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General Information

All reactions were performed under argon atmosphere, in flame dried glassware with magnetic stirring
using standard Schlenk techniques, unless mentionned otherwise. NMP and CH,Cl, were distilled over
calcium hydride and were sparged with argon prior to use. All other commercially available reagents
were used without purification, unless otherwise noted. 5-(Trifluoromethyl)dibenzothiophenium
triflate was purchased from Sigma Aldrich and Togni II reagent was prepared following the procedure
developed by A. Togni.' Thin layer chromatography (TLC) was performed on Merck 60 F254 silica
gel and visualized with a UV lamp (254 nm) or with a potassium permanganate solution. "H NMR, "*C
NMR and "F NMR spectra were recorded at room temperature unless otherwise required on Bruker
Avance 300 MHz, Bruker Avance 400 MHz. Fluorobenzene was used as an internal standard to
determine "°F NMR yields, with 12 seconds relaxation delays. Shifts (8) are given in parts per million
(ppm) and coupling constants (J) are given in Hertz (Hz). IR spectra were measured using Tensor 27
(ATR Diamond) Bruker spectrometer, and JASCO FT/IR-4100 for KBr pellets. IR data are reported as
characteristic bands (cm™). UV spectra were recorded using Agilent 8453 UV-visible
Spectrophotometer. Wavelengths (L) are given in nanometer (nm) and molar extinction coefficients ()

. PR
are given in M .cm’ .

'K. Stanek, R. Koller and A. Togni, J. Org. Chem. 2008, 73, 7678—-7685.



Preparation of ligands and complexes

2-anilino-4,6-di-zert-butylphenol
-Bu

o
+-Bu NHPh

To a pale brown solution of 3,5-di-fert-butylcatechol (5.72 g, 25.7 mmol, 1 equiv.) in heptane (30
mL), were added dropwise the corresponding aniline (25.7 mmol, 1 equiv.) and triethylamine (358 uL,
2.57 mmol, 0.1 equiv.). The resulting dark brown mixture was refluxed for 5 h under air. After cooling
down to room temperature, a white solid precipitated, which was filtered and washed with cold
heptane, to afford the desired product (5.2 g, 68 %).

The characterization data were identical to those previously reported.

"H NMR (CDCl;, 300 MHz) & 1.29 (s, 9H), 1.47 (s, 9H), 5.00 (bs, 1H), 6.45 (bs, 1H), 6.69 (d, J = 7.7
Hz, 2H), 6.87 (t, J = 7.3 Hz, 1H), 7.06 (d, J = 2.2 Hz, 1H), 7.20-7.26 (m, 3H). C NMR (CDCl;, 75
MHz) 6 29.7,31.7,34.5,35.2, 115.3, 119.9, 121.6, 122.1, 127.9, 129.5, 135.5, 142.3, 146.9, 149.5. IR
(neat, cm'l): 3350, 2958m, 2868w, 1598m, 1495m, 1487m, 1417m, 1363m, 1311m, 1229m, 1077w,
1026w, 971w, 882w, 825w, 808w, 748m, 691m.

Cu"'(L%?), complex (1)

+Bu Ph
/@O;clf N tBu
t-Bu N )
Ph tBu

To a colorless solution of 2-anilino-4,6-di-tert-butylphenol (1.06 g, 3.56 mmol, 2 equiv.) in
acetonitrile (40 mL), were added at 40 °C, CuCl (176 mg, 1.78 mmol, 1 equiv.) and triethylamine (992
pL, 7.12 mmol, 4 equiv.). The resulting dark green mixture was refluxed for 2 h under air. After
cooling down to room temperature, a dark green solid precipitated, which was filtered and washed
with cold acetonitrile, to afford complex 1 (789 mg, 68 %).

The characterization data were identical to those previously reported.”

ESI-MS: m/z 653 [CsHsoCuN,0,]". IR (KBr, cm™): 2961-2866s, 1582m, 1485s, 1464s, 1442m,
1386m, 1356m, 1334m, 1256s, 1203m, 1179m, 1105m, 1026m, 994m, 860m, 764m, 701m, 692m.
UV-vis [CH,Cl; A, nm (g, M".cm™)]: 307 (21000), 460 (4610), 795 (7470).

Zp, Chaudhuri, C. N. Verani, E. Bill, E. Bothe, T. Weyhermiiller and K. Wieghardt, J. Am. Chem. Soc. 2001,
123, 2213-2223.



[Cu"(L29),](0Tf), complex (6)

tBu Ph £Bu Ph Bk
/@O‘Cu/N~ +Bu 1) Bl’z, CH20|2, r.t. - /@/O\CU/N\ t-Bu
By “\- ,Og _ S \OU
PH g 2) AgOTY, MeCN, r.t. tBu PH g 2 TfO"

Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (200 mg, 0.31 mmol, 1
equiv.) and degassed CH,Cl, (9 mL). A 2.8 M solution of bromine in CH,Cl, (111 pL, 0.31 mmol, 1
equiv.) was added and the resulting dark-red solution was stirred for 1 h at room temperature. After
evaporation of the solvent, the residue was triturated in hexane and filtered to afford a red-brown
solid’ (249 mg, quantitative). This Cu(Lpq),Br, complex (249 mg, 0.31 mmol, 1 equiv.) and silver
triflate (157 mg, 0.62 mmol, 2 equiv.) were introduced into a Schlenk flask under an argon
atmosphere. Degassed acetonitrile (5 mL) was added and the resulting mixture was stirred for 2 h at
room temperature. The suspension was filtered, and the filtrate was evaporated. The residue was

dissolved in CH,Cl, and filtered. The filtrate was evaporated to give complex 6 (245 mg, 83 %).

HRMS (ESI) calculated for [C41H50CuF3NZOSS]+ 802.2683, found 802.2679. IR (neat, cm'l): 2961w,
2872w, 1606m, 1537m, 1484m, 1389m, 1367m, 1285s, 1237s, 1221s, 1166s, 1152s, 1025s, 902m,
867m, 800m, 763m, 704m, 637s. UV-vis [CH,Cly; A, nm (g, M™".cm™)]: 290 (14100), 434 (6870), 504
(7370).

