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General information

All reagents were of analytical grade, and were obtained from commercial suppliers and used without further
purification. DCE. DMACc and other solvents were dried by a standard method prior to use. Melting points were
measured in an open capillary using a Biichi melting point B-540 apparatus and are uncorrected. "H NMR and *C
NMR spectra were recorded on a 400 spectrometer (400 MHz for 'H and 100 MHz for 3C NMR, respectively)
using TMS as an internal standard. The "’F NMR spectra were obtained using a 400 spectrometer (376 MHz) with
CDCI; as the NMR solvent. The GC and GC-MS were recorded on HP 5973 MSD with 6890 GC. High resolution
mass spectra (HRMS) were recorded under electron impact conditions using a MicroMass GCT CA 055 instrument
and recorded on a MicroMass LCTTM spectrometer. Silica gel (300400 mesh size) was used for column
chromatography. TLC analysis of reaction mixtures was performed using silica gel plates.

Preparation of the stock solution of CFsCHN;

To an oven-dried 25 mL two-necked flask equipped with a stir bar were added CF3CH,NH>-HC1 (271 mg, 2
mmol) and 1,2-dichloroethane (DCE, 5 mL) under argon atmosphere. The tube was flushed with argon three times
and sealed with a septum. Subsequently, the mixture was cooled to 0 °C and stirred for 30 min. To this mixture was
slowly added a solution of NaNO; (0.5 mL, 4 M in water, degassed). The reaction mixture was stirred for 1 h at
0 °C, then for an additional 30 min at 10 °C under Ar. The aqueous layer was frozen overnight. The organic layer
was transferred with a Teflon needle to a flame-dried round-bottom flask and dried with Na,;SO4. The light yellow
solution of CF3CHN> was stored in a refrigerator below 4 °C in the dark. The concentration of the stock solution of
CF3;CHN3 is about 0.5 M ('F NMR using trifluorotoluene as an internal standard). Stock solutions of CF3CHN: in
DMAc (N,N-dimethylacetamide), CH3CN, acetone, THF, EtOH, DMF (V,N-dimethylformamide), NMP (N-
methylpyrrolidone), DMSO (dimethyl sulfoxide), CCls, hexane, ethyl acetate, dioxane, CHCls, toluene, Et,0O, DCM
(dichloromethane), xylene, were prepared via the similar procedure.

General procedure for the synthesis of target compounds 3a—-0

To a dried 10 mL Schlenk tube were added CF;CHN; (3 mL, 1.5 mmol, 3.0 equiv., 0.5 M in DCE) and 2-CFs-
1,3-conjugated enynes (0.5 mmol, 1.0 equiv.) under an argon atmosphere. The reaction was stirred at 60 °C for 6 h.
After the completion of the reaction, the reaction mixture was quenched with a saturated aqueous solution of NH4Cl
(10 mL) and extracted with ethyl acetate (3 x 20 mL). The organic layer was separated and dried over Na;SOs,
filtered and evaporated under vacuum. The crude product was purified by column chromatography on silica gel
using n-hexane/ethyl acetate (20/1) as eluent to afford the pure target compounds. The products have two isomers,

of which 3a, 3g, 3m and 3n isomers have been separated, and the remaining products are mixtures of two isomers.
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General procedure for the synthesis of target compounds 4a, 4f, 4h, 4j—o

To a dried 10 mL Schlenk tube were added CF3CHN; (3 mL, 1.5 mmol, 3.0 equiv., 0.5 M in DMAc) and 2-
trifluoromethyl-1,3-conjugated enynes (0.5 mmol, 1.0 equiv.) under an argon atmosphere. The reaction was stirred
at 60 °C for 6 h. After the completion of the reaction, the reaction mixture was quenched with a saturated aqueous
solution of NH4CI (10 mL) and extracted with ethyl acetate (3 X 20 mL). The organic layer was separated and dried
over Na;SOy, filtered and evaporated under vacuum. The crude product was purified by column chromatography

on silica gel using n-hexane/ethyl acetate (20/1) as eluent to afford the pure target compounds.

Reference:

1. Arkhipov, A. V.; Arkhipov, V. V.; Cossy, J.; Kovtunenko, V. O.; Mykhailiuk, P. K. Org. Lett. 2016, 18,

3406—3409.
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Analytical data of compounds 3a—o
F3C CF3
=

o

3a (isomer 1 + isomer 2)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-methoxybenzene (3a-isomer 1)

Oil; yield: 55%; *H NMR (400 MHz, CDCls) § 7.36 (d, J = 9.2 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.80 (s, 3H),
2.39-2.29 (m, 1H), 1.94-1.91 (m, 1H), 1.74-1.69 (m, 1H); '*C NMR (100 MHz, CDCl3) & 160.2, 133.6, 123.5 (q,
1Jcr =272.0 Hz), 123.4 (q, Jcr = 273.0 Hz), 114.0, 113.4, 81.8, 77.2, 55.3, 29.7 (q, ?Jcr = 40.0 Hz), 22.6 (q, 2Jcr =
40.0 Hz), 16.5; '°F NMR (376 MHz, CDCl3) 8 —59.9 — —60.0 (m, 3F), —65.5 — —65.6 (m, 3F); HRMS (El): calcd
for C14aH10F6O ([M]*): 308.0636, found: 308.0638.
1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-methoxybenzene (3a-isomer 2)

Oil; yield: 29%; 'H NMR (400 MHz, CDCls) § 7.29 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 9.2 Hz, 2H), 3.69 (s, 3H),
2.22-2.13 (m, 1H), 1.63-1.55 (m, 2H); '3*C NMR (100 MHz, CDCls) § 159.2, 132.5, 122.8 (q, "Jcr = 271.0 Hz),
122.6 (q, "Jcr = 273.0 Hz), 113.0, 112.8, 83.1, 76.1, 54.2, 23.7 (q, 2Jcr = 37.6 Hz), 20.0 (q, 2Jcr = 37.3 Hz), 13.9;
F NMR (376 MHz, CDCls3) 8 —63.6 (d, J = 6.4 Hz, 3F), =71.6 (s, 3F); HRMS (EI): calcd for C14H10FsO ([M]"):
308.0636, found: 308.0638.

