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General information: *H NMR and *C NMR spectra were recorded on a Bruker AM400 and AM500
spectrometer. °F NMR was recorded on a Bruker AM400 spectrometer (CFCls as an external standard
and low field is positive). Chemical shifts (3) are reported in ppm, and coupling constants (J) are in
Hertz (Hz). The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet,
t = triplet, g = quartet, m = multiplet, br = broad. NMR yield was determined by **F NMR using

fluorobenzene as an internal standard before working up the reaction.

Materials: All reagents were used as received from commercial sources, unless specified otherwise.
All reagents were weighed and handled in air, and refilled with an inert atmosphere of N2 at room
temperature. THF was distilled from sodium and benzophenone before use. Propargyl phosphates were
prepared from corresponding propargyl alcohol and diethyl chlorophosphate according to the

literature.! Dans-(CH.)s-N3 was prepared according to the literature.?
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1 Uehling, M. R.; Marionni, S. T.; Lalic, G. Org. Lett. 2012, 14, 362.
2 Frei, R.; Waser, J. J. Am. Chem. Soc. 2013, 135, 9620.
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Screening for Copper-Catalyzed Cross-Coupling of Pentafluorobenzene la with Secondary
Propargyl Phosphate 2a (Table S1-S3). To a septum capped 25 mL of Schlenck tube were added
[Cu] (10 - 20 mol%), ligand (20 mol%), base (1.2 - 2.4 equiv) under N2, followed by solvent (1 mL).
Propargyl phosphate 2a (0.3 mmol, 1.0 equiv) and pentafluorobenzene 1a (2.0 - 3.0 equiv) were then
added. The tube was screw capped and put into an oil bath (preheated to 50 or 80 °C). After stirring
for 8 h, the reaction mixture was cooled to room temperature. The yield was determined by °F NMR
before working up. If necessary, the reaction mixture was diluted with ethyl acetate, washed with brine,
dried over Na>SOg, filtered and concentrated. The residue was purified with silica gel chromatography

to provide pure product.

Table S1. Ligand Effect on Cu-Catalyzed Cross-Coupling of 1a with 2a.2

F
F F OPO(OEt), CuCl (20 mol%]) CeFs
\/\)\ L (x mol%)
+
F A fBuOLi (1.2 equiv) \/\/\
F
1a

TIPS
2a THF, 50 °C 3a

phen bipy XantPhos
DavePhos
SRR OE
PCy, Pro O'Pr MeO OMe
i
| MePhos RuPhos o SPhes
Entry  Ligand, x Yield (%)° | Entry  Ligand,x  Yield (%)
1 phen, 20 ND 5 PPhs, 40 20
2 bipy, 20 ND 6 MePhos, 40 10
3 XantPhos, 20 10 7 RuPhos, 40 11
4 DavePhos, 20 13 8 SPhos, 40 9

#Reaction conditions (unless otherwise specified): 1a (0.6 mmol, 2.0 equiv), 2a (0.3 mmol, 1.0 equiv),THF (1 mL),
50 °C, 8 h. ®Determined by °F NMR using fluorobenzene as an internal standard. ND = Not detected.
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Table S2. Screening of Copper Catalysts for Cross-Coupling of 1a with 2a.2

YT e e o
T N e TN,
1a
Entry [Cu] Ligand, x  Yield (%)® | Entry [Cu] Ligand, x  Yield (%)°
1 Cul PPhs, 40 21 5 Cu(OAc), PPhs, 40 15
2 CuBr PPhs, 40 18 6 CuOAc PPhs, 40 30
3 CuCl,  PPhs, 40 ND 7 CuOAc / 45
4  CuSCN PPhz, 40 23 8 CuOAc / 68

#Reaction conditions (unless otherwise specified): 1a (0.6 mmol, 2.0 equiv), 2a (0.3 mmol, 1.0 equiv),THF (1 mL),
50 °C, 8 h. "Determined by °F NMR using fluorobenzene as an internal standard. *Reaction run at 80 °C.

Table S3. Screening of Solvents and Bases for Cu-Catalyzed Cross-Coupling of 1a with 2a.2

F F OPO(OEt), CuOAc (20 mol%) CeFs
Base (x equiv)
F + A Solvent, 80 °C A
TIPS TIPS
F 3a
1a
Entry  Base, X Solvent  Yield (%)° | Entry Base, X Solvent  Yield (%)"

1 tBuOLi, 1.2 Toluene 20 5 tBuOK, 1.2 THF 40
2 tBuOLi, 1.2 Dioxane ND 6 K2COg3, 1.2 THF ND
3 tBuOLi, 1.2 DMF ND 7 tBuOLi, 2.4 THF 75
4 tBuONa, 1.2 THF 55 8° tBuOLi, 2.4 THF 90 (85)

#Reaction conditions (unless otherwise specified): 1a (0.6 mmol, 2.0 equiv), 2a (0.3 mmol, 1.0 equiv),THF (1 mL),
80 °C, 8 h. PDetermined by 1°F NMR using fluorobenzene as an internal standard. ¢1a (1.8 mmol, 3.0 equiv), 2a
(0.6 mmol, 1.0 equiv), CuOAc (10 mol%), THF (2 mL), 80 °C, 12 h. Number in parenthesis is isolated yield.
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General Procedure for the Preparation of Secondary Propargyl Phosphates 2

To a solution of (triisopropylsilyl)acetylene (1.0 equiv) in THF was added dropwise nBuLi (1.6 M
hexane solution, 1.0 equiv) at 0 <C under N». After the resulting mixture was stirred for 30 min at same
temperature, the corresponding aldehyde (1.0 equiv) was added via a syringe. The resulting mixture
was allowed to warm to room temperature and stirred for additional 2 h. The resulting suspension was
quenched with saturated ag. NH4Cl and extracted with ethyl acetate three times. The combined organic
layers were dried over sodium sulfate and concentrated. The residue was used directly in the next step
without further purification.

To a flask were added propargylic alcohol (1.0 equiv), 4-dimethylaminopyridine (0.1 equiv), dry
CH:ClIy, and diethylchlorophosphate (1.3 equiv) under N. The resulting mixture was then cooled to
0 <C and triethylamine (1.2 equiv) was added. The reaction mixture was allowed to warm to room
temperature with stirring. After consumption of the alcohol (monitored by TLC), the mixture was
quenched with saturated ag. NH4ClI and extracted with ethyl acetate three times. The organic phase
was washed with brine, dried over Na>SQO4, and concentrated. The residue was purified by silica gel

chromatography to give desired propargyl phosphates.

TIPS
Z

OPO(OEt),
Diethyl (1-(triisopropylsilyl)hept-1-yn-3-yl) phosphate (2a). The product (73% overall yield, 2 steps)
as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 4:1). *H NMR (400
MHz, CDCl3) § 5.00 (dd, J = 14.2, 6.7 Hz, 1H), 4.17-4.07 (m, 4H), 1.85-1.78 (m, 2H), 1.50-1.43 (m,
2H), 1.38-1.30 (m, 8H), 1.05-0.94 (m, 21H), 0.89 (t, J = 7.2 Hz, 3H). 3C NMR (126 MHz, CDCl3) §
104.6 (d, J = 4.3 Hz), 87.6, 68.5 (d, J = 5.7 Hz), 63.7 (dd, J = 5.7 Hz, J = 4.2 Hz), 36.4 (d, J = 5.7 Hz),
26.8,22.0,18.4,16.0 (dd, J=7.0, 3.3 Hz), 13.8, 11.0. IR (thin film) vmax 2944, 2867, 2176, 1724, 1034
cm™. MS (El): m/z (%) 405 [M+H]*. HRMS: Calculated for C20H4204PSi: 405.2584; Found: 405.2582.
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TIPS
=

OPO(OEt),
5-Cyclohexyl-1-(triisopropylsilyl)pent-1-yn-3-yl diethyl phosphate (2b). The product (65% overall
yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 3:1).
IH NMR (500 MHz, CDCl5) 5 4.81 (dd, J = 14.0, 6.7 Hz, 1H), 3.97-3.89 (m, 4H), 1.66-1.63 (m, 2H),
1.51-1.44 (m, 6H), 1.23-1.19 (m, 2H), 1.16-1.13 (m, 5H), 1.17-0.93 (m, 4H), 0.95-0.79 (m, 21H), 0.74-
0.67 (m, 2H). 3C NMR (126 MHz, CDCls) § 104.6 (d, J = 4.4 Hz), 87.3, 77.4, 68.5 (d, J = 5.6 Hz),
63.4 (dd, J=5.7, 3.7 Hz), 36.9, 34.1 (d, J = 5.6 Hz), 33.1, 33.0, 32.1, 26.4, 26.0, 18.3, 15.8 (dd, J =
6.9, 4.8 Hz), 10.9. IR (thin film) vmax 2925, 2865, 2176, 1035, 679 cm™. MS (DART): m/z (%) 459
[M+H]*. HRMS: Calculated for C24H4s04PSi: 459.3054; Found: 459.3052.

TIPS
=

OPO(OEt),
Diethyl (5-methyl-1-(triisopropylsilyl)hex-1-yn-3-yl) phosphate (2c). The product (70% overall
yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 4:1).
IH NMR (400 MHz, CDCls) 6 4.90 (g, J = 7.4 Hz, 1H), 4.03-3.94 (m, 4H), 1.79-1.71 (m, 1H), 1.66-
1.60 (m, 1H), 1.55-1.49 (m, 1H), 1.18 (dd, J = 7.1, 0.7 Hz, 6H), 0.98-0.86 (m, 21H), 0.83 (d, J = 6.6
Hz, 3H), 0.79 (d, J = 6.7 Hz, 3H). 3C NMR (126 MHz, CDCls) § 104.7 (d, J = 3.7 Hz), 87.5, 67.1 (d,
J=5.8Hz), 63.5 (dd, J = 5.9, 2.9 Hz), 45.6 (d, J = 6.0 Hz), 24.5, 22.2, 22.1, 18.3, 15.9 (dd, J = 7.0,
4.5 Hz), 10.9. IR (thin film) vmax 2958, 2867, 2176, 1279, 679 cm™X. MS (EI): m/z (%) 361 (M-CsH7)*,
267, 211 (100). HRMS: Calculated for C17H3404PSi: 361.1964; Found: 361.1956.

P TIPS
Ph =

OPO(OEY),
Diethyl (5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-yl) phosphate (2d). The product (79% overall
yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 3:1).
IH NMR (400 MHz, CDCl3) § 7.31-7.26 (m, 2H), 7.21 - 7.20 (m, 3H), 5.06 (dd, J = 13.8, 6.5 Hz, 1H),
4.17-4.11 (m, 4H), 2.84 (t, J = 8.0 Hz, 2H), 2.18-2.11 (m, 2H), 1.34 (td, J = 7.0, 2.1 Hz, 6H), 1.08-1.07
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(m, 21H). *C NMR (126 MHz, CDCls) § 140.8, 128.5, 128.4, 126.1, 104.2 (d, J = 4.3 Hz), 88.3, 68,0
(d, J =5.7 Hz), 63.8 (dd, J = 5.9, 2.7 Hz), 38.7 (d, J = 5.8 Hz), 31.1, 18.5, 16.1 (dd, J = 6.8, 5.6 Hz),
11.1. IR (thin film) vmax 2944, 2866, 2175, 1009 cm™*. MS (EI): m/z (%) 409 (M-CsH7)*, 267, 211 (100).
HRMS: Calculated for C21H3404PSi: 409.1964; Found: 409.1972.

TIPS

=
=z
OPO(OEt),

(2)-Diethyl (1-(triisopropylsilyl)non-6-en-1-yn-3-yl) phosphate (2e). The product (63% overall
yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 3:1).
IH NMR (400 MHz, CDCls) § 5.39 (dt, J = 10.5, 7.1 Hz, 1H), 5.30 (dt, J = 8.6, 7.2 Hz, 1H), 5.00 (dd,
J=14.2, 6.6 Hz, 1H), 4.16-4.07 (m, 4H), 2.23-2.19 (m, 2H), 2.06-1.99 (m, 2H), 1.87-1.81 (m, 2H),
1.31 (t, J = 7.0 Hz, 6H), 1.08-1.05 (m, 21H), 0.92 (t, J = 7.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) &
132.9, 126.9, 104.3 (d, J = 4.4 Hz), 87.9, 68.1 (d, J = 5.7 Hz), 67.0, 63.7 (d, J = 5.9 Hz, 5.7 Hz), 36.9
(d, J=5.6 Hz), 22.5, 20.4, 18.4, 16.0 (d, J = 6.9 Hz, 7.0 Hz), 14.2, 11.0. IR (thin film) vmax 2944, 2867,
1724, 1265, 680 cm™. MS (El): m/z (%) 387 (M-C3Hy)*, 267, 211 (100). HRMS: Calculated for
C19H3604SiP: 387.2121; Found: 387.2126.