[Cu" (L3 (LPY]OTS complex (3)

t-Bu Ph
P T et B o ¥
oo LT 2 ST e
+Bu CH,Cly, rt tBu , -
2Ulo, Il
+-Bu Ph —| 2+ Ph +Bu TfO
+ /@/O\C —~Ns +Bu
S Cul T
t-Bu ‘N (e}
PH +Bu 2 TIO"

Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (42 mg, 64 umol, 1
equiv.) and complex 6 (61 mg, 64 umol, 1 equiv.). Degassed CH,Cl, was added and the resulting
mixture was stirred for 2 h at room temperature. The solvent was evaporated to give complex 3 (103

mg, quantitative).

HRMS (ESI) calculated for [C4OH50CuN202]+ 654.3163, found 654.3152. IR (neat, cm'l): 2961m,
2905w, 2870w, 1606m, 1581w, 1536m, 1484m, 1463m, 1388m, 1365m, 1333w, 1286s, 1237s, 12225,
1166s, 1152s, 1026s, 901m, 861m, 800m, 762m, 740m, 702m, 637s. UV-vis [CH,Cl,; A, nm (¢, M~
Lem™)]: 429 (8510), 525 (8650), 692 (6150).

e Mukherjee, T. Weyhermiiller, E. Bothe and P. Chaudhuri, /norg. Chem. 2008, 47, 2740-2746.



General Procedure for experiments with TEMPO

Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (48 mg, 0.073 mmol, 1
equiv.) and the solvent (CH,CIl, or NMP, 4 mL). TEMPO (13 mg, 0.081 mmol, 1.1 equiv.) and the
electrophilic trifluoromethylating agent 4 or 5 (0.073 mmol, 1 equiv.) were added at the same time,
and the resulting mixture was stirred for 3-24 h at room temperature.

NMR yields of TEMPO-CF; ("’F NMR (CDCls, 376 MHz) & -55.7 ppm), were determined with

fluorobenzene as internal standard.

NMR Yield (conversion)
Umemoto reagent (4) Togni II reagent (5)
CH,)Cl, 3 h: 67 % (95 %) 3 h: 47 % (100 %)
6 h: 36 % (64 %) oo o
NMP 24'h: 62 % (92 %) 3 h: 69 % (100 %)
S NN W!NONOWOO
AR oo o o o o
L Ll Ll
F
At O
0
CFs (5) -NMP
(5) - CH,Cl,

4 TIO (4) — NMP (24h)
§T 0 T
CFy = ’ Lm
(4) — CH,Cl,

-50 -60 -70 -80 -90 -100 -110 -1.
f1 (ppm)



UV-vis studies

1) with Umemoto reagent (4) in CH,Cl,:
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An aliquot of the reaction mixture, diluted in CH,Cl, (C = 1.19.10™* M), compared to complex 3 (C =
1.07.10° M).

2) with Togni II reagent (5) in CH,Cl,:
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An aliquot of the reaction mixture, diluted in CH,Cl, (C = 1.19.10™* M), compared to a mixture of

complex 3 (C =7.09.10° M) with 1 equiv. of tetrabutylammonium 2-iodobenzoate.

Preparation of alkynes

Hex-5-yn-1-yl benzoate (11a)

%\/\/\o)k Ph
To a solution of hex-5-yn-1-ol (1.58 mL, 14.3 mmol, 1 equiv.) in CH,Cl, (24 mL), were added
successively at 0 °C, DMAP (175 mg, 1.43 mmol, 0.1 equiv.) and pyridine (3.5 mL, 43.0 mmol, 3
equiv.), followed by a dropwise addition of benzoyl chloride (5 mL, 43.0 mmol, 3 equiv.). The
resulting mixture was allowed to warm to room temperature and stirred for 2 h. The reaction was
quenched with water, and the aqueous phase was extracted with CH,Cl,. The combined organic layers
were washed with brine, dried over Na,SO,, filtered and concentrated in vacuo. The crude mixture
was purified by silica gel column chromatography (pentane/ethyl acetate 99:1 to 97:3) to afford 11a

(2.23 g, 78 %). The characterization data were identical to those previously reported.*

"H NMR (CDCl;, 300 MHz) & 1.65-1.76 (m, 2H), 1.86-1.96 (m, 2H), 1.97 (t, J = 2.7 Hz, 1H), 2.29
(td, J=17.0, 2.6 Hz, 2H), 4.35 (t, J = 6.4 Hz, 2H), 7.41-7.46 (m, 2H), 7.53-7.59 (m, 1H), 8.03-8.06 (m,
2H). *C NMR (CDCl;, 75 MHz) & 18.28, 25.22, 27.94, 64.58, 68.92, 84.01, 128.48, 129.69, 130.51,
133.02, 166.74. IR (neat, cm'l): 3306m, 2117w, 1714s, 1271s, 1115s, 710s.

4-Tert-butyldimethylsiloxyhex-5-yne (11c¢)
N fSlif
(0] +-Bu
To a solution of hex-5-yn-1-ol (2.2 mL, 20.0 mmol, 1 equiv.) in CH,Cl, (15 mL), was added
imidazole (2.04 g, 30.0 mmol, 1.5 equiv.), followed by the addition of tert-butyldimethylsilyl chloride
(3.62 g, 24.0 mmol, 1.2 equiv.) at 0 °C. The resulting mixture was allowed to warm to room
temperature and stirred overnight. The reaction was quenched with a saturated aqueous NH4Cl
solution, and the aqueous phase was extracted with CH,Cl,. The combined organic layers were
washed with brine, dried over Na,SQO,, filtered and concentrated in vacuo. The crude mixture was

purified by silica gel column chromatography (pentane/CH,Cl, 9:1) to afford 11c (4.43 g,

quantitative). The characterization data were identical to those previously reported.’

4s. Atobe, H. Masuno, M. Sonoda, Y. Suzuki, H. Shinohara, S. Shibata and A. Ogawa, Tetrahedron Lett. 2012,
53, 1764-1767.
> B. Guay and P. Deslongchamps, J. Org. Chem. 2003, 68, 6140-6148.



