
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Supplementary Fig. 18: 'H and '3C NMR charts of 4s.
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Supplementary Fig. 20: 'H, 3C, and 'F NMR charts of 7aa.
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Supplementary Fig. 21: 'H, 3C, and "9F NMR charts of 7ab.
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Supplementary Fig. 22: 'H, 3C, and 'F NMR charts of 7ac.
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Supplementary Fig. 24: 'H, 3C, and 'F NMR charts of 7ae.
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Supplementary Fig. 25: 'H, 3C, and '"F NMR charts of 7af.
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Supplementary Fig. 26: 'H, 3C, and "F NMR charts of 7ag.
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Supplementary Fig. 27: 'H, 3C, and "F NMR charts of 7ah.
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Supplementary Fig. 28: 'H, 3C, and "°F NMR charts of 7ai
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Supplementary Fig. 29: 'H, 3C, and '"9F NMR charts of 7aj.
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Supplementary Fig. 30: 'H, 3C, and 'F NMR charts of 7ak.
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Supplementary Fig. 31: 'H, 3C, and '"F NMR charts of 7al.
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Supplementary Fig. 32: 'H, 3C, and '"F NMR charts of 7am.
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Supplementary Fig. 33: 'H, 3C, and "F NMR charts of 7an.
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Supplementary Fig. 34: 'H, 3C, and "9F NMR charts of 7ao.
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Supplementary Fig. 35: 'H, 3C, and "F NMR charts of 7ap.
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Supplementary Fig. 36: 'H, 3C, and '"9F NMR charts of 7aq.
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Supplementary Fig. 37: 'H, 3C, and '"F NMR charts of 7ar.
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Supplementary Fig. 38: 'H, 3C, and 'F NMR charts of 7as.
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Supplementary Fig. 39: 'H, 3C, and '"F NMR charts of 7at.
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Supplementary Fig. 40: 'H, 3C, and "F NMR charts of 7au.
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Supplementary Fig. 41: 'H, '3C, and 'F NMR charts of 7av.
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Supplementary Fig. 42: 'H, 3C, and "F NMR charts of 7ba.
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Supplementary Fig. 43: 'H, 3C, and '°F NMR charts of 7ca.
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Supplementary Fig. 44: 'H, 3C, an

d 'F NMR charts of 7da.
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Supplementary Fig. 45: 'H, 3C, and 'F NMR charts of 7ea.
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Supplementary Fig. 46: 'H, 3C, and '"F NMR charts of 7fa.
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Supplementary Fig. 47: 'H, 3C, and "9F NMR charts of 7ga.
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Supplementary Fig. 48: 'H, 3C, and "9F NMR charts of 7ha.
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Supplementary Fig. 49: 'H, 3C, and '"F NMR charts of 7ia.
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Supplementary Fig. 50: 'H, 3C, and '"F NMR charts of 7ja.
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Supplementary Fig. 51: 'H, 3C, and 'F NMR charts of 7ka.
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Supplementary Fig. 52: 'H, 3C, and '"9F NMR charts of 7la.
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Supplementary Fig. 53: 'H, 3C, an

d '9F NMR charts of 7ma.
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Supplementary Fig. 54: 'H, 3C, and "9F NMR charts of 7na.
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Supplementary Fig. 55: 'H, 13C, and "°F NMR charts of 7Ir.
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Supplementary Fig. 56: 'H, '3C, and 'F NMR charts of 9.
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Supplementary Fig. 57: 'H, 3C, and '"F NMR charts of 10.

S83



FsC

AN

1

o1

10

undance

X partsper Million : Proton

1500~

o885 —

oon2

LA

Lo

2200 2100 2000 1800 1800 1700 1600 1500 a0 300 1200

o NSSs

X parts per Million : Carbon13

100

000

mon—5
a0 —

700

500

530

AN

80

28—

300 200

bundance

060 900 800 700 80 500 400 300 200 100 0 100 200 S0 40 500 60 700

X parts per Million : Flvorine1s

60

00

71000 1100 1200 1300 1400 1500 1800 1700 1800 1800 2000 2100 2200 2300 2400 2500 2800 2700 2800 2800 3000

Supplementary Fig. 58: 'H, '3C, and 'F NMR charts of 11.
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Supplementary Fig. 59: 'H, 3C, and '"°F NMR charts of 12.
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Supplementary Fig. 60: 'H, '3C, and '"F NMR charts of 13.
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1.23: HPLC charts

5 (racemate)

EHs 1. B.5 1.25 ATT 5 OFFS 5] a3 -8B-98
f“{/’
rlv
21 .36
13
b-2588
METHOD : TRG: 3 CH: 1
FILE: 8 CALC-METHOD: RARERX TRABLE: 5}
M RT ARER CONC BC
1 21 .36 111322 45 .358 BB
2 43 .13 139422 53.350 BB
TOTAHL
241744 138 .8988
PERK REJ : g
5 (chiral)
CH. 1 C.5 1.25 ATT 2 OFF5 a AB<BAB/ 08
FA\/f
PL
— 21.79
T 44.72
L-25@38
METHOD : TRG: 2 CH: 1
FILE: & CRLC-METHOD: RRERX TABLE: 8 C
NO . T ARER COMC BC
1 21.73 5513 234 BB
2 4 .72 13328 F3.7HH BB
TOTAHL
243456 188 .998
PERK REJ : 3]

Supplementary Fig. 61: HPLC charts of 5.
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7aa (racemate)

CH. 1 ©.5 2.58 ATT 3 OFF5 8 ©88-008-88 8@:21
20-137]
A /‘,/ VT’H
6 .91 F % IZ(Fvnj-f
fE L, 05 g,
i p
19 .16 300mn,
12 .93
16 .22
21 .24
L-2500 98,680,088 BB:21
HMETHOD: TAG: 1 CH: 1
FILE: @ CALC-METHOD: ARERAX TABLE: @ CONC: ARER
MO, RT AREA CONC  BC
4 16.22 28619 49 .260 BB
3 21 .24 28611 58 .749 BB
TOTAL
48621 196 .00
FERK REJ 3 1288
7aa (chiral)
CH. c.5 = -
1 C.5 2.59 ATT 3 DFFS a 99./88.-99 98:22
14 .33
19.58
b-25080
98,899,480
METHOD : TRG: 5 BiE 4
FILE: ® CALC- . &
LC-METHOD: ARERAX TABLE: @ CONC: AREA
“0{ e RT ARER CONC  BC
; 19-;2 29364 97 .082 BB
2 X 923
TOTAL 3 2.993 Bg
38737 199,
PERK REJ : 9 029

Supplementary Fig. 62: HPLC charts of 7aa.
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7ab (racemate)

