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1. General information
All oxygen- and moisture-sensitive manipulations were carried out under an inert
N> atmosphere using standard Schlenk techniques or glovebox. DMSO, MeOH,
toluene, and DCE were distilled from CaH> prior to use. All other chemicals and
solvents were used as received. 'H NMR, '*C NMR, and "F NMR spectra were
recorded on Bruker DRX500 and Varian 600 NMR spectrometers at ambient
temperature with CDCl; as solvent. '*C shifts were obtained with 'H decoupling.
Chemical shifts and coupling constants are listed in ppm and Hz, respectively. High-
resolution mass spectra (HRMS) were recorded on a Bruker microTof by using ESI
method. The mass analyzer for the HRMS measurements was “time-of-flight” type.
Optical rotation was determined using CHCI3 and as the solvent on INESA WZZ-
3. Enantiomeric ratios were determined by chiral HPLC (SHIMADZU LC-20) with
n-hexane and iPrOH as solvents. Melting points were recorded using the SGWX

micromelting point apparatus.
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2. General experimental procedures of preparing 3,3-difluoro-substituted 3H-

indole
Br- Br Br. Br
PPh; \
~CHO CBr, ‘ SnCl, N
R ———— L Tom s an | RO
““no, DCM. 0°C -1t, 2 h “No, EtOH, 85°C, 1h NH,

2-Nitrobenzaldehyde (30.0 mmol, 1.0 equiv) was dissolved in DCM (100.0 mL), and
then PPhs (23.6 g, 90.0 mmol, 3.0 equiv) was added and the resulting solution was
cooled to 0 °C in an ice bath. CBrs (13.3 g, 45.0 mmol, 1.5 equiv) was added in several
portions, and the solution was stirred at 0 °C until the reaction was complete by TLC
(2 h). Diatomaceous earth filtration, solvent removal under reduced pressure, and direct
use of crude products.

To an EtOH (100.0 mL) solution of 1-(2,2-dibromovinyl)-2-nitrobenzene (30.0
mmol, 1.0 equiv) was added tin(Il) chloride (28.4 g, 150.0 mmol, 5.0 equiv). The
reaction was refluxed for 1 h. The cooled mixture was filtered through a pad of celite
after neutralization with a saturated potassium carbonate solution to pH 10. The organic
layer was separated and the aqueous layer was extracted with AcOEt. The combined
organic layer was dried over MgSO4. After the removal of solvent, the residue was
purified by column chromatography using petroleum ether/ethyl acetate 30: 1 (v/v) as

the eluent to afford the corresponding aniline.!!!

&/ ) , O PloOMern); Selectfluor, Na,CO
S s T
R’ O Vann G R?

A 100 mL round-bottomed flask was charged with 10% Pd/C (265.0 mg, 0.25 mmol,
2.5 mol %) and tris(p-methoxyphenyl)phosphine (3.5 g, 1.0 mmol, 10 mol %), and the
flask was purged with argon for at least 10 min. A second separate flask was charged
with 2-(2,2-dibromovinyl)aniline (10.0 mmol, 1.0 equiv) and Cul (190.4 mg, 1.0 mmol,

10 mol %), and the flask was purged with argon for 10 min, followed by addition of
toluene (30.0 mL), phenylacetylene (15.0 mmol, 1.5 equiv), and iProNH (2.0 g, 20.0
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mmol, 2.0 equiv). After the mixture in the second flask became homogenous, it was
cannulated into the first flask, and the resulting mixture was heated at 100 °C for 5 h.
The reaction mixture was diluted with EtOAc (50 mL x 3) and H,O (50 mL). The
combined organic solution was dried over anhydrous MgSQOs. After the removal of
solvent, the residue was purified by column chromatography using petroleum

ether/EtOAc (30: 1, v/v) as the eluent to afford the corresponding indoles.!

To a solution of the 2-alkynylindole (5.0 mmol, 1.0 equiv) in CH3CN (30.0 mL) was
added Na,COs3 (529.9 mg, 5.0 mmol, 1.0 equiv) and Selectfluor (3.9 g, 11.0 mmol,
2.2 equiv) at 0 °C. The mixture was stirred at this temperature for 6 h until the full
consumption of 2-alkynylindole. When the reaction was complete, DCM (100.0 mL)
was added and the mixture was washed with H,O (3 x 20 mL) and brine (3 x 15 mL).
The organic extracts were dried over Na;SOy4, and the solvent was concentrated in vacuo.
The resulting residue was directly subjected to column chromatography using
petroleum ether/EtOAc 30: 1 (v/v) as the eluent to afford 2-alkynyl-3,3-difluoro-3H-

indoles.[?!

i H
R N. AcOH
©)H/ ©/ o 120°C, 8 h O N O

A 250-mL round-bottomed flask was charged with 2-methyl-1-phenylpropan-1-one
(1.5 g, 10.0 mmol, 1.0 equiv), AcOH (50.0 mL) and phenylhydrazine (1.1 g, 15.0 mmol,
1.5 equiv). The resulting mixture was heated to 120 °C for 16 h. The reaction mixture
was poured onto saturated aqueous Na,COs3 and the crude product was extracted with
DCM (3 x 100 mL). The combined organic layers were dried with Na>SOs, filtered,
concentrated. The resulting residue was directly subjected to column chromatography
using petroleum ether/EtOAc 30: 1 (v/v) as the eluent to afford 3,3-dimethyl-2-phenyl-
3H-indole in 89% yield.[*!
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3,3-Difluoro-2-(phenylethynyl)-3H-indole (1a): Yellow solid, mp 76-78 ‘C, 1.13 g,
89% yield. (CAS: 2242812-89-9).31 TH NMR (600 MHz, CDCl3) § 7.68 —7.66 (m, 2H),
7.54—-7.51 (m, 3H), 7.50 — 7.46 (m, 1H), 7.43 — 7.40 (m, 2H), 7.35 — 7.33 (m, 1H). 13C
NMR (151 MHz, CDCl3) § 157.2 (t, Jor = 27.5 Hz),152.6 (t, Jc.r = 8.9 Hz), 133.3,
132.7,130.6, 128.5, 128.4, 127.2 (t, Jo.r= 23.7 Hz), 123.3, 122.5, 120.5 (t, Jo-r = 255.0
Hz), 120.5, 103.3, 80.7. F NMR (565 MHz, CDCls) & -122.43.
Cl j F
CL—C

5-Chloro-3,3-difluoro-2-(phenylethynyl)-3H-indole (1b): Yellow solid, mp 100-
102 °C, 1.26 g, 88% yield. (CAS:2271165-31-0).51 TH NMR (600 MHz, CDCls) § 7.64
(d, J=17.2 Hz, 2H), 7.48 — 7.39 (m, 6H). 3C NMR (151 MHz, CDCl3)  157.3 (t, Jcr
=27.0 Hz), 151.0 (t, Jor= 8.4 Hz), 134.5, 133.2, 132.8, 130.8, 128.8 (t, Jcr=24.0 Hz),
128.6, 124.1, 123.3, 120.2, 120.0 (t, Jer=256.5 Hz), 104.1, 80.5. ’F NMR (565 MHz,
CDCl3) 6 -121.93.