3b (isomer 1/isomer 2 = 66/34)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-2-methoxybenzene (3b (isomer 1 + isomer 2))

Oil; yield: 82%; *H NMR (400 MHz, CDCls)  7.42-6.86 (m, 4H, 0.66 x 4H isomer 1 + 0.34 x 4H isomer 2), 3.87
(s,0.66 x 3H, isomer 1), 3.86 (s, 0.34 x 3H, isomer 2), 2.46—2.38 (m, 0.66 x 1H, isomer 1), 2.36—2.26 (m, 0.34 x 1H,
isomer 2), 1.98-1.95 (m, 0.66 x 1H, isomer 1), 1.80—1.73 (m, 1.34H, 0.66 x 1H isomer 1 + 0.34 x 2H isomer 2);
3C NMR (100 MHz, CDCls) & 155.5, 155.4, 128.6, 128.6, 125.3, 125.2, 118.5 (q, 'Jcr = 271.0 Hz), 118.4 (q, 'Jcr
=271.0 Hz), 118.2 (q, 'Jcr = 273.0 Hz), 118.1 (q, 'Jcr = 274.0 Hz), 115.1, 115.1, 105.8, 105.6, 105.5, 105.4, 81.7,
77.1,75.4,72.7,50.4, 50.3, 24.5 (q, 2Jcr = 41.0 Hz), 19.6 (q, 2Jcr = 39.0 Hz), 17.6 (q, 2Jcr = 38.0 Hz), 15.9 (q, 2Jcr
=39.0 Hz), 11.3, 9.8; *F NMR (376 MHz, CDCls3) § —59.9 — —60.0 (m, 0.66 x 3F, isomer 1), —63.5 (d, J = 6.4 Hz,
0.34 x 3F, isomer 2), —65.3 — —65.4 (m, 0.66 x 3F, isomer 1), =71.5 (s, 0.34 x 3F, isomer 2); HRMS (EI): calcd for
C14H10F6O ([M]*): 308.0636, found: 308.0638.
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3c (isomer 1/isomer 2 = 50/50)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-3-methoxybenzene (3¢ (isomer 1 + isomer 2))

Oil; yield: 86%; *H NMR (400 MHz, CDCl3) & 7.23-7.19 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2),
7.05-7.01 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2), 6.95 (s, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2),
6.91-6.88 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2), 3.78 (s, 3H, 0.5 x 3H isomer 1 + 0.5 x 3H isomer 2),
2.41-2.33 (m, 0.5 x 1H, isomer 1), 2.32-2.24 (m, 0.5 x 1H, isomer 2), 1.96-1.92 (m, 0.5 x 1H, isomer 1),
1.74-1.67 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2); *C NMR (100 MHz, CDCls) § 159.4, 159.4, 129.5,
129.4, 124.5, 124.5, 123.7 (q, "Jcr = 273.0 Hz), 123.5 (q, Jcr = 272.0 Hz), 123.4 (q, Jcr = 273.0 Hz), 123.3 (q,
Jer = 273.0 Hz), 122.6, 122.3, 116.8, 116.7, 115.8, 115.6, 84.0, 82.9, 81.3, 78.3, 55.2, 55.2, 29.3 (q, 2Jcr = 40.0
Hz), 24.8 (q, 2Jcr = 38.0 Hz), 22.5 (q, 2Jcr = 40.0 Hz), 20.9 (q, 2Jcr = 38.3 Hz), 16.4, 15.0; 1°F NMR (376 MHz,
CDCl3) 6 —60.0 — —60.1 (m, 0.5 x 3F, isomer 1), —63.6 (d, J = 6.4 Hz, 0.5 x 3F, isomer 2), —65.4 — —65.5(m,
0.5 x 3F, isomer 1), —=71.5 (s, 0.5 x 3F, isomer 2); HRMS (EI): calcd for C14H10FsO ([M]*): 308.0636, found:
308.0634.

HoN

3d (isomer 1/isomer 2 = 25/75)
4-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)aniline (3d (isomer 1 + isomer 2))
QOil; yield: 76%; *H NMR (400 MHz, CDCls) 6 7.24 (d, J = 8.4 Hz, 2H, 0.25 x 2H isomer 1 + 0.75 x 2H isomer 2),
6.57 (d, J = 8.8 Hz, 2H, 0.25 x 2H isomer 1 + 0.75 x 2H isomer 2), 3.58 (s, 2H, 0.25 x 2H isomer 1 + 0.75 x 2H
isomer 2), 2.35—-2.30 (m, 0.25 x 1H isomer 1), 2.29-2.21 (m, 0.75 x 1H isomer 2), 1.92—1.89 (m, 0.25 x 1H isomer
1), 1.71-1.63 (m, 1.75H, 0.25 x 1H isomer 1 + 0.75 x 2H isomer 2); '*C NMR (100 MHz, CDClz) & 147.5, 147.4,
133.5, 133.4, 123.8 (q, 'Jcr = 271.0 Hz), 123.7 (q, 'Jcr = 272.0 Hz), 123.6 (q, 'Jcr = 273.0 Hz), 123.5 (q, Jcr =
270.0 Hz), 114.6, 114.5, 110.8, 110.4, 84.7, 82.1, 81.0, 76.2, 29.7 (q, 2Jcr = 40.0 Hz), 24.7 (q, 2Jcr = 37.0 Hz), 22.6
(9,%Jcr =37.0 Hz), 21.0 (q,%Jcr = 40.0 Hz), 16.5, 14.9; °F NMR (376 MHz, CDCl3) § —59.9 ——60.0 (m, 0.25 x 3F,
isomer 1), —63.5 (d, J = 6.4 Hz, 0.75 x 3F, isomer 2), —65.5 — —65.6 (m, 0.25 x 3F, isomer 1), —=71.6 (s, 0.75 x 3F,
isomer 2); HRMS (EI): calcd for Ci3HgFeN ([M]*): 293.0639, found: 293.0642.
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F3C CF3
=

3e (isomer 1/isomer 2 = 50/50)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-ethylbenzene (3e (isomer 1 + isomer 2))

Oil; yield: 81%; *H NMR (400 MHz, CDCls) § 7.36 (d, J = 6.0 Hz, 0.5 x 1H x 2, isomer 1), 7.34 (d, J = 5.6 Hz,
0.5 x 1H x 2, isomer 2), 7.13 (d, J = 2.0 Hz, 0.5 x 1H x 2, isomer 1), 7.12 (d, J = 2.0 Hz, 0.5 x 1H x 2, isomer 2),
2.63-2.59 (m, 0.5 x 2H isomer 1 + 0.5 x 2H isomer 2), 2.39-2.31 (m, 0.5 x 1H, isomer 1), 2.30—2.22 (m, 0.5 x 1H,
isomer 2), 1.94-1.90 (m, 0.5 x 1H, isomer 1), 1.72—-1.64 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2), 1.21 (t,
J =7.6 Hz, 0.5 x 3H, isomer 1), 1.20 (t, J = 7.6 Hz, 0.5 x 3H, isomer 2); *C NMR (100 MHz, CDCls) & 145.7,
145.6, 132.0, 131.9, 128.0, 127.9, 123.8 (q, "Jce = 271 Hz), 123.6 (q, 'Jce = 271.8 Hz), 123.5 (q, 'Jcr = 273.2 Hz),
123.4 (q, Jer = 273.1 Hz), 118.9, 118.5, 84.2, 82.5, 81.6, 77.8, 29.7 (q, 2Jcr = 40.3 Hz), 28.9, 28.8, 24.8 (q, 2JcF =
37.7 Hz, 3Jce = 2.2 Hz), 22.6 (q, 2Jcr = 39.8 Hz, 3Jcr = 2.7 Hz), 21.0 (q, 2Jcr = 38.3 Hz, 3Jcr = 2.2 Hz), 16.4, 15.3,
15.2, 14.9; F NMR (376 MHz, CDCls) 6 —60.0 — —60.1 (m, 0.5 x 3F, isomer 1), —63.6 (d, J = 6.4 Hz, 0.5 x 3F,
isomer 2), —65.5 — —65.6 (m, 0.5 x 3F, isomer 1), —71.6 (s, 0.5 x 3F, isomer 2); HRMS (El): calcd for CisHi2Fs
([MT*): 306.0843, found: 306.0841.