EH. 1 C.5 2.58 ATT 4 OFFS © ©B0.00.80 04:12
21- [1%2
i V7 oj-H
6 .48 )0_ (7 proH
: Fe 0, Sall mtn
ks L nn,
11.92
13 .74
18.92
D-25080
83/88/98 B4:12
METHOD TAG: 3 CH: 1
FILE: CALC- : :
@ CALC-METHOD: AREAX TABLE: 8 CONC: ARER
. NDJ . RT ARER CONC  BC
g lg.;i 22355 58.596 BB
: 5.92 52792 49,
- 9.494 BB
186857 1@ .
PEAK REJ = 708 aee
7ab (chiral)
CH. 1 IT 4 OFF5 @ 98./88,98 @3:01
2Y- (443
) 0J-H
4
¢h VAR
Fg‘ o L2 Y A
e ALITN
13 .68
A@ AR A B3:81
B-2500
METHOD: TRE: & CH: 1
FILE: B CRALC-METHOD: AREA% TABLE: @ CONC: ARER
ND . RT RRER cone o
i 13.68 48485 97.242 BB
2 13.36 1373 2.758 BB
L
TOTH 49773 189 .8009
PEAK REJ @ &

Supplementary Fig. 63: HPLC charts of 7ab.
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7ac (racemate)

CH. 1 C.5 2.58 ATT 4 OFFS 3 ©88-/88-89 B91:1
’ Z2Y- 147
V4 0J-1
6 s YA R
oMe O-Tr‘//\(n
LYo
192 .32
22 78
[-2588
METHOD: TRG: 3 CH: 1
FILE: @ CALC-METHOD: RRERX TRABLE: %] COMC:
NO . RT ARER CONC BC
1 19 .82 191821 58 .725 BB
2: 22 .78 97857 49 .25 BB
TOTAL
193373 182 .088
FERK REJ = 1z}
7ac (chiral)
CH. t ©.5 2.58 ATT 3 0OFF5 B ©8/88-88 @83:1
2(- 147,
ph oJ-H
;¢ o /o Pro!
3 8 l / ¥ f
oMe 0,5 /.
1o nm
28 .14
-2589
METHOD : TAG: 1 CH: 1
FILE: 8 CALC-METHOD: RAREAX TABLE: 7] COMC:
ND . RT ARER CONC BC
1 29.19 315227 96.136 BB
2 BE e 1415 I.364 BB
TOTAL
366473 188 .888
PEAK REJ : g

Supplementary Fig. 64: HPLC charts of 7ac.

S90

9

PR BR/88

RRER

5]

HE-B38,99

ARER

@1:19

B3:18



7ad (racemate)

CH 1 C.5 1.25 ATT 3 OFFS A BB -88-88 B4:12

2N~ 6%
o 7 vJ -~
(e & /s ProH
oH ¢ St/
;— 13 .76 Lrorm
? 38.79
[-2588 AR -8B-833 B4:12
METHOD : TAG: 3 CH: 1
FILE: 8 CALC-METHOD: ARERX TABLE: B CONC: ARER
MO . RT ARER CONC  BC
1 12 .76 47549 58 .141 BB
2 IA.78 47231 43 .359 BB
TOTAL
24332 196 .8889
PERK REJ : 7}
7ad (chiral)
CH. & E.5 t.25 ATT 4 0OFF5 B8 BB~ -AB-98 BHR:91
(-[643
g
By e
oM V.5
1V rm
o 13 .38
31 .26
b—-2588 A3-R3- 88 BR:A1
METHOD : TRG: 1 CH: 1
FILE: 8 CALC-METHOD: RRERX TABLE: B COMC: RRER
MO . RT ARER CONC  BC
1 19 .38 71663 95.999 BB
2 31 .26 2987 4 .891 BB
TOTAL
?4555 199 .809
PERK REJ : a

Supplementary Fig. 65: HPLC charts of 7ad.
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7ae (racemate)

CH. 1 ©.5 1.25 ATT I 0OFFS 8 B88-08-88 BB:56

2(~I56 ]
P 4
Fe LAV
J {4
S 2B e
32.14
35.28
b-2508 AR -9B-88 BB:55
METHOD: TRiE: 2 CH: 1
FILE: 8 CRLC-METHOD: RARERZX TRABLE: B COMC: ARER
MO . ET ARER CONC  BC
1 32.14 32372 59 .214 BB
2 35.28 32166 42 .735 BB
TOTAL
165833 123 .898
PERK REJ : 5]
7ae (chiral)

CH. 1 C.5 1.25 ATT 2 0FFS 8 BB-9B,A8 @A:d2
: 20- yby

N il
Fe ° 3 /nde
? S l ./.V"Pv‘“H
F B Am
3z2.1%9
34 .93
L-2z2588 (515 1% e 1) gt 42
METHOD = THRG: 2 CH: 1
FILE: @ CALC-METHOD: RRERX TRBLE: 2] CONC: ARERA
HO . RT ARRER COMC BC
1 32.19 Ie7R4 95 .833 BB
2 34 .98 1596 4.167 BB
TOTAHL
38388 198 .388
PEAK REJ = =]

Supplementary Fig. 66: HPLC charts of 7ae.
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7af (racemate)

CH. 1 C.5 2.58 ATT 3 OFFS 5] BB/88/,00
/4
hl
(B
ot
F::::::::===_ 17 .38
24 .58
0-2588
METHOD : TAG: 1 CH: 1
FILE: @ CRLC-METHOD: RRERX TABLE: 5}
NO . RT ARER CONC BC
1 17 .33 45334 51.277 BB
2 24 .58 43123 43 .723 BB
TOTAL
33587 1898 .9689
PERK REJ : [z
7af (chiral)
CH. 1 C.5 2.58 ATT 2 0OFFS 3 B8-88.-809
P
G
t:::::::::=:=:==__ 17 .34
25 .44
[=-2588
METHOD : TRGE: 2 CH: 1
FILE: ® CALC-METHOD: RRERX TRABLE: 5]
MO . RT ARER COME BC
1 17 .34 35915 25 .994 BE
2 25 .44 1353 4.986 BB
TOTARL
Ivvea 198 .988
PERK REJ = z}

A9:00

2 - [5ee

q'

H

17 Prn

v

CONC:

St/

L33 ppn

B39/38-98

ARERA

a1:23

(-

K1

JJ"H
[P H

0.9

Vi

CONC:

Supplementary Fig. 67: HPLC charts of 7af.
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7ag (racemate)

CH. 1 C.5 2.589 ATT & OFFS 3 ©BB-BB-/B9B B1:57
(- 1537
”L 2 o J1
fzc\’iﬂ AR
By 1Bnm
Tl o
? 15.38
21 .96
[-2500 BB-8B- 398 B1:57
METHOD: TRG: 2 CH: 1
FILE: @ CALC-METHOD: ARERAZ TABLE: B  CONC: AREA
NO . RT ARER CONC  BC
1 15.38 343386 47 .885 BB
2 21 .96 387613 52 .999 BB
TOTAL
731424 193 .289
PERAK REJ : B
7ag (chiral)
CH=: I €S 2.58 ATT 4 OFFS a B3-88/88 B3:47
21528
l,t, o o] H
y;ﬁi? 17 Mot
2nm
v 0 Seml/pim
15.33
—
23 .68
-2588 @asB9a-a8 A3 47
METHOD: TAG: 4 CH: 1
_ FILE: @8 CALC-METHOD: RARERAZ TABLE: B3  LCONC: ARER
NO . RT ARERA CONC  BC
1 15.33 227544 37 .827 BB
2 23 .68 BI72 24973 BB
TOTAL
234515 188.989
PERK REJ [z}

Supplementary Fig. 68:

HPLC charts of 7ag.
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7ah (racemate)

CH. 1 C.5 2.58 RATT 4 DFF5 A AR -88-89 BA:a3
WV -Isrr
/’L’ V/a vj-H
£ | /oY
d %3 o, Swel /.
LG 227 o~
11.63
1932
L-2589 9R-008-00
METHOD: TAG: 1 CH: 1
FILE: @ CALC-METHOD: AREAX TRABLE: 3 CONC: ARER
MO . RT ARRER COMC B
1 11.568 144851 53.995 BB
2 15.32 122736 45 .885 BB
TOTHL
266737 198..899
PEAK REJ : 8
7ah (chiral)
CH. 1 .5 2.58 RATT 4 OFFS a AR-BR-98 nR:34
' w513
e 7H
I=¢ ,’/,/P,,H
3
s ¢ 5n nn
3 P an
11.68
15 .43
-2598 AR 38808
METHODD : TAG: ¢ CH: 1
FILE: B CALC-METHOD: ARERX TABLE: %} CONC: ARER
ND . RT AREA CONC BLC
1 11.68 21516 95 .737 BB
2 15.43 48375 4 . 263 BB
TOTHL
95591 193 .8488
PERK REJ : %]

Supplementary Fig. 69: HPLC charts of 7ah.
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7ai (racemate)

CH. 1 C.5 1.25 ATT 4 0OFFS - B
p—- 13.53
—— 29.58

D-2508

METHOD: TAG: 2

FILE: 8 CALC-METHOD: AREAX TAB

MO . RT ARER CONC
1 18.58 37348 58.612
2 29.58 35724 49.338
TOTAL
173572 189 .999
PEAK REJ : 2
7ai (chiral)

CH. 1 ©.5 1.25 ATT 4 OFF5 . @
L_ 5
=

31.19

0-2598

METHOD : TRG: 3

FILE: @ CALC-METHOD: ARERX TRB

NO . RT ARER CONC
1 18.38 133384 97 .798
2 3i.10 3982 2.202
TOTAL
136386 192 .909
PEAK REJ 9

AR 98889 BA: 44
2°(- 155§
4 =
,-,A,L,\// TH
¢ ISVl
£ gg ,;
[P PN SN
Lo, e ”
D P0m
BR-38-88
CH: 1
LE: 5} CDOHMC: ARER
BLC
BB
BB
A3 9838 A3:89
2 - (656
/,’/7\/// (}“/"1“1
fic gJ (4]0 Dok
¥ ! o T (hotn
Lo
3 .38 g
AR -8R~ 830
CH: 1
LE: 5] CONC: ARER
BC
BB
BB

Supplementary Fig. 70: HPLC charts of 7ai.
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7aj (racemate)

CH. 1 ©.5 2.58 ATT 4 PR B0/00
AR
D’-
W I
e glis
3 0, Sl /ety
2 .86 g, o
17 .82
L-2501
METHOD : TA 2 CH: 1
FILE: @ . CALC-METHOD: RAREA% TABLE: B CONC:
MO RT ARER CONC  BC
1 2.36 42994 52.497 BB
2 17.32 33904 47 .583 BB
TOTAL
231398 183 .099
FEAK REJ 3 -
7aj (chiral)
CH. 1 C.5 2.58 ATT 3 O0OFFS G 99-88-88
2~ 144
FA // O'f‘ ”
F ¢ .’Z"ﬂv‘”‘f
J 0.5 lntn
3.38 Hu e
b-2501
METHOD : TAG: U och: 1
FILE: @ CALC-METHOD: ARERZX TABLE: 8 CONHC:
NO . RT ARER CONC  BC
: 3.33 29871 91.382 BB
2 17 .38 7595 3 .19
TOTAL a8 BE
31687 180 .90

FPERK REJ :

Supplementary Fig. 71:

%}

OFF5 ~ B

HPLC charts of 7aj.
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7ak (racemate)

EW. L C.5 5.8 ATT S OFFS @ ©08/08/68 081355

20 (450
o0
V, .
h~Z” 5y
[¢ 4 5m rmts
2% nm
3.4 "
7.74
.64
19 .44
P — 11.39
r"’/’ 12 .49
s8@/,8@ B1:55
Sp-2500 29
METHOD : TAG: 3 Ch: 1
FILE: @ CALC-METHOD: AREAX TABLE: © CONC: ARERA
MO . RT ARERA CONC  BC
6 11.39 205520 43.976 BU
7 12.48 214118 51.824 VB
TOTAL
419638 190 .900
FEAK REJ 3599
7ak (chiral)
CH. 1 C.5 5.89 ATT 3 O0FFS _ 8 B88-08-88 B2:23
2q-[Hl
op
V7 v
pl' ¢ (/P
G 0.5mt/d,
KT
oh
11 .42
12 .43
D-2509 99/80/80 B2:23
METHOD = TARG: 2 CH: 1
FILE: ® CALC-METHOD: AREAX TABLE: @ GCONC: AREA
NO . R ARERA CONC  BC
1 11.42 13183 3.581 BB
2 12.43 19125 31.319 BB
TOTAL

20943 180 .900
FPERK REJ = 5

Supplementary Fig. 72: HPLC charts of 7ak.
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7al (racemate)

CH. 1 C.5 2 .98 ATT 4 DFFS 5} AR -BB-81 a7:31
20- [t
Lo 03-H
f I%‘ﬁ””
Ge
3 D.Tn-l/m,’h
e lionm
[-2508 PR-B39-28
METHOD = TRAG: ) CH: 1
‘FILE= 7] CALC-METHOD: RRERX TRABLE: 5} COMC: ARER
MO . RT RRER CONC BC
3 13 .88 41647 49,319 BB
5 17 1 41958 58 .131 BB
TOTAL ;
33597 1899 .9909
FEREK REJ = 1688
7al (chiral)
CH. 1 C.5 2.98 ATT 3 OFFS 2 BB 38889 BR:35
204y
0~
phJ g
Ge (7 Pretf
J 0. Seal /i
C Me Im
27'°n,..
52
il A0-00.- 90
METHDOD: TAG: 2 CH: 1
FILE: @ CALC-METHOD: RREARX TABLE: %] CONC: RRER
ND . RT ARER CONC  BC
1 13 J62 28157 95 .838 BB
2 17.74 1843 4.928 BB
TOTAL
212898 1899 .889
FERK REJ : e]

Supplementary Fig. 73:

HPLC charts of 7al.
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7am (racemate)

CH. 1 C.5 2.58 ATT 3 0OFFS B Av-sAB-8B  BB:1Y

L(-15%
7
Ph *J-H
Fe (A Prol
9
2 7kr ONa ol
1 onm
11.356
15.82
0-25089 AR-88-89 AR:1H
METHOD: TRG: 1 CH: 1
FILE: B9 CALC-METHOD: RRERZ TABLE: %} CONC: RARER
ND . RT ARER CONC BC
1 11.36 49194 435 .931 BB
2 15 .82 47316 54 .869 BB
TOTAL
37518 123 .989
PERK REJ : %}
7am (chiral)
CH. 1 C.5 2 .59 ATT 2 DFF5 - 8 AR 9001 AaA: 21
2(- ¢
fL Z 0j-H
Gy Kb
N PRV
229nm
Lo 11 .38
e
— 16 .88
L-2500 AR 3A-89 BB:21
METHOD: TRGE: 2 CH: 1
FILE: @ CALC-METHOD: AREARX TABLE: 3 CONC: HRER
MO . RT ARRER CONC BC
1 11.33 26913 24 .931 BB
2 16 .98 1437 5.869 BB