TIPS
=
Z
OPO(OEt),

Diethyl (1-(triisopropylsilyl)tetradeca-1,11-diyn-3-yl) phosphate (2f). The product (68% overall
yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 2:1).
IH NMR (400 MHz, CDCls) & 4.99 (dd, J = 13.9, 6.8 Hz, 1H), 4.14-4.07 (m, 4H), 2.14-2.08 (m, 4H),
1.85-1.73 (m, 2H), 1.47-1.41 (m, 4H), 1.33-1.29 (m, 12H), 1.11-1.04 (m, 24H). 3C NMR (126 MHz,
CDCl3) 6 104.6 (d, J = 4.4 Hz), 87.6, 81.4, 79.3, 68.4 (d, J = 5.7 Hz), 63.6 (dd, J = 5.8, 3.9 Hz), 36.7
(d, J=5.6 Hz), 29.0, 28.9, 28.8, 28.6, 24.6, 18.6, 18.4, 16.0 (dd, J = 7.0, 4.0 Hz), 14.3, 12.3, 11.0. IR
(thin film) vmax 3397, 2938, 2865, 2175, 1265, 1035 cm™*. MS (DART): m/z (%) 499 [M+H]*. HRMS:
Calculated for C27Hs204PSi: 499.3367; Found: 499.3367.
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TIPS
TBSO =

OPO(OEt),
7-((tert-Butyldimethylsilyl)oxy)-1-(triisopropylsilyl)hept-1-yn-3-yl diethyl phosphate (2g). The
product (61% overall yield, 2 steps) as a colorless oil was purified with silica gel chromatography
(Pentane / EtOAc 2:1). *H NMR (500 MHz, CDCls3) § 4.96 (dd, J = 14.3, 6.5 Hz, 1H), 4.12 - 4.02 (m,
4H), 3.56 - 3.54 (m, 2H), 1.83-1.78 (m, 2H), 1.54-1.49 (m, 4H), 1.29 — 1.26 (m, 6H), 1.02 - 0.95 (m,
21H), 0.83 (s, 9H), -0.02 (s, 6H). 13C NMR (126 MHz, CDCl3) & 104.5 (d, J = 4.3 Hz), 87.7, 68.4 (d,
J=5.7Hz),63.7 (dd, J = 5.6, 4.9 Hz), 62.9, 36.7 (d, J = 5.7 Hz), 32.2, 25.9, 21.3, 18.4, 18.2, 16.0 (dd,
J=17.0,4.0 Hz), 11.0, -5.4. IR (thin film) vmax 3435, 2944, 2866, 2176, 1036 cm™*. MS (DART): m/z
(%) 535 [M+H]". HRMS: Calculated for C2sHss0sPSi2: 535.3398; Found: 535.3398.

P TIPS
BnO =

OPO(OE),
7-(Benzyloxy)-1-(triisopropylsilyl)hept-1-yn-3-yl diethyl phosphate (2h). The product (57%
overall yield, 2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc
2:1). 'H NMR (500 MHz, CDCl3) § 7.33-7.31 (m, 4H), 7.29 — 7.25 (m, 1H), 5.03 (dd, J = 14.2, 6.5 Hz,
1H), 4.49 (d, J = 3.2 Hz, 2H), 4.17 - 4.08 (m, 4H), 3.47 (t, J = 6.0 Hz, 2H), 1.89-1.83 (m, 2H), 1.69-
1.60 (m, 4H), 1.34-1.30 (m, 6H), 1.06-1.03 (m, 21H). 3C NMR (126 MHz, CDCls) § 138.5, 128.3,
127.5, 127.4, 1045 (d, J = 4.2 Hz), 87.8, 72.8, 70.0, 68.3 (d, J = 5.7 Hz), 63.7 (dd, J = 5.6, 3.0 Hz),
36.6 (d, J = 5.7 Hz), 29.1, 21.6, 18.5, 16.0 (dd, J = 7.0, 2.2 Hz), 11.0. IR (thin film) vmax 3327, 2943,
2866, 2176, 1719, 1034 cm™. MS (DART): m/z (%) 511 [M+H]*, 490. HRMS: Calculated for
C27H480sPSi: 511.3003; Found: 511.3003.

TIPS
=

OPO(OEt),
8-Bromo-1-(triisopropylsilyl)oct-1-yn-3-yl diethyl phosphate (2i). The product (59% overall yield,
2 steps) as a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 3:1). *H NMR
(500 MHz, CDCls) § 5.00 (dd, J = 13.7, 6.8 Hz, 1H), 4.15-4.09 (m, 4H), 3.38 (t, J = 6.7 Hz, 2H), 1.87-
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1.79 (m, 4H), 1.55-1.46 (m, 4H), 1.32 (t, J = 7.0 Hz, 6H), 1.05-1.03 (m, 21H). 3C NMR (126 MHz,
CDCl3) 6 104.3, 87.9, 68.2 (d, J = 5.5 Hz), 63.7 (dd, J = 4.7, 3.5 Hz), 36.5 (d, J = 5.5 Hz), 33.3, 32.5,
27.5,23.8, 18.4,16.0 (dd, J = 6.5, 4.8 Hz), 11.0. IR (thin film) vmax 2943, 2866, 2176, 1724, 1006 cm"
1 MS (DART): m/z (%) 497 [M+H]". HRMS: Calculated for C1H42BrO4PSi: 497.1846; Found:
497.1846.

7
OPO(OEY),

Diethyl (1-(triethylsilyl)hept-1-yn-3-yl) phosphate (2j). The product (70% overall yield, 2 steps) as
a colorless oil was purified with silica gel chromatography (Pentane / EtOAc 4:1). *H NMR (500 MHz,
CDCls) 6 4.97 (dd, J = 13.7, 6.8 Hz, 1H), 4.14-4.09 (m, 4H), 1.83-1.76 (m, 2H), 1.48-1.36 (m, 2H),
1.34-1.30 (m, 8H), 0.96 (t, J = 7.9 Hz, 9H), 0.89 (t, J = 7.3 Hz, 3H), 0.57 (q, J = 7.9 Hz, 6H). 3C NMR
(126 MHz, CDCls) 6 103.7, 88.5, 68.3, 63.6, 36.1, 26.7, 21.9, 15.8, 13.6, 7.0, 4.0. IR (thin film) vmax
2957, 2876, 2177, 1725, 1264 cm™. MS (EI): m/z (%) 347 (M-CHa)*, 239, 183 (100). HRMS:
Calculated for C15H3004SiP: 333.1651; Found: 333.1649.

7
OPO(OEt),
2,2-Dimethylnon-3-yn-5-yl diethyl phosphate (2k). The product (62% overall yield, 2 steps) as a
colorless oil was purified with silica gel chromatography (Pentane / EtOAc 5:1). *H NMR (400 MHz,
CDCls) § 4.88 (g, J = 6.8 Hz, 1H), 4.10-4.00 (m, 4H), 1.75-1.64 (m, 2H), 1.38-1.24 (m, 10H), 1.13 (s,
9H), 0.83 (t, J = 7.2 Hz, 3H). 3C NMR (126 MHz, CDCls) 5 95.2, 76.2 (d, J = 4.1 Hz), 68.5 (d, J =
5.8 Hz), 67.0, 63.5 (t, J = 6.4 Hz), 36.5 (d, J = 6.2 Hz), 30.6, 27.2, 26.9, 22.0, 16.0 (d, J = 7.1 Hz),
13.8. IR (thin film) vmax 3472, 2869, 2242, 1265 cm™. MS (EI): m/z (%) 304 (M*), 275, 155 (100).
HRMS: Calculated for C1sH2904P: 304.1803; Found: 304.1800.
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General Procedure for Cu-Catalyzed Cross-Coupling of Propargyl Phosphates 2 with
Polyfluoroarenes 1

To a septum capped 25 mL of Schlenck tube were added CuOAc (10 mol%), tBuOL.i (2.4 equiv) under
Nz, followed by THF (2.0 mL), propargyl phosphate 2 (0.6 mmol, 1.0 equiv), and polyfluoroarene 1
(3.0 or 4.0 equiv). The tube was screw capped and put into an oil bath (preheated to 80 °C). After
stirring for 12 h, the reaction mixture was cooled to room temperature, and diluted with ethyl acetate,
washed with brine, dried over Na>SOs, filtered and concentrated. The residue was purified with silica

gel chromatography to provide pure product 3 or 4.

Triisopropyl (3-(perfluorophenyl)hept-1-yn-1-yl)silane (3a). The product (213 mg, 85% yield) as a
colorless oil was purified with silica gel chromatography (Petroleum ether (100%)). *H NMR (400
MHz, CDCls) & 4.02 (t, J = 7.6 Hz, 1H), 2.06-1.96 (m, 1H), 1.81-1.73 (m, 1H), 1.49-1.34 (m, 4H),
1.12-0.94 (m, 21H), 0.90 (t, J = 6.5 Hz, 3H). °F NMR (376 MHz, CDCls) & -142.4 (dd, J = 21.4, 6.8
Hz, 2F), -157.1 (t, J = 21.0 Hz, 1F), -162.8 (td, J = 21.3, 7.1 Hz, 2F). 3C NMR (126 MHz, CDCl3) &
145.1 (dm, J = 252.1 Hz), 140.32 (dm, J = 252.7 Hz), 137.79 (dm, J = 252.0 Hz), 115.86 (td, J = 15.9,
3.9Hz),106.0, 82.9, 35.1, 29.9, 28.1, 22.3, 18.7, 14.0, 11.4. IR (thin film) vmax 3853, 2943, 2866, 2174,
1522 cm™L. MS (EI): m/z (%) 418 (M*), 419 [M+H]*, 375 (100). HRMS: Calculated for Cz2Hz1FsSi:
418.2115; Found: 418.2120.

(5-Cyclohexyl-3-(perfluorophenyl)pent-1-yn-1-yl)triisopropylsilane (3b). The product (235 mg, 83%

yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether (100%)). 'H
s11



NMR (400 MHz, CDCl3) & 3.97 (t, J = 7.7 Hz, 1H), 1.98-1.93 (m, 1H), 1.79-1.63 (m, 5H), 1.46-1.40
(m, 1H), 1.26-1.14 (m, 5H), 1.11-0.96 (m, 21H), 0.91-0.80 (m, 3H). *F NMR (376 MHz, CDCl3) § -
142.0 (dd, J = 21.7, 7.5 Hz, 2F), -156.8 (t, J = 21.0 Hz, 1F), -162.5 (td, J = 21.7, 7.8 Hz, 2F). 13C NMR
(126 MHz, CDCl3) & 144.8 (dm, J = 248.3 Hz), 140.1 (dm, J = 253.1 Hz), 137.5 (dm, J = 255.5 Hz),
115.7 (tm, J = 15.6 Hz), 105.8, 82.7, 37.2, 35.2, 33.4, 33.1, 32.7, 26.6, 26.3, 18.4, 11.2. IR (thin film)
vmax 2926, 2866, 2175, 1653 cm™. MS (EI): m/z (%) 472 (M*), 473 [M+H]*, 429 (100). HRMS:
Calculated for C2eHa7FsSi: 472.2585; Found: 472.2580.

Triisopropyl(5-methyl-3-(perfluorophenyl)hex-1-yn-1-yl)silane (3c). CuOAc (20 mol%) was used.
The product (221 mg, 88% vyield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether (100%)). *H NMR (400 MHz, CDCls) § 4.15 (t, J = 7.8 Hz, 1H), 1.98-1.91 (m, 1H),
1.83-1.73 (m, 1H), 1.63-1.56 (m, 1H), 1.10-1.06 (m, 21H), 0.99-0.97 (m, 6H) . °F NMR (376 MHz,
CDCls) & -142.4 (dd, J = 21.2, 7.0 Hz, 2F), -157.1 (t, J = 20.8 Hz, 1F), -162.7 (td, J = 21.5, 7.7 Hz,
2F). 3C NMR (126 MHz, CDCl3) & 144.8 (dm, J = 252.4 Hz), 140.08 (dm, J = 252.6 Hz), 137.56 (dm,
J =252.6 Hz), 115.77 (td, J = 16.2, 4.4 Hz), 105.7, 82.6, 44.0, 26.2, 26.0, 22.3, 21.6, 18.4, 11.2. IR
(thin film) vmax 2959, 2867, 2174, 1521 cm™X. MS (EI): m/z (%) 418 (M*), 419 [M+H]*, 375 (100).
HRMS: Calculated for C2;Hs1FsSi: 418.2115; Found: 418.2120.