3f (isomer 1/isomer 2 = 50/50)

((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)benzene (3f (isomer 1 + isomer 2))

Oil; yield: 84%; *H NMR (400 MHz, CDCls) 6 7.45-7.28 (m, 5H, 0.5 x 5H isomer 1 + 0.5 x 5H isomer 2),
2.40-2.32 (m, 0.5 x 1H, isomer 1), 2.32-2.24 (m, 0.5 x 1H, isomer 2), 1.95-1.92 (m, 0.5 x 1H, isomer 1),
1.73-1.66 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2); 3C NMR (100 MHz, CDCl3) § 132.0, 131.9, 128.0,
127.9, 123.8 (q, 'Jcr = 271 Hz), 123.6 (q, 'Jcr = 271.8 Hz), 123.5 (q, 'Jcr = 273.2 Hz), 123.4 (q, 'Jcr = 273.1 Hz),
118.9, 118.5, 84.2,82.5, 81.6, 77.8, 29.7 (q, 2Jcr = 40.3 Hz), 28.9, 28.8, 24.8 (q, 2Jcr = 37.7 Hz, 3Jcr = 2.2 Hz), 22.6
(q, Xce = 39.8 Hz, 3Jcr = 2.7 Hz), 21.0 (q, 2Jcr = 38.3 Hz, 3Jcr = 2.2 Hz), 16.4, 15.3, 15.2, 14.9; °F NMR (376
MHz, CDCls3) 8 —60.0 ——60.1 (m, 0.5 x 3F, isomer 1), —63.6 (d, J = 6.4 Hz, 0.5 x 3F, isomer 2), —65.4 — —65.5 (m,
0.5 x 3F, isomer 1), =71.5 (s, 0.5 x 3F, isomer 2); HRMS (EI): calcd for C1sHsFs ([M]*): 278.0530, found: 278.0532.
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Ph

3g (isomer 1 + isomer 2)

4-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-1,1'-biphenyl (3g-isomer 1)

Yellow soild; m.p.: 96.3-97.6 °C; yield: 60%; *H NMR (400 MHz, CDCls) § 7.51-7.27 (m, 9H), 2.36-2.26 (m,
1H), 1.91-1.87 (m, 1H), 1.70-1.66 (m, 1H); '*C NMR (100 MHz, CDCls) & 141.9, 140.1, 132,5, 128.9, 127.9,
127.1, 123.5 (q, Jer = 272.0 Hz), 123.3 (q, 'Jcr = 273.0 Hz), 120.2, 83.8, 81.3, 29.7 (q, 2Jcr = 40.0 Hz), 22.6 (q,
2Jcr = 43.0 Hz), 16.5; '°F NMR (376 MHz, CDCl3) § —59.9 — —60.0 (m, 3F), —65.3 — —65.4 (m, 3F); HRMS (El):
calcd for Ci9H12Fs ([M]*): 354.0843, found: 354.0845.
4-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-1,1'-biphenyl (3g-isomer 2)

Yellow soild; m.p.: 96.9-97.7 °C; yield: 28%; 'H NMR (400 MHz, CDCls) § 7.56-7.32 (m, 9H), 2.34-2.25 (m,
1H), 1.75-1.68 (m, 2H); '3C NMR (100 MHz, CDCls)  141.8, 140.2, 132.,4, 128.9, 127.8, 127.1, 127.0, 123.7 (q,
1Jcr = 272.0 Hz), 123.5 (q, 'Jcr = 273.0 Hz), 120.6, 84.0, 79.2, 24.9 (q, 2Jcr = 38.0 Hz), 21.0 (q, 2Jcr = 36.0 Hz),
15.0; 'F NMR (376 MHz, CDCl3) 8 —63.5 (d, J = 6.4 Hz, 3F), —71.4 (s, 3F); HRMS (EI): calcd for C19H12F¢ ([M]*):
354.0843, found: 354.0845.

F3C CF3
=

F
3h (isomer 1/isomer 2 = 50/50)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-fluorobenzene (3h (isomer 1 + isomer 2))

QOil; yield: 82%; 'H NMR (400 MHz, CDCls) & 7.45-7.39 (m, 2H, 0.5 x 2H isomer 1 + 0.5 x 2H isomer 2),
7.03-6.98 (m, 2H, 0.5 x 2H isomer 1 + 0.5 x 2H isomer 2), 2.40-2.32 (m, 0.5 x 1H, isomer 1), 2.31-2.25 (m,
0.5 x 1H, isomer 2), 1.96—1.93 (m, 0.5 x 1H, isomer 1), 1.75-1.66 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer
2); 3C NMR (100 MHz, CDCl3) & 163.0 (d, 'Jcr = 250.0 Hz), 162.9 (d, Jcr = 249.0 Hz), 134.0 (d, 3Jcr = 8.0 Hz),
133.9 (d, 3Jcr = 8.0 Hz), 123.7 (q, Jer = 271.0 Hz), 123.5 (q, 'Jcr = 272.0 Hz), 123.4 (q, Jcr = 273.0 Hz), 123.3
(q, YUer = 273.0 Hz), 117.7 (d, {Jcr = 3.0 Hz), 117.4 (d, ¥cr = 4.0 Hz), 115.7 (d, 2Jcr = 22.0 Hz), 115.6 (d, 2Jcr =
23.0 Hz), 83.0, 82.9, 80.4, 78.3, 29.6 (q, XJcr = 41.0 Hz), 24.8 (q, XJcr = 36.0 Hz), 22.5 (q, 2Jcr = 40.0 Hz), 20.9 (q,
2Jcr = 41.0 Hz), 16.4, 14.9; F NMR (376 MHz, CDCl3) § —60.0 — —60.1 (m, 0.5 x 3F, isomer 1), —63.7 (d, J = 6.4
Hz, 0.5 x 3F, isomer 2), —65.4 — —65.5 (m, 0.5 x 3F, isomer 1), —71.5 (s, 0.5 x 3F, isomer 2), —109.3 — —109.4 (m,
0.5 x 1F, isomer 1), —109.6 — —109.7 (m, 0.5 x 1F, isomer 2); HRMS (EI): calcd for C13H7F7 ([M]*): 296.0436,
found: 296.0438.
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Cl

3i (isomer 1/isomer 2 = 50/50)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-chlorobenzene (3i (isomer 1 + isomer 2))