TOTAL
23350 199 .998
PERK REJ : 3

Supplementary Fig. 74: HPLC charts of 7am.
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7an (racemate)

CH. 1 .5 1.25 RATT 3 OFF5 a 3% v 7 g v B1:45
AR
phi? o H
Fe [ A ProH
3 ¥ o °'5-”"L/’r\-/m
T
@ =
— 21 .32
F::::z’ 31 .63
-25a8 AR-A8-9R8
METHOD : THE: 2 CH: 1
FILE: 8 CALC-METHOD: RAREAX TRBLE: B COMC: ARER
MO . RT ARER CONC  BC
1 21 .92 5439456 49 .628 BB
2 31.63 25738 38 .338 BB
TOTAL
118734 188 .888
FERK REJ =]
7an (chiral)
CH. 1 C.5 1.25 RATT 2 OFFS 8 BB-98-88 BHB:94
2~ 1S
PA % U?-}1
By U7, 9er
J [ 0.5~ps
1L¥nm
22 .44
33 .94
[-2588 H58-90.-88
METHOD: TAG: 1 CH: 1
FILE: 9 CALC-METHOD: RARERX TABLE: 5] COMC: RARER
MO . ARRERA CONC BC
1 31852 25 .642 BB
2 1415 4 .358 BB
TOTAL
324567 188 .8889
PEAK REJ : %]

Supplementary Fig. 75: HPLC charts of 7an.
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7ao (racemate)

BB/ BB-08

CH. 1 C.5 1.25 ATT 3 OFFS 9
ph
33
D-2589
METHOD : TAG: 2 CH:
FILE: @ CALC-METHOD: RAREAX TABLE:
ND . RT ARER CONC  BC
1 19.93 43335 S1.328 BB
2 28.35 46387 43.972 BB
TOTAL
34722 199 .809
PERK REJ 2
7ao (chiral)
CH. 1 ©.5 1.25 ATT 2 0OFFS @

P_“w%
rl an

™
-
=
w

—-2508
METHOD = TRG:
FILE: @ CRALC-METHOD: AREAX
MO . RT ARER
1 19 .47 41257
2 27.79 1416
TOTRL
42673

FERK REJ =

e}

19 .47

TRBLE
CONC
96 .632

3.313

198 .9883

15 g 1% gl )

BLC
BB
BB

Supplementary Fig. 76: HPLC charts of 7ao.
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7ap (racemate)

CH. t ©.5 2.58 ATT 4 OFFS 3 9B-BB-BH BB:I3IT
21 - [#4b
“’_
Pt I
M % ot
(e .
2 \a/ o Sal/n.
1enm
14.16
19 .73
L-2509 33,8098 BH:37
METHOD: TAG: 2 CH: 1
FILE: @ CALC-METHOD: ARERX TABLE: 3 CONC: ARER
MO RT ARER CONC B
1 .15 67796 52.143 BB
2 19.78 62173 47 .352 BB
TOTAL
129929 100 .338
FPERK REJ = x|
7ap (chiral)
CH. 1 .5 2 8 ' I -
. 58 ATT 3 OFFS . @ @9-88-00 00:95
’ 20-(447
/ -
/)l\ 74 OJ-H
GJETW U o
VA
R WP
%‘ 14 .39
29 .91
b-2598
BB-88-30 B@:
METHOD : o &
TRG: 1 CH: 1
FILE: @ CALC-MET : ;
HOD: ARERX TRABLE: B CONC: ARER
ND .
- , BT ARER CONC  BC
1 14 .39 28459 o
2 2@.@1 ‘195‘; 25.8935 BB
— : 4.315 BB
21527 i
PEAK REJ : : 182 .608

Supplementary Fig. 77: HPLC charts of 7ap.
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7aq (racemate)

CH. 1 C.5 2.58 ATT 3 D0OFFS5 3 ®@BB-PR /BB BB:I36

O3
Pl L
EC F | £ peoH
2L O 5ol Jde
P nn
15.33
13.36
L-2588 A6, BB,R@  BB:I36
METHOD: TRA: 2 ©CH: 1
FILE: ® CALC-METHOD: RAREA% TABLE: @ CONC: ARER
MO . RT AREA CONC  BE
1 15.38 59573 43 .613 BB
2 18.36 5295 51.332 BB
TOTAL
122534 199 .3989
FEAK REJ 3 B
7aq (chiral)
CH. 1 C.5 2.58 ATT 3 OFFS @ P9-80/89 BB:35
(- 167
PL Vi oj-H
(: C F [ /, (’1‘“"{
)’ G
0.5
11 nm
15 .56
b-2589 AB3/80,38 BB:3T
METHOD : TAG: 2 CH: 1
FILE: @ GCALC-METHOD: RARERX TRABLE: @ CONC: AREA
NO . RT ARER CONC  BC
1 15.56 51523 95 .512 BB
2 18.56 1852 3 .433 BB
TOTAL
53399 189 .998
PEAK REJ = 7]

Supplementary Fig. 78: HPLC charts of 7aq.
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7ar (racemate)

fH. 1 C.5 2.58 ATT & OFFS 8 ©@@-68-88 B3I:24

21 - 451
op
V4 P
P_L fz‘fﬂi“,‘
fre / v SAl/ude
Lhane,
18 .38
11.52
12 .92
=2508 PR -8B/ @0 B3 24
METHOD® TAG: 5 CH: 1
FILE: ® CALC-METHOD: AREA% TRBLE: @ CONC: ARER
MO . RT ARERA CONC BC
1 198.38 220533 47 .754 BB
3 12.92 241279 52 .246 BB
TOTAL
461812 190 .099
PEAK REJ = 3588
7ar (chiral)
CH. 1 C.5 2.59 ATT & OFFS 9 99,809,990 91:16
P o?
fl‘ J I;((Fv\H
e o Tml/nts
Lroam
19 .49
E::::::a— 12 .92
0-2500 A0/80/89 91:16
METHOD : TAG: 2 CH: 1
FILE: @ CALC-METHOD: AREA% TABLE: @ CONC: AREA
NO . RT ARER CONC  BC
1 19.49 12167 4.633 BB
2 12.92 250443 95.367 BB
TOTAL

2626189 194 .999
PEAK REJ : g

Supplementary Fig. 79: HPLC charts of 7ar.
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7as (racemate)