Triisopropyl(3-(perfluorophenyl)-5-phenylpent-1-yn-1-yl)silane (3d). The product (240 mg, 86%
yield) as a white solid (m.p. 36 °C) was purified with silica gel chromatography (Petroleum ether/
EtOAc = 50:1). *H NMR (500 MHz, CDCls) § 7.28 -7.25 (m, 2H), 7.18-7.16 (m, 3H), 4.03 (t, J=7.6

Hz, 1H), 3.00-2.87 (m, 1H), 2.75-2.69 (m, 1H), 2.34-2.27 (m, 1H), 2.08-2.00 (m, 1H), 1.25-0.93 (m,
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21H). F NMR (376 MHz, CDCls) & -142.9 (dd, J = 20.7, 6.9 Hz, 2F), -158.2 (t, J = 20.4 Hz, 1F), -
163.9 (dt, J = 21.3, 7.2 Hz, 2F). 3C NMR (126 MHz, CDCls) § 144.9 (dm, J = 245.4 Hz), 140.5, 140.3
(dm, J = 253.2 Hz), 137.6 (dm, J = 252.3 Hz), 128.5, 128.4, 126.2, 115.3 (tm, J = 15.5 Hz), 105.3,
83.6, 36.8, 33.8, 27.5, 18.6, 11.3. IR (KBr disk) vmax 3028, 2943, 2890, 2865, 2175, 2723, 1506 cm™.
MS (El): m/z (%) 423 [(M-C3H;)*, 100], 395, 381. HRMS: Calculated for CosH24FsSi: 423.1567;
Found: 423.1563. Anal. Calcd. For C23H24FsSi: C, 66.93; H, 6.70; Found: C, 66.89; H, 6.61.

(2)-Triisopropyl(3-(perfluorophenyl)non-6-en-1-yn-1-yl)silane (3e). The product (186 mg, 70%
yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether/ EtOAc = 100:1).
'H NMR (500 MHz, CDCls) § 5.45 (ddd, J = 12.8, 9.7, 7.3 Hz, 1H), 5.29 (ddd, J = 10.7, 9.7, 7.3 Hz,
1H), 4.05 (dd, J = 9.0, 6.4 Hz, 1H), 2.28-2.19 (m, 2H), 2.10-2.02 (m, 3H), 1.78-1.71 (m, 1H), 1.12-
1.00 (m, 21H), 0.96 (t, J = 7.5 Hz, 3H). °F NMR (376 MHz, CDCls) § -142.0 (dd, J = 21.5, 7.0 Hz,
2F), -156.7 (t, J = 21.0 Hz, 1F), -162.4 (td, J = 21.6, 7.6 Hz, 2F). °C NMR (126 MHz, CDCls) & 144.8
(dm, J = 248.9 Hz), 140.1 (dm, J = 258.0 Hz), 137.5 (dm, J = 245.3 Hz), 133.5, 126.8, 115.5 (td, J =
16.3, 3.5 Hz), 105.5, 83.0, 35.1, 27.3, 25.1, 20.6, 18.5, 14.2, 11.2. IR (thin film) vmax 3008, 2944, 2867,
2175, 1521, 1504 cm™. MS (El): m/z (%) 401 [(M-C3H7)*, 100], 395, 381. HRMS: Calculated for
C21H26FsSi: 401.1724; Found: 401.1717.

Triisopropyl(3-(perfluorophenyltetradeca-1,11-diyn-1-yl)silane (3f). The product (280 mg, 91%
yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether (100%)). *H
NMR (400 MHz, CDCl3) § 4.01 (t, J = 7.6 Hz, 1H), 2.18-2.11 (m, 4H), 1.96-1.91 (m, 2H), 1.74-1.70
(m, 2H), 1.48-1.45 (m, 4H), 1.33-1.26 (m, 4H), 1.13-0.92 (m, 24H). **F NMR (376 MHz, CDCl3) & -
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142.0 (dd, J = 21.5, 7.0 Hz, 2F), -156.7 (t, J = 21.0 Hz, 1F), -162.4 (td, J = 21.6, 7.6 Hz, 2F). *C NMR
(126 MHz, CDCl3) & 144.8 (d, J = 248.4 Hz), 140.0 (d, J = 253.2 Hz), 137.5 (d, J = 252.3 Hz), 115.6
(tm,J=16.1Hz), 105.7,82.7,81.6,79.4,35.1, 29.7, 29.1, 28.9, 28.8, 28.7, 27.8, 27.5, 18.5, 14.4, 12 4,
11.2. IR (thin film) vmax 2939, 2865, 2175, 1504 cm™%. MS (El): m/z (%) 512 (M"), 469, 427, 73 (100).
HRMS: Calculated for C29Ha1FsSi: 512.2898; Found: 512.2892.

tert-Butyldimethy!((5-(perfluorophenyl)-7-(triisopropylsilyl)hept-6-yn-yl)oxy)silane (3g). The
product (256 mg, 78% yield) as a colorless oil was purified with silica gel chromatography (Petroleum
ether/ EtOAC = 50:1). *H NMR (400 MHz, CDCls) & 4.03 (t, J = 7.6 Hz, 1H), 3.60 (t, J = 6.0 Hz, 2H),
2.04-1.95 (m, 1H), 1.80- 1.76 (m, 1H), 1.59-1.54 (m, 3H), 1.47-1.40 (m, 1H), 1.08-1.01 (m, 21H), 0.87
(s, 9H), 0.03 (s, 6H). °F NMR (376 MHz, CDCls) -141.9 (dd, J = 21.5, 7.3 Hz, 2F), -156.7 (t, J = 20.9
Hz, 2F), -162.5 (td, J = 21.7, 7.8 Hz, 2F). 3C NMR (126 MHz, CDCls) 144.8 (dm, J = 250.5 Hz),
140.1 (dm, J = 253.2 Hz), 137.5 (dm, J = 251.6 Hz), 115.4 (tm, J = 14.4 Hz), 105.6, 82.7, 62.8, 35.0,
32.1, 27.9, 25.9, 24.0, 18.5, 18.3, 11.2, -5.4. IR (thin film) vmax 2944, 2865, 2175, 1653, 1504 cm™.
MS (MALDI): m/z (%) 549 [M+H]", 532, 520. HRMS: Calculated for C2sHasF50Si2: 549.3002; Found:
549.2990.

BnO

(7-(Benzyloxy)-3-(perfluorophenyl)hept-1-yn-1-yl)triisopropylsilane (3h). The product (255 mg,
81% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether/ EtOAc
=50:1). 'H NMR (400 MHz, CDCls) & 7.35-7.24 (m, 5H), 4.48 (s, 2H), 4.03 (t, J = 7.6 Hz, 1H), 3.46
(t,J = 6.2 Hz, 2H), 2.02-1.95 (m, 1H), 1.81-1.72 (m, 1H), 1.69-1.57 (m, 3H), 1.48-1.40 (m, 1H), 1.08-

1.00 (m, 21H). °F NMR (376 MHz, CDCls) & -142.0 (dd, J = 21.5, 7.4 Hz, 2F), -156.6 (t, J = 21.0 Hz,
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1F), -162.4 (td, J = 21.7, 7.8 Hz, 2F). 3C NMR (126 MHz, CDCl3) & 144.8 (dm, J = 244.9 Hz), 140.1
(dm, J =253.0 Hz), 138.5, 137.6 (dm, J = 252.7 Hz), 128.3, 127.6, 127.5, 115.4 (dd, J = 16.3, 3.6 Hz),
105.6, 82.9, 72.9, 69.9, 35.0, 29.1, 27.8, 24.3, 18.5, 11.2. IR (thin film) vmax 2943, 2866, 2174, 1504
cml. MS (MALDI): m/z (%) 525 [M+H]", 481, 451. HRMS: Calculated for C29HssFsOSi: 525.2607;
Found: 525.2595.

(8-Bromo-3-(perfluorophenyl)oct-1-yn-1-ytriisopropylsilane (3i). The product (190 mg, 62%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether (100%)). *H
NMR (400 MHz, CDCls) 6 4.04 (t, J = 7.6 Hz, 1H), 3.52 (t, J = 6.6 Hz, 1H), 3.40 (t, J = 6.7 Hz, 2H),
2.04-1.95 (m, 1H), 1.90-1.83 (m, 1H), 1.81-1.72 (m, 1H), 1.58-1.41 (m, 4H), 1.05-0.90 (m, 21H). 1°F
NMR (376 MHz, CDCl3) & -142.0 (dd, J = 21.0, 6.5 Hz, 2F), -156.6 (t, J = 20.9 Hz, 1F), -162.3 (td, J
=21.2, 6.8 Hz, 2F). 13C NMR (126 MHz, CDCl3) § 144.8 (dm, J = 248.3 Hz), 140.1 (dm, J = 253.0
Hz), 137.6 (dm, J = 251.0 Hz), 115.4 (td, J = 16.9, 3.5 Hz), 105.4, 83.0, 34.9, 33.4, 32.5, 27.8, 27.5,
26.7, 18.5, 11.2. IR (thin film) vmax 2943, 2866, 2176, 1503 cm™. MS (EI): m/z (%) 469 (M-C3H7)*,
427,167 (100). HRMS: Calculated for C20H2sBrFsSi: 467.0829; Found: 467.0827.

Triethyl(3-(perfluorophenyl)hept-1-yn-1-yl)silane (3j). The product (165 mg, 73% vyield) as a
colorless oil was purified with silica gel chromatography (Petroleum ether (100%)). *H NMR (400
MHz, CDCls) & 4.00 (t, J = 7.7 Hz, 1H), 1.98-1.93 (m, 1H), 1.79-1.74 (m, 1H), 1.48-1.41 (m, 1H),
1.39-1.26 (m, 3H), 0.97 (t, J = 7.9 Hz, 9H), 0.90 (t, J = 7.1 Hz, 3H), 0.58 (g, J = 7.9 Hz, 6H). °F NMR
(376 MHz, CDCls) 6 -142.0 (dd, J = 21.6, 7.5 Hz, 2F), -156.8 (t, J = 20.9 Hz, 1F), -162.5 (td, J = 21.7,

7.7 Hz, 2F). 3C NMR (126 MHz, CDCls) § 144.8 (dm, J = 251.4 Hz), 140.08 (dm, J = 252.2 Hz),
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137.56 (dm, J = 246.4 Hz), 115.45 (tm, J = 16.8 Hz), 105.3, 83.8, 34.8, 29.6, 27.8, 22.0, 13.8, 7.3, 4.4.
IR (thin film) vmax 2958, 2877, 2175, 1506 cm™. MS (EI): m/z (%) 376 (M*), 347 (100), 319. HRMS:
Calculated for C19H25FsSi: 376.1646; Found: 376.1646.

1-(2,2-Dimethylnon-3-yn-5-yl)-2,3,4,5,6-pentafluorobenzene (3k). The product (168 mg, 88% yield)
as a colorless oil was purified with silica gel chromatography (Petroleum ether (100%)). *H NMR (400
MHz, CDCls) & 3.93 (t, J = 7.7 Hz, 1H), 1.94-1.87 (m, 1H), 1.79-1.68 (m, 1H), 1.46-1.38 (m, 1H),
1.37-1.23 (m, 3H), 1.20 (s, 9H), 0.90 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCls) & -143.5 (dd, J
=20.9, 7.1 Hz, 2F), -158.8 (t, J = 20.3 Hz, 1F), -164.1 (td, J = 20.8, 6.8 Hz, 2F). 13C NMR (126 MHz,
CDCl3) 6 144.9 (dm, J = 248.7 Hz), 139.9 (dm, J = 252.3 Hz), 137.5 (dm, J = 251.9 Hz), 116.4 (td, J
=16.0, 4.4 Hz), 90.4, 76.6, 35.0, 30.8, 29.6, 27.3, 26.9, 22.0, 13.7. IR (thin film) vmax 2968, 2933, 2867,
1504 cm™. MS (El): m/z (%) 318 (M"), 261, 181(100). HRMS: Calculated for C17H19Fs: 318.1407;
Found: 318.1408.

TIPS
=

F F

F F

Triisopropyl(3-(2,3,5,6-tetrafluorophenyl)hept-1-yn-1-yl)silane (4a). 4.0 equiv of fluoroarene was
used. The product (192 mg, 80% vyield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether (100%)). *H NMR (500 MHz, CDCl3) §6.95 (tt, J = 9.6, 7.3 Hz, 1H), 4.07 (t, J=7.7
Hz, 1H), 2.00-1.97 (m, 1H), 1.78-1.76 (m, 1H), 1.50-1.48 (m, 1H), 1.38-1.33 (m, 3H), 1.09-1.01 (m,
21H), 0.90 (t, J = 7.2 Hz, 3H). 9F NMR (376 MHz, CDCl3) & -139.5 (m, 2F), -142.6 (m, 2F). 13C
NMR (126 MHz, CDCls) & 146.2 (d, J = 181.4 Hz), 144.2 (d, J = 181.7 Hz), 121.4 (t, J = 15.4 Hz),
106.1, 104.3 (t, J = 22.6 Hz), 82.4, 34.8, 29.7, 28.2, 22.0, 18.5, 13.8, 11.2. IR (thin film) vmax 2944,
2866, 2172, 1502 cm™. MS (EI): m/z (%) 400 (M™), 401 [M+H]", 357 (100). HRMS: Calculated for

Ca22H32F4Si: 400.2209; Found: 400.2214.
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Gram-Scale Synthesis of 4a. To a septum capped 100 mL of Schlenck tube were added CuOAc (10
mol%), tBuOLi (2.4 equiv) under N2, followed by THF (15 mL). Propargyl phosphate 2a (4 mmol,
1.0 equiv), pentafluorobenzene (16 mmol, 4.0 equiv) were then added. The tube was screw capped and
then conducted on oil bath (preheated to 80 °C). After stirring for 12 h, the reaction mixture was cooled
to room temperature, and diluted with ethyl acetate, washed with brine, dried over Na>SOs, filtered
and concentrated. The residue was purified with silica gel chromatography (Petroleum ether (100%)

to provide pure 4a (1.2 g, 75% yield).