3,3,5-Trifluoro-2-(phenylethynyl)-3H-indole (1¢): Yellow solid, mp 105-107 °C, 1.08
g, 80% yield. (CAS:2242813-00-7)51. TH NMR (600 MHz, CDCl3) & 7.63 (d, J = 7.2
Hz, 2H), 7.45 — 7.43 (m, 2H), 7.40 — 7.37 (m, 2H), 7.22 (d, J= 6.6 Hz,1H), 7.17 - 7.14
(m,1H). 3C NMR (151 MHz, CDCl3) & 162.6 (d, Jcr = 249.6 Hz), 157.1 (td, Jer=
26.9,4.5 Hz), 148.4 (td, Jcr=8.4,3.2 Hz), 132.7, 130.7, 129.1 (td, Jc.r= 24.0, 8.9 Hz),
128.5, 123.6 (d, Jcr= 8.3 Hz), 120.3, 119.8 (t, Jcr= 255.0 Hz), 119.5 (d, Jc.r=23.4
Hz), 111.9 (d, Jcr = 26.3 Hz), 103.4, 80.4. ’F NMR (565 MHz, CDCl3) & -111.18, -
122.29.

RF

CLo—O)
cl N

6-Chloro-3,3-difluoro-2-(phenylethynyl)-3H-indole (1d): Yellow solid, mp 106-
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108 °C, 1.16 g, 81% yield. (CAS:2253620-16-3).%) 'H NMR (600 MHz, CDCl3) 5 7.68
—7.66 (m, 3H), 7.50 — 7.47 (m, 2H), 7.43 — 7.38 (m, 3H). *C NMR (151 MHz, CDCls)
5 158.6 (t, Jor = 27.2 Hz), 154.0 (t, Jcr = 8.7 Hz), 133.0, 131.2, 131.0, 128.7, 127.4,
126.1 (t, Jor = 23.9 Hz), 126.0, 124.4, 120.2, 120.0 (t, Jor = 255.7 Hz), 104.6, 80.6.

19F NMR (565 MHz, CDCls) § -121.79.
ROF

CL—
Br N

6-Bromo-3,3-difluoro-2-(phenylethynyl)-3H-indole (1e): Yellow solid, mp 84-86 C,

1.15 g, 76% yield. 'TH NMR (600 MHz, CDCl3)  7.68 — 7.66 (m, 2H), 7.50 — 7.40 (m,

5H), 7.31 (dd, J=7.8, 1.8 Hz, 1H). 3C NMR (150 MHz, CDCl3) § 158.7 (t, Jc.r = 27.3

Hz), 154.0 (t, Jcr = 9.0 Hz), 139.4, 132.9, 130.9, 128.7, 128.2, 125.6 (t, Jcr = 24.1 Hz),

124.1,123.2,120.2, 119.8 (t, Jcr = 255.3 Hz), 104.6, 80.6. ’F NMR (565 MHz, CDCl3)
§ -121.60. HRMS (ESI) m/z: [M+H]" Calcd for Ci7H11”’BrF2N, 331.9981; Found

331.9965.

2-((3-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (1f): Yellow solid, mp 70-
72 °C, 1.22 g, 85% yield. (CAS: 2242812-93-5).51 TH NMR (600 MHz, CDCl3) § 7.65
(t,J= 1.8 Hz, 1H), 7.56 — 7.50 (m, 4H), 7.46 — 7.44 (m, 1H), 7.37 — 7.34 (m, 2H). 3C
NMR (151 MHz, CDCls) & 157.0 (t, Jcr= 27.3 Hz), 152.5 (t, Jcr= 8.7 Hz), 134.5,
133.4,132.4, 130.9, 130.8, 129.8, 128.7, 127.2 (t, Jc.r= 24.0 Hz), 123.4, 122.7, 122.1,
120.4 (t, Jcr=255.0 Hz), 101.1, 81,4. ’F NMR (565 MHz, CDCl3) 6 -122.66.

F/F

K
3,3-Difluoro-2-(m-tolylethynyl)-3H-indole (1g): Yellow solid, mp 52-53 C, 1.13 g,
85% yield. 'TH NMR (600 MHz, CDCl3) § 7.53 — 7.47 (m, 5H), 7.35 — 7.27 (m, 3H),
2.38 (s, 3H). 3C NMR (151 MHz, CDCl3) § 157.0 (t, Jcr= 27.0 Hz), 152.4 (t, Jcr=
8.9Hz),138.1,133.1,132.9,131.4, 129.6, 128.2, 128.1, 127.0 (t, Jc.r=23.7 Hz), 123.1,
122.2,120.3 (t, Je.r= 255.0 Hz), 120.0, 103.5, 80.3, 20.7. ’F NMR (565 MHz, CDCls)
& -122.36. HRMS (ESI) m/z: [M+Na]" Calcd for Ci7H;1F2NNa, 290.0752; Found
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290.0750.
ROF
O ¢ = O Br

2-((4-Bromophenyl)ethynyl)-3,3-difluoro-3H-indole (1h): Yellow solid, mp 108-
110 'C, 1.21 g, 73% yield. 'H NMR (500 MHz, CDCl3) 8 7.53 — 7.46 (m, 7H), 7.33 —
7.30 (m, 1H). 3C NMR (125 MHz, CDCl3) 8 157.0 (t, Jc.r = 27.3 Hz), 152.5 (t, Jc-F
=8.9 Hz), 133.9, 133.4, 131.9, 128.5, 127.1 (t, Jcr = 27.6 Hz), 125.4, 123.3, 122.6,
120.4 (t, Jcr = 255.1 Hz), 119.3, 101.8, 81.6. ’F NMR (565 MHz, CDCl3) & -122.63.
HRMS (ESI) m/z: [M+H]" Calcd for Ci16Ho””BrF2N, 331.9881; Found 331.9873.

3,3-Difluoro-2-((4-fluorophenyl)ethynyl)-3H-indole (1i): Yellow solid, mp 104-
106 C, 1.09 g, 81% yield. (CAS:2242812-91-3).B1 TH NMR (600 MHz, CDCl3) § 7.67
—7.63 (m, 2H), 7.52 — 7.48 (m, 3H), 7.34 — 7.31 (m, 1H), 7.12 — 7.08 (m, 2H). 13C
NMR (151 MHz, CDCls) & 163.9 (d, Jcr= 252.6 Hz), 157.1 (t, Jcr=27.3 Hz), 152.6
(t, Jcr=8.9 Hz), 135.0 (d, Jc.r=9.2 Hz), 133.4, 128.5, 127.2 (t, Jc.r=23.4 Hz), 123 .4,
122.5,120.4 (t, Jc-r=255.1 Hz), 116.6 (d, Jcr=3.3 Hz), 116.1 (t, Jcr=22.2 Hz), 102.1,
80.6. ’F NMR (565 MHz, CDCls) 8 -106.17, -122.43.