"H NMR (CDCls, 400 MHz) & 0.04 (s, 6H), 0.89 (s, 9H), 1,58-1,62 (m, 4H), 1.93 (t, J = 2.6 Hz, 1H),
2.21 (td, J = 6.9, 2.7 Hz, 2H), 3.63 (t, J = 6.0 Hz, 2H). ®C NMR (CDCl;, 101 MHz) § -5.16, 18.37,
18.48, 25.13, 26.10, 31.97, 62.72, 68.39, 84.64. IR (neat, cm™): 3316m, 2100w, 1256m, 1106s, 835s,
775s, 628s.

1-Trityloxyhex-5-yne (11d)
S Len
O Ph
To a solution of hex-5-yn-1-ol (1.5 mL, 13.6 mmol, 1 equiv.) in CH,Cl, (35 mL) were added
successively at 0 °C, DMAP (166 mg, 1.36 mmol, 0.1 equiv.), pyridine (1.65 mL, 20.4 mmol, 1.5
equiv.), and trityl chloride (3.98 g, 14.3 mmol, 1.05 equiv.). The resulting mixture was allowed to
warm to room temperature and stirred overnight. The reaction was quenched with water, and the
aqueous phase was extracted with CH,Cl,. The combined organic layers were washed with brine,
dried over Na,SO,, filtered and concentrated in vacuo. The crude mixture was purified by silica gel

column chromatography (pentane/CH,Cl, 85:15) to afford 11d (3.7 g, 80 %). The characterization

data were identical to those previously reported.®

"H NMR (CDCl;, 300 MHz) 8 1.61-1.69 (m, 2H), 1.71-1.78 (m, 2H), 1.94 (t, J = 2.6 Hz, 1H), 2.18
(td, J = 7.0, 2.6 Hz, 2H), 3.10 (t, J = 6.2 Hz, 2H), 7.21-7.32 (m, 9H), 7.44-7.47 (m, 6H). *C NMR
(CDCl;, 75 MHz) & 18.44, 25.58, 29.28, 63.09, 68.45, 84.62, 86.51, 126.99, 127.86, 128.83, 144.55.
IR (neat, cm'l): 3293m, 2117w, 1490m, 1448m, 1070s, 630s.

Preparation of silyl enol ethers’

General Procedure (A): To a solution of the ketone (30 mmol), triethylamine (5.02 mL, 36 mmol, 1.2
equiv.) and trimethylchlorosilane (4.57 mL, 36 mmol, 1.2 equiv.), was added dropwise a solution of
sodium iodide (5.40 g, 36 mmol, 1.2 equiv.) in acetonitrile (30 mL), at room temperature, and the
resulting mixture was stirred for 1 h - 24 h. The reaction was quenched with ice water and the aqueous
phase was extracted with pentane. The combined organic layers were washed with ice water, dried
over Na,SQy, filtered and concentrated in vacuo.

The crude mixture was purified by Kugelrohr distillation, under argon or under reduced pressure.

SA. Lumbroso, P. Koschker, N. R. Vautravers and B. Breit, J. Am. Chem. Soc. 2011, 133, 2386-2389.
"P. Cazeau, F. Duboudin, F. Moulines, O. Babot and J. Dunogues, Tetrahedron Lett. 1987, 43, 2075-2088.



Trimethyl((2-methyl-3,4-dihydronaphthalen-1-yl)oxy)silane (7¢)

This compound was prepared according to the general procedure (A) in 69 % yield. The

characterization data were identical to those previously reported.®

'H NMR (CDCls, 400 MHz) 8 0.27 (s, 9H), 2.33 (ddd, J = 9.3, 7.2, 4.7 Hz, 2H), 2.77 (t, J = 8.0 Hz,
2H), 5.20 (t, J = 4.6 Hz, 1H), 7.10-7.12 (m, 1H), 7.16 (td, J = 7.3, 1.7 Hz, 1H), 7.16-7.22 (m, 1H),
7.42 (dd, J = 7.5, 1.6 Hz, 1H). ®C NMR (CDCl;, 75 MHz) & 0.36, 22.32, 28.32, 105.44, 121.96,
126.30, 127.07, 127.40, 133.67, 137.20, 148.21. IR (neat, cm™): 1638m, 1247s, 839s, 770s.

Trimethyl((2-methyl-1-phenylprop-1-en-1-yl)oxy)silane (7d)

|./
~

This compound was prepared according to the general procedure (A) in 51 % yield. The
characterization data were identical to those previously reported.’

"H NMR (CDCls, 400 MHz) § 0.07 (s, 9H), 1.63 (s, 3H), 1.74 (s, 3H), 7.16-7.20 (m, 1H), 7.22-7.26
(m, 2H). C NMR (CDCl;, 101 MHz) & 0.54, 18.38, 19.87, 112.99, 127.20, 127.78, 129.29, 139.18,
143.67. IR (neat, cm'l): 1688m, 1250m, 838s, 766m.

General Procedures for Radical Trifluoromethylation

NMR yields were determined with fluorobenzene as internal standard and calculated considering the
trifluoromethylating agent as limiting reactant.

Isolated yields: purification by silica gel column chromatography.

General procedure for the trifluoromethylation of silyl enol ethers and heteroaromatics (B)

(B1): Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (10 mg, 0.015
mmol, 5 mol%), the substrate (0.308 mmol, 1 equiv.) and CH,Cl, (1.5 mL), under an argon stream. To
this solution, was added the trifluoromethylating agent 5 (146 mg, 0.462 mmol, 1.5 equiv.). The

resulting mixture was stirred at room temperature for 18 h. The reaction was quenched with water and

M. Pouliot, P. Renaud, K. Schenk, A. Studer and T. Vogler, Angew. Chem. Int Ed. 2009, 48, 6037—-6040.
?J. Eames, G. S. Coumbarides, M. J. Suggate and N. Weerasooriya, Eur. J. Org. Chem. 2003, 634—641.



the aqueous phase was extracted with CH,Cl,. The combined organic layers were washed with brine,

dried over Na,SQy, filtered and concentrated in vacuo.