SiEty
=
F F
F F

Triethyl(3-(2,3,5,6-tetrafluorophenyl)hept-1-yn-1-yl)silane (4b). 4.0 equiv of fluoroarene was used.
The product (193 mg, 90% vyield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether (100%)). *H NMR (400 MHz, CDCls3) § 6.96 (tt, J = 9.6, 7.3 Hz, 1H), 4.05 (t, J = 7.7
Hz, 1H), 1.99-1.96 (m, 1H), 1.80-1.76 (m, 1H), 1.47-1.43 (m, 1H), 1.39-1.27 (m, 3H), 0.97 (t, J= 7.9
Hz, 9H), 0.91-0.85 (m, 4H), 0.58 (g, J = 7.9 Hz, 5H). °F NMR (376 MHz, CDCl3) & -139.5 (m, 2F),
-142.6 (m, 2F). 3C NMR (126 MHz, CDCl3) & 145.9 (dm, J = 247.6 Hz), 144.5 (dm, J = 252.2 Hz),
121.3 (t, J =15.5 Hz), 105.6, 104.3 (t, J = 22.6 Hz), 83.5, 34.7, 29.6, 28.2, 22.1, 13.8, 7.3, 4.4. IR (thin
film) vmax 2958, 2930, 2173, 1509 cm™*. MS (EI): m/z (%) 358 (M*), 359 [M+H]*, 329 (100). HRMS:
Calculated for C19H26F4Si: 358.1740; Found: 358.1740.

Triisopropyl(5-phenyl-3-(2,3,5,6-tetrafluorophenyl)pent-1-yn-1-yl)silane ~ (4c). 4.0 equiv of
fluoroarene was used. The product (223 mg, 83% yield) as a colorless oil was purified with silica gel
chromatography (Petroleum ether (100%)). *H NMR (400 MHz, CDClz) § 7.28 (t, J = 7.6 Hz, 2H),
7.21-7.17 (m, 3H), 6.95 (tt, J = 9.5 Hz, 7.5 Hz, 1H), 4.10-4.06 (m, 1H), 2.93-2.86 (m, 1H), 2.76-2.69
(m, 1H), 2.35-2.26 (M, 1H), 2.20-2.01 (m, 1H), 1.09-1.06 (m, 21H).°F NMR (376 MHz, CDCl3) & -
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139.3 (m, 2F), -142.4 (m, 2F). 3C NMR (126 MHz, CDCls) & 145.9 (dm, J = 247.9 Hz), 144.5 (dm,
J=248.0 Hz), 140.7, 128.5, 128.4, 126.2, 121.0 (t, J = 15.3 Hz), 105.5, 104.5 (t, J = 22.6 Hz), 83.3,
36.6, 33.8, 27.9, 18.6, 11.2. IR (thin film) vmax 3066, 2943, 2177, 1502 cm™>. MS (EI): m/z (%) 448
(M*), 405 (100), 363. HRMS: Calculated for CasHs2F4Si: 448.2209; Found: 448.2202.

(8-Bromo-3-(2,3,5,6-tetrafluorophenyl)oct-1-yn-1-yl)triisopropylsilane (4d). 20 mol% of CuOAc
and 4.0 equiv of fluoroarene were used. The product (215 mg, 73% yield) as a colorless oil was purified
with silica gel chromatography (Petroleum ether (100%)). *H NMR (400 MHz, CDCls) § 6.97 (tt, J =
9.6, 7.3 Hz, 1H), 4.08 (t, J = 7.7 Hz, 1H), 3.40 (t, J = 6.8 Hz, 2H), 2.05-1.96 (m, 1H), 1.90-1.83 (m,
2H), 1.81-1.74 (m, 1H), 1.61-1.36 (m, 4H), 1.08-1.05(m, 21H). 9F NMR (376 MHz, CDCls) § -139.3
(m, 2F), -142.5 (m, 2F). 3C NMR (126 MHz, CDCls) & 146.2 (dm, J = 183.7 Hz), 144.2 (dm, J =
178.9 Hz), 121.1 (t, J = 15.4 Hz), 105.7, 104.4 (t, J = 22.6 Hz), 82.8, 34.8, 33.5, 32.5, 28.2, 27.5, 26.7,
18.5, 11.2. IR (thin film) vmax 3080, 2943, 2866, 2175, 1503 cm™. MS (El): m/z (%) 449 (M-C3H7)*,
451, 370. HRMS: Calculated for C20H26F4SiBr: 449.0923; Found: 449.0933.

TIPS

Triisopropyl(3-(2,3,4,6-tetrafluorophenyl)hept-1-yn-1-yl)silane (4e). 20 mol% of CuOAc and 4.0
equiv of fluoroarene were used. The product (194 mg, 81% yield) as a colorless oil was purified with
silica gel chromatography (Petroleum ether (100%)).*H NMR (400 MHz, CDCls) § 6.78-6.72 (m, 1H),
4.01 (t, J = 7.7 Hz, 1H), 2.01-1.95 (m, 1H), 1.80-1.73 (m, 1H), 1.54-1.48 (m, 1H), 1.41-1.33 (m, 3H),
1.12-1.00 (m, 21H), 0.91 (t, J = 7.1 Hz, 3H). 1°F NMR (376 MHz, CDCl3) & -116.9 (t, J = 9.9 Hz, 1F),
-134.4 (d, J = 20.0 Hz, 1F), -134.8 (ddd, J = 20.8, 9.3, 5.2 Hz, 1F), -165.2 (m, 1F). 13C NMR (126
MHz, CDCls) & 154.9 (dm, J = 247.1 Hz), 149.7 (dm, J = 246.6 Hz), 149.4 (dm, J = 250.0 Hz), 137.3
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(dm, J =253.7 Hz), 115.54 (tm, J = 17.2 Hz), 106.6, 100.6 (m), 81.9, 34.8, 29.7, 27.7, 22.0, 18.5, 13.8,
11.2. IR (thin film) vmax 2943, 2866, 2173, 1640 cm™. MS (EI): m/z (%) 400 (M*), 401 [M+H]*, 357
(100). HRMS: Calculated for C22Hz2F4Si: 400.2209; Found: 400.2212.

TIPS

AN

Ph

F

Triisopropyl(5-phenyl-3-(2,3,4,6-tetrafluorophenyl)pent-1-yn-1-yl)silane  (4f). 4.0 equiv of
fluoroarene was used. The product (188 mg, 70% vyield) as a light yellow oil was purified with silica
gel chromatography (Petroleum ether/ EtOAc 100:1). *H NMR (400 MHz, CDCls) § 7.30-7.27 (m,
2H), 7.22-7.18 (m, 3H), 6.77-6.70 (m, 1H), 4.03-3.99 (m, 1H), 2.93-2.85 (m, 1H), 2.76-2.68 (m, 1H),
2.33-2.24 (m, 1H), 2.08-1.99 (m, 1H), 1.20 — 0.94 (m, 21H). 1°F NMR (376 MHz, CDCls) & -116.6 (t,
J=10.3 Hz, 1F), -134.2 (d, J = 20.5 Hz, 1F), -134.3 (m, 1F), -165.0 (tdd, J = 20.9, 10.9, 6.0 Hz, 1F).
13C NMR (126 MHz, CDCls) & 154.9 (dm, J = 251.9 Hz), 149.6 (dm, J = 251.8 Hz), 149.5 (dm, J =
249.1 Hz), 140.8, 137.3 (dm, J = 243.2 Hz), 128.5, 128.4, 126.1, 115.2 (tm, J = 17.2 Hz), 106.1, 100.8
(ddd, J = 28.6, 21.1, 3.6 Hz), 82.8, 36.8, 33.8, 27.4, 18.6, 11.3. IR (thin film) vmax 3028, 2943, 2174,
1518 cm™. MS (EI): m/z (%) 448 (M*), 405 (100), 363. HRMS: Calculated for C2sHs2F4Si: 448.2209;
Found: 448.2206.

BnO =

(7-(Benzyloxy)-3-(2,3,4,6-tetrafluorophenyl)hept-1-yn-1-yl)triisopropylsilane (4g). 4.0 equiv of
fluoroarene was used. The product (216 mg, 71% yield) as a light yellow oil was purified with silica
gel chromatography (Petroleum ether/ EtOAc = 30:1). *H NMR (400 MHz, CDCls) 7.36-7.31 (m, 4H),
7.30-7.24 (m, 1H), 6.78-6.71 (m, 1H), 4.52-4.40 (m, 2H), 4.02 (t, J = 7.6 Hz, 1H), 3.53-3.46 (m,2H),
2.05-1.97 (m, 1H), 1.82 -1.74 (m, 1H), 1.71-1.62 (m, 3H), 1.50-1.43 (m, 1H), 1.10-0.90 (m, 21H). *°F

NMR (376 MHz, CDCls) § -116.8 (t, J = 10.3 Hz), -134.3 (dd, J = 20.6, 3.9 Hz), -134.6 (m), -165.1
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(tdd, J = 21.0, 10.9, 6.0 Hz). 3C NMR (126 MHz, CDCls) & 154.9 (dm, J = 247.6 Hz), 149.7 (dm, J =
246.1 Hz), 149.4 (dm, J = 235.1 Hz), 138.6, 137.3 (dm, J = 248.9 Hz), 128.3, 127.6, 127.5, 115.4 (tm,
J=19.3 Hz), 106.4, 100.8 (ddd, J = 28.8, 21.2, 3.6 Hz), 82.2, 72.9, 70.0, 35.0, 29.1, 27.7, 24.3, 18.5,
11.2. IR (thin film) vmax 2985, 1742, 1654, 1374 cm™X. MS (El): m/z (%) 463 [M-C3H]*, 464, 421.
HRMS: Calculated for C26H310F4Si: 463.2080; Found: 463.2075.

OMe

Triisopropyl(3-(2,3,5,6-tetrafluoro-4'-methoxy-[1,1'-biphenyl]-4-yl)hept-1-yn-1-yl)silane  (4h).
20 mol% of CuOAc and 3.0 equiv of fluoroarene were used, the reaction was conducted at 100 °C.
The product (246 mg, 81% vyield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether / EtOAc = 100:1). *H NMR (500 MHz, CDCls) § 7.42 (d, J = 8.6 Hz, 2H), 7.03-7.01
(m, 2H), 4.10 (t, J = 7.7 Hz, 1H), 3.87 (s, 3H), 2.05-1.98 (m, 1H), 1.85-1.78 (m, 1H), 1.57-1.50 (m,
1H), 1.41-1.36 (m, 3H), 1.10 — 1.04 (m, 21H), 0.92 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCl3) -
143.2 (dd, J = 22.2, 12.2 Hz, 2F), -145.1 (dd, J = 22.3, 12.2 Hz, 2F). 3C NMR (126 MHz, CDCl3) §
160.0, 145.2 (dm, J = 130.1 Hz), 143.3 (dm, J = 126.0 Hz), 131.4, 119.6, 118.9, 114.1, 110.0, 106.3,
82.3,55.3, 34.97, 29.7, 28.2, 22.1, 18.6, 13.9, 11.3. IR (thin film) vmax 3358, 2942, 2865, 2172, 1480
cml. MS (DART): m/z (%) 507 [M+H]*. HRMS: Calculated for CagH3oF4OSi: 507.2701; Found:
507.2702.

(3-(4’-Bromo-2,3,5,6-tetrafluoro-[1,1'-biphenyl]-4-yl)-5-methylhex-1-yn-1-yl)triisopropylsilane
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(41). 3.0 equiv of fluoroarene was used. The product (283 mg, 85% yield) as a colorless oil was purified
with silica gel chromatography (Petroleum ether (100%)). *H NMR (400 MHz, CDCls) & 7.64-7.62
(m, 2H), 7.36 (d, J = 8.3 Hz, 2H), 4.20 (t, J = 7.9 Hz, 1H), 1.99-1.93 (m, 1H), 1.84-1.76 (m, 1H), 1.67-
1.61 (m, 1H), 1.09-1.06 (m, 21H), 0.99 (d, J = 6.6, 3H), 0.98 (d, J = 6.6, 3H). °F NMR (376 MHz,
CDCls) -142.6 (dd, J = 21.9, 12.3 Hz, 2F), -144.5 (dd, J = 22.1, 12.3 Hz, 2F). 3C NMR (126 MHz,
CDCls) & 145.3 (dm, J = 150.9 Hz), 143.3 (dm, J = 148.9 Hz), 131.8, 131.7, 126.4, 123.5, 120.2 (t, J
= 15.8 Hz), 117.9 (t, J = 17.2 Hz), 106.0, 82.5, 44.0, 26.4, 26.2, 22.5, 21.8, 18.5, 11.2. IR (thin film)
vmax 2959, 2867, 2173, 1742, 1478 cm'. MS (DART): m/z (%) 554 (M*), 556. HRMS: Calculated for
CagH36BrF4Si: 555.1700; Found: 555.1702.