Oil; yield: 87%; *H NMR (400 MHz, CDCls) § 7.37 (d, J = 3.6 Hz, 0.5 x 1H x 2, isomer 1), 7.35 (d, J = 3.6 Hz,
0.5 x 1H x 2, isomer 2), 7.29 (d, J = 2.8 Hz, 0.5 x 1H x 2, isomer 1), 7.27 (d, J = 2.4 Hz, 0.5 x 1H x 2, isomer 2),
2.41-2.33 (m, 0.5 x 1H, isomer 1), 2.31-2.26 (m, 0.5 x 1 H, isomer 2), 1.97-1.93 (m, 0.5 x 1H, isomer 1),
1.76-1.67 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2); *C NMR (100 MHz, CDCls) § 135.3, 135.2, 133.2,
133.1, 128.8, 128.7, 123.6 (q, "Jcr = 271.0 Hz), 123.4 (q, 'Jcr = 272.0 Hz), 123.3 (q, "Jcr = 274.0 Hz), 123.2 (q,
er = 273.0 Hz), 120.1, 119.8, 84.1, 83.0, 80.3, 79.6, 29.6 (q, XJcr = 40.0 Hz), 24.8 (q, 2Jcr = 40.0 Hz), 22.5 (q, 2Jcr
=40.0 Hz), 20.9 (q, 2Jcr = 38.0 Hz), 16.4, 15.0; 'F NMR (376 MHz, CDCls3) § —60.0 — —60.1 (m, 0.5 x 3F, isomer
1), —63.6 (d, J = 6.4 Hz, 0.5 x 3F, isomer 2), —65.3 — —65.4 (m, 0.5 x 3F, isomer 1), —71.4 (s, 0.5 x 3F, isomer 2);
HRMS (EI): calcd for C13H7FsCl ([M]%): 312.0140, found: 312.0141.

Cl Z

3j (isomer 1/isomer 2 = 70/30)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-3-chlorobenzene (3j (isomer 1 + isomer 2))

Oil; yield: 87%; *H NMR (400 MHz, CDCls) & 7.34 (s, 1H, 0.7 x 1H isomer 1 + 0.3 x 1H isomer 2), 7.26-7.13 (m,
3H, 0.7 x 1H isomer 1 + 0.3 x 3H isomer 2), 2.33-2.26 (m, 0.7 x 1H, isomer 1), 2.25-2.19 (m, 0.3 x 1H, isomer
2),1.90-1.86 (m, 0.7 x 1H, isomer 1), 1.69-1.60 (m, 1.3H, 0.7 x 1H isomer 1 + 0.3 x 2H isomer 2); 3C NMR (100
MHz, CDCls) § 133.3, 133.2, 130.9, 130.8, 129.1, 129.1, 128.6, 128.6, 128.5, 128.3, 122.6 (q, 'Jcr = 271.0 Hz),
122.4 (q, e = 272.0 Hz), 122.3 (q, YJer = 273.0 Hz), 122.3, 122.2 (q, YJcr = 271.0 Hz), 122.1, 83.3, 81.7, 79.0,
78.9, 28.7 (q, 2Jce = 40.0 Hz), 23.9 (q, 2Jcr = 38.0 Hz), 21.5 (q, 2Jce = 40.0 Hz), 19.9 (q,%Jcr = 38.0 Hz), 15.4, 14.0;
9F NMR (376 MHz, CDCl3) 6 —60.1 — —60.2 (m, 0.7 x 3F, isomer 1), —63.7 (d, J = 6.4 Hz, 0.3 x 3F, isomer 2),
—65.3 — —65.4 (m, 0.7 x 3F, isomer 1), —71.4 (s, 0.3 x 3F, isomer 2); HRMS (EI): calcd for C13H7FsCl ([M]*):
312.0140, found: 312.0142.

F3C CF3
=
Br

3k (isomer 1/isomer 2 = 50:50)
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1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-bromobenzene (3k (isomer 1 + isomer 2))

Oil; yield: 85%; *H NMR (400 MHz, CDCl3) § 7.45 (d J = 2.4 Hz, 0.5 x 1H x 2, isomer 1), 7.43 (d, J = 2.8 Hz,
0.5 x 1H x 2, isomer 2), 7.30 (d J = 4.0 Hz, 0.5 x 1H x 2, isomer 1), 7.27 (d, J = 3.6 Hz, 0.5 x 1H x 2, isomer 2),
2.41-2.33 (m, 0.5 x 1H, isomer 1), 2.32-2.26 (m, 0.5 x 1H, isomer 2), 1.97-1.94 (m, 0.5 x 1H, isomer 1),
1.76-1.67 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2); 3C NMR (100 MHz, CDCls) § 133.4, 133.3, 131.7,
131.6, 123.6 (q, "Jor = 271.0 Hz), 123.6, 123.4, 123.4 (q, 'Jcr = 272.0 Hz), 123.3 (q, "Jcr = 273.0 Hz), 123.2 (q,
1Jcr = 273.0 Hz), 120.6, 120.3, 84.3, 83.0, 80.4, 79.8, 29.6 (q, 2Jcr = 40.0 Hz), 24.8 (q, 2Jcr = 40.0 Hz), 22.5 (q, *Jcr
= 40.0 Hz), 20.9 (g, 2Jcr = 39.0 Hz), 16.4, 15.0; °F NMR (376 MHz, CDCls) & —60.0 ——60.1 (m, 0.5 x 3F, isomer
1), —63.6 (d, J = 6.4 Hz, 0.5 x 3F, isomer 2), —65.3 — —65.4 (m, 0.5 x 3F, isomer 1), —71.4 (s, 0.5 x 3F, isomer 2);
HRMS (EI): calcd for C13H7FsBr ([M]*): 355.9635, found: 355.9636.

F3C
3l (isomer 1/isomer 2 = 50/50)

1-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)-4-(trifluoromethyl)benzene (31 (isomer 1 + isomer 2))

Oil; yield: 77%; *H NMR (400 MHz, CDCl3) & 7.59-7.52 (m, 4H, 0.5 x 4H isomer 1 + 0.5 x 4H isomer 2),
2.44-2.36 (m, 0.5 x 1H, isomer 1), 2.34-2.29 (m, 0.5 x 1H, isomer 2), 2.00-1.96 (m, 0.5 x 1H, isomer 1),
1.79-1.71 (m, 1.5H, 0.5 x 1H isomer 1 + 0.5 x 2H isomer 2); *C NMR (100 MHz, CDCls) § 132.8, 132.2, 132.1,
130.9 (q, 2Jcr = 32.7 Hz), 130.8 (q, 2Jcr = 32.6 Hz), 125.3-125.1 (m, 2C), 123.8 (q, "Jcr = 270.6 Hz), 123.7 (q, 'Jcr
= 270.5 Hz), 123.6 (q, 'Jcr = 270.8 Hz), 123.4 (q, 'Jcr = 271.8 Hz), 123.3 (q, Jcr = 273.3 Hz), 123.2 (q, Jcr =
273.2 Hz), 85.5, 82.7, 81.1, 80.0, 29.7 (q, 2Jcr = 40.4 Hz), 24.9 (q, 2Jcr = 37.8 Hz), 22.5 (q, 2Jcr = 39.9 Hz), 20.9 (q,
2Jcr = 38.6 Hz), 16.4, 15.0; 'F NMR (376 MHz, CDCl3 8 —60.2 — —60.3 (m, 0.5 x 3F, isomer 1), —63.1 (s, 0.5 x 3F,
isomer 1), —63.1 (s, 0.5 x 3F, isomer 2), —63.8 (d, J = 6.4 Hz, 0.5 x 3F, isomer 2), —65.3 — —65.4 (m, 0.5 x 3F,
isomer 1), —71.4 (s, 0.5 x 3F, isomer 2); HRMS (EI): calcd for C14H7F9 ([M]*): 346.0404, found: 346.0406.