(B2): Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (10 mg, 0.015
mmol, 5 mol%), the substrate (1.228 mmol, 4 equiv.) and CH,Cl, (6 mL), under an argon stream. To
this solution, was added the trifluoromethylating agent 5 (97 mg, 0.307 mmol, 1 equiv.). The resulting
mixture was stirred at room temperature for 18 h. The reaction was quenched with water and the
aqueous phase was extracted with CH,Cl,. The combined organic layers were washed with brine,

dried over Na,SQy, filtered and concentrated in vacuo.

General procedure for the trifluoromethylation of alkynes in NMP (C)

Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (40 mg, 0.061 mmol, 20
mol%), the substrate (1.22 mmol, 4 equiv.) and NMP (6 mL), under an argon stream. To this solution,
was added the trifluoromethylating agent 5 (97mg, 0.307 mmol, 1 equiv.). The resulting mixture was
stirred at room temperature for 18 h. The reaction was quenched with water and the aqueous phase
was extracted with diethyl ether. The combined organic layers were washed with water, dried over

Na,SO,, filtered and concentrated in vacuo.

Procedure for the trifluoromethylation of alkene 13 in NMP (D)

Into a Schlenk flask under an argon atmosphere, were introduced complex 1 (21 mg, 0.032 mmol, 20
mol%), alkene 13 (130 mg, 0.644 mmol, 4 equiv.), 1,4-CHD (15 pL, 0.161 mmol, 1 equiv.) and NMP
(3 mL), under an argon stream. To this solution, was added the trifluoromethylating agent 4 or 5
(0.161 mmol, 1 equiv.). The resulting mixture was stirred at room temperature for 18 h. The reaction
was quenched with water and the aqueous phase was extracted with diethyl ether. The combined

organic layers were washed with water, dried over Na,SQy, filtered and concentrated in vacuo.

3,3,3-Trifluoro-1-phenylpropan-1-one (8a)"’

O
o CF3
(B1): 79 %. Purification by silica gel column chromatography (pentane/CH,Cl, 90:10 to 75:25)
afforded 8a (41 mg, 71 %).

"H NMR (CDCl;, 400 MHz) § 3.80 (q, J = 10.0 Hz, 2H), 7.49-7.52 (m, 2H), 7.61-7.65 (m, 1H), 7.92-
7.94 (m, 2H). ®C NMR (CDCl;, 101 MHz) & 42.21 (q, J = 28.3 Hz), 124.17 (q, J = 277.0 Hz), 128.46,
129.06, 134.31, 135.96 (q, J = 1.9 Hz), 189.84 (q, J = 2.7 Hz).”’F NMR (CDCl;, 376 MHz) & -62.06
(t,J=10.0 Hz, 3F). IR (neat, cm'l): 1699s, 1228s, 1129s, 1102s.

Opv. Pham, D. A. Nagib and D. W. C. MacMillan, Angew. Chem. Int. Ed. 2011, 50, 6119-6122.
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2-(Trifluoromethyl)-3,4-dihydronaphthalen-1(2H)-one (Sc)11
(0]

(B1): 94 %. Purification by silica gel column chromatography (pentane/CH,Cl; 90:10 to 80:20)
afforded 8c (58 mg, 88 %).

"H NMR (CDCl;, 400 MHz) & 2.28 (dddd, J = 13.5, 11.8, 10.1, 5.6 Hz, 1H), 2.50 (dq, J = 13.8, 4.7
Hz, 2H),3.09 (dt,J=9.7,4.9 Hz, 1H), 3.27 (dqd, J = 11.8, 8.8, 4.5 Hz, 1H), 7.26-7.30 (m, 1H), 7.32-
7.38 (m, 1H), 7.52 (td, J = 7.5, 1.5 Hz, 1H), 8.06 (dd, J = 7.9, 0.8 Hz, 1H). *C NMR (CDCl;, 101
MHz) 6 23.60 (q, J = 2.7 Hz), 27.68, 51.04 (q, J = 25.6 Hz), 125.21 (q, J = 280.0 Hz), 127.25, 128.02,
128.91, 132.09 (q, J = 1.8 Hz), 134.32, 143.20, 190.33 (q, J = 1.4 Hz). ’F NMR (CDCl;, 376 MHz) &
-67.53 (s, 3F). IR (neat, cm™): 1692s, 1123s, 1097s.

3,3,3-Trifluoro-2,2-dimethyl-1-phenylpropan-1-one (8d)"?

o}
Ph) ‘><CF3

(B1): 56 %. Purification by silica gel column chromatography (pentane/CH,Cl, 90:10 to 80:20)
afforded 8d (36 mg, 53 %).

"H NMR (CDCls, 400 MHz) & 1.57 (s, 6H), 7.42 (ddt, J = 8.3, 6.6, 1.2 Hz, 2H), 7.51 (ddt, J = 8.4, 6.6,
1.3 Hz, 1H), 7.63 — 7.66 (m, 2H). *C NMR (CDCl;, 101 MHz) § 20.88 (q, J = 2.5 Hz), 53.44 (q, J =
24.5 Hz), 126.92 (q, J = 283.8 Hz), 127.83, 128.37, 131.64, 138.22, 200.88."”’F NMR (CDCl;, 376
MHz) & -72.66 (s, 3F). IR (neat, cm™): 1686s, 1122s.

3-Methyl-2-(trifluoromethyl)-1H-indole (10a)"

N

H
(B1): 72 % (57 % with 2 mol% of complex 1). Purification by silica gel column chromatography
(pentane/CH,Cl, 85:15) afforded 10a (41 mg, 67 %).
(B2): 83 % (48 % with 2 mol% of complex 1).

'1'J. Ma and D. Cahard, J. Org. Chem. 2003, 68, 8726-8729.

2K, Sato, T. Yuki, R. Yamaguchi, T. Hamano, A. Tarui, M. Omote, I. Kumadaki and A. Ando, J. Org. Chem.
2009, 74, 3815-3819.