F

F
=00
N

2-([1,1'-Biphenyl]-4-ylethynyl)-3,3-difluoro-3H-indole (1j): Yellow solid, mp 129-
131 C, 1.41 g, 86% yield. "H NMR (600 MHz, CDCl3) & 7.70 - 7.69 (m, 2H), 7.61 -
7.57 (m, 4H), 7.51 - 7.42 (m, 5H), 7.37 -7.35 (m, 1H), 7.30 — 7.28 (m, 1H). 3C NMR
(151 MHz, CDCl3) 6 157.2 (t, Jcr= 27.2 Hz), 152.6 (t, Jcr= 8.7 Hz), 143.3, 139.6,
133.3,133.2, 128.9, 128.4, 128.1, 127.2 (t, Jc.r = 23.7 Hz), 127.1, 127.0, 123.3, 122.5,
120.4(t, Jer = 255.0 Hz), 119.1, 103.4, 81.5. ’F NMR (565 MHz, CDCl3) 6 -122.31.

HRMS (ESI) m/z: [M+H]" Caled for C22H14F2N,330.1085; Found 330.1089
F

F
CI
N
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2-((4-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (1k): Yellow solid, mp 108-
110 °'C, 1.12 g, 78% yield. (CAS:2242812-92-4).51 TH NMR (600 MHz, CDCl3) § 7.59
~7.56 (m, 2H), 7.52 — 7.48 (m, 3H), 7.39 — 7.36 (m, 2H), 7.34 — 7.31 (m, 1H). 3C
NMR (151 MHz, CDCl3) & 157.0 (t, Jcr= 27.6 Hz), 152.5 (t, Jcr= 8.9 Hz), 137.0,
133.9,133.4,129.0, 128.6, 127.2 (t, Jc.r = 23.8 Hz), 123.4, 122.6, 120.4 (t, Jc.r=255.0
Hz), 118.9, 101.8, 81.5. ’F NMR (565 MHz, CDCl3) § -122.53.

3,3-Difluoro-2-(p-tolylethynyl)-3H-indole (11): Yellow solid, mp 99-101 C, 1.07 g,
80% yield. (CAS:2242812-90-2).21TH NMR (600 MHz, CDCl3) 8 7.56 (d, J=8.4 Hz,
2H), 7.53 — 7.50 (m, 3H), 7.35 — 7.31 (m, 1H), 7.22 (d, J = 8.4 Hz, 2H), 2.41(s, 3H).
BC NMR (151 MHz, CDCl3) 8 157.3 (t, Jcr=27.3 Hz), 152.7 (t, Jcr= 8.7 Hz), 141 .4,
133.3,132.7,129.3, 128.3, 127.2 (t, Jc.r=23.9 Hz), 123.3, 122.4, 120.4 (t, Jcr=254.9

Hz), 117.3, 103.9, 80.5, 21.6. F NMR (565 MHz, CDCl3) & -122.23.
F

F
CLo—=<0

) (@]

N
3,3-Difluoro-2-((4-methoxyphenyl)ethynyl)-3H-indole(1m): Yellow solid, mp 119-
121 C, 1.06 g, 75% yield. 'H NMR (600 MHz, CDCl3) 6 7.61 — 7.58 (m, 2H), 7.51 —
7.47 (m, 3H), 7.31 — 7.28 (m, 1H), 6.91 — 6.90 (m, 2H), 3.82 (s, 3H). 13C NMR (151
MHz, CDCl3) 6 161.6, 157.3 (t, Jc.r = 27.3 Hz), 152.8 (t, Jc.r= 9.2 Hz), 134.7, 133.3,
128.1, 127.2 (t, Jcr = 23.4 Hz), 123.3, 122.3, 120.5 (t, Jc.r= 255.0 Hz), 114.3, 112.3,
104.4, 80.4, 55.3. "F NMR (565 MHz, CDCl3) § -121.84. HRMS (ESI) m/z: [M+H]"
Calcd for C17H12F2NO, 284.0881; Found 284.0885.

F g cl
L=
2-((2-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (I1n): Yellow solid, mp 120-
121 °'C, 1.18 g, 82% yield. (CAS: 2242812-94-6).31 TH NMR (600 MHz, CDCl3) § 7.66
—7.64 (dd, J=17.8, 1.8 Hz, 1H), 7.53 — 7.48 (m, 3H), 7.46 — 7.45 (m, 1H), 7.39 - 7.36
(m, 1H), 7,35 — 7.32 (m, 1H), 7.29 — 7.27 (m, 1H). 13C NMR (151 MHz, CDCl3) §
157.0 (t, Jer= 27.8 Hz), 152.5 (t, Jc.r= 8.6 Hz), 137.2, 134.3, 133.4, 131.6, 129.6,
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128.6, 127.3 (t, Jor = 23.6 Hz), 126.6, 123.4, 122.7, 120.7, 120.4 (t, Je-r = 255.1 Hz),
99.4, 85.0. 1F NMR (565 MHz, CDCl3) & -122.59.

3,3-Difluoro-2-(o-tolylethynyl)-3H-indole (10): Yellow solid, mp 95-97 C, 1.17 g,
88% yield. '"H NMR (600 MHz, CDCl3) & 7.61 (d, J = 7.8 Hz, 1H), 7.52 — 7.48 (m,
3H), 7.36 — 7.30 (m, 2H),7.27 (d, J=7.8 Hz, 1H), 7.21 (t,J= 7.8 Hz, 1H), 2.56 (s, 3H).
I3C NMR (150 MHz, CDCl3) 8 157.4 (t, Jor =27.3 Hz), 152.8 (t, Jc.r= 8.7 Hz), 142.1,
133.4,133.2,130.8, 129.8, 128.3, 127.4 (t, Jc.r = 23.7 Hz), 125.8, 123., 122.5, 120.5 (t,
Jor = 255.0 Hz), 120.3, 102.9, 84.5, 20.5. 'F NMR (565 MHz, CDCl;3) & -122.18.
HRMS (ESI) m/z: [M+Na]" Calcd for Ci7H11F2NNa, 290.0752; Found 290.0753.

DRaw,
N

3,3-Dimethyl-2-phenylindoline (1p): Yellow oil, 1.9 g, 89% yield. (CAS:6636-32-4).14]
'H NMR (600 MHz, CDCl3) & 8.15 — 8.14 (m, 2H), 7.70 (d, J = 7.8 Hz, 1H), 7.49 —
7.48 (m, 3H), 7.38 — 7.33 (m, 2H), 7.28 - 7.26 (m, 1H), 1.59 (s, 6H). 13C NMR (150
MHz, CDCL) ¢ 183.2, 153.0, 147.6, 133.3, 130.5, 128.6, 128.3, 127.7, 125.8, 120.9,