FsC CFs
=

NC

3m (isomer 1 + isomer 2)

4-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)benzonitrile (3m-isomer 1)

Oil; yield: 62%; *H NMR (400 MHz, CDCls)  7.61 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 2.46-2.36 (m,
1H), 2.04-1.99 (m, 1H), 1.82-1.77 (m, 1H); '*C NMR (100 MHz, CDCl3) & 132.5, 132.1, 126.2, 123.3 (q, 'Jcr =
272.0 Hz), 123.1 (q, "Jcr = 273.0 H2), 118.1, 112.6, 87.4, 79.8, 29.7 (q, 2Jcr = 39.0 Hz), 22.5 (q, 2Jcr = 40.0 Hz),
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16.5; "F NMR (376 MHz, CDCl3) 6 —60.1 ——60.2 (m, 3F), —=65.1 — —65.2 (m, 3F); HRMS (EI): calcd for C1sH7FsN
([MT*): 303.0483, found: 303.0487.

4-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)benzonitrile (3m-isomer 2)

Oil; yield: 26%; *H NMR (400 MHz, CDCls)  7.61 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 2.41-2.32 (m,
1H), 1.82-1.73 (m, 2H); '*C NMR (100 MHz, CDCls) § 132.3, 132.0, 126.3, 123.5 (q, 'Jcr = 270.0 Hz), 123.2 (q,
cr = 273.0 Hz), 118.1, 112.5, 83.0, 82.3, 25.0 (q, 2Jcr = 37.0 Hz), 20.8 (q, 2Jcr = 37.0 Hz), 15.1; F NMR (376
MHz, CDCl3) 6 —63.7 (d, J = 3.7 Hz, 3F), —=71.3 (s, 3F); HRMS (EI): calcd for C14H7FsN ([M]*): 303.0483, found:
303.0487.

3n (isomer 1 + isomer 2)

3-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)pyridine (3n-isomer 1)

QOil; yield: 56%; *H NMR (400 MHz, CDCls) & 8.67 (s, 1H), 8.58 (d, J = 3.2 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H),
7.29-7.26 (m, 1H), 2.46-2.36 (m, 1H), 2.01-1.98 (m, 1H), 1.81-1.76 (m, 1H); '3C NMR (100 MHz, CDCls) §
152.5, 149.4, 139.0, 123.3 (q, "Jcr = 272.0 Hz), 123.1 (q, 'Jcr = 274.0 Hz), 123.0, 118.6, 86.6, 78.2, 29.7 (q, 2JcF =
40.0 Hz), 22.5 (q, 2Jcr = 40.0 Hz), 16.4; '°F NMR (376 MHz, CDCl3) § —60.1 — —60.2 (m, 3F), —65.2 — —65.3 (m,
3F); HRMS (EI): calcd for C1oH7FsN ([M]%): 279.0483, found: 279.0486.
3-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)pyridine (3n-isomer 2)

Oil; yield: 30%; 'H NMR (400 MHz, CDCls) & 8.68 (s, 1H), 8.57 (d, J = 3.6 Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H),
7.29-7.25 (m, 1H), 2.40-2.31 (m, 1H), 1.81-1.72 (m, 2H); '*C NMR (100 MHz, CDCls) § 152.5, 149.3, 138.9,
123.5 (q, "Jer = 271.0 Hz), 123.2 (q, 'Jcr = 273.0 Hz), 123.0, 118.9, 82.1, 80.8, 24.9 (q, 2Jcr = 38.0 Hz), 20.8 (q,
2Jcr = 38.0 Hz), 15.0; F NMR (376 MHz, CDCls3) § —63.7 (d, J = 6.4 Hz, 3F), —71.4 (s, 3F); HRMS (El): calcd
for C1oH7FeN ([M]*): 279.0483, found: 279.0486.

30 (isomer 1/isomer 2 = 50/50)
3-((1,2-Bis(trifluoromethyl)cyclopropyl)ethynyl)thiophene (30 (isomer 1 + isomer 2))
Qil; yield: 91%; 'H NMR (400 MHz, CDCl3) & 7.49-7.48 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2),
7.25-7.23 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer 2), 7.11-7.09 (m, 1H, 0.5 x 1H isomer 1 + 0.5 x 1H isomer
2), 2.39-2.33 (m, 0.5 x 1H, isomer 1), 2.31-2.23 (m, 0.5 x 1H, isomer 2), 1.95-1.91 (m, 0.5 x 1H, isomer 1),
1.73-1.65 (m, 1.5H, 0. 5 x 1H isomer 1 + 0.5 x 2H isomer 2); '*C NMR (100 MHz, CDCls) 6 130.3, 130.2, 129.9,
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129.8, 125.6, 125.4, 123.8 (q, "Jcr = 271.0 Hz), 123.6 (q, 'Jcr = 272.0 Hz), 123.5 (q, "Jcr = 273.0 Hz), 123.4 (q,
e = 273.0 Hz), 120.8, 120.5, 82.8, 79.3, 78.3, 76.6, 29.6 (q, 2Jcr = 40.0 Hz), 24.8 (q, 2Jcr = 38.0 Hz), 22.6 (q, 2Jcr
= 40.0 Hz), 21.0 (g, 2Jcr = 38.0 Hz), 16.3, 14.8; °F NMR (376 MHz, CDCl3) § —60.0 ——60.1 (m, 0.5 x 3F, isomer
1), —63.6 (d, J = 7.5 Hz, 0.5 x 3F, isomer 2), —65.4 — —65.5 (m, 0.5 x 3F, isomer 1), =71.5 (s, 0.5 x 3F, isomer 2);
HRMS (El): calcd for C11HgFsS ([M]*): 284.0094, found: 284.0096.