TIPS

2-(2,3,5,6-Tetrafluoro-4-(1-(triisopropylsilyl)hept-1-yn-3-yl)phenyl)pyridine (4j). 3.0 equiv of
fluoroarene was used. The product (215 mg, 75% vyield) as a colorless oil was purified with silica gel
chromatography (Petroleum ether / EtOAc = 20:1). *H NMR (500 MHz, CDCls) § 8.81-8.76 (m, 1H),
7.85-7.80 (M, 1H), 7.55-7.47 (m, 1H), 7.37-7.34 (m, 1H), 4.13 (t, J = 7.8 Hz, 1H), 2.05-2.01 (m, 1H),
1.84-1.82 (m, 1H), 1.55-1.51 (m, 1H), 1.42-1.37 (m, 3H), 1.11-1.08 (m, 21H), 0.92 (t, J = 7.0 Hz, 3H).
19 NMR (376 MHz, CDCls) -142.51 (dd, J = 21.8, 12.5 Hz, 2F), -144.67 (dd, J = 21.9, 12.5 Hz, 2F).
13C NMR (126 MHz, CDCls) § 150.0, 147.8, 145.4 (dm, J = 65.5 Hz), 143.5 (dm, J = 67.3 Hz), 136.5,
125.9, 123.5, 120.8 (t, J = 15.7 Hz), 118.4 (t, J = 16.2 Hz), 106.0, 82.5, 34.9, 29.6, 28.2, 22.1, 18.5,
13.8, 11.2. IR (thin film) vmax 2943, 2865, 2172, 1485, 675 cm™. MS (DART): m/z (%) 478 [M+H]*.
HRMS: Calculated for C27H3sF4NSi: 478.2548; Found: 478.2546.
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TIPS

Triisopropyl(3-(2,3,5,6-tetrafluoro-4-(5-methylthiophen-2-yl)phenyl)tetradeca-1,11-diyn-1-
yl)silane (4k). 3.0 equiv of fluoroarene was used. The product (283 mg, 80% yield) as a colorless oil
was purified with silica gel chromatography (Petroleum ether / EtOAc = 100:1). *H NMR (400 MHz,
CDCl3) § 7.41 (d, J = 3.6 Hz, 1H), 6.83 (d, J = 2.8 Hz, 1H), 4.07 (t, J = 7.6 Hz, 1H), 2.55 (s, 3H), 2.19-
2.12 (m, 4H), 2.05-1.95 (m, 1H), 1.81-1.75 (m, 1H), 1.56-1.25 (m, 10H), 1.13-0.93 (m, 24H). °F NMR
(376 MHz, CDCls) -141.4 (dd, J = 21.1, 11.2 Hz, 2F), -143.3 (dd, J = 21.1, 11.3 Hz, 2F). *C NMR
(126 MHz, CDCls) § 144.9 (dm, J = 240.7 Hz), 143.3 (dm, J = 248.5 Hz), 142.9 (t, = 4.2 Hz), 130.2
(t, J=6.0 Hz), 125.6, 125.4 (t, J = 2.7 Hz), 118.1 (t, J = 16.1 Hz), 113.2 (t, J = 15.2 Hz), 106.1, 82.4,
81.6,79.4,35.2,29.1, 29.0, 28.9, 28.7, 28.1, 27.5, 18.7, 18.5, 15.1, 14.4, 12.4, 11.2. IR (thin film) vmax
2938, 2864, 2175, 1479 cm™™. MS (DART): m/z (%) 591 [M+H]". HRMS: Calculated for CssH47F4SSi:
591.3098; Found: 591.3099.

TIPS

(2)-(3-(4-(5-butylfuran-2-yl)-2,3,5,6-tetrafluorophenyl)non-6-en-1-yn-1-ytriisopropylsilane

(41). The product (227 mg, 69% yield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether / EtOAc = 50:1). *H NMR (400 MHz, CDCls3) § 6.83-6.72 (m, 1H), 6.17 (d, J = 3.3
Hz, 1H), 5.46 (dt, J = 10.7, 7.2 Hz, 1H), 5.32 (dt, J = 10.7, 7.2 Hz, 1H), 4.10 (t, J = 7.4 Hz, 1H), 2.72
(t,J = 7.6 Hz, 2H), 2.32-2.20 (m, 2H), 2.08-2.05 (m, 3H), 1.83-1.75 (m, 1H), 1.73-1.66 (m, 2H), 1.47-
1.37 (m, 2H), 1.08-1.06 (m, 21H), 0.99-0.94 (m, 6H). °F NMR (376 MHz, CDCls) -142.7 (dd, J =
20.8, 11.5 Hz, 2F), -143.5 (dd, J = 20.7, 11.4 Hz, 2F). 3C NMR (126 MHz, CDCls) & 158.4, 145.0
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(dm, J = 247.7 Hz), 142.7 (dm, J = 249.5 Hz), 140.4, 133.4, 127.0, 117.8 (t, J = 16.0 Hz), 114.6 (t, J
= 6.3 Hz), 110.0, 107.0, 106.0, 82.6, 35.2, 30.0, 27.8, 27.6, 25.2, 22.2, 20.6, 18.5, 14.3, 13.8, 11.2. IR
(thin film) vimax 2960, 2866, 2175, 1486, 787, 678 cm™. MS (DART): m/z (%) 549 [M+H]*. HRMS:
Calculated for Cs2HssF40Si: 549.3170; Found: 549.3169.

Unsymmetrical Synthesis of Dialkylated Fluoroarenes by Iterative C-H Functionalization of

1,2,4 5-Tetrafluorobenzene

Pd,(dba); (2.5 mol%)
PivOH (0.1 equiv)
Cs,CO3 (1.2 equiv)
toluene, 140 °C, 10 h

6, 87%

The reaction was conducted according to the literature.® To a septum capped 25 mL of Schlenck tube
were added Pd2(dba)s (2.5 mol%), Cs.COs (1.2 equiv) under N2, followed by toluene 2.0 mL, PivOH
(0.1 equiv), 4a (0.43 mmol, 1.5 equiv), 5 (0.23 mmol, 1.0 equiv), the tube was screw capped and heated
to 140 °C with an oil bath. After stirring for 10 h, the reaction mixture was cooled to room temperature,
and diluted with ethyl acetate, washed with brine, dried over Na>SOg, filtered and concentrated. The
residue was purified with silica gel chromatography (Petroleum ether (100%)) to give compound 6
(103 mg, 87% yield) as a yellow oil.

(3-(4-Cinnamyl-2,3,5,6-tetrafluorophenyl)hept-1-yn-1-yl)triisopropylsilane (6). *H NMR (400
MHz, CDCl3) & 7.36 — 7.34 (m, 2H), 7.32 — 7.28 (m, 2H), 7.24 — 7.21 (m, 1H), 6.52 (d, J = 15.7 Hz,
1H), 6.27 (dt, J = 15.7 Hz, 7.6 Hz, 1H), 4.08 (t, J = 7.6 Hz, 1H), 3.62 (d, J = 6.4 Hz, 2H), 2.06-1.96
(m, 1H), 1.84-1.75 (m, 1H), 1.55-1.51 (m, 1H), 1.37 (d, J = 6.5 Hz, 3H), 1.12-1.02 (m, 21H), 0.92 (t,
J = 7.0 Hz, 3H). °F NMR (376 MHz, CDCl3) & -143.3 (dd, J = 21.6, 12.5 Hz, 2F), -145.1 (dd, J =
21.7, 12.5 Hz, 2F). 3C NMR (126 MHz, CDCls) & 144.8 (dm, J = 248.8 Hz), 144.5 (dm, J = 243.4
Hz), 136.8, 132.3, 128.5, 127.5, 126.2, 124.7, 118.6 (t, J = 15.7 Hz), 116.7 (t, J = 18.5 Hz), 106.4, 82.3,

3 Yu, Y.-B, S Fan, X Zhang. Chem. Eur. J., 2012, 18, 14643.
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35.0,29.7,28.1, 26.2, 22.1, 18.6, 13.9, 11.3. IR (thin film) vmax 2998, 2869, 2186, 1513 cm™. MS (EI):
m/z (%) 516 (M¥), 517 [M+H]", 473 (100). HRMS: Calculated for CsiHaoF4Si: 516.2835; Found:
516.2831.

Pd(OAc), (10 mol%)
PPh3 (20 mol%)
PivOH (1.2 equiv)
Cs,CO3 (2.4 equiv)
140°C, 12 h

MeO

4a 7 8, 65%

The reaction was conducted according to the literature.* To a septum capped 25 mL of Schlenck tube
were added Pd(OAc). (10 mol%), PPhz (20 mol%), Cs2COz (2.4 equiv) under N2, followed by toluene
2.0 mL, PivOH (0.1 equiv), 4a (0.2 mmol, 2.0 equiv), and 7 (0.1 mmol, 1.0 equiv), the tube was screw
capped and heated to 140 °C with an oil bath. After stirring for 12 h, the reaction mixture was cooled
to room temperature, and diluted with ethyl acetate, washed with brine, dried over Na>SOs, filtered
and concentrated. The residue was purified with silica gel chromatography (Petroleum ether (100%))
to give compound 8 (34 mg, 65% yield) as a colorless oil.
Triisopropyl(3-(2,3,5,6-tetrafluoro-4-(4-methoxybenzyl)phenyl)hept-1-yn-1-yl)silane  (8). 'H
NMR (400 MHz, CDCls) & 7.21 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.02 (t, J = 7.7 Hz, 1H),
3.97 (s, 2H), 3.78 (s, 3H), 1.97-1.91 (m, 1H), 1.77-1.69 (m, 1H), 1.49-1.47 (m, 1H), 1.35-1.33 (m, 3H),
1.09-1.02 (m, 21H), 0.89 (t, J = 7.0 Hz, 3H). 1%F NMR (376 MHz, CDCl3) & -143.2 (dd, J = 21.7, 12.4
Hz, 2F), -144.8 (dd, J = 21.8, 12.5 Hz, 2F). 3C NMR (126 MHz, CDCl3) 158.4, 144.5 (dm, J = 244.3
Hz), 129.9, 129.6, 118.5 (t, J = 15.4 Hz), 118.2 (t, J = 18.7 Hz), 114.1, 106.4, 82.2, 55.2, 34.9, 29.6,
28.0,27.7,22.1,18.5, 13.9, 11.2. IR (thin film) vmax 2984, 2963, 1743, 1242, 1048 cm™.. MS (DART):
m/z (%) 521 [M+H]*. HRMS: Calculated for C3oHs1F40Si: 521.2857; Found: 521.2857.

4 S Fan, C He, X Zhang. Chem. Commun., 2010, 46, 4926.
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Transformations of Compound 9

Synthesis of 9
=Z
F F
F F

9, 72%
1,2,3,4,5-Pentafluoro-6-(5-phenylpent-1-yn-3-yl)benzene (9). To a solution of HOAc (17.4 mmol,
2.9 equiv) and TBAF (1.0 M in THF, 13.2 mL 13.2 mmol, 2.2 equiv) in THF (80 mL) was added TIPS
protected alkyne 3d (2.8g, 6 mmol, 1.0 equiv) at room temperature. The reaction mixture was stirred
for 3h and then quenched with sat.NH4Cl. The reaction mixture was then diluted with water and
extracted with EtOAc. The organic layers were dried over NaSOg, filtered and concentrated. The
resulting crude product was purified by flash chromatography (Pentane / EtOAc = 100:1) to afford
terminal alkyne 9 (1.34 g, 72% yield) as a white solid (m.p. 31°C). *H NMR (400 MHz, CDCl3) § 7.30
- 7.25 (m, 2H), 7.22 - 7.16 (m, 3H), 3.99 (t, J = 7.3 Hz, 1H), 2.88-2.81 (m, 1H), 2.73-2.65 (m, 1H),
2.12-2.03 (m, 1H), 2.24 (d, J = 2.5 Hz, 1H), 2.07 (m, 1H). *°F NMR (376 MHz, CDCls) & -141.8 (dd,
J =212, 7.1 Hz, 2F), -155.8 (t, J = 21.0 Hz, 1F), -161.9 (td, J = 21.6, 7.6 Hz, 2F). C NMR (126
MHz, CDCls) & 144.9 (dm, J = 248.9 Hz), 140.4 (dm, J = 253.3 Hz), 140.2, 137.6 (d, J = 253.1 Hz),
128.5, 128.3, 126.3, 114.6 (td, J = 15.9, 4.2 Hz), 81.7, 70.6, 35.9, 33.6, 26.2. IR (KBr disk) vmax 3311,
2962, 1948, 1503 cm™. MS (EI): m/z (%) 310 (M*), 311 [M+H]*, 105 (100). HRMS: Calculated for
C17H11Fs: 310.0781; Found: 310.0769.