120.9, 53.5, 24.7.
F

F
3,3-Difluoro-2-(naphthalen-2-ylethynyl)-3H-indole (1q): Yellow solid, mp 104-
106 °C, 1.15 g, 76% yield. (CAS: 2242812-95-7).F11H NMR (600 MHz, CDCl3) § 8.23
(s, 1H), 7.87 - 7.84 (m, 3H), 7.66 -7.65 (m, 1H), 7.58 — 7.50 (m, 5H), 7.35 - 7.33 (m,
1H). 13C NMR (150 MHz, CDCl3) § 157.4 (t, Jcr = 27.3 Hz), 152.8 (t, Jc.r = 8.7 Hz),
134.1, 133.9, 133.4, 132.7, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.4 (t, Jcr =
23.6 Hz), 127.0, 123.4, 122.6, 120.5 (t, Jcr = 255.2 Hz), 117.7, 103.9, 81.1. F NMR
(565 MHz, CDCI3) 6 -122.27
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3,3-Difluoro-2-phenyl-3H-indole (1r): Yellow solid, mp 79-81 C, 0.99 g, 86% yield.
(CAS: 1322089-48-4).161 1H NMR (600 MHz, CDCl3) & 8.20 (d, J = 7.8 Hz, 2H), 7.53
— 7.44 (m, 6H), 7.25 — 7.23 (m, 1H). 3C NMR (150 MHz, CDCl3) & 169.1 (t, Jcr =
24.6 Hz), 152.5 (t, Jcr = 9.6 Hz), 133.2, 132.4, 128.8 (t, Jc.r = 24.0 Hz), 128.8, 128.5,
127.4,123.0 (t, Jcr = 254.7 Hz), 122.9, 121.9. YF NMR (565 MHz, CDCl3) 6 -116.39.
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3. General experimental procedure for asymmetric reduction

F
R FF Hantzsch ester (1.5 equiv.) R! F
@\)37 ) chiral phosphonic acid (1 mol%) " R2
~»—R
N PhCF3, tt, 3 h N
1 2

A 4-mL sample bottle was charged with 3,3-difluoro substituted 3 H-indole 1 (0.1 mmol,
1.0 equiv), Hantzsch ester (HE-z-Bu42.0 mg, 0.15 mmol, 1.5 equiv), chiral phosphonic
acid (CPA-6, 0.75 mg, 0.001 mmol, 1.0 mol %). Then, PhCF3 (1 mL) was added in the
glove box under N> atmosphere. The reaction was stirred at room temperature for 3 h.
After concentrating the mixture, the residue was purified by column chromatography
on silica gel using the mixture of petroleum ether/ethyl acetate 30:1 (v/v) as the eluent
to afford products 2. The yields were determined by '°F NMR spectroscopy and the ee

values were determined by chiral HPLC.

3,3-Difluoro-2-(phenylethynyl)indoline (2a): Yellow solid, mp 66-67 ‘C, 99% yield,
96% ee. [a]p> = -53.867 (c = 0.5, CHCl3). "H NMR (600 MHz, CDCl3) § 7.49 - 7.45
(m, 3H), 7.34 — 7.28 (m, 4H), 6.93 — 6.91 (m, 1H), 6.78 (d, J = 6.0 Hz, 1H), 4.89 —
4.85 (m, 1H), 4.26 (s, 1H). 3C NMR (151 MHz, CDCl3) 6 149.9 (t, Jcr = 6.5 Hz),
133.0,131.9, 128.8, 128.3, 125.0 (t, Jc.r = 250.5 Hz), 124.1, 121.9, 121.0 (t, Jcr=25.2
Hz), 120.4,112.1,87.4, 81.5 (t, Jc-r = 6.6 Hz), 57.7 (dd, Jc-r = 36.0, 11.0 Hz). ’FNMR
(565 MHz, CDCI3) 6 -87.83 (d, J = 247.5 Hz), -89.83 (d, J = 246.9 Hz). HRMS (ESI)
m/z: [M+H]" Calcd for Ci16Hi2F2N, 256.0932; Found 256.0914. The enantiomeric ratio
was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-
PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 24.7 min. (minor), 28.9 min.

(major).

S11



T T T T T T T T T T
5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 25.0 27.5 30.0 325 35.0

PDA Ch1 240nm

Peak# Ret. Time Height Area Area%
1] 25.209 115765 TE?EESE| 49.642 |
2 29.454 106929 7789444 50.358
B ‘ 222693 15468107| 100.000 |

mAU 1o

100+

o] N\

28.920

[i e —

T T T T T T T T T T
50 7.5 10.0 12.5 15.0 17.5 200 225 250 27.5 30.0 325 35.0
min

24707
-

PDA Ch1 240nm

Peak# Ret. Time Height Area Area%
1 24.707 2331 111571 2.089
2 28.920 87534 5229133 97.911
[Tl 89865 5340704 100.000 |
F
F
Cl
O *
N O
H

5-Chloro-3,3-difluoro-2-(phenylethynyl)indoline (2b): Yellow solid, mp 90-92 C,
96% yield, 94% ee. [a]p®® = -82.267 (¢ = 0.5, CHCI3). '"H NMR (600 MHz, CDCl3) &
7.46 — 7.45 (m, 3H), 7.34 — 7.28 (m, 4H), 6.73 — 6.71 (m, 1H), 4.93 — 4.88 (m, 1H),
4.27 (s, 1H). 3.C NMR (151 MHz, CDCl3) & 148.4 (t, Jc.r = 6.6 Hz),133.0, 131.9, 129.0,
128.3,125.1, 124.2 (t, Jcr = 251.7 Hz), 124.2, 122.4 (t, Jcr = 25.4 Hz), 121.7, 113.2,
87.8,80.9 (t, Jcr="7.1 Hz), 58.1 (dd, Jc.r = 35.9, 11.1 Hz). YPFNMR (565 MHz, CDCl5)
-87.98 (d, J = 247.5 Hz), -90.50 (J = 248.0 Hz). HRMS (ESI) m/z: [M+H]" Calcd for
Ci6H11¥CIF2N, 290.0543; Found 290.0544. The enantiomeric ratio was determined by
HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate

= 1.0 mL/min., A = 254 nm, tr = 31.3 min. (minor), 53.5 min. (major).
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3,3,5-Trifluoro-2-(phenylethynyl)indoline (2¢): Yellow solid, mp 57-59 C, 97%
yield, 90% ee. [a]p® = -42.733 (¢ = 0.5, CHCl3). '"H NMR (600 MHz, CDCls) § 7.47
—7.45 (m, 2H), 7.34 — 7.29 (m, 3H), 7.19 — 7.17 (m, 1H), 7.08 — 7.05 (m, 1H), 6.75 —
6.73 (m, 1H), 4.93 — 4.88 (m, 1H), 4.17 (s, 1H). ¥C NMR (151 MHz, CDCl3) & 157.4
(t, Je-r = 238.1 Hz), 146.0 (t, Jc.r = 6.9 Hz), 131.9, 128.9, 128.3, 124.6 (t, Jc.r = 251.0
Hz,), 122.1 (td, Jc.r =25.2, 8.0 Hz), 121.8, 120.2 (d, Jc.r = 23.7 Hz), 113.3 (d, Jcr = 7.8
Hz), 110.7 (t, Jcr = 24.5 Hz), 87.7, 81.1 (t, Jc.r = 6.6 Hz), 58.3 (dd, Jc.r =35.6, 11.0
Hz), F NMR (565 MHz, CDCl3) & -88.57 (d, J = 246.9 Hz), -90.36 (d, J = 248.6 Hz),
-122.82. HRMS (ESI) m/z: [M+H]" Calcd for CisH11F3N, 274.0838; Found 274.0843.
The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 30.7 min.