CH. 1 C.5 1.25 ATT 4 OFFS @ 90-80.00 zZ:24

2(-1vi7]
(N oM
fe | /i Pead
J )
It /I‘/rw
Lo~
23 .62
L-2580 A0-BB-88 B2:24
METHOD : TAG: 3 CH: 1
FILE: ® CALC-METHOD: AREAX TABLE: 5 CONC: ARER
NO . RT ARER CONC  BC
1 23.862 133168 52.127 BUY
2 26.73 153223 47 .373 UB
TOTAL
351391 189 .289
PERK REJ : 3
7as (chiral)
CH. 1 C.5 1.25 ATT & OFFS A B8-DB-BD Bl:05
2(- 1613
J-H
155 PyoM
Irfl /h/u
22.286 WA
26 .26
L-2588 BR/AR-83 B1:06
METHOD : TAG: 2 CH: 1
FILE: @ CALC-METHOD: AREAZX TABLE: @ CONC: ARER
MO . RT AREA CONC  BC
1 22.26 5707651 27 .442 BB
2 26.26 17683 7.558 BB
TOTAL
688369 109 .099
PERK REJ : 9

Supplementary Fig. 80: HPLC charts of 7as.
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7at (racemate)

CH. 1 C.5 1.25 ATT 2 O0OFFS 8 ©@/98-98 B3:15
2%(-[59%
PA Vi "J’"’!
[EYA A
28
o > [ U/nt.
1Pnr
? 22 .59
;::> 48 .43
L-2588 3R 33/ 09
METHOD : TAG: 4 CH: 1
FILE: @ CALC-METHOD: AREAX TABLE: @ CONC: ARERA
ND . RT ARER CONC  BC
1 22.59 37919 58 .327 BB
2 3 .43 36676 49.173 BB
TOTAL
74536 199 .9939
PERK REJ : ]
7at (chiral)
CH. 1 ©.5 1.25 ATT 2 OFFS 9 9A-98-98 AB:31
2(- 516
N vj-H
gl_ (FLo (a/-‘haoH
. > I,.l/p-’.-,
Lenm
> 22 .67
f 43.13
b-25@28 AR B0~ 38
HETHOD: TRG: 1 CH 1
FILE: ® CALC-M °"HOD: AREAX% TRABLE B CONC: ARER
ND . RT ARER CONC  BC
1 22.67 34933 25 .32 BB
2 48.13 1714 4.671 BB
TOTAL
36697 188 .980
FPERK REJ = a

Supplementary Fig. 81: HPLC charts of 7at.
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7au (racemate)

CH. 1 C.5 1.25 ATT S5 OFFS 8 98-/80-/08 88:15
ety
W4 o
Ph ~f 1 oot
F C
(e 0.5m (/putn
Y hm
23 .93
30
— AR 0A, A8
METHOD TRG: 1 ©CH: 1
FILE: @ CALC-METHOD: ARERX TABLE: ® CONC: ARERA
NO . RT ARER CONC  BC
1 23.83 183632 49 .752 BB
2 29.39 185463 5@ .243 BB
TOTAL
369895 188 .008
PEAK REJ 2
7au (chiral)
CH. 1t C.5 1.25 ATT 2 O0OFFS © 08-89-88 ©0A:33
21 1o}
V/ —
P oI H
F‘-,(’ = l 7) :FJ‘)H
i 0.5t/pt
Lng
28 .95
27 .24
b-2508 A8 98,28
METHOD : TAG: 2 CH: 1
FILE: 8 CALC-METHOD: AREAZX TRBLE: ® CONC: AREA
NO . RT ARER CONC  BC
1 28.9% 39508 94 .968 BB
2. 0p .04 2182 5.349 BB
TOTAL
41718 190 .088
PEAK REJ g

Supplementary Fig. 82: HPLC charts of 7au.
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7av (racemate)

4 0OFFS B 98-909.80 98:9m

3-HYq
o]—n
/
P 174%oH
7 Lbs amm
0 5t
15 .44
22 .32
pmes9m A9.,80.99
METHOD: TAG: 1 CH: 1
FILE: ® CALC-METHOD: RAREAX TRBLE: B CONC: ARERA
Bl RT ARERA CONC  BEC
1 15.44 44730 59 .247 BB
2 22.82 44349 49 .753 BB
TOTAL
39120  199.889
PEAK REJ : 2
7av (chiral)
CH. 1 C.5 2.58 ATT 3 0OFFS 8 ©9-908-,88 B3:23
20- 186
oJ-1
ph v
. 14 %Y
¢ Voam
o 5allnts
15.38
-2588 AR-AB- 93
METHOD: TRG: 5 CH: 1
FILE: @ CALC-METHOD: RREAX TABLE: @ CONC: ARER
ND . RT ARER CONC  BC
1 15 .3 22787 27 .192 BB
- K 556 2.383 BB
TOTAL
23363 199 .890
PEAK REJ : 3
Supplementary Fig. 83: HPLC charts of 7av.
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7ba (racemate)

CH. 1 C.5 2.58 ATT 3 D0FF5 3 @B -BA-A8 BA:53
2147
NCW 07”"
wl o 1’hifrH
2 a’j 0. Tl /ns
2D
15.852
P
L-2588 g gl
METHOD : TAG: 2 CH: 1
FILE: @ CALC-METHOD: ARERAX TARBLE: @ ©COMC: RARER
ND . RT ARER COMC  BC
1 52 48552 49 .598 BB
2 23.34 41325 53 .419 BB
TOTAL
31977 123 .8983
PERK REJT = B
7ba (chiral)
CH. 1t ©.5 2.58 ATT 3 0FFS5 A BA-BB-88 B1:53
M- 118
M /
‘ U,gf K
P L) oy
1 h
J P 0.5Sal/ag
PR SN,
% 15.14
22 .24
0-2580 BB 9090
" METHOD: TAG: 3 CH: 1
FILE: @ CALC-METHOD: ARERAX TRABLE: @ CONC: AREA
MO . RT ARER COMC  BC
1 15.14 44533 35.912 BB
2 22.24 2338 4.933 BB
TOTAL
45371 198 .829
PEAK REJ : 3

Supplementary Fig. 84: HPLC charts of 7ba.
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7ca (racemate)

CH. 1 C.5 2.58 ATT S5 OFF5S 8 923-83,90 ©0A:05
21 - 1578
3131$? o7-H
A2 2 Sl ot
5o WA
L Ven,
- 11 255
J— 13 .32
r-2589 9099/ 00
METHOD TAG: 1 CH: 1
FILE: ® CALC-METHOD: AREAX TABLE: B CONC: ARERA
NO . RT RREA CONC  BC
I 135 234656 45.943 BB
2 1382 265168 53.852 BB
TOTAL
499316 199 .899
FPERE REJ : 7]
7ca (chiral)
CH. 1 C.5 2.58 ATT 2 OFFS @ 90/08-00 89:92
) Z( (156
"Ly i
RC ok [ /bt
R YAN
315 e
11.72
E 14 .64
r-2598 TR T
METHOD: TAG: 1 CH: 1
FILE: @ CALC-METHOD: AREAX TABLE: @ CONC: AREA
ND . RT AREA CONC  BC
1 11.72 17448 94 .826 BB
2 14.64 352 5.174 BB
TOTAL
13489 109 .999
PERAK REJ : 8

Supplementary Fig. 85: HPLC charts of 7ca.
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7da (racemate)