Synthesis of Compound 10a

Ph
Ha

lindlar catalyst
quinoline
EtOAc, 25 °C

10a

1,2,3,4,5-Pentafluoro-6-(5-phenylpent-1-en-3-yl)benzene (10a). To a solution of 9 (62 mg, 0.2
mmol) in 10 mL of anhydrous EtOAc was added Lindlar catalyst (10 mg), followed by quinoline (10
mg). The reaction mixture was stirred for 0.5 h at room temperature under hydrogen atmosphere. The
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reaction mixture was filtrated through a pad of Celite® and concentrated. The resulting crude product
was purified by flash chromatography (Pentane) to afford alkene 10a (53 mg, 85% yield) as a colorless
oil. 'H NMR (400 MHz, CDCls) & 7.28-7.23 (m, 2H), 7.18 (t, J = 7.3 Hz, 1H), 7.12 (d, J = 7.3 Hz,
2H), 6.09-6.00 (m, 1H), 5.14-5.10 (m, 2H), 3.76 (q, J = 7.8 Hz, 1H), 2.68 — 2.61 (m, 1H), 2.55 — 2.48
(m, 1H), 2.17-2.10 (m, 2H). °F NMR (376 MHz, CDCls) -143.0 (dd, J = 21.3, 6.7 Hz, 2F), -159.2 (t,
J=20.3 Hz, 1F), -164.1 (dt, J = 20.9, 7.5 Hz, 2F). 3C NMR (126 MHz, CDCl3) 5 144.9 (dm, J = 246.2
Hz), 141.0, 139.7 (dm, J = 257.9 Hz), 137.6 (dm, J = 257.7 Hz), 137.5, 128.4, 128.3, 126.1, 116.9,
110.0 (m), 39.7, 34.7, 33.9. IR (thin film) vmax 3086, 2932, 1499, 975 cm™®. MS (El): m/z (%) 312 (M*),
313 [M+H]*, 105 (100). HRMS: Calculated for C17H13Fs: 312.0937; Found: 312.0942.

Synthesis of Compound 10b

Ph

10b

1,2,3,4,5-Pentafluoro-6-(1-phenylpentan-3-yl)benzene (10b). To a solution of 9 (62 mg, 0.2 mmol)
in 10 mL of anhydrous EtOAc was added Pd/C (10 mg). The reaction mixture was stirred for 4 h at
room temperature under hydrogen atmosphere. The reaction mixture was filtrated through a pad of
Celite® and concentrated. The resulting crude product was purified by flash chromatography (Pentane)
to afford alkane 10b (59 mg , 95% yield) as a colorless oil. *tH NMR (400 MHz, CDCls3) § 7.24 (dd, J
= 7.6, 7.1 Hz, 2H), 7.15 (dd, J = 8.4, 6.2 Hz, 1H), 7.08 (d, J = 6.9 Hz, 2H), 3.01 (tt, J = 9.4, 5.9 Hz,
1H), 2.56-2.42 (m, 2H), 2.11-1.99 (m, 2H), 1.79-1.70 (m, 2H), 0.80 (t, J = 7.4 Hz, 3H). °F NMR (376
MHz, CDCl3) -142.1 (dd, J = 22.5, 7.9 Hz, 2F), -157.6 (t, J = 21.0 Hz, 1F), -162.8 (td, J = 22.7, 8.2
Hz, 2F). 13C NMR (126 MHz, CDCl3) & 145.4 (dm, J = 245.7 Hz), 141.4, 139.4 (dm, J = 238.3 Hz),
137.4 (dm, J =237.9 Hz), 128.3, 128.2, 125.9, 117.6 (tm, J = 16.8 Hz), 38.0, 35.1, 34.3, 27.0, 12.3. IR
(thin film) vmax 3087, 2933, 1499, 973 cm™. MS (El): m/z (%) 314 (M*), 181, 91 (100). HRMS:
Calculated for C17H1sFs: 314.1094; Found: 314.1091.
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Synthesis of Compound 10c®

AgSbFg (10 mol%)
MeOH/H,0
100 °C, 16 h

9 10c, 84%
3-(Perfluorophenyl)-5-phenylpentan-2-one (10c). To a septum capped 25 mL of Schlenck tube were
added AgSbFs (0.02 mmol, 10 mol%), 9 (62 mg, 0.2 mmol), MeOH (0.3 mL) and H2O (30 uL), the
tube was screw capped and then heated to 100 °C with an oil bath. After stirring for 16 h, the reaction
mixture was cooled to room temperature, and diluted with ethyl acetate, washed with brine, dried over
Na2SOyg, filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum
ether / EtOAc 10:1) to product 10c (55 mg, 84% yield) as a colorless oil. *tH NMR (400 MHz, CDCls)
§ 7.28-7.25 (m, 2H), 7.20-7.16 (m, 1H), 7.12-7.10 (m, 2H), 3.90 (dd, J = 9.5, 4.4 Hz, 1H), 2.58-2.53
(m, 3H), 2.18-2.10 (m, 4H). °F NMR (376 MHz, CDCls) -141.0 (dd, J = 21.2, 6.8 Hz, 2F), -154.7 (t,
J=20.9 Hz, 1F), -161.4 (qd, J = 9.2, 2.4 Hz, 2F). 13C NMR (126 MHz, CDCls) & 203.2, 145.2 (dm, J
= 250.4 Hz), 140.5 (dm, J = 254.5 Hz), 140.3, 137.7 (dm, J = 253.4 Hz), 128.5, 128.3, 126.3, 112.7
(td, J = 16.6 Hz, 4.0 Hz), 48.3, 33.7, 30.3, 28.1. IR (thin film) vmax 3029, 2929, 1727, 1501, 968 cm™.
MS (El): m/z (%) 328 (M), 329 [M+H]*, 43 (100). HRMS: Calculated for C17H13Fs0: 328.0887;
Found: 328.0881.

Synthesis of Compound 10d°

F F

F F F F
[Rh(COD)CI], 3 mol%
—\+ = PPhz 12 mol%
F F § - 3 F F
* N/ "ChiCN, MeoH COMe
°C,24 h Ph ?
Ph AN 80 °C,
9 10d, 90%

Methyl 3-(perfluorophenyl)-5-phenylpentanoate (10d). To a septum capped 25 mL of Schlenck tube
were added [Rh(COD)CI]2 (3mg, 0.006 mmol, 3 mol%), PPh3z (0.024 mmol, 12 mol%), Pyridine N-
oxide (0.24 mmol, 1.2 mol equiv), 9 (0.2 mmol, 1.0 equiv), MeOH (1.0 mmol, 5.0 equiv), and CH3CN

5 Thuong, M. B. T.; Mann, A.; Wagner, A. Chem. Commun. 2012, 48, 434-436.
6 Kim, I.; Lee, C. Angew. Chem., Int. Ed. 2013, 52, 10023.
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(1.5 mL). The tube was screw capped and then heated to 80 °C with an oil bath and. After stirring for
24 h, the reaction mixture was cooled to room temperature, and diluted with ethyl acetate, washed with
brine, dried over Na»SOs, filtered and concentrated. The residue was purified with silica gel
chromatography (Petroleum ether / EtOAc 10:1) to give product 10d (65 mg, 90% vyield) as a colorless
oil. 'H NMR (400 MHz, CDCl3) & 7.26 (t, J = 7.4 Hz, 2H), 7.18 (d, J = 7.2 Hz, 1H), 7.10 (d, J = 7.2
Hz, 2H), 3.68-3.60 (M, 4H), 2.79 (d, J = 8.1 Hz, 2H), 2.62-2.54 (m, 1H), 2.50-2.43 (m, 1H), 2.16-1.99
(m, 2H). 1%F NMR (376 MHz, CDCl3) -141.8 (dd, J = 22.0, 7.1 Hz, 2F), -156.4 (t, J = 21.0 Hz, 1F), -
162.2 (dt, J=21.9, 7.5 Hz, 2F). *C NMR (126 MHz, CDCl3) § 171.8, 145.3 (dm, J = 246.8 Hz), 140.6,
139.9 (dm, J =238.7 Hz), 137.5 (dm, J = 250.9 Hz), 128.4, 128.1, 126.1, 116.3 (tm, J = 16.2 Hz), 51.8,
38.2, 35.0, 33.9, 32.1. IR (thin film) vmax 3064, 2954, 1742, 1298, 1199 cm™. MS (El): m/z (%) 358
(M), 359 [M+H]", 91 (100). HRMS: Calculated for C1gH1sFs02: 358.0992; Found: 358.0994.

Synthesis of Compound 10e’

F F
PPh3AuNTf, 10 mol%
MsOH 1.1 equiv F F
CH5CN 0
Ph
60°C, 12 h \ N/>’

10e, 65%

2-Methyl-5-(1-(perfluorophenyl)-3-phenylpropyl)oxazole (10e). To a septum capped 25 mL of
Schlenck tube were added PPhsAuNTf; (0.02 mmol, 10 mol%), 9 (0.2 mmol, 1.0 equiv), 8-
methylquinoline 1-oxide (0.26 mmol, 1.3 equiv) under N, followed by CHsCN (1.5 mL) and MsOH
(0.22 mmol, 1.1 equiv), the tube was screw capped and then heated to 60 °C with an oil bath. After
stirring for 12 h, the reaction mixture was cooled to room temperature, and diluted with ethyl acetate,
washed with brine, dried over Na>SOs, filtered and concentrated. The residue was purified with silica
gel chromatography (Petroleum ether / EtOAc 5:1) to give product 10e (48 mg, 65% yield) as a white
solid (m.p. 68 °C). 'H NMR (400 MHz, CDCls) & 7.26 (t, J = 7.4 Hz, 2H), 7.18 (t, J = 7.3 Hz, 1H),
7.11 (d, J = 7.2 Hz, 2H), 6.74 (s, 1H), 4.39 (t, J = 7.8 Hz, 1H), 2.67-2.56 (M, 2H), 2.54-2.43 (m, 1H),
2.41-2.37 (m, 4H). °F NMR (376 MHz, CDCls) § -141.8 (dd, J = 21.8, 7.4 Hz, 2F), -155.4 (t, J = 21.0

7 He, W,; Li, C.; Zhang, L. J. Am. Chem. Soc. 2011, 133, 8482.
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Hz, 1F), -161.7 (td, J = 21.8, 7.6 Hz, 2F). 1*C NMR (126 MHz, CDCls) § 161.0, 150.5, 145.2 (dm, J
= 248.9 Hz), 140.3 (dm, J = 253.9 Hz), 140.2, 137.6 (dm, J = 244.1 Hz), 128.5, 128.2, 126.3, 123.1,
114.2 (tm, J = 16.8 Hz), 33.7, 32.5, 32.2, 13.93. IR (KBr disk) vmax 3028, 2933, 1739, 1502, 701 cm™.
MS (El): m/z (%) 367 (M*), 368 [M+H]", 105 (100). HRMS: Calculated for C19H14NOFs: 367.0996;
Found: 367.0992.

Synthesis of Compound 10f2

0=%$=0
AN~ N3

10% CuSOQy,
Sodium ascorbate
CHCl3, H,O
9 25°C 10f, 90%

5-(Dimethylamino)-N-(3-(4-(1-(perfluorophenyl)-3-phenylpropyl)-1H-1,2,3-triazol-1-

yDpropyl)naphthalene-1-sulfonamide (10f). To a solution of 9 (0.43 mmol, 1.0 equiv) in 3.0 mL of
CHClsz and H20 (0.2 mL) were added Dans-(CH2)3-N3 (0.43 mmol, 1.0 equiv), CuSO4 (0.043 mmol,
0.1 equiv), and sodium ascorbate (0.086 mmol, 0.2 equiv). After stirring for 24 h at room temperature,
the mixture was quenched by NH4CI (sat.), and diluted with ethyl acetate, washed with brine, dried
over Na»SOyg, filtered and concentrated. The residue was purified with silica gel chromatography
(Petroleum ether / EtOAc 2:1 to 1:2) to give product 10f (249 mg, 90% vyield) as a yellow solid (m.p.
59 °C). 'H NMR (400 MHz, CDCls) & 8.49 (d, J = 8.5 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H), 8.16 (d, J =
7.2 Hz, 1H), 7.47 — 7.42 (m, 3H), 7.24 — 7.20 (m, 2H), 7.16-7.09 (m, 4H), 6.05 (t, J = 6.2 Hz, 1H),
4.56 (dd, J = 9.1, 6.3 Hz, 1H), 4.30 (t, J = 6.5 Hz, 2H), 2.83 (s, 8H), 2.69 — 2.31 (m, 4H), 1.99-1.96
(m, 2H). °F NMR (376 MHz, CDCls) & -141.5 (dd, J = 22.3, 7.0 Hz, 2F), -156.3 (t, J = 21.1 Hz, 1F),
-162.0 (td, J = 22.1, 7.4 Hz, 2F). 3C NMR (126 MHz, CDCl3) & 152.1, 147.8, 145.2 (dm, J = 249.8
Hz), 140.6, 140.1 (dm, J = 245.7 Hz), 137.6 (dm, J = 250.1 Hz) , 134.3, 130.7, 129.9, 129.6, 129.5,
128.6, 128.5, 128.3, 126.2, 123.2, 121.8, 118.4, 115.9 (tm, J = 16.3 Hz), 115.3, 47.0, 45.3, 39.8, 34.1,
34.0, 32.6, 30.2. IR (KBr disk) vmax 3289, 3140, 2929, 1654, 1575, 1522, 1500 cm™. MS (MALDI):

8 Lewis, W. G.; Magallon, F. G.; Fokin, V. V.; Finn, M. G. J. Am. Chem. Soc. 2004, 126, 9152.
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m/z (%) 643 (M"), 644 [(M+H)", 100)]. HRMS: Calculated for C32Hz0FsNs02S: 644.2113; Found:
644.2103. Anal. Calcd. For C32H3oFsNsO2S: C, 59.71; H, 4.70; Found: C, 59.47; H, 4.72.