5 E. Mejia and A. Togni, ACS Catal. 2012, 2, 521-527.
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"H NMR (CDCls, 400 MHz) & 2.46 (q, J = 1.9 Hz, 3H), 7.21 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.32-7.40
(m, 2H), 7.66 (d, J = 8.0 Hz, 2H), 8.14 (bs, 1H). *C NMR (CDCls, 101 MHz) & 8.45, 111.69, 114.24
(q, J = 3.0 Hz), 120.24, 120.54, 121.70 (q, J = 36.7 Hz), 122.28 (q, J = 268.4 Hz), 124.92, 128.23,
135.35. F NMR (CDCl;, 282 MHz) & -58.61 (q, J = 2.0 Hz, 3F). IR (neat, cm™): 3388m, 1592m,
1316m, 1257m, 1109s.

Trifluoromethyl-1H-indole (10b)14

3
i
2
N
7 H
(B1): 59 % (2:3:7=2.8:1.1:1).

(B2): 75 % (2:3:7 = 2.9:1.1:1). Purification by silica gel column chromatography (pentane/CH,Cl,
90:10) afforded 2-10b (23 mg, 42 %).

2-(Trifluoromethyl)-1H-indole (2-10b)

"H NMR (CDCl;, 400 MHz) 8 6.95 (dt, J = 2.2, 1.1 Hz, 1H), 7.21 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H),
7.32—7.37 (m, 1H),7.42-7.45 (m, 1H), 7.70 (d, J = 8.0 Hz, 1H), 8.36 (bs, 1H). *C NMR (CDCl;, 101
MHz) & 104.45 (q, J= 3.3 Hz), 111.84, 121.31, 121.40 (q, J = 267.6 Hz), 122.25, 124.95, 125.88 (q, J
=39.1 Hz), 126.76, 136.28. F NMR (CDCls, 376 MHz)  -60.56 (d, J = 1.7 Hz, 3F). IR (neat, cm™):
3388m, 1558w, 1167s, 1149m, 1101s, 1085m.

3-(Trifluoromethyl)-1H-indole (3-10b)

F NMR (CDCl;, 376 MHz) & -57.34 (s, 3F).

7-(Trifluoromethyl)-1H-indole (7-10b)

F NMR (CDCl;, 376 MHz) & -61.52 (s, 3F).

1-(4-Iodophenyl)-2-(trifluoromethyl)-1H-pyrrole (10c)
|

' (a) M. S. Wiehn, E. V. Vinogradova and A. Togni, J. Fluorine Chem. 2010, 131, 951-957; (b) Q.-Y. Chen, Z.-
T. Li, J. Chem. Soc. Perkin Trans. 1 1993, 645-648.

(B1): 57 %.
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(B2): Reaction performed with 4 equiv. of 9¢ (253 mg, 0.94 mmol), 1 equiv. of 5 (74 mg, 0.235
mmol), 5 mol% of 1 (7 mg, 0.012 mmol) in CH,Cl, (4.5 mL): 87 %. Purification by silica gel column
chromatography (pentane 100 %) afforded 10¢ (63 mg, 80 %).

"H NMR (CDCls, 400 MHz) § 6.28 (t, J = 3.3 Hz, 1H), 6.73-6.74 (m, 1H), 6.84-6.85 (m, 1H), 7.12-
7.14 (m, 2H), 7.77-7.79 (m, 2H). *C NMR (CDCls, 101 MHz) & 94.00, 108.84, 113.32 (q, J = 3.5
Hz), 121.20 (q, J = 266.9 Hz), 122.36 (q, J = 38.4 Hz), 127.20 (q, J = 2.1 Hz), 128.41, 138.40, 138.97.
F NMR (CDCl;, 376 MHz) & -55.86 (s, 3F). IR (neat, cm™): 1552m, 1493s, 1283m, 1098s.

3,6-Dimethyl-2-(trifluoromethyl)-4,5,6,7-tetrahydrobenzofuran (10d)15

o}

"H NMR (CDCl;, 400 MHz) & 1.08 (d, J = 6.7 Hz, 3H), 1.36 (dddd, J = 13.2, 10.7, 9.8, 5.9 Hz, 1H),
1.82-1.86 (m, 1H), 1.90-1.98 (m, 1H), 2.04 (q, J = 2.0 Hz, 3H), 2.14-2.22 (m, 1H), 2.28-2.40 (m, 2H),
2.67 (dd, J = 16.5, 5.3 Hz, 1H). *C NMR (CDCl;, 101 MHz) & 8.01, 19.70, 21.41, 29.53, 30.98,
31.23,119.14, 120.87 (q, J = 266.8 Hz), 122.62 (q, J = 2.4 Hz), 135.09 (q, J = 39.9 Hz), 152.56 (q, J =
2.0 Hz). "F NMR (CDCl;, 376 MHz) & -61.21 (q, J = 1.8 Hz, 3F). IR (neat, cm™) : 1590w, 1460w,
1445w, 1369m, 1183m, 1152m, 1114m.

(B1): 74 %.

2-iodo-N-((5-(trifluoromethyl)furan-2-yl)methyl)benzamide (10e)

H

le) (0]

(B1): Reaction performed with 1 equiv. of 9¢ (89 mg, 0.268 mmol), 1.5 equiv. of 5 (127 mg, 0.402
mmol), 10 mol% of 1 (18 mg, 0.027 mmol) in CH,Cl, (1.3 mL) for 48 h: 51 % (conversion: 60 %).
Purification by silica gel column chromatography (pentane/ethyl acetate 80:20 to 70:30) afforded a
mixture of 10e with unreacted starting material 9e (87 mg, 9¢/10e = 0.7/1).

'H NMR (CDCls, 400 MHz) § 4.59 (d, J = 5.9 Hz, 2H), 6.40-6.41 (m, 1H), 6.59 (bs, 1H), 6.71-6.72
(m, 1H), 7.05-7.09 (m, 1H), 7.31-7.35 (m, 2H), 7.81 (d, J = 7.9 Hz, 1H). *C NMR (CDCl;, 101 MHz)
§ 36.75, 92.33, 108.80, 112.65 (q, J = 3.0 Hz), 119.06 (q, J = 267.6 Hz), 128.22, 128.39, 131.39,

SM. Baar and S. Blechert, Chem. Eur. J. 2015, 21, 526-530.
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139.99, 141.30 (q, J = 43.4 Hz), 141.45, 154.00, 169.34. YF NMR (CDCl;, 376 MHz) 6 -63.90 (s,
3F). HRMS (ESI) calculated for [C13H9F31N02Na]+ 417.9522, found 417.9535.