CH. 1L C.5 1.25 ATT 3 OFFS a B8-88-88 B2:31
22 .86
33.71
b-2588 BB a8-89
METHOD: TAG: 3 CH: 1
FILE: & CALC-METHOD: AREAX% TRABLE: a CONC: HARER
MO . RT ARERA CONC BC
1 22 .86 52779 58 .458 BB
2 33.71 51338 49 .558 BB
TOTAHL
184617 198 .8488
PEARK REJ : 5]
7da (chiral)
CH. t C.5 1.25 ATT 3 OFF5 5} 88-88-99 81:25
2(-1495)
e 10V o7+
fe ok l=7.50oH
V5 ml el
LR Am
p—— a2}
F 34 .56
L-25088 L s = 1]
METHOD: TAG: 3 CH: 1
FILE: @ CALC-METHOD: ARERZ TABLE: B COMC: ARERA
MO . RT AREA CONC BC
1 23 .18 53632 295.361 BB
2 34 .56 2689 4.639 BB
TOTAL
96241 198 .889
FPERK REJ : 5]

Supplementary Fig. 86: HPLC charts of 7da.
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7ea (racemate)

CH.1c.5 s,
5.0 ATT 4 OFFS @ 00/00.00 21:42
27 -l¢2
; fz:l 4 !
qu op
e " ol 1% pof
0 Sunt [t
5.70 Ny
7.81
8.96
9.93
D-2580
99/00/00 21:42
METHOD: — & sl
FILE: @ CALC-METHOD: 2
HOD: AREA% TABLE: @ conc: ARER
"Oi RT ARERA CONC BC
s g-;g 62309 58.826 BU
TOTAL . 62243 49.974 uB
i 12455
PEAK REJ : e 2 100 .600
7ea (chiral)
CH. 1 C.5 S.88 ATT 3 OFFS @ ©99/99/88 B82:16
20 (1
£ o
7\/0/% /'/.‘lfwf"
= o.5Al/nte
(’( pk o /n
Li» nn,
3.82
19 .98
/ P2:16
D-2500 90/00/80
METHOD: TAG: 3 CH: 1
_FILE: @ CALC-METHOD: AREAZ TABLE: @ CONC: AREA
NO . RT AREA CONC BC
1 9.02 33123 97.193 BB
2 19.98 955 2.392 TBB
TOTAL
34978 109 .909
PEAK REJ : 9

Supplementary Fig. 87: HPLC charts of 7ea.
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7fa (racemate)

CH. 1 C.5 2.98 ATT 3z OFFS a AR -9B-889 BB: 88
2(- |45l
“Yo 174 O;iq
i f/:‘ff‘H
7" ph 0 Sonl/at
Lioam
15.16
16 .43
L-2500 AB-80,00
METHOD = TRG: 1 CH: 1
FILE: 8 CALC-METHOD: RARERAX TABLE: a COMC: ARER
NO . RT ARER CONC  BC
1 15.1% 15691 43 .919 BU
2 16 .43 313636 51.931 UB
TOTAL
74327 1949 .900
FPERK REJ : =]
7fa (chiral)
CH. 1 C.5 2.58 ATT 3 O0OFFS 8 0A-88,8@ @80:25
2 - [+59
Yy 4, 03-H
1/ ProH
G ph 0. 5wt
= .P 384 2roam
15.18
16 .55
L-2500 an/ 80,08
METHOD: TAG: 2 CH: 1
FILE: @ CALC-METHOD: RAREAZ TABLE: @ CONC: ARER
MO . RT ARER CONC  BC
1 15.18 23828 34.351 BU
2 16.55 1267 5.049 UB
TOTAL
25895 106 .000
PEAK REJ : G

Supplementary Fig. 88: HPLC charts of 7fa.
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7ga (racemate)

CH. 1 C.5 2.58 ATT 3 O0OFF5 4 BB~ PB-B8 B91:43

Y- 174
v f]ﬁéﬁ
[l o]
fe et 14 Peord
‘.S;-\/n’ﬂ
— 5 .86
h 9.39 ALY
b-2588 A3 3388 B1:43
METHOD = TAG: 2 CH: 1
FILE: B CALC-METHOD: AREAX% THBLE: 5] CONC: RRER
ND . RT RRER CONC B
1 3 .36 43986 51 .8608 BB
2 9 .89 42033 43 .948 BB
TOTAL
35989 188 .898
FEARK REJ = 2]
7ga (chiral)
CH 1 C.5 2.98 ATT 3 DFF5 5] BB-08 -84 AR: 59
1570
UVW op
R gk 12%eH
1 v Sa\fud,
Do
P— g.783
= .77
b-2588a BR-88-8908 HE:59
METHOD: TRG: 1 CH: 1
FILE: B CHALC-METHOD: RARERA% TABLE: 8 COMC: RRERA
MO . RT ARERA CONC BC
1 2.73 is349 95.233 BB
2 R 1542 4 .817 BB
TOTHL
38391 198 .8808
PERE REJ = 7]

Supplementary Fig. 89: HPLC charts of 7ga.
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7ha (racemate)

OFFS g

EH« 1T ‘C.S 2.99 ATT 5 SR s R s §s AR 45
AGY
e
OV L
[.,L/L, 1AM H
I Y 0.5/t
9 -15 )/I«Dnr\
% 18 215
-2586 HE 81888 B
METHOD : TARG: 1 CH: 1
. FILE: B CRLC-METHOD: RAREAZX TABLE: 5] CONC: HRER
MO . RT ARER B
1 9 .15 1521382 BU
2 18.15 143144 B
TOTAL
IBA3Izn 1898°.898
FERK REJ : %]
7ha (chiral)
CH. &t C.5 2.98 RATT 3 DFFSA 5} AA-/88-88 a1:16
ne
(v
] ° // op
F)( FL’ 17004
1A~
3 .68 v, r’\(/ﬁ{..
F'TB.M
-25806 HE B8 -898 21z
METHOD : TAG: 1 CH: 1
FILE: B CRALC-METHOD: RRERX TRBLE: 3 CONC: HRRER
MO . RiF ARER COMC BC
1 3.53 32244 35 .447 BB
2 19.7 11383 i s T S BB
TOTAL
33432 189 .2894
FEARK REJ 9

Supplementary Fig. 90: HPLC charts of 7ha.
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7ia (racemate)

.38 ATT

I 0OFF5 B BOR-0B-08 @0:45
2(-1s-1
}3]52? o]-H
"< e ph 7. 9ot
0 Sun/aks
TV nm
pamer= 13 .38
15.12
b-2588a BA-9R-88 AB: 45
METHOD : TAG: 2 CH: 1
FILE: 8 CRLC-METHOD: RRERZX TABLE: 3 CONC: ARER
HD . RT ARERA CONC  BD
1 13 .38 47133 58 .424 B
2 15.19 45341 49 .576 UB
TOTHL
33474 198 .884
PERE REJ 5
7ia (chiral)
CH. 1 C.5 2.58 ATT 3 0OFF5° @ B8-/88-98 @3:82
27~ 50§
S o-H
Ntljlj(? 9.7 ol
Fe RPN
1 ph VAT
e nm
13 .98
15.38
7 V4 A3:a2
L-2509 AR/ AB/ 29 3:8
METHOD: TAG: I CH: 1
FILE: @ CALC-METHOD: RRERAZX TRBLE: 3 CONC: RRER
MO . RT ARER CONC  BC
1 13 .98 23758 24 .635 BB
2 15.38 1347 5.3565 BB
TOTAL
25185 198 .928
PERK REJ ]

Supplementary Fig. 91: HPLC charts of 7ia.