(minor), 45.9 min. (major).
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6-Chloro-3,3-difluoro-2-(phenylethynyl)indoline (2d): Yellow solid, mp 51-53 C,
96% yield, 95% ee. [a]p®® = -68.037 (¢ = 0.5, CHCI3). *H NMR (600 MHz, CDCl3) &
7.46 —7.45 (m, 2H), 7.34 — 7.29 (m, 4H), 7.05 — 7.03 (m, 1H), 6.94 — 6.93 (m, 1H).
491 — 4.87(m, 1H). 3C NMR (151 MHz, CDCl3) 6 151.0 (t, Jcr = 6.2 Hz), 131.9,
128.9, 128.3, 127.23, 125.4, 124.2 (t, Jc.r = 251.4 Hz), 123.4, 121.7, 119.9 (t, Jcr =
25.7 Hz), 114.9, 87.8, 80.8 (t, Jc.r = 7.2 Hz), 57.9 (dd, Jc-r =36.6, 11.9 Hz). ’F NMR
(565 MHz, CDCl;) 6 -87.37 (d, J = 248.0 Hz), -90.71 (d, J = 248.0 Hz). HRMS (ESI)
m/z: [M+H]" Caled for C16H11*°CIF2N, 290.0543; Found 290.0530. The enantiomeric
ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-

PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 25.1 min. (minor), 53.3 min.
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6-Bromo-3,3-difluoro-2-(phenylethynyl)indoline (2e): Yellow solid, mp 41-43 C,
97% yield, 93% ee. [a]p> = -73.840 (c = 0.5, CHCl3).'"H NMR (600 MHz, CDCls) §
7.46 —7.45 (m, 2H), 7.38 (d, J = 7.8 Hz, 1H), 7.33 — 7.29 (m, 3H), 6.87 (dd, /= 7.8,
1.8 Hz, 1H), 6.76 (d, J= 1.8 Hz, 1H), 4.92 — 4.88 (m, 1H), 3.97 (s, 1H). 3C NMR (151
MHz, CDCI3) 6 150.9 (t, Jc.r = 6.2 Hz), 138.9, 131.9, 129.0, 128.3, 125.2, 124.2 (t, Jc-
F=250.8 Hz), 121.7, 120.6, 119.4 (t, Jc.r = 25.8 Hz), 112.0, 87.8, 80.9, 57.9 (dd, Jc-r
=36.5, 12.0 Hz). YF NMR (565 MHz, CDCl3)  -87.23 (d, J = 248.0 Hz), -90.42 (d, J
=248.0 Hz). (ESI) m/z: [M+H]" Calcd for Ci6H11”’BrF2N, 334.0037; Found 334.0032.
The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 23.6 min.

(minor), 48.6 min. (major).
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2-((3-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2f): Yellow solid, mp 70-72 C,
98% vyield, 96% ee. [0]p® = -67.600 (c = 0.5, CHCl3). *H NMR (600 MHz, CDCls) §
7.48 —7.47 (m, 1H), 7.43 (t, J = 1.8 Hz, 1H), 7.34 — 7.28 (m, 3H), 7.23—7.20 (m ,1H),
6.92 (t, J = 7.8 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 4.89 — 4.84 (m, 1H), 4.27 (s, 1H). 13C
NMR (151 MHz, CDCls) 6 149.8 (t, Jc-r = 6.3 Hz), 134.1, 133.0, 131.7, 130.0, 129.5,
129.1, 125.0 (t, Jc-r = 250.5 Hz), 124.1, 123.6, 120.9 (t, Jcr = 24.9 Hz), 120.5, 112.1,
85.9, 82.8 (t, Jo.r = 6.5 Hz), 57.5 (dd, Jc.r = 35.7, 10.7 Hz). 19F NMR (565 MHz, CDCl3)
§ -87.57 (d, J = 246.9 Hz), -89.70 (d, J = 246.9 Hz). HRMS (ESI) m/z; [M+H]* Calcd
for C16H1:%°CIF2N, 290.0543; Found 290.0540. The enantiomeric ratio was determined
by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow

rate = 0.5 mL/min., A = 254 nm, tr = 40.7 min. (minor), 43.3 min. (major).
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3,3-Difluoro-2-(m-tolylethynyl)indoline (2g): Yellow solid, mp 62-64 ‘C, 99% yield,
95% ee. [a]p® = -64.600 (c = 0.5, CHCI3). *H NMR (600 MHz, CDCls) § 7.48 (d, J =
7.2Hz,1H), 7.33 (t, /= 8.4 Hz, 1H), 7.27 - 7.26 (m, 2H), 7.18 (t, /= 7.8 Hz, 1H), 7.13
(d, J=7.2 Hz, 1H), 6.92 (t,J=7.2 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 4.89 — 4.85 (m,
1H), 4.25 (s, 1H), 2.30 (s, 3H). I3C NMR (151 MHz, CDCl3) & 150.0 (t, Jc.r = 6.3 Hz),
138.0, 132.9, 132.5, 129.7, 129.0, 128.2, 125.0 (t, Jc.r =250.5 Hz), 124.1, 121.8, 121.1
(t, Jcr=25.2 Hz), 120.4, 112.1, 87.6, 81.1 (t, Jc.r = 6.8 Hz), 57.7 (dd, Jcr =35.9, 11.1
Hz),21.1. YFNMR (565 MHz, CDCl3) 6 -87.81 (d, J = 246.9 Hz), -89.96 (d, J = 246.9
Hz). HRMS (ESI) m/z: [M+H]" Caled for Ci7H14F2N, 270.1089; Found 270.1093. The
enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 24.6 min.

(minor), 27.4 min. (major).
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2-((4-Bromophenyl)ethynyl)-3,3-difluoroindoline (2h): Yellow solid, mp 56-58 C,
99% yield, 94% ee. [a]p® = -62.733 (¢ = 0.5, CHCl3). '"H NMR (600 MHz, CDCls) §
7.49 —7.47 (m, 1H), 7.44 — 7.42 (m, 2H), 7.35 - 7.29 (m, 3H), 6.94 - 6.91 (m, 1H), 6.79
—6.78 (m, 1H), 4.88 — 4.84 (m, 1H), 4.27 (s, 1H).3C NMR (151 MHz, CDCl3) § 149.9
(t,Jcr=6.6 Hz), 133.3, 133.0, 131.6, 124.9 (t, Jc.r = 250.8 Hz), 124.1, 123.2, 120.9 (4,
Jcr = 25.2 Hz), 120.9, 120.5, 112.1, 86.4, 82.7 (t, Jc.r = 6.6 Hz), 57.6 (dd, Jc.r =36,
11.0 Hz). F NMR (565 MHz, CDCl3) § -87.69 (d, J=246.9 Hz), -89.67 (d, J=247.5
Hz). HRMS (ESI) m/z: [M+H]" Calcd for C1sH11”’BrF2N, 334.0037; Found 334.0035.
The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 20.9 min.