Analytical data of compounds 4a, 4f, 4h, 4j—o

CF
FsC 3

I
= N
~ i

~o 4a
5-((4-Methoxyphenyl)ethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (4a)

Oil; yield: 87%; *H NMR (400 MHz, CDCl3) 6 7.29 (d, J= 8.8 Hz, 2H), 6.76 (d, J = 9.2 Hz, 2H), 6.33 (s, 1H), 3.72
(s,3H),3.35(d, J=17.6 Hz, 1H), 3.27 (d, J = 17.6 Hz, 1H); '3C NMR (100 MHz, CDCls) § 160.7, 140.2 (q, 2Jcr =
38.0 Hz), 133.6, 123.6 (q, 'Jcr = 280.0 Hz), 119.7 (q, 1Jcr = 268.0 Hz), 114.1, 112.4, 88.7, 80.2, 66.2 (q, 2Jcr = 32.0
Hz), 55.3, 40.4; '’F NMR (376 MHz, CDCls) § —67.0 (s, 3F), —78.0 (s, 3F); HRMS (El): calcd for C14H10FsN2O

(IM]*): 336.0697, found: 336.0695.

CF
FsC 3

I
Z NN
af
5-(Phenylethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (4f)
Oil; yield: 91%; *H NMR (400 MHz, CDCls) & 7.46-7.33 (m, 5H), 6.43 (s, 1H), 3.45 (d, J = 17.6 Hz, 1H), 3.37 (d,
J =17.6 Hz, 1H); *C NMR (100 MHz, CDCls) & 140.4 (q, 2Jcr = 38.0 Hz), 132.0, 129.8, 128.5, 123.5 (q, 'Jcr =
280.0 Hz), 120.5, 119.7 (q, 'Jcr = 268.0 Hz), 88.6, 81.4, 66.2 (q, 2Jcr = 33.0 Hz), 40.4; ’F NMR (376 MHz, CDCls)

§—67.0 (s, 3F), ~78.0 (s, 3F); HRMS (EI): calcd for CysHsFsN2 ([M]*): 306.0592, found: 306.0595.

4h
5-((4-Fluorophenyl)ethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (4h)
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Oil; yield: 76%; 'H NMR (400 MHz, CDCls) § 7.47-7.42 (m, 2H), 7.07-7.01 (m, 2H), 6.41 (s, 1H), 3.46 (d, J =
17.6 Hz, 1H), 3.37 (d, J = 17.6 Hz, 1H); *C NMR (100 MHz, CDCl3) & 163.4 (d, "Jcr = 250.0 Hz), 140.3 (q, 2Jcr
= 38.0 Hz), 134.1 (d, 3Jcr = 9.0 Hz), 123.5 (q, 'Jcr = 279.0 Hz), 119.6 (q, "Jcr = 268.0 Hz), 116.6 (d, *Jcr = 4.0 Hz),
115.9 (d, 2Jcr = 22.0 Hz), 87.6, 81.2, 66.6 (q, 2Jcr = 32.0 Hz), 40.3; '%F NMR (376 MHz, CDCls) § —67.1 (s, 3F),
~78.0 (s, 3F), —108.2 — —108.3 (m, 1F); HRMS (EI): calcd for C1sH7F7/N; ([M]*): 324.0497, found: 324.0495.

CF;

!

3C |
cl Z NN
H
4
5-((3-Chlorophenyl)ethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (4j)
Oil; yield: 82%; *H NMR (400 MHz, CDCls) 8 7.45-7.28 (m, 4H), 6.43 (s, 1H), 3.47 (d, J = 17.6 Hz, 1H), 3.38 (d,
J = 17.6 Hz, 1H); 1*C NMR (100 MHz, CDClI3) 8 140.3 (q, 2Jcr = 39.0 Hz), 134.4, 131.8, 130.1, 129.7, 123.4 (q,

cr = 279.0 Hz), 122.1, 119.6 (q, 'Jcr = 268.0 Hz), 87.1, 82.5, 66.1 (q, 2Jcr = 33.0 Hz), 40.3; '9F NMR (376 MHz,
CDCls) 5 —67.0 (s, 3F), —78.0 (s, 3F); HRMS (EI): calcd for C1sH:FsNoCI ([M]*): 340.0202, found: 340.0203.

CF
FsC 3

I
'
Br 4k
5-((4-Bromophenyl)ethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (4k)
Oil; yield: 86%; *H NMR (400 MHz, CDCls) & 7.49 (d, J= 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.43 (s, 1H), 3.47
(d, 3 =17.6 Hz, 1H), 3.38 (d, J = 17.6 Hz, 1H); 1*C NMR (100 MHz, CDClI3) & 140.3 (q, 2Jcr = 39.0 Hz), 133 .4,
131.9, 124.4,123.4 (q, 'Jcr = 280.0 Hz), 119.6 (q, 'Jcr = 269.0 Hz), 119.3, 87.5, 82.5, 66.1 (q, 2Jcr = 32.0 Hz), 40.3;
YF NMR (376 MHz, CDCls3) § —66.9 (s, 3F), =77.9 (s, 3F); HRMS (El): calcd for C13H/FsN2Br ([M]*): 385.9676,
found: 385.9677.

CF
FsC 3

I
= N’N
= H

41
FsC

3,5-Bis(trifluoromethyl)-5-((4-(trifluoromethyl)phenyl)ethynyl)-4,5-dihydro-1H-pyrazole (41)
QOil; yield: 80%; *H NMR (400 MHz, CDCls) 8 7.61 (d, J= 8.8 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 6.50 (s, 1H), 3.49
(d, J=17.6 Hz, 1H), 3.41 (d, J = 17.6 Hz, 1H); '3*C NMR (100 MHz, CDCls)  140.4 (q, 2Jcr = 39.0 Hz), 132.3,
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131.5 (q, 2Jcr = 33.0 Hz), 125.4 (q, *Jcr = 4.0 Hz), 124.2, 123.6 (q, "Jer = 271.0 Hz), 123.4 (g, Jcr = 279.0 Hz),
119.6 (q, 'Jcr = 269.0 Hz), 87.0, 83.5, 66.1 (q, 2Jcr = 33.0 Hz), 40.2; '9F NMR (376 MHz, CDCl3) § —63.2 (s, 3F),
~67.1 (s, 3F), ~78.0 (s, 3F); HRMS (EI): calcd for CraH7FoN2 ([M]*): 374.0466, found: 374.0468.

CF
Z NN
H
4m

4-((3,5-Bis(trifluoromethyl)-4,5-dihydro-1H-pyrazol-5-yl)ethynyl)benzonitrile (4m)

QOil; yield: 86%; *H NMR (400 MHz, CDCls) § 7.65 (d, J= 8.4 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H), 6.53 (s, 1H), 3.50
(d, J=17.6 Hz, 1H), 3.41 (d, J = 17.6 Hz, 1H); 3C NMR (100 MHz, CDCl3) 6 140.2 (q, 2Jce = 38.0 Hz), 132.6,
132.2,125.2, 123.3 (q, "Jcr = 279.0 Hz), 119.6 (q, 'Jcr = 268.0 Hz), 118.0, 113.3, 86.6, 85.3, 66.0 (q, 2Jcr = 32.0
Hz), 40.3; 'F NMR (376 MHz, CDCls) 8 —67.0 (s, 3F), =77.9 (s, 3F); HRMS (El): calcd for C1sH7FsN3 ([M]*):
331.0544, found: 331.0541.