2-(trifluoromethyl)-1H-indol-3-yl acetate (10f)

OAc
N
H

(B1): 63 %. Purification by silica gel column chromatography (pentane/ethyl acetate 95:5) afforded
10f (45 mg, 60 %).

"H NMR (CDCls, 400 MHz) & 2.42 (s, 3H), 7.19 (ddd, J = 8.0, 6.7, 1.2 Hz, 1H), 7.24-7.32 (m, 2H),
7.49 (d, J = 8.1 Hz, 1H), 8.32 (s, 1H). *C NMR (CDCls, 75 MHz) § 20.47, 112.33, 114.61 (q, J =
38.4 Hz), 119.05, 120.49, 120.82 (q, ] = 268.0 Hz), 121.45, 125.64, 129.75 (q, J = 2.9 Hz), 169.09. °F
NMR (CDCl;, 376 MHz) & -59.90 (s, 3F). IR (neat, cm'l): 3340b, 1750s, 1607m, 1325s, 1116s,
1078s. HRMS (ESI) calculated for [C11H8F3N02Na]+266.0399, found 266.0408.

7,7,7-Trifluorohept-5-en-1-yl benzoate (12a)"'®
o

(C): 61 % (E/Z = 4.0:1).

"H NMR (CDCl;, 400 MHz) 6 1.57-1.68 (m, 2H, E+Z), 1.77-1.84 (m, 2H, E+Z), 2.19-2.28 (m, 2H, E),
2.35-2.42 (m, 2H, Z), 4.32-4.36 (m, 2H, E+Z), 5.60-5.69 (m, 1H, E+Z), 6.00 (dt, J=11.6, 7.9 Hz, 1H,
Z), 6.39 (dtq, J=15.8, 6.7,2.2 Hz, 1H, E), 7.42-7.46 (m, 2H, E+Z), 7.53-7.58 (m, 1H, E+Z), 8.03-8.06
(m, 2H, E+Z). ®C NMR (CDCl;, 101 MHz) & 24.60 (E), 25.54 (Z), 28.06 (Z), 28.28 (E), 28.34 (2),
31.13 (E), 64.58 (E), 64.64 (£), 119.03 (q, J =33.2 Hz, E), 119.05 (q, J =33.2 Hz, Z), 123.13 (q, J =
269.2 Hz, E), 123.41 (q, J = 272.2 Hz, Z), 128.47 (Z), 128.49 (E), 129.65 (E+Z), 130.43 (E), 130.47
(2), 133.01 (2), 133.05 (E), 140.12 (q, J = 6.5 Hz, E), 142.41 (q, J = 5.4 Hz, Z), 166.69 (E+Z). °F
NMR (CDCl;, 376 MHz) & -63.99 (dq, J = 6.5, 2.3 Hz, E), -58.12 (dt, J = 8.5, 2.2 Hz, 7). IR (neat,
cm'l): 1717s, 1680m, 1270s, 1113s.

163, Mizuta, S. Verhoog, K. M. Engle, T. Khotavivattana, M. O'Duill, K. Wheelhouse, G. Rassias, M.
Médebielle and V. Gouverneur, J. Am. Chem. Soc. 2013, 135, 2505-2508.
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(E)-tert-butyldimethyl((7,7,7-trifluorohept-5-en-1-yl)oxy)silane (12c)17

|
FsC ""/\/\/\O/Siit-Bu

(C): 52 % (E/Z = 3.6:1).

"H NMR (CDCls, 400 MHz) & 0.05 (s, 6H, E+Z), 0.89 (s, 9H, E+Z), 1.47-1.57 (m, 4H, E+Z), 2.14-
2.22 (m, 2H, E), 2.27-2.37 (m, 2H, Z), 3.60-3.64 (m, 2H, E+Z), 5.53-5.66 (m, 1H, E+Z), 5.98 (dt, J =
11.6, 7.9 Hz, 1H, Z), 6.38 (dtq, J = 15.8, 6.7, 2.2 Hz, 1H, E). *C NMR (CDCls, 101 MHz) & -5.17
(E+Z), 18.50 (E+Z), 24.51 (E), 25.38 (Z), 26.10 (E+Z), 28.23 (Z), 31.35 (E), 32.24 (E), 32.32 (2),
62.82 (Z), 62.86 (E), 118.60 (q, J = 33.2 Hz, Z), 118,64 (q, J = 33.2 Hz, E), 123.25 (q, J = 269.1 Hz,
E), 123.51 (q, J=271.1 Hz, Z), 140.75 (q, J = 6.5 Hz, E), 143.11 (q, J= 5.4 Hz, Z). "F NMR (CDCl;,
376 MHz) 6 -63.95 (dq, J = 6.8, 2.4 Hz, E), -58.13 (dt, J = 8.5, 2.4 Hz, Z). IR (neat, cm'l): 1255m,
1124s, 1103s, 835m, 776m.

(((7,7,7-Trifluorohept-5-en-1-yl)oxy)methanetriyl)tribenzene (12d)

Ph
)<Ph
F3C%/\/\/\o Ph

(C): 57 % (E/Z = 3.8:1).