(minor), 24.7 min. (major).
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3,3-Difluoro-2-((4-fluorophenyl)ethynyl)indoline (2i): Yellow solid, mp 62-64 C,
96% yield. 90% ee. [0]p® = -62.067 (c = 0.5, CHCl3). *H NMR (600 MHz, CDCls) §
7.49 —7.48 (m, 1H), 7.45 — 7.43 (m, 2H), 7.35 — 7.33 (m, 1H), 7.01 — 6.98 (m 2H), 6.95
—6.92 (M, 1H), 6.79 (d, J = 8.4 Hz, 1H), 4.89 — 4.85 (m, 1H), 4.27 (s, 1H). 2*C NMR
(151 MHz, CDCls3) 8 162.8 (d, Jc-r = 248.9 Hz), 149.9 (t, Jc-r = 6.4 Hz), 133.9 (d, Jcr
= 8.6 Hz), 133.0, 125.0 (t, Jc.r =250.6 Hz), 124.1, 121.0 (t, Jc.r = 25.4 Hz), 120.5, 118.1
(d, Jc-r = 3.8 Hz), 115.6 (d, Jc-F = 22.1 Hz), 112.1, 86.4, 81.2 (t, Jc-r = 6.9 Hz), 57.6
(dd, Jcr = 36.0, 9.3 Hz). F NMR (565 MHz, CDCls) § -87.92 (d, J = 246.9 Hz), -
89.72 (d, J = 248.6 Hz), -109.96. HRMS (ESI) m/z: [M+H]* Calcd for CisH11F3N,
274.0838; Found 274.0841. The enantiomeric ratio was determined by HPLC analysis
on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min.,

A =254 nm, tr = 26.6 min. (minor), 30.0 min. (major).
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2-([1,1'-Biphenyl]-4-ylethynyl)-3,3-difluoroindoline (2j)

: Yellow solid, mp 118-

119 C, 95% vield, 94% ee. [o]p® = -69.267 (¢ = 0.5, CHCL3). 'H NMR (600 MHz,

CDCls) 8 7.57 - 7.49 (m, 7H), 7.44 — 7.41 (m, 2H), 7.36 — 7.34 (m, 2H), 6.94 — 6.92 (m,

1H), 6.79 (d, J =7.8 Hz, 1H), 4.93 — 4.88 (m, 1H), 4.27 (s, 1H). 3C NMR (151 MHz,

CDCls) 6 150.0 (t, Jc-r = 6.3 Hz), 141.5, 140.1, 133.0, 132.3, 128.8, 127.7, 127.0, 126.9,

125.0 (t, Jc-r = 250.4 Hz), 124.1, 121.1 (t, Jcr = 25.2 Hz), 120.8, 120.4, 112.1, 87.3,

82.1 (t, Jor = 7.4 Hz), 57.7 (dd, Jer = 36.0, 11.0 Hz). 1F NMR (565 MHz, CDCL3) 3

-87.76 (d, J=246.9 Hz), -89.76 (d, J = 247.5 Hz). HRMS (ESI) m/z: [M+H]" Calcd for

C2Hi16F2N,332.1245; Found 332.1235. The enantiomeric ratio was determined by

HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate

= 1.0 mL/min., A = 254 nm, tr = 32.6 min. (minor), 41.0 min. (major).
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2-((4-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2k): Yellow solid, mp 63-65 C,
95% yield, 96% ee. [a]p®® = -76.067 (¢ = 0.5, CHCI3). *H NMR (600 MHz, CDCls) &
7.48 (d,J=7.8 Hz, 1H), 7.39 - 7.36 (m, 2H), 7.35—-7.32 (m, 1H), 7.28 — 7.26 (m, 2H),
6.94 — 6.92 (m, 1H), 6.78 (d, J =8.4 Hz,1H), 4.89 — 4.84 (m, 1H), 4.27 (s, 1H). 13C
NMR (151 MHz, CDCls) 6 149.9 (t, Jcr = 6.6 Hz),134.9, 133.1, 133.0, 128.6, 124.9 (t,
Jcr=250.4 Hz),124.1, 120.9 (t, Jc-r = 25.2 Hz), 120.5, 120.4, 112.1, 86.3, 82.5, 57.6
(dd, Jer = 35.9, 10.5 Hz). ’F NMR (565 MHz, CDCl3) & -87.74 (d, J = 246.9 Hz), -
89.64 (d,J=246.9 Hz). HRMS (ESI) m/z: [M+H]" Calcd for C16H11*>CIF2N, 290.0543;
Found 290.0548. The enantiomeric ratio was determined by HPLC analysis on Daicel
Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254

nm, tr = 19.7 min. (minor), 22.7 min. (major).
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3,3-Difluoro-2-(p-tolylethynyl)indoline (21): Yellow solid, mp 95-97 ‘C, 99% yield,
96% ee. [a]p® = -69.867 (¢ = 0.5, CHCI3). 'H NMR (600 MHz, CDCls3) § 7.48 (d, J =
7.2 Hz, 1H), 7.36 — 7.31 (m, 3H), 7.10 (d, J = 7.2 Hz, 2H), 6.93 — 6.91 (m, 1H), 6.78
(d, J=7.8 Hz, 1H), 4.89 — 4.85 (m, 1H), 2,33 (s, 3H). 13C NMR (151 MHz, CDCls3) §
150.0 (t, Jcr = 6.5 Hz), 139.0, 132.9, 131.8, 129.0, 125.1 (t, Jcr = 250.0 Hz), 124.1,
121.1 (t, Jcr = 25.2 Hz), 120.4, 118.9, 112.1, 87.6, 80.8 (t, Jc-r = 6.8 HZz), 57.7 (dd, Jc-
F=36.2,11.0 Hz), 21.5. "F NMR (565 MHz, CDCl3) 5 -87.93 (d, J=246.9 Hz), -89.86
(d, J =246.9 Hz). HRMS (ESI) m/z: [M+H]" Calcd for Ci7H14F2N, 270.1089; Found
270.1096. The enantiomeric ratio was determined by HPLC analysis on Daicel
Chiralpak OD-3 column. n-Hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min., A = 254

nm, tr = 40.9 min. (minor), 45.0 min. (major).

S22



mAU

50
25 -
] g 5
] < 2
0+ /\ /\
T T T L T T U U L U 1T 1 L
0 5 10 15 20 25 30 35 40 45 50
min
PDA Ch1 244nm
Peak# Ret. Time Height Area Area%
1 41.021 13215 1091324 49.406
2 45.571 12021 1117546 50.594
Hih 25235 2208870 100.000
mAU 450, -
] S
<
100-] \
50+ j
B ©o
] s
] =
5
S A e L S B S B L L R S
5 10 15 20 25 30 35 40 45 50 55
min

PDA Ch1 244nm

|Peal<#| Ret. Time Height { Area ‘ Area%
1 40.986 | 3397 261972 2.100
2 45.056 130319 12213048 97.900|
Mih | 133716 12475020 100.000