CF
AT
X = H
| — 4n

3-((3,5-Bis(trifluoromethyl)-4,5-dihydro-1H-pyrazol-5-yl)ethynyl)pyridine (4n)

QOil; yield: 91%; *H NMR (400 MHz, CDCls) & 8.68 (s, 1H), 8.61-8.60 (m, 1H), 7.77-7.74 (m, 1H), 7.65 (s, 1H),
7.32-7.29 (m, 1H), 3.50 (d, J = 17.6 Hz, 1H), 3.42 (d, J = 17.6 Hz, 1H); *C NMR (100 MHz, CDCls) § 152.1,
149.7, 139.4 (q, 2Jcr = 39.0 Hz), 139.2, 123.5 (q, 'Jcr = 279.0 Hz), 123.2, 119.7 (q, 'Jcr = 268.0 Hz), 117.9, 85.2,
84.8, 66.0 (q, 2Jcr = 32.0 Hz), 40.2; ’F NMR (376 MHz, CDCl3) 6 —66.9 (s, 3F), —=78.0 (s, 3F); HRMS (El): calcd
for C1oH7FeN3 ([M]*): 307.0544, found: 307.0541.

5-(Thiophen-3-ylethynyl)-3,5-bis(trifluoromethyl)-4,5-dihydro-1H-pyrazole (40)

QOil; yield: 86%; *H NMR (400 MHz, CDCls) 6 7.56-7.55 (m, 1H), 7.30-7.28 (m, 1H), 7.13-7.12 (m, 1H), 6.37 (s,
1H), 3.45 (d, J = 17.6 Hz, 1H), 3.36 (d, J = 17.6 Hz, 1H); '3*C NMR (100 MHz, CDCls) & 140.3 (q, 2Jcr = 38.0 Hz),
131.1, 129.7, 125.9, 123.5 (q, "Jcr = 279.0 Hz), 119.7 (q, "Jcr = 269.0 Hz), 119.5, 83.9, 81.2, 66.2 (q, 2Jcr = 33.0
Hz), 40.3; ’F NMR (376 MHz, CDCls3) § —66.9 (s, 3F), =77.9 (s, 3F); HRMS (EI): calcd for C11HsFsN2S ([M]*):
312.0156, found: 312.0154.
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TH, 3C, ’F NMR and HRMS (EI) spectra of compounds 3a—o

TH NMR spectrum of 3a-isomer 1
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13C NMR spectrum of 3a-isomer 1
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1'F NMR spectrum of 3a-isomer 1
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'H NMR spectrum of 3a-isomer 2
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13C NMR spectrum of 3a-isomer 2
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19F NMR spectrum of 3a-isomer 2
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HRMS (EI) spectrum of 3a
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'H NMR spectrum of 3b
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13C NMR spectrum of 3b

LE L
EES)
ELS)
151}
058
LELY
ogLl
9’8l
106}
6EGL
8L6l
610
16 €2
8T ¥l
699
0Ls2

EE0S
6€ omv

eLeL—
Py SL—
souL’
pLig—

GE S04
8y S04
¥9 501
28§
LD m:W
vl S
G8'all
oLk
A
85614
ELGI
LBEL
81’ SZi
DORTAY
65 8Z)
v9'8Zi

LE G5
vm.nm-v

CF3

FsC

AN

66/34)

3b (isomer 1/isomer 2

f1 (owa)

S22



19F NMR spectrum of 3b
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HRMS (EI) spectrum of 3b
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'H NMR spectrum of 3¢
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13C NMR spectrum of 3¢
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YF NMR spectrum of 3¢
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HRMS (EI) spectrum of 3¢
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'"H NMR spectrum of 3d

g g
EEgBeE@eEggegeggge . ¥
5291 ".
Zvg'l ..
659 | 2 8 § 8§ B _ “
ey _ F . § ..
689 1 5294 —
A ” |
WL 45 — Lep _
e T |
LOE |1 ]
£26') 569’1 =
oz z Lh C 47
£222 mmm._% = o
€22 106} o
BEZZ £2Z2 o
LvZ 2 8622 s
9522 LT u —— =970
£9Z 2+ 9522 JoLo
2zzg £9zZ4 — #5270
0827 0822 . |
06221
L6Z 2
0LEZ]
ZEET
252" :
BLSE— - 002
|
o |
&~ |
Tig « ]
S) I 1
N [ ]
0959, g S R
859 O 5
C \ g )
622 L, ] _ ~00'Z
0SZ'L E )
2 _
zZ
3 .
1

8.0 1.6 ro 6.5 6.0 6.5 6.0 4.5 4.0 36 3o

8.5

£l (ppm)

S29



13C NMR spectrum of 3d
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YF NMR spectrum of 3d
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HRMS (EI) spectrum of 3d
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'H NMR spectrum of 3e
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13C NMR spectrum of 3e
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YF NMR spectrum of 3e
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HRMS (EI) spectrum of 3e
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'H NMR spectrum of 3f
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13C NMR spectrum of 3f
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YF NMR spectrum of 3f
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HRMS (EI) spectrum of 3f
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'H NMR spectrum of 3g-isomer 1
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13C NMR spectrum of 3g-isomer 1
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19F NMR spectrum of 3g-isomer 1
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'"H NMR spectrum of 3g-isomer 2

258000
~26000
24000
~22000
20000

~18000

~16000

~14000

~12000

~10000

~8000

~6000
~4000
~2000

~—2000

CF3

FsC

AN

Ph

CF;
O

44
0pE'L
BSEL
A0
YA
obt'L
B8YL
605'L
LIgL
BEGL
695'L

F3C

AN

Ph

Lo g

A

=00¢

=001

leo's

.
4.5

T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

T
8.5

S44



13C NMR spectrum of 3g-isomer 2
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19F NMR spectrum of 3g-isomer 2
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HRMS (EI) spectrum of 3g
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'TH NMR spectrum of 3h
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13C NMR spectrum of 3h
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1YF NMR spectrum of 3h
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HRMS (EI) spectrum of 3h

6 Waters GCT Premier
20201509 101 (1.683) Cm (101-(36+41)) TOF MS El+
100 296.0438 1.52e4
F3C CF3
227.0488
=
F
g_
2070421
177.0516
297.0486
157.0459 200.0247 228.051
150.0286.. 187.0357 | ||208-0476)  237.0326 277.0456
39.9628 145 0354 ' 4 e ' 298.0499
- 75.018281.0144  105.0138 o ‘ L | | ‘ i
O-L bttt el .'."F.'i'.'.:':'}':'!'.:'il!l.'.'l', :'.lI -4 !'|'!'.' . :li SR T I 1N s oLl miz
40 60 80 100 120 140 160 180 200 220 240 260 280 300

S51



23000

2000
21000
15000
15000
14000
13000
12000
11000

i

18000
16000

i

'H NMR spectrum of 3i

~EG}
=080

Zso
me_o

wd®
g
o —
e

CF,

= 50/50)