"H NMR (CDCls, 400 MHz) 6 1.45-1.54 (m, 2H, E+Z), 1.56-1.63 (m, 2H, E+Z), 2.06-2.08 (m, 2H, E),
2.23-2.27 (m, 2H, Z), 3.03-3.07 (m, 2H, E+Z), 5.49-5.58 (m, 1H, E+Z), 5.92 (dt, /= 11.7, 7.8 Hz, 1H,
7), 6.31 (dtq, J = 15.7, 6.6, 2.1 Hz, 1H, E), 7.17-7.28 (m, 9H, E+Z), 7.39-7.42 (m, 6H, E+Z). *C
NMR (CDCIl;, 101 MHz) 6 24.88 (E), 25.84 (Z), 28.32 (2), 29.48 (E), 29.65 (Z), 31.32 (E), 63.16 (E),
63.22 (2), 86.52 (Z), 86.58 (E), 118.62 (q, J=33.2 Hz, Z), 118.68 (q, J=33.2 Hz, E), 123.23 (q, J =
269.1 Hz, E), 123.48 (q, J=270.0 Hz, Z), 127.00 (2), 127.04 (E), 127.88 (E+Z), 128.81 (E+Z), 140.64
(q, J = 6.5 Hz, E), 143.02 (q, J = 5.4 Hz, Z), 144.50 (E), 144.54 (Z). ’F NMR (CDCl;, 376 MHz) § -
63.86 (dq, J = 6.3, 2.2 Hz, 3F, E), -58.06 (dt, J = 8.5, 2.3 Hz, 3F, Z). HRMS (ESI) calculated for
[C,6HasF3ONa]™ 433.1750, found 433.1751. IR (neat, cm'l): 1680m, 1448m, 1272m, 1115s, 1089s,
1073s.

1,1,1-trifluorotridec-2-ene (12e¢)
FSC%"'CmHm

(C): 53 % (E/Z = 3.6:1). Purification by silica gel column chromatography (hexane 100 %) afforded
12e (38 mg, 52 %).

' N. Igbal, S. Choi, E. Kim and E. J. Cho, J. Org. Chem. 2012, 77, 11383-11387.
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"H NMR (CDCls, 400 MHz) & 0.87-0.90 (m, 3H, E+Z), 1.23-1.32 (m, 14H, E+Z), 1.40-1.45 (m, 2H,
E+7),2.14-2.16 (m, 2H, E), 2.27-2.32 (m, 2H, Z), 5.54-5.64 (m, 1H, E+Z), 5.98 (dt, J = 11.6, 7.9 Hz,
1H, Z), 6.38 (dtq, J = 15.8, 6.7, 2.2 Hz, 1H, E). *C NMR (CDCls, 101 MHz) & 14.25 (E+Z), 22.85
(E+Z), 28.14 (E), 28.51 (Z), 29.04 (2), 29.20 (E+Z), 29.27 (Z), 29.48 (E+Z), 29.51 (2), 29.53 (E),
29.68 (E+Z), 29.74 (E+Z), 31.62 (E), 32.07 (E), 118.38 (q, J = 33.1 Hz, Z), 118.45 (q, J = 33.1 Hz, E),
123.30 (q, J = 269.1 Hz, E), 123.56 (q, J = 272.1 Hz, Z), 140.99 (q, J = 6.5 Hz, E), 143.36 (q, J = 5.3
Hz, Z). ”F NMR (CDCls, 376 MHz) 6 -63.93 (dq, J = 6.9, 2.4 Hz, E), -58.10 (dt, J = 8.6, 2.3 Hz, Z).
IR (neat, cm'l): 2925w, 2913w, 2847w, 1250w, 1114m.

7,7,7-trifluoroheptyl benzoate (14::1),16 (E)-17,7,7-trifluorohept-5-en-1-yl benzoate (14b)16 and (E)-
7,7,7-trifluorohept-4-en-1-yl benzoate (14¢)"

F NMR (CDCls, 376 MHz) & -66.69 (t, J = 10.7 Hz, 3F, 14¢), -66.41 (t, J = 11.0 Hz, 3F, 14a), -
63.99 (dq, J = 6.4, 2.0 Hz, 3F, 14b).

5-hydroxy-2-methyl-3-(trifluoromethyl)pent-3-en-2-yl 2-iodobenzoate (16)

OH

FaC._~
| (0]

@*o

(B1): 43 %. Purification by silica gel column chromatography (pentane/ethyl acetate 80:20) afforded
16 (52 mg, 41 %).

"H NMR (CDCls, 400 MHz) & 1.80 (s, 6H), 2.59 (s, 1H), 4.48 (dq, J = 5.3, 2.6 Hz, 2H), 6.32 (t, J =
5.5 Hz, 1H), 7.09 — 7.15 (m, 1H), 7.38 (td, J = 7.6, 1.2 Hz, 1H), 7.69 (dd, J = 7.8, 1.7 Hz, 1H), 7.94
(dd, J = 8.0, 1.0 Hz, 1H). *C NMR (CDCls, 75 MHz) & 27.33, 59.46 (q, J = 3.8 Hz), 81.42, 93.73,
123.77 (q, J = 277.8 Hz), 128.07, 130.71, 132.00 (q, J = 28.1 Hz), 132.56, 135.95, 138.98 (q, J = 3.1
Hz), 141.21, 165.62. ’F NMR (CDCls, 376 MHz) & -56, 15 (s, 3F). IR (neat, cm™): 3420b, 1717s,
1294s, 1042s. HRMS (ESI) calculated for [C14H14F3IO3Na]+436.9832, found 436.9847.

'8 1. Chu and F.-L. Qing, Org. Lett. 2012, 14, 2106-2109.
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Crystal structure determination of compound 10c¢

A single crystal of the compound was selected, mounted onto a cryoloop, and transferred in a cold
nitrogen gas stream. Intensity data were collected with a BRUKER Kappa-APEXII diffractometer
with graphite-monochromated Mo-Kao radiation (A = 0.71073 A). Data collection were performed with
APEX2 suite (BRUKER). Unit-cell parameters refinement, integration and data reduction were carried
out with SAINT program (BRUKER). SADABS (BRUKER) was used for scaling and multi-scan
absorption corrections.

In the WinGX suite of programs[19], the structure were solved with Sir2014[20] program and refined
by full-matrix least-squares methods using SHELXL-14[]21.

CCDC 1413274 contain the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Table 1. Crystal data and structure refinement for compound 10c.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)

Theta range for data collection
Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

CI1H7F3IN
337.08

200(2) K
0.71073 A
Monoclinic

P21/c

a=17.7762(3) A o= 90°.
b=19.2554(8) A B=98.728(2)°.
c=7.6287(3) A v =90°.