RF
CLyr—=—<0
d
N
H

3,3-Difluoro-2-((4-methoxyphenyl)ethynyl)indoline (2m): Yellow solid, mp 96-
98 C, 99% yield, 93% ee. [a]p> = -44.133 (¢ = 0.5, CHCI3). *H NMR (600 MHz,
CDCl3) 6 7.47 (d,J =8.4 Hz, 1H), 7.39 (d, J = 8.4 Hz, 2H),7.35 (t, /= 7.2 Hz, 2H),6.91
(t, J=7.2 Hz,1H), 6.82 - 6.81 (m, 2H), 6.77 (d, J = 8.4 Hz, 1H), 4.88 — 4.84 (m,1H),
4.27 (s, 1H), 3.77 (s, 3H). 3C NMR (151 MHz, CDCl3) 8 159.9, 150.0 (t, Jc-r = 6.5
Hz), 133.4, 132.9, 125.0 (t, Jcr = 250.4 Hz), 124.1, 121.0 (t, Jc.r = 25.2 Hz), 120.3,
113.9, 114.0, 112.0, 87.4, 80.1 (t, Jc.r = 7.1 Hz), 57.7 (dd, Jcr =35, 10.8 Hz), 55.2. °F
NMR (565 MHz, CDCI3) 6 -88.11 (d, J = 246.9 Hz), -89.76 (d, J = 246.9 Hz). HRMS
(ESI) m/z: [M+H]" Caled for Ci7H14F2NO,286.1038; Found 286.1039. The

enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
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column. n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min., A = 254 nm, tr = 27.3 min.

(minor), 31.7 min. (major).

mAU 50
25
J 5 ~
0 — /\ /\
————————————————F—————————
0 5 10 15 20 25 30 35 40 45 50
min
PDA Ch1 254nm
Peak# Ret. Time Height Area Area%
1 27.247 10013 544702 49.839
2 31.637 8754 548219 50.161
2l 1 18766 1092921 100.000
mAU 75
50+ -
] 2
=
25
2 |
~
0 = J
—————————Y————————f—————F——————— [
5 10 15 20 25 30 35 40 45 50 55
min

PDA Ch1 254nm

Peak# Ret. Time Height Area Area%
1 27.369 1381 68461 3.244
2 31.753 32515 2041881 96.756
fit 33896 | 2110342 100.000
F e cl
L=
N

2-((2-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2n): Yellow solid, mp 54-54 C,
95% vield, 94% ee. [a]p® = -57.067 (c = 0.5, CHCl3). *H NMR (600 MHz, CDCls) &
7.50 — 7.47 (m, 2H), 7.38 — 7.32 (m, 2H), 7.26 — 7.23 (m, 1H), 7.20 — 7.17 (m, 1H),
6.94 — 6.92 (m, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4.96 — 4.91 (m, 1H), 4.31 (s, 1H). °C
NMR (151 MHz, CDCI3) 6 149.9 (t, Jc-r = 6.9 Hz), 136.2, 133.7, 133.0, 129.9, 129.3,
126.4, 125.0 (t, Jc-F = 251.3 Hz), 124.1, 122.0, 121.0 (t, Jcr = 25.7 Hz),120.5, 112.1,
86.8 (t, Jc.r = 7.1 Hz), 84.1, 57.7 (dd., Jcr = 35.9, 11.1 Hz). F NMR (565 MHz,
CDCl3) 5 -87.49 (d, J = 246.9 Hz), -89.64 (d, J = 247.5 Hz). HRMS (ESI) m/z: [M+H]*
Calcd for C16H12**CIF2N, 290.0543; Found 290.0547. The enantiomeric ratio was
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determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH =

98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 22.1 min. (minor), 25.5 min. (major).

mAU 100
50+ w
] 8 2
o a
i a8 e
\ N
0 / /\
——— 7T T ] -
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 225 25.0 275 30.0
min
PDA Ch1 240nm )
‘Peak#_ Ret. Time Height Area | Area% |
1 22.055 26969 1169868 | 49.769 |
2 25.369 23096 1180738 50.231
il | 50065 | 2350605 100.000
mAU 100
o
5
o
r\w
o {
s |
i o |
o J
T T T T T T
5 10 15 20 25 30 35 40
min
PDA Ch1 243nm )
Peak# Ret. Time Height Area Area%
1 ] 22.133 2?08_ 113707 2,923_
2 25.473 70816 3775939 97.077
it 73524 3889646 100.000
ROF
(=)
N
H

3,3-Difluoro-2-(o-tolylethynyl)indoline (20): Yellow solid, mp 56-57 C, 99% yield.
96% ee. [a]p* = -64.933 (¢ = 0.5, CHCl3). "TH NMR (600 MHz, CDCl3) § 7.49 (d, J=
7.8 Hz,1H), 7.42 (d, J=7.2 Hz,1H), 7.35 — 7.32 (m, 1H), 7.23 — 7.17 (m, 2H), 7.13 -
7.10 (m, 1H), 6.93 (t,J=7.8 Hz,1H), 6.79 (d, /= 7.2 Hz,1H), 4.94 — 4.89 (m,1H), 4.26
(s, 1H), 2.42 (s, 3H). 13C NMR (151 MHz, CDCl3) 8 150.0 (t, Jcr = 6.6 Hz), 140.7,
132.9, 132.1, 129.4, 128.8, 125.5, 125.1 (t, Jcr = 250.5 Hz), 124.1, 121.8, 121.1(t, Jc-
F=25.4Hz), 120.4, 112.1, 86.3, 85.3 (t, Jc.r = 6.6 Hz), 57.8 (dd, Jc-r = 35.9, 10.7 Hz),
20.5. YFNMR (565 MHz, CDCl3) § -88.27 (d, J=251.4 Hz), -89.74 (d, J = 253.1 Hz).
HRMS (ESI) m/z: [M+H]" Caled for Ci7H14F2N, 270.1089; Found 270.1097. The

enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3
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column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., A = 254 nm, tr = 20.1 min.

(minor), 23.9 min. (major).

mAU 75
] 3
@ ©
] = &
50 ped
J &
25] ' |
o] J J
I e e e T B e B e T o o e B B LA e e
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0 275 30.0
min
PDA Ch1 242nm
_Peak# Ret. Time Height Area Area%
1 19.981 57915 2317401 50.008
2 23.826 47833 2316656 49.992
i 105748 4634057 100.000
mAU 200
4 w
] &
4 {
150+ (\
100 '\
507 o
1 8
=
N S - — |
——T 77771 7T T T T T
5 10 15 20 25 30 35 40 45 50 55 60
min

PDA Ch1 242nm

Peak# Ret. Time Height Area Area%
1 20.060 4480 158436 2.061
2 23.915 151108 7529638 97.939
=il 155588 7688075 100.000
*
L)
H

3,3-Dimethyl-2-phenylindoline (2p): Yellow solid, mp 95-97 C, 95% yield, 98% ee.
(CAS: 1247138-74-4).1 [a]p?® = 50.467 (c = 0.5, CHCI3). *H NMR (600 MHz, CDC
13) 6 7.40 (d, J= 7.2 Hz, 2H),7.30 (t, J = 7.8 Hz, 2H), 7.27 — 7.24 (m, 1H), 7.07 — 7.00
(m, 2H), 6.76 — 6.73 (m, 1H), 6.64 — 6.63 (d, J = 7.8 Hz, 1H), 4.70 (s, 3H), 4.05 (s, 1
H), 1.58 (s, 3H), 0.89 (s, 3H). *C NMR (151 MHz, CDCls) § 149.2, 139.9, 137.9, 12
7.9,127.4,127.3, 127.2,122.3, 118.8, 109.0, 74.4, 45.2, 26.4, 24.4. The enantiomeric
ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/
i-PrOH = 98:2, flow rate = 1.0 mL/min., A =254 nm, tr = 12.5 min. (minor), 35.8 min.