Mechanistic studies

Synthesis of Optically Pure Propargyl Alcohol®

OH OH
Lipozyme 435 -
Ph/\)\ Ph A
2da TIPS S-2da TIPS

(S)-5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-ol  (S-2da). To a solution of 5-phenyl-1-
(triisopropylsilyl)pent-1-yn-3-ol (2da) 1.93 g (6.1 mmol, 1.0 equiv) in vinyl acetate (12 mL) was added
Lipozyme 435 (250 mg). The reaction mixture was heated to 80 °C and stirred for 24 h. The reaction
was then cooled to room temperature and concentrated. The residue was purified with silica gel
chromatography (Petroleum ether / EtOAc 30:1) to give product S-2da (0.81 g, 42% vyield) as a
colorless oil. 'H NMR (400 MHz, CDCls) & 7.32-7.28 (m, 2H), 7.26-7.16 (m, 3H), 5.42 (t, J = 6.5 Hz,
1H), 4.41 (t, J = 6.5 Hz, 1H), 2.86-2.80 (m, 2H), 2.16-1.95 (m, 2H), 1.24-0.88 (m, 21H). *C NMR
(126 MHz, CDCl3) § 141.5,128.5, 128.5, 126.0, 108.6, 85.9, 62.3, 39.7, 31.6, 18.7, 11.2. IR (thin film)
vmax 3355, 2943, 2865, 2169, 1463 cm™. MS (EI): m/z (%) 314 [M-2H]*, 273, 255, 91(100). HRMS:
Calculated for C2oH300Si: 314.2069; Found: 314.2074. [a]*p = +26.8 (c = 0.95, CHCI3) for a 99% ee
sample. Enantiomeric purity was determined by chiral HPLC analysis (Cellulose-1, flow 0.7 mL/min,

MeOH/H20 =90:10, 214 nm, tr = 11.406 min (major) and tr = 13.022 (minor).

Characterization of Absolute Configuration of Propargyl Alcohol S-2da by Mosher’s Method®
To a stirred solution of S-2da (42 mg, 0.13 mmol) in CH2Cl> (3.0 mL) was added (S)-(+)-MTPA-CI
(0.2 mmol, 1.5 equiv), DMAP (0.01 mmol, 0.05 equiv) and NEt3(0.4 mmol, 2.0 equiv) at room
temperature. After the reaction mixture was stirred for 16 h, the solvent was removed. The residue was
purified by flash chromatography (EtOAc/pentane = 10:100) to afford the (R)-MTPA ester.

Data for the (R)-MTPA ester of S-2da: 'H NMR (400 MHz, CDCI3) § 7.59-7.51 (m, 2H), 7.44-
7.35 (m, 3H), 7.31-7.29 (m, 2H), 7.22 (dd, J = 7.7, 6.5 Hz, 1H), 7.18 (dd, J = 8.9, 4.3 Hz, 2H), 5.55

9 x. Zhang; Z. Lu; C. Fu; S. Ma. Org. Biomol. Chem. 2009, 7, 3258.
10 Dale, J. A.; Mosher, H. S. J. Am. Chem. Soc. 1973, 95, 512.
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(t, J = 6.6 Hz, 1H), 3.55 (s, 3H), 2.83-2.78 (m, 2H), 2.27-2.07 (m, 2H), 1.07-1.05 (m, 21H).

Similarly, the (S)-MTPA ester was prepared with (R)-(-)-MTPA-CI.

Data for the (S)-MTPA ester of S-2da: *H NMR (400 MHz, CDCls) § 7.63-7.55 (m, 2H), 7.45-
7.35 (m, 3H), 7.29-7.25 (m, 2H), 7.19 (t, J = 7.3 Hz, 1H), 7.10 (d, J = 6.9 Hz, 2H), 5.57 (t, J = 6.5
Hz, 1H), 3.60 (s, 3H), 2.82-2.59 (m, 2H), 2.21-2.01 (m, 2H), 1.09-1.07 (m, 21H).

Ph

g -0.0659
MTPA—O 3

\|°\+0.013
L=Tes

A AS ppm (Ads-Adr) Was observed by comparison of *H -NMR resonances of S- and R- Mosher ester

derivatives. On the basis of the Mosher’s conformational model, the configuration of 2da should be S.

Synthesis of S-2d?

(S)-Diethyl (5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-yl) phosphate (S-2d). To a flask were added
S-2da (0.81 g, 4.0 mmol, 1.0 equiv), 4-dimethylaminopyridine (0.4 mmol, 0.1 equiv), anhydrous
CH:ClIy, and diethylchlorophosphate (5.2 mmol, 1.3 equiv). The resulting mixture was then cooled to
0 <C and triethylamine (4.8 mmol, 1.2 equiv) was added. The reaction mixture was allowed to warm
to room temperature with stirring. After consumption of the alcohol (TLC monitoring), the mixture
was quenched with saturated ag. NH4Cl and extracted with ethyl acetate three times. The combined
organic layers were washed with brine, dried over Na2SO4, and concentrated. The residue was purified
with silica gel chromatography (Petroleum ether / EtOAc 3:1) to give product S-2d (1.35 g, 75% yield)
as a colorless oil. S-2d: [a]?®p = -8.9 (c = 1.2, CHCI3) for a 99% ee sample. Enantiomeric purity was
determined by chiral HPLC analysis (ID3, flow 0.7 mL/min, Hexane:i-PrOH = 98:2, 214 nm, tr =
11.48 min (major) and tr = 13.35 (minor).
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Synthesis of Complex CsFsH-dioxane!?

P F
F Fo . .
Mg CuBr .
Et,O dioxane (CeF5Cu)y dioxane
F Br F MgBr
F F 12

To a three-necked, round-bottomed flask fitted with a condenser bearing a nitrogen inlet were charged
with magnesium turnings (1.1 g, 46 mmol, 1.0 equiv), Et.O 37 mL, and a few iodine seed. Then 1-
bromo-2,3,4,5,6-pentafluorobenzene (46 mmol, 1.0 equiv) was added dropwise at a rate that maintains
a gentle reflux. The reflux is maintained for another 1 h by heating at 35< The resulting black solution
is cooled to room temperature, and 92 mmol (2.0 equiv) of powdered and anhydrous copper(l) bromide
(92 mmol, 2.0 equiv) was added in three intervals. The brown mixture is stirred for 30 minutes, 20 mL
of Et20 is added, and the mixture heated at reflux for another 30 minutes. After the mixture was cooled
to room temperature, EtoO (80 mL) and dioxane (20 mL) was added carefully and stirred for another
0.5 h at room temperature. The supernatant was transferred to a Schlenck flask by double-point needles
with an attached nitrogen atmosphere. The solution was evaporated to dryness under reduced pressure
with an oil bath at 40< and the pale-yellow solid 12 (2.74 g, 22% yield) was obtained. Compound 12
is known.™* 'H NMR (400 MHz, CDCl3) & 3.67 (s, 8H), °F NMR (376 MHz, CDCl3) -102.9 (m, 2F),
-140.4 (t, J = 20 Hz, 1F), -156.8 (m, 2F).

Scheme S1. Scheme Reaction of Complex (CsFsCu)zdioxane 12 with S-2d

P TIPS
Ph\/\/
TIPS ;

/ =
a) Ph +  (CgF5Cu),edioxane # F F
OPO(OE), ’
12 F F
S-2d, (99% ee) F

S-3d (98% ee), 45% yield

TIPS

b) Ph = _ THF
+ (CgF5Cu),edioxane
(CoFsCulz 80°C, 12 h

OPO(OEt),
12
S-2d, (99% ee)

1 Cairncross, A.; Sheppard, W. A.; Wonchoba, E.; Guildford, W. J.; House, C. B.; Coates, R. M. Org. Synth. 1980, 59, 122.
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To a septum capped 25 mL of Schlenck tube were added (CeFsCu).-dioxane (164 mg, 0.3 mmol, 0.5
equiv), under N, followed by THF (2.0 mL) and S-2d (0.6 mmol, 2.0 equiv), the tube was screw
capped and the reaction was stirred at room temperature or at 80 °C. After stirring for 12 h, the reaction
mixture was cooled to room temperature and the yield was determined by °F NMR using
fluorobenzene as an internal standard. If necessary, the mixture was diluted with ethyl acetate, washed
with brine, dried over Na>SOs, filtered, concentrated and purified with silica gel chromatography.

When the reaction was conducted at 80 °C, only trace amount of 3d was obtained due to the
decomposition of copper complex 12.

However, when the reaction was conducted at room temperature, S-3d was obtained. The product
(125.8 mg, 45% vyield) as a white solid was purified with silica gel chromatography (Petroleum ether
/ EtOAC 50:1). S-3d: [a]*p = +0.15 (¢ = 1.0, CHCIa) for a 98% ee sample. Enantiomeric purity was
determined by chiral HPLC analysis (Cellulose-1, flow 0.7 mL/min, CH3CN:H.O = 80:20, 214 nm, tr
=11.406 min (major) and tr = 13.022 (minor).

The absolute configuration of S-3d was characterized by X-ray crystallographic analysis (Figure
S1). The crystal of S-3d was obtained by recrystallization from n-pentane and methanol at room

temperature.

P S
N - ;
l ‘\ --"’l--”
S \ \
|

Figure S1. X-Ray Crystal Structure of Compound S-3d
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Scheme S2. Reaction of S-2d with 1a catalyzed by [Cu]

_ TIPS E E CgFsCu.Dioxane
a) Ph = . (5 mol%)
OPO(OEY), E tBuOLi (2(.)4 equiv)
F THF, 80 °C, 12 h
S-2d, (99% ee) 1a

racemic
78% vyield

TIPS

TIPS E £ CuOAc (10 mol%)
) th% . tBUOLi (2.4 equiv)
OPO(OEY), E THF, 80°C, 12 h

S-2d, (99% ee) 1a

TIPS
Ph // F F CuOA(_: (10 mol‘f/o)
c) . tBuOLi (2.4 equiv)
OPO(OEY), . THF, RT, 12 h

S-2d (99% ee)

racemic
80% vyield

4% ee
15% yield

To a septum capped 25 mL of Schlenck tube were added CuOAc (0.06 mmol, 10 mol%) or
(CsFsCu)2-dioxane (0.03 mmol, 5 mol%), and tBuOLi (1.44 mmol 2.4 equiv) under N2, followed by
THF (2.0 mL), S-2d (0.6 mmol, 1.0 equiv), and CeFsH (1.8 mmol 3.0 equiv). The tube was screw
capped and the reaction was performed at 80 °C or room temperature. After stirring for 12 h, the
reaction mixture was cooled to room temperature, and diluted with ethyl acetate, washed with brine,

dried over Na SOy, filtered, concentrated and purified with silica gel chromatography.
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Scheme S3. Reaction of CeFsLi with S-2d or S-3d

F F F
tBuOLi
a) F THF, 40 °C o
£ 8h £
1a d-1a/1a > 99%:1
P TIPS
Ph =
F OPO(OEt), TIPS
F F =
tBuOLi S- 2d 99% ee) Ph\/\/
b) F THF, 40 °C THF, 80 °C OPO(OEt),
8h 12h S-2d

99% ee

F F
tBuOLi S-3d 98% ee)
c) F THF, 40 °C THF, 80 °C
8h 12 h

Preparation of CsFsLi (Scheme S3a)

To a septum capped 25 mL of Schlenck tube were added tBuOL.i (1.44 mmol 2.4 equiv), CsFsH (1.8
mmol 3.0 equiv), and THF (2.0 mL) under N, the tube was screw capped and the reaction was heated
to 40 °C with stirring for 8 h. The formation of CeFsLi was confirmed by deuteration of CsFsLi with

D20 (2.0 equiv), in which 99% yield of CeFsD was provided, suggesting that CsFsLi was formed.