1129.05(8) A3

4

1.983 Mg/m3

2.115 to 30.174°.

11530

3323 [R(int) = 0.0174]

99.9 %

Full-matrix least-squares on F2
3323/0/145

1.046

R1=10.0250, wR2 =0.0516
R1=10.0323, wR2 = 0.0545

9L J. Farrugia, Journal of Applied Crystallography 1999, 32, 837-838.

M. C. Burla, R. Caliandro, B. Carrozzini, G. L. Cascarano, C. Cuocci, C. Giacovazzo, M. Mallamo, A.

Mazzone and G. Polidori, Journal of Applied Crystallography 2015, 48, 306-309.
21 G. M. Sheldrick, Acta Crystallographica Section C 2015, 71, 3-8.



Extinction coefficient n/a

XYZ data for calculated complex 3

Cu 29.0 0.14067329 -0.11675130 -0.04640430

N 7.0 211420178 0.08227130 -0.09358620
N 7.0 -1.85011733 -0.30709809 -0.01608500
O 80 0.33621761 0.88533360 1.61407244
O 80 -0.07294050 -1.13690805 -1.71164858
C 6.0 1.53799832 1.22594440 1.88308251

C 6.0 258972931 0.76664972 0.94705898

C 6.0 -2.32762098 -0.97665107 -1.05576837
C 6.0 -1.26850450 -1.46489811 -1.98147225
C 6.0 190361488 2.01977897 3.02826118

C 6.0 3.24816680 2.30240512 3.17337418

C 6.0 4.29582214 1.87604773 2.27199364

C 6.0 3.95242238 1.11418426 1.17886925

C 6.0 -3.70107388 -1.29631925 -1.30411923
C 6.0 -1.63583863 -2.27289748 -3.12305617
C 6.0 -2.97969866 -2.52403235 -3.27691031
C 6.0 -4.03707552 -2.06129360 -2.39102864
C 6.0 293404937 -0.56108201 -1.03810036
C 6.0 273314118 -0.30259001 -2.40553236
C 6.0 390834737 -1.49939144 -0.64070958
C 6.0 3.51275563 -0.95316958 -3.36070561
C 6.0 4.67178249 -2.15868163 -1.60452473
C 6.0 4.48107815 -1.88495862 -2.96549296
C 6.0 -2.66314363 0.35000911 0.92645311
C 6.0 -2.46855688 0.08501660 2.29334092
C 6.0 -3.61511779 1.30937946 0.52678621
C 6.0 -436463165 1.98500013 1.49014962
C 6.0 -3.23776507 0.74921989 3.24708700
C 6.0 -4.18359327 1.70349860 2.85075998
C 6.0 -0.56353122 -2.78320599 -4.09893417
C 6.0 -1.16898131 -3.70083523 -5.17798710
C 6.0 051597291 -3.59085417 -3.33538079
C 6.0 0.08208390 -1.56688607 -4.80659628
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6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

-5.47843313
-5.58155632
-5.85525894
-6.48108673
0.83453608
-0.26169041
0.21001640
1.43625975
5.76566648
6.62934971
5.97005987
6.24090910
3.54883552
4.70145226
-4.44793367
-3.29218960
1.96913731
4.03903151
3.35716176
5.41701078
5.08345366
-1.71754682
-3.73619032
-5.09057331
-3.08840370
-4.77466202
-1.64878166
-0.36726779
-1.91057765
1.05523157
1.25569057
0.54214710
-0.66962087
0.87144500
-5.31172228
-4.92824411
-6.61844587

-2.46895266
-4.01477575
-1.91599429
-1.91609883
2.49470520
3.30596328
1.25527668
3.39517641
2.27601552
0.99445820
3.09180951
3.13427639
2.90385199
0.79205161
-0.94883829
-3.13032341
0.42054701
-1.72262430
-0.73810881
-2.89652801
-2.40268850
-0.65090740
1.53914225
2.74171567
0.53016752
2.23457432
-4.59418774
-4.05322170
-3.17521524
-2.97081780
-3.98811769
-0.87801141
-1.01043236
-1.90956450
-4.43191195
-4.48019361
-4.31881905

-2.71299219
-2.71743560
-4.11093998
-1.68408227
4.02618122
3.29104376
4.71250153
5.12189579
2.49853063
2.59364510
3.79025722
1.30022943
4.02656746
0.45600119
-0.59415889
-4.12533617
-2.69793987
0.42188591
-4.42187452
-1.29208136
-3.71771336
2.58654833
-0.53553218
1.17769468
4.30823183
3.60262585
-4.73903894
-5.84943390
-5.80558729
-2.60387468
-4.05297899
-4.08256960
-5.39504719
-5.49969196
-1.73080897
-3.47601271
-2.94637346

19



T I I T I @ T @D T X @D T I ITC T I T T IE T IIT T T

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

-6.89409399
-5.20780611
-5.78699112
-6.47013378
-6.28102398
-7.50370407
-0.79404378
0.17646840
-1.00385797
-0.57860720
0.97390711
-0.24430069
0.63618070
1.89669633
2.19393420
6.30433130
7.68829536
6.57811975
5.41697788
7.04017544
5.66535378
7.29345655
5.63152599
6.17970181
0.06239080

-2.19968057
-2.31423974
-0.81361002
-0.81222761
-2.29876709
-2.22765398
2.69714999
4.18505001
3.67291641
1.57163632
0.69682997
0.57513112
3.71697783
4.30704975
2.86662173
0.35888779
1.26346636
0.39129901
4.04733133
3.33654761
2.52742720
3.43725777
4.05061388
2.58128691
-4.44976568

-4.35626459
-4.91156626
-4.13213396
-1.65100181
-0.66754609
-1.95815086
2.54517031
2.78427362
4.02234793
5.41898346
5.28306150
3.97652936
5.81058407
4.70097637
5.72733641
3.43696928
2.75700927
1.67072415
3.77062464
3.90424180
4.68958521
1.44547045
1.20322657
0.34677500
-2.80802965
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NMR Spectra
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