(major)
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mAU

100
| o
8
o
50 N
p o
3
}\ g
ol \ /\
LA R R [ B Bt SR B By S L) S B Ry L S AL S B SN R S R B S B R S B R
0 5 10 15 20 25 30 35 40 45 50
min
PDA Ch1 239nm
Peak# Ret. Time Height Area Area%
1) 12.360 65289 1657007 49.892
2 34.848 22771 1664151 50.108
i 88061 3321158 100.000
mAU 75
= w
]
3
50
25 J
] ©
. 3
o
0,
L AL A L L [ R R R F L L R B I I
5 10 15 20 25 30 35 40 45 50 55
min
PDA Ch1 238nm )
Peak# Ret. Time Height | Area Area% |
1 12.543 1092 27994 0.637
2 35.825 56199 4369158 99.363
Al 57291 4397152 100.000

F
b=
N OQ

3-Fluoro-2-(naphthalen-2-ylethynyl)-1H-indole (2q): Yellow solid. mp 92-94 C, 95%
yield. 1H NMR (600 MHz, CDCls) 6 8.08 (s, 1H), 7.82 (d, J = 7.8 Hz,2H), 7.77 (s, 1H),

7.63—7.58 (m, 2H), 7.52 — 7.50 (M, 2H), 7.27 — 7.25 (m, 2H), 7.17 — 7.15 (m, 1H). 13C

NMR (151 MHz, CDCl3) § 148.0 (d, Je.r = 252.5 Hz), 133.0, 132.9, 132.7, 128.2, 127.9,

127.9,127.8,127.0, 126.8, 124.7, 120.6, 119.7, 117.2, 117.1, 116.6, 116.5, 111.3, 103.4

(d, Jer = 23.4 Hz), 97.6. 1°F NMR (565 MHz, CDCl3) & -163.74. HRMS (ESI) m/z:

[M+H]" Caled for C20H13FN, 286.1027; Found 286.1032.

F
O

3-Fluoro-2-phenyl-1H-indole (2r): Yellow solid. mp 85-87 °C, 97% yield. (CAS:
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1914069-35-4)181. 1H NMR (600 MHz, CDCl3) 5 7.86 (s, 1H), 7.76 (d, J = 7.8 Hz, 2H),
7.67 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.37 — 7.35 (m, 2H), 7.27 —
7.25(m, ,1H), 7.20 — 7.18 (m, ,1H). 3C NMR (151 MHz, CDCls) 5 142.4 (d, Jor =
246.6 Hz), 132.4 (d, Jox = 6.5 Hz), 132.0(d, Jer = 5.0 Hz), 129.0, 127.4, 125.3 (d, Je.
¢ =53 Hz), 123.4,120.3, 119.5 (d, Jor = 18.6 Hz), 118.6 (d, Jor = 16.4 Hz), 116.8 (d,
Jex = 2.9Hz), 111.3. F NMR (565 MHz, CDCls) § -170.37.
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We have attempted the derivatization of alkyne 2a via hydrogenation or [3 + 2]-

cycloaddition with azidotrimethylsilane. Neither of them succeeded.

ROF
O . O PA\C (10 mol%) O
— —» *
H,, MeOH, rt O N
H
2a
A 100-mL Schlenk flask was charged with compound 2a (25 mg, 0.1 mmol, 1.0 equiv),
Pd/C (5 wt %, 5 mg, 10 mol %), MeOH (2.0 mL). The reaction flask was charged with
1 bar H». After reaction for either 8 or 36 hours, there was no target product detected.
Only reactant and a series of side products including defluorinated product 3-fluoro-2-

(phenylethynyl)-1H-indole were observed by '’F NMR of the crude reaction mixture.

19F NMR (565 MHz, CDCls) § -87.81 (d, J = 247.5 Hz), -89.93 (d, J = 246.9 Hz), -
164.03.

wyn-1218-pd. 1. £id
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ROF
TMSN3, Cul, DIPEA F g Ph
=——Ph >

©[N MeCN, rt W NH

H N NzN

H
2a

Into a round-bottomed flask were added compound 2a (25 mg, 0.1 mmol, 1.0 equiv),
MeCN (1.6 mL), DIPEA (259 mg, 2.0 mmol, 20.0 equiv), and TMSN3 (35 mg, 0.3
mmol, 3.0 equiv). After being stirred for 5 minutes, Cul (19 mg, 0.1 mmol, 1.0 equiv)
was then added into reaction mixture. After reaction for 0.5 h, the reaction mixture was
monitored by '°F NMR. There was no target product observed. Only starting material

2a and a series of side products including defluorinated product 3-fluoro-2-

(phenylethynyl)-1H-indole were observed on '°F NMR of crude reaction mixture.

1F NMR (565 MHz, CDCls) 5-87.81 (d, J = 247.5 Hz), -89.93 (d, J = 246.9 Hz), -
122.44, -164.03

yn-3-62.
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F NMR spectra of 1a
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13C NMR spectra of 1b
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'H NMR spectra of 1c
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F NMR spectra of 1c
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13C NMR spectra of 1d
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'H NMR spectra of 1e
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F NMR spectra of 1e
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'H NMR spectra of 1f
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13C NMR spectra of 1f
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'H NMR spectra of 1g
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F NMR spectra of 1g
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'H NMR spectra of 1h
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13C NMR spectra of 1h

L66'9L—
9l9'l8—

684 L0L—
zlegLL

S9z6LL

z6e0zl

P6EZzL

P
6ZCETL
oov'szL/f
a6 921 f
A

Leeszh
rLG8zL
925°8z1
16811
L6 LEL
e EEl

er6EEl
B6E°Z51
B89Y' 251
669251
5E4°961
£66°961
0L1'LG1

—

BC NMR (126 MHz, CDCl3)

40

100

120

200

220

1%F NMR spectra of 1h

629°2C1-—

CDCls)

°F NMR (565 MH:

S43



'H NMR spectra of 1i
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F NMR spectra of 1i
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13C NMR spectra of 1j
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F NMR spectra of 1k
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1%F NMR spectra of 1m
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13C NMR spectra of 1p
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13C NMR spectra of 1q
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F NMR spectra of 1r
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13C NMR spectra of 2a
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13C NMR spectra of 2¢
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'H NMR spectra of 2f
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1F NMR spectra of 2f
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13C NMR spectra of 2g
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'H NMR spectra of 2h
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13C NMR spectra of 2i
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'H NMR spectra of 2j
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13C NMR spectra of 2k
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'H NMR spectra of 2l
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13C NMR spectra of 2m
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'H NMR spectra of 2n
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1%F NMR spectra of 2n
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'H NMR spectra of 2p
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'H NMR spectra of 2q
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F NMR spectra of 2q
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