S117



7ja (racemate)

CH. t ©.5 2.58 ATT 4 OFFS @ B23-/88-90
0N
r Ee gh
- f
17 .19
18 .36
. D-2589
METHOD: TRG: 4 CH:
FILE: @ CALC-METHOD: RAREA% TRBLE:
MO . RT ARER CONC  BC
1 17.18 186167 49.215 BU
2 13.85 189552 58.735 UB
TOTAL
215719 199 .090
PEAK REJ : 8
7ja (chiral)
CH. 1 ©.5 2.58 ATT 3 OFFS @ 9090808
F1:17<7
%L
16 .96
13.79
L-2588
METHOD: TRG: 2 CH:
FILE: @ CALC-METHOD: AREAX TRABLE:
MO RT AREA CONC  BC
1 16.96 55783 95.432 BB
2 13.7% 2670 4.563 BB
TOTAL
53453 199 .989
PEAK REJ : 9

CONC:

A3:43

2Dyt
o0
[o2/ herane
LA TVAN

L e

Ba/08.-89

CONC: ARER

A 44

2
'
=
*
=

on

I~ 7 hesan
0.5 A /s
125

Ba-28-88

ARER

Supplementary Fig. 92: HPLC charts of 7ja.
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7ka (racemate)

CHw 1 C&S .25 RATT 4 DFFS 3 HB/80-38 B31:85
p Y- thes
L 5J-H
& Re oh 1 4Py oK
E 9.5ml/nn
1
b-2508 AR 38,88 H1:85
METHOLD = TRG: 2 CH:
FILE: B CALC-METHOD: RARERX TABLE: 5] COMC: RRER
NOD . RT ARER CONC  BC
1 27 .63 134497 51.212 BB
2 35 .28 123138 43 .733 BB
TOTAL
262627 1983 .988
FPERK REJ %]
7ka (chiral)
CH 1 E:S5 1.25 ATT 4 DFFS %] HBa-98-88 B 17
i Z(-lbo]
4 vJ-H
o I_“‘ Pl‘ "/!‘0'\)”
}
Ry PN
L¥nm
27 .92
b-25080 BA-AB-98 A 17
METHOD: TAG: 1 CH:
FILE: 8 CALC-METHOD: AREAX TABLE: 3 CONC: ARER
MO . RT ARER CONC  BC
1 27 .92 1475383 27 .388 BB
2 5D .23 48335 2.7819 BB
TOTAHL
151694 189 .898
PERK REJ a

Supplementary Fig. 93: HPLC charts of 7ka.
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7la (racemate)

CH. 1 C.5 2.58 ATT 3 OFF5 4 B8-89-00 B1:92
Bv 1\(',[{'(‘]
; o]~
ul.\iﬁf/ I
Ge (1 poH
pl’\ °.5~l/ms,
132 4n
P— 13 .94
% 13.33
b-2553 AR89
METHOD : TAG: 2 CH: 1
FILE: ® GCHALC-METHOD: RREAX TABLE: 8 LCONC: ARER
MO . RT ARER COMC  BC
1 13.94 43263 51.843 BB
2 13.33 41492 43.952 BB
TOTHL
34758 1898 .9843
FEARE REJ : 5}
7la (chiral)
CH. 1 .5 2.589 ATT 2 OFFS 5] BB 98,90 2:23
s 207t
L'? // ﬂj-H
- [/ ye
e’ oh v
J » 5 lUns,
Y na
13 .39
b-25885
3 BE.-98 .~
METHOD = TAG: 2 CH: 1
FILE: B CALC-METHOD: ARREAX THBLE: 5} COMC: AREA
MO, RT ARRER CONC  BC
1 14.883 2145 5.128 BB
2 13 .39 397483 24 .338 BB
TOTAL
41333 188 .980
FEREK REJ 7]

Supplementary Fig. 94: HPLC charts of 7la.
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7ma (racemate)

CH 1 G5 2.98 ATT 4 OFFS 5} nR-88-80 A1:23
y ) 2(-160 %
¢ 14 i
0 9,
Fe | / Pet
3 (;L R PEVAVA
YREY
12.19
16 .75
-2508 Ba
METHOD = TRG: 1 CH: 1
FILE: 9 CALC-METHOD: RARERX TABLE: a CONC: HRRE
MO . RT RRER CONC BLC
1 212 111883 45 .7939 BB
2 5.7 126236 893 210 BB
TOTHL
237239 198 .999
FERK REJ : =}
7ma (chiral)
CH. 1 C.5 2.58 ATT 2 OFFS 3 ©9B/88-88 B4:54
AETIE
X 4 0] H
[Fe A |Z it
]
0.5 (/s
Lrnn
E 13 .15
16 .94
-2588
METHOD: TAHE: 3 CH: 1
FILE: @& CALC-METHOD: RAREAX TARBLE: 7] COMC:
ND . RT ARER CONC BLC
1 13 .15 516 1.332 BB
2 15.94 321897 93.113 BB
TOTHL
32723 198 .898
PERK REJ : 5]

Supplementary Fig. 95: HPLC charts of 7ma.
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7Tna (racemate)

CH. 1 C.5 1.25 ATT 4 0OFFS B B8P AR 88 BB:BS
(-1
/
DY oF-H
Fe gt [/ hexdne
[~ fns,
pLr.
19 .48 Yo
24 .32
L-2508 9a.-98-8a
METHOD TAG: 1 CH: 1
FILE: ® CRLC-METHOD: ARERX TABLE: @ CONC: ARERA
MO . RT ARER CONC  BC
1 19.49 239423 55.347 BB
2 24.32 1921499 44 .153 BB
TOTAL
4126883 199 .008
FEAK REJ : ]
Tna (chiral)
CH. 1 £.5 1.25 ATT 2 OFFsS A PB/08/90 D2:43
D15
gl}g’ oj-H
E [} beya
p}(. Pll : i
Mot
13 .42 1 Ang
23.58
L-2500 0H-00-90
METHOD : TAG: 2 CH: 1
FILE: & CALC-METHOD: AREAX TABLE: 9 CONC: AREA
MO . RT ARER CONC  BC
1 18.42 2494 5.933 BB
2 23.58 46571 34 .917 BB
TOTAL
49865 199 .800
PEAK REJ : g

Supplementary Fig. 96: HPLC charts of 7na.
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7Ir (racemate)

CH. 1 C.5 2.58 ATT 4 OFFS @ ©B6/806,-88 023:43
. 2017
OV o0,
Py 1% eH
Fl" ao 0.5a ok,
Lienn
12 67 13.52
18 .66
L-2500 99/08/909
METHOD ¢ TAG: 2 CH: 1
FILE: @ CALC-METHOD: AREA% TABLE: @ CONC: AREA
ND . RT ARER CONC  BC
2 13.52 84006 49.398 BB
1 18.66 34343 S@.182 BB
TOTAL
168354 199 .098
PEAK REJ : 200
7Ir (chiral)
CH. 1 C.5 2.58 ATT 4 OFFS - 8 aR-a8-8a g1:84
I -f463
ol
o
pe S 17, 0 H
f;,‘ "g LR 7S VA
onm
4 13 .64
— L
D-2508 AR 00/88  01:08
METHOD : TAG: 1 CH: 1
FILE: ® CALC-METHOD: AREA% TABLE: @ CONC: AREA
MO . RT ARER CONC BC
1 13 .64 16384 4 .479 BB
2 18 .94 36255 95.561 BB
TOTAL
17933 199 .388
PEAK REJ : @