™

&

o
FsC

AN

3i (isomer 1/isomer 2

Cl

692 L

S.TL

062 2 00}
1622 § . R bo-b
Zre'L 1 .15__
bSE 'L I
E9E'2
ZIE L

40
S52

f1 (ppm)




13C NMR spectrum of 3i
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1YF NMR spectrum of 3i
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HRMS (EI) spectrum of 3i
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'"H NMR spectrum of 3j
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13C NMR spectrum of 3j
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19F NMR spectrum of 3j
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HRMS (EI) spectrum of 3j
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'H NMR spectrum of 3k
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13C NMR spectrum of 3k
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YF NMR spectrum of 3k
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HRMS (EI) spectrum of 3k
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'H NMR spectrum of 31
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13C NMR spectrum of 31
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1YF NMR spectrum of 31
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HRMS (EI) spectrum of 31
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TH NMR spectrum of 3m-isomer 1
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13C NMR spectrum of 3m-isomer 1
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1YF NMR spectrum of 3m-isomer 1
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13C NMR spectrum of 3m-isomer 2

= =]

9

127 6

127.3
3

Mo~
) <t < ~130000

132.34
131
126
124 9
1245

£119.47

{1910
118.08

—112.48

8302

8233
2556
25.19
2481

2443
2140
2103
2065
20.26
15.06

:
%

~120000

~110000

-100000
CF;

\

90000
or CF3

NC NC ~50000
70000
~60000
~50000
~40000

-30000

! -20000

|| ~10000

—dn -0

~=10000

150 140 130 120 110 100 90 a0
£1 (ppm)

S72



1'F NMR spectrum of 3m-isomer 2
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HRMS (EI) spectrum of 3m
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'H NMR spectrum of 3n-isomer 1
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13C NMR spectrum of 3n-isomer 1
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1YF NMR spectrum of 3n-isomer 1
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TH NMR spectrum of 3n-isomer 2
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13C NMR spectrum of 3n-isomer 2
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19F NMR spectrum of 3n-isomer 2
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HRMS (EI) spectrum of 3n
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'H NMR spectrum of 30

12000

11000

10000

9000

8000

7000

L6000
5000
4000
3000

000
1000

1000

ESO'L
699'1
E69'L
AT
EELL
Zie’l
ZEB')
Br6'l
EECT
6YZe
99z'¢
€T
€8¢
06Z2'¢
L0ET
EEET
GSE'C
SiET
veE'C

88021
26021
S60' L1
860 21
LOL 27
| AW
201" 29
PEZ 2
9€Z 2
W2 L
A
£52'2
L8y 2]
yap 21
68Y 21

e

(35100

CF;

F3C

50/50)

30 (isomer 1/isomer 2

LAULL

1=
6¥0
60
150

7.0

0.0

0.5

1.

2.5

3.0

15

40
f1 (ppm)

45

5.0

6.0

6.5

T.

8.0

S82



13C NMR spectrum of 30
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YF NMR spectrum of 30
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HRMS (EI) spectrum of 30

7 Waters GCT Premier
20201510 222 (3.703) Cm (222-(37+43)) TOF MS El+
[a]s)
100~ 2840096 1.88e4
215 0141
s F
ﬁ—
151.0362 285 0132
N 1650175 216.0178 &
1450132 182.0339
44 9802 3 e ZITONS 545 0030 265.0067 2500081
- 75.0187 92.9837 125.0198.144.0174. ‘ | ' | 287.0102
.D " 'II ' ! o ilI Illll I.:II -t il' !lllI i':':':lnl| "lIL'I!III! et Il' " II:|:III.I|.I Pt !': |'||'| II! ! ™t ! " :I.I ll:l: :': I|' |I|':'| I|.I Il.lliu:u! !': I|'“'I:I!II I|I Y II' o I|I|:.II|I 'II ot :.Jlulll - Illllll o Tt - II T+ Ifl':lulul :-I m.I'Z
40 60 80 100 120 140 160 180 200 220 240 260 280

S85



TH, 3C, ’F NMR and HRMS (EI) spectra of compounds 4a, 4f, 4h, 4j—o
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13C NMR spectrum of 4a
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1'F NMR spectrum of 4a
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HRMS (EI) spectrum of 4a
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13C NMR spectrum of 4f
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YF NMR spectrum of 4f
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HRMS (EI) spectrum of 4f
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'TH NMR spectrum of 4h
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13C NMR spectrum of 4h
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YF NMR spectrum of 4h
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HRMS (EI) spectrum of 4h
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'H NMR spectrum of 4j
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13C NMR spectrum of 4j
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19F NMR spectrum of 4j
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HRMS (EI) spectrum of 4;j
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'TH NMR spectrum of 4k
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13C NMR spectrum of 4k
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YF NMR spectrum of 4k
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HRMS (EI) spectrum of 4k
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'H NMR spectrum of 41
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13C NMR spectrum of 41
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1YF NMR spectrum of 41
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HRMS (EI) spectrum of 41

7 Waters GCT Premier
20201494 181 (3.017) Cm (181-(32+37))
100-
CF
= NN
= H
FsC 4
3&.
173.0217
1450273
195.0426
237.0333245.0391
39.9631 75.0150 1250206  [146.0344 f°7-°417 I 3
0_. ."lf: :l: |!.: nlhu !'.' !Ill:l I Al 1[. Ml :l:'| l:'-'- | e

160 180 200 220 240 260

40

60 80 100 120 140

5109

305.0514

285.0451

306.0556
/

309.0369
g

280 300 320

TOF MS El+
1.76e4
355.0480
374.0468
376.0094
e
m/z
340 360 380



'TH NMR spectrum of 4m
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13C NMR spectrum of 4m
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1YF NMR spectrum of 4m
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HRMS (EI) spectrum of 4m

1 Waters GCT Premier
20201488 450 (7.500) Cm (450-(35+106)) TOF MS El+
2620593 1.85e4
100-
CF
FCo/
= N
e H
NC 4m 242 0527
BQ..
130.0293
263.0620
r
102.0349 331.0541
152.0498 464 0492
51.0192 7
0 — -'}l:‘u T T — ! !Il - I.!l:.l. - I.:l:lll;.: . il.lllll.: '.I].ll:lllll. { - i'”!'. . ul:'i[-h :1! I :l|l.:.:.i.: . .I'. : ! :'iluhi :l!l: . il!.l.l.!.l ; !Il.l.=1!.: - Il:.!.l.l. A — !.; I et i=|| — !'- : -I:‘:I: - ; IIII.:l!li — !I:lu' T m/z

40

60 80 100 120

140

160 180 200 220

S113

240

260

280 300 320 340



'H NMR spectrum of 4n
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13C NMR spectrum of 4n
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1YF NMR spectrum of 4n
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HRMS (EI) spectrum of 4n
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'H NMR spectrum of 40
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13C NMR spectrum of 40
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1YF NMR spectrum of 40
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HRMS (EI) spectrum of 40
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