Reaction of CeFsLi with S-2d or S-3d (Scheme S3b-c)

To a septum capped 25 mL of Schlenck tube were added tBuOLi (1.44 mmol 2.4 equiv), CsFsH (1.8
mmol 3.0 equiv), and THF (2.0 mL) under N2, the tube was screw capped and the reaction was stirred
at 40 °C for 2 h. The resulting solution was then cooled to room temperature, S-2d (0.6 mmol, 1.0
equiv) or S-3d (0.6 mmol, 1.0 equiv) was added. After the reaction mixture was stirred at 80 °C for 12
h, the reaction was cooled to room temperature and the resulting sample was used for the ee

determination.
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Scheme S4. Reaction of tBuOL.i with S-2d or S-3d

s TIPS
Ph ~ {BuOLi Ph 7
a) OPO(OEt),  THF,80°C OPO(OEt),
S-2d (99% ee) 12h S-2d (99% ee)

TIPS

P TIPS P
Ph\/\/ Ph\/\/

b) Fo~_F tBuOLi Fo~_F
THF, 80 °C
F

F
S-3d (98% ee) S-3d (83% ee)

Procedure:

To a septum capped 25 mL of Schlenck tube were added tBuOL.i (0.1 mmol, 1.0 equiv), S-2d or S-3d
(0.1 mmol, 1.0 equiv) and THF (2.0 mL) under N2. The tube was screw capped and the reaction was
heated to 80 °C with stirring for 12 h. The reaction was then cooled to room temperature and the

resulting sample was used for the ee determination.
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Diethyl (1-(triisopropylsilyl)hept-1-yn-3-yl) phosphate (2a)
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5-Cyclohexyl-1-(triisopropylsilyl)pent-1-yn-3-yl diethyl phosphate (2b)
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Diethyl (5-methyl-1-(triisopropylsilyl)hex-1-yn-3-yl) phosphate (2c)
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Diethyl (5-phenyl-1-(triisopropylsilyl)pent-1-yn-3-yl) phosphate (2d)
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(2)-Diethyl (1-(triisopropylsilyl)non-6-en-1-yn-3-yl) phosphate (2e)
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Diethyl (1-(triisopropylsilyl)tetradeca-1,11-diyn-3-yl) phosphate (2f)
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7-((tert-Butyldimethylsilyl)oxy)-1-(triisopropylsilyl)hept-1-yn-3-yl diethyl phosphate (2g)
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7-(Benzyloxy)-1-(triisopropylsilyl)hept-1-yn-3-yl diethyl phosphate (2h)
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8-Bromo-1-(triisopropylsilyl)oct-1-yn-3-yl diethyl phosphate (2i
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Diethyl (1-(triethylsilyl)hept-1-yn-3-yl) phosphate (2j)
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2,2-Dimethylnon-3-yn-5-yl diethyl phosphate (2k)
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Triisopropyl(3-(perfluorophenyl)hept-1-yn-1-yl)silane (3a)
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Triisopropyl(5-methyl-3-(perfluorophenyl)hex-1-yn-1-yl)silane (3c)

BELOD—

17 Qw.o.__
L6
660

G0L0E

h—.s.—../
G645 L~
L5657 ]
EZL9'L
DL
LeZL L
LNy
GOGL L
vl
LFEL L
B0
[cra iy
L8067
[l
LETE' L
G656°L
BELG L

Tt

08ZL 't
Si vv.vW
TLGLY

€08 L—

YYB-14-84-HF_20150113_01

rest001

FROTON_01

—~  Chemical Formula: CaaHs(FsS8i
Exact Mass: 4182115

Eoan

B0GL 791

L0%L 791
96071
EFE9'Z9 1L
SLPSEGL-
£429°791-
vl i
_.mmo.hn_..w.
HEE0"LG L

SEOP I L,
Z0BE Ty L
EZGETrL-

LEEEEP L

YYB-14-84-HF_20150113_01

FLUORINE_01
test001

@
w

2 x4
R &'
// w w F]
Fm

[

"

w w =

§

=

3]

Exact Mass: 418.2115

=—gEL

=—LE0

0T

195

120

185

180

165

160

s

140

135

130

3

L

120

110

105

150

S51



ESH T

PCERL

£805°L

686222~
BLEL T~

BYI6'Er—

BEEG DL
wmmw.ohw
SL0LLL

6ESTE

€5LLG0L—
OFEF GLLy

FLAGLL
P L GEE
SHELGEE

280 6L
PUEGLL

595556 1
82958 vW
ZLLOEE L
LOB0 L L
BLzZa Rl
PEZEGE L

ol

slabel 01. fid

dient Shimming
YYB-14-84-C_p:

YYE-14-B4-C_pslabel

Gradi

TIPS

F
Chemical Formula; CaoHsFsSi

Exact Mass: 418.2115

Triisopropyl(3-(perfluorophenyl)-5-phenylpent-1-yn-1-yl)silane (3d)

Z000°0r—

B
BPEDT:
EEH0T:
1807
€le0z
2582°T

BFBEE:
EE0E'E:
LT

DLLLE:
13 Nh.Nw
L9ELT:

BEGL T
098
2LIFT
85697
68T
06T

N
SHE0F
Fra=il

£65k'L
06LbLA|
6L L
1942 L
092" L4
ol

pslabel 01

dient Shimming

YYE-14-48-1
Grad:

AW

AR AR

Chemical Fomula: CyeHaiFaSi
ExactMass: 466.2115

TE :

F oo
oy

F e
F ooy

T
9L

S52




SZ00FA L
ZZHE'ED L
09PE'E9 1
GLEGED L~
tLEGED _...__
LELE'ET L

mm._.N.mm._..
_._.m_..mm _..mv.
QLOLEG L

EZ06ErL-

ZRGETYL-
ZBER'TR v.w
s Iyl

[013783-5-YYB1S

FLUORINE_01

Chermical Formula: CpgHaFaSi

Exact Mass: 466.2115

HIE-.«

00

Fuz

135

et

FIESLE—

HE0G'EE—
BLLL9E—

08GL9L
LEk's NW
BSGELL
QeSS ES—

LPOE 50—
SHEGEE
w_.mm.m._._.w
mnmw.m_._.

2GETG N
L BGEEEZL

Chemical Fomula: CygHaFsSi

Exact Mass: 466.2115

780552 1
LEE0'0E Ly
0095 v%
EGETEE Lk
BOES 0P LT
SZST' I L
SH68'EY L
BOSE'SE vL__w

0z

14-4B-2HC_pslabel

14-4B-ZHC

S53



(2)-Triisopropyl(3-(perfluorophenyl)non-6-en-1-yn-1-yl)silane (3e)
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tert-Butyldimethyl((5-(perfluorophenyl)-7-(triisopropylsilyl)hept-6-yn-yl)oxy)silane (3g)
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8-Bromo-3-(perfluorophenyl)oct-1-yn-1-yl)triisopropylsilane (3i)
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1-(2,2-Dimethylnon-3-yn-5-yl)-2,3,4,5,6-pentafluorobenzene (3k)
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Triethyl(3-(2,3,5,6-tetrafluorophenyl)hept-1-yn-1-yl)silane (4b)
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Triisopropyl(5-phenyl-3-(2,3,5,6-tetrafluorophenyl)pent-1-yn-1-yl)silane  (4c)
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8-Bromo-3-(2,3,5,6-tetrafluorophenyl)oct-1-yn-1-yltriisopropylsilane (4d)
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Triisopropyl(3-(2,3,4,6-tetrafluorophenyl)hept-1-yn-1-yl)silane (4e)
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Exact Mass: 400 2209
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Triisopropyl(5-phenyl-3-(2,3,4,6-tetrafluorophenyl)pent-1-yn-1-yl)silane (4f)

S6000—

|

SrOL'9
0L
G6LLD:
BEZLD:
OrEL'D
Ot G
00GLS
=T}
m:h.ou.
SELLL
PHEL L~

SELEL
LBEET'L
TS L

09822
508°L°

PROTON_01
ftestD0

Fh

Chemical Formula; CogHazF4Si
Exact Mass: 448.2200
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Exact Mass: 448 2209
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7-(Benzyloxy)-3-(2,3,4,6-tetrafluorophenyl)hept-1-yn-1-yltriisopropylsilane (49)
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Exact Mass: 506.2628
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Exact Mass: 506.2628
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Triisopropyl(3-(2,3,5,6-tetrafluoro-4'-methoxy-[1,1'-biphenyl]-4-yl)hept-1-yn-1-yl)silane (4h)
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2-(2,3,5,6-Tetrafluoro-4-(1-(triisopropylsilyl)hept-1-yn-3-yl)phenyl)pyridine (4j)
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(2)-(3-(4-(5-Butylfuran-2-yl)-2,3,5,6-tetrafluorophenyl)non-6-en-1-yn-1-yl)triisopropylsilane (41)
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Exact Mass: 516.2835
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Triisopropyl(3-(2,3,5,6-tetrafluoro-4-(4-methoxybenzyl)phenyl)hept-1-yn-1-yl)silane (8)
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1,2,3,4,5-Pentafluoro-6-(5-phenylpent-1-en-3-yl)benzene (10a)
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1,2,3,4,5-Pentafluoro-6-(1-phenylpentan-3-yl)benzene (10b)
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3-(Perfluorophenyl)-5-phenylpentan-2-one (10c)
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2-Methyl-5-(1-(perfluorophenyl)-3-phenylpropyl)oxazole (10e)
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5-(Dimethylamino)-n-(3-(4-(1-(perfluorophenyl)-3-phenylpropyl)-1h-1,2,3-triazol-1-

yl)propyl)naphthalene-1-sulfonamide (10f)
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(R)-5-Phenyl-1-(triisopropylsilyl)pent-1-yn-3-ol (S-2da)
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Copies of HPLC Analysis Spectra of Compounds S-2da, S-2d, and S-3d

mAU

250

200

150
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50

VWD1 A, Wavelength=214 nm (DEF_LC 2015-01-21 16-46-35\071-0101.0)

OH

Ph/\)\

rac TIPS

Cellulose-1
MeOH:H,0=90:10, 0.7 mL/min

11.388

12

12.977

VWDl A, Wavelength=214 nm

RetTime 313y Area Height Symm. Width
n [mAU*s] [mAU] [min]
_______________________ I_.._.__-____;__._.._.‘___..--._
11 = 4927.50098 260.06110 0.92 0.2774
2 - 4998.58105 214.28591 0.77 0.3381
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*** End of Report ***

VWD1 A, Wavelength=214 nm (WXL\20150120000023 D)
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Ph/\/\

TIPS

11.321
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Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
E [min] [min] [mAU*s] [mAU] %
————]m———— | m—mm | = | ———i R jm——————= I
1 11.321 MM 0.3043 2478.39575 135.73846 99.8210
2 13.627 MM 0.4483 4,44363 1.6521%e-1 0.1790
Totals 2482.83939 135.90368
140-201310-DAD #3953 [modified by Administrator] uv_vis_2
|mAU WVL:214 nm
1204 1-12137
] OPO(OEt),
100
1 Ph %
: rac TIPS
80~
1 ID3
] Hexane:PrOH=98:2, 0.7 mL/min
60
| s
201
i _
min’
-20- T T T T T T D |
00 20 4.0 6.0 80 10.0 120 14.0 16.0 179
No. | Ret.Time Peak Name Heigtit Area Rel.Area Amount Type
min mAU  mAU*min %
1 12.14 n.a. 116.378 33.618 50.35 n.a. BM *
2 13.68 n.a. 100.220 33.148  48.65 n.a. M*
Total: ) 216.596 66.765 100.00 0.000
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1606 201310-DAD #4654 [modified by Administrator] -  wwvs2
: ImAU WVL:214 nm
1,400+ 1-11.483
1,200~ l
\ OPO(OEY),
1,000+ :
PR
TIPS
800 «
600 “
400- \
200 l |
] k
ol A & | 2-13350
200 T T T T 5 =1 1573 T 7 'I""Imm
0.0 2.5 5.0 7.5 10.0 125 15.0 175 20.0 225 263 |
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 11.48 n.a. 1360.363 534.667 99.45 n.a. BM *
2 13.35 n.a. 8.401 2.930 0.55 na. MB*
Total: 1368.763 537.597 100.00 0.000
VWD1 A, Wavelength=214 nm (WXL\20150106000001.D)
mAU s ]
&g
300
CeFs
250 ph/\/\
TIPS
200 rac
Cellulose-1
- CH5CN:H,0=80:20, 0.7 mL/min
100
50
0
o] 20 40 680 80 min

I
I
I
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Signal 1: VWDl A, Wavelength=214 nm

ak PetTime Type Width Area Height Area
- {min]) [min] [mMAU*s ] [mAU] %

e e | m=mmmmmmme | m=mm e | mmmmmmem |
1 28.381 MF 0.6637 1.39522e4 350.37167 50.0763
2 29.943 FM 0.6898 1.39097e4 336.06897 49.9237

Totals ¢ 2.78619&4 686.44064

VWD1 A, Wavelength=214 nm (DEF_LC 2015-04-07 22-23-311032-0101.D)

28427

140
B CeFs

100
Ph Qi?
80 - TIPS

8
129.804

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
4 (min] [min] [mAU*s] [mAU] %
s=mmlme e Jmmm e e e frmm—————— jmm————————— | |
1 28.427 MF 0.6870 6488.23975 157.40114 99.1138
2 29.804 FM 0.8018 58.01460 1.20593 0.8862

Totals : 654€.25434 158.60707
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