Supplementary Fig. 97: HPLC charts of 7Ir.
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9 (racemate)

CH. 1 C.5 1.25 ATT 4 O0OFFs 9 B88-990-08 94:45
2(=Ir58
#“f? v-H
- o
HG‘ (11 ’/ F! H
[m\/,,{,,
212N
21.79
.92
B 500089
METHOD : TRG: 5 Blx 1
FILE: B CALC-METHOD: AREAZ TRABLE: B CONC: ARER
ND . RT AREA CONC  BC
1 21.79 156554 45 .727 BB
2 33.92 173433 53.273 BB
TOTAL
335042 188 .8099
FERK REJ : g
9 (chiral)
2 5 /BB 898 AP:29
CH. 1 ©.5 1.25 ATT 2 OFFS5 3 A8-08
} .18 ofﬁ
h Z I/-PWH
/A
¢ ph | &
HEAC P Saomn
&~ 3IB.35
AB-30 @38
L-2598
Gt 1 CH: 1
METHOD = TARG
5 : @ CONC: ARER
FILE: @ CALC-METHOD: AREAX TABLE
CONC  BQ
MO . RT ARERA N
2 19.39 19366 31.5f2 BB
3 38.35 4509 13 .453 BB
rorat 24366 189 .2929
FEAK REJ 488

Supplementary Fig. 98: HPLC charts of 9.
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10 (racemate)

CH: 1 C.5 1.25 ATT 3 OFFS 3 B3-89-90 B2:93

2Y - 0#S
f’t‘ 4 > 072”;,(
[.7#/ AAR
R ph 2y
TP N~
b-2588 AR /A3 B2:
METHOD: TAG: I CH: 1
FILE: 8 - CALC-METHOD: RAREAX% TABLE: A CONC: RRER
NOD . RT ARER CONC  BC
2 15.79 59539 51.112 BUY
3 18.32 56933 43 .388 UB
TOTAL
116568 199 .289
FPEAK REJ : 599
10 (chiral)
< 5 PR A1:195
: ~ S .25 ATT 3 D0OFF5 B 1% g 1 g
CH. 1 C.5 5) g a5 l{,},
Y I-H
A
P L Joo /1 hexon
J o Vet
15 .99 Jion~
Ap-PB B8  @A1:15
p-2500
52 3 CH: 1
METHOD: TAG:
P : CONC: ARER
FILE: @ CALC-METHOD: RRERAZ TABLE 2
COMC  BC
. RT ARER CONC
ND1 15 .99 122023 95 .492 BB
2 19.39 4435 3.593 BB
TOTAL

1264473 192 .898
PEARK REJ = g

Supplementary Fig. 99: HPLC charts of 10.
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11 (racemate)

CH. 1 C.5 2.98 ATT 5 OFFS B BB -9B-8B B1:55
2y - (64
o 2 ’! l
th 2 ol
5 b (7 o
9 5ol
— 8.22 Wene
— 3 .36
L-25819 AR-80-04
METHOD = TRG: 5 CH: 1
FILE: B8 CALC-METHOD: RARERX TABLE: B3 CONC: RRER
MO . RT ER CONMC  BC
1 3.22 23622 43 .472 BB
2 9 .96 17 51.523 BB
TOTAHL
255839 189 .889
PERE REJT : %)
11 (chiral)
CH. 1 C.5 2.8 ARTT 4 D0OFFS B B8B-8B-9A 7227
Y- Jott
h of -H
h’ X
. 1 P
G< ph 0. Fklnts,
> 7 .39 Ponn
=~ 9.52
-2509 B3R -B88-89
METHOD : TRG: 13 CH: 1
FILE: 8 CALC-METHOD: AREAX% TRABLE: B COMC: ARER
MO RT ARER CONC  BC
1 7 .99 32751 295 .339 BB
2 9 .52 31898 3.611 BB
TOTAL
35351 1899 .9899
PERK REJ = [z}

Supplementary Fig. 100: HPLC charts of 11.
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12 (racemate)

CH. 1 ©.5 1.25 ATT 3 OFFS5 8 BB-98-80 B3:19

ol
P’" o}-H
= 17 PyoH #
ke = S oL 14
— 11.56 3 f WSl
PREFPN
IV .13
b-2598 AR-AR-B8  B3:10
METHOD: TAG: 7 CH: 1
FILE: B CRALC-METHOD: AREAX TABLE: @ CONC: ARER
MO . RT ARER CONC  BC
1 11.58 73ITVT 47 .572 BB
2 37.18 31393 S2.423 BB
TOTA
155835 199 .239
PERK REJ : a
12 (chiral)
CH. 1 C.5 1.25 ATT 3 0OFFS 3 9B-88-89 ©BR:1l
2Y -[k3°
b 4
—  11.47 ’F:A 1M
J Pl‘ 9 .7‘:-\/'\-/—
Llram
E::Z:::> 36 .06
b-2598 AR-BAR- B8 AB:11
METHOD : TAG: 1 CH: 1
FILE: 8 CRALC-METHDOD: RARERAX TABLE: @ ©CONC: ARERA
ND . RT ARER CONC  BC
1 11.47 5916 4.178 BB
2 36.85 135966 25 .339 BB
TOTAL
141382 198 .893
PERK REJ : 2

Supplementary Fig. 101: HPLC charts of 12.
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13 (racemate)

CH. 1 C.5 2.58 ATT 4 O0OFF5 B A@-8a- 88 BB:11l

2% ~[5bo
_/h :
Fi\ 0 H
@L pt, thY'H
MKVL.
10
14 .84
16 .22
b-2588 HE- 8888 B3:11
METHOD: TARG: 1 CH: 1
FILE: @ CALC-METHOD: RAREAX TRABLE: a CONC: HARER
MO . RT ARERA CONC BLC
1 12 .96 17121 4 .371 BU
2 14 .84 159155 45..2783 U
3 5 .22 156981 44 537 UB
4 19.94 13327 5.214 BB
TOTAL
351584 198 .A889
FERK REJ : %]
13 (chiral)
CH. 1 C.S 2.5 ATT 3 OFFS5 a BR-9B-38 B1:3:
: -5k
_f 7] -H
95
r“{ P
5" | Aot
1lapm
15.78
-2508 BE-88-28 a1:33
METHOD = TRG: 1 CH: 1
FILE: B CALC-METHOD: ARERZX TRBLE: B CONC: ARER
NO . RT RRER CONC BC
2 11.87 431 3.48% BB
3 13 .78 4356 IJ.7846 BB
4 15.78 188761 85.71@a BB
5 13 .23 11362 18.175 BB
TOTAL

117568 189 .588
PERK REJ : 5]

Supplementary Fig. 102: HPLC charts of 13.
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