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1. General Information



All air- and moisture-sensitive manipulations were carried out with standard Schlenk
techniques under nitrogen or in a glove box under nitrogen. *H NMR, *C NMR, **F NMR
spectra were measured at 300 MHz, 400 MHz (or 500 MHz) and 100 MHz (or 125 MHz) in
CDCIs using TMS signal (6 0.00 ppm) and the residual signals from CHCIz (6 77.0 ppm) as
internal references for *H and 3C NMR respectively. Data for 'H NMR spectra are reported as
follows: chemical shift (5, ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet,
dd = doublet of doublets, m = multiplet), coupling constant (Hz), and integration. Reactions
were monitored by thin layer chromatography (TLC) using silica gel plates. Flash column
chromatography was performed over silica gel (300-400 mesh). Aniline were commercially

available. According to the literatures [!1, the starting material f-CFs-enones were prepared.

2. Figure S1. The X-ray crystallographic data of 3a



Recrystallization in hexane and dichloromethane afforded single crystals suitable for X-ray
analysis. The 3a was dissolved in DCM and hexane was added slowly and there is an upper
layer formed. The small bottle was covered by a parafilm on the top with few small holes and

the solvents was slowly evaporated until the crystal was formed.

3a

CCDC: 2063261

3. Optimization of Reaction Conditions?



Table S1.

o 1 eyt (20 69) g
A cF, , ©iN\ [CU(OTh) (5 mol%) T \—
’ [2,2"-bipyridine] (10 mol%)
1a 2a Base (2.0 eq), solvent, T °C 3a
12 h, N,
Entry [Base] [T/ <€ Solvent Yield [%] B¢
1 KsPOg4 80 DCM 69
2 Na2COs 80 DCM 40
3 NaHCOs3 80 DCM Trace
4 KHCOs3 80 DCM 70
5 KOH 80 DCM ND
6 NaOH 80 DCM Trace
7 Cs2COs 80 DCM ND
8 K2COs 80 DCM 78
9 K2COs3 100 DCM 76
10 K2COs 60 DCM 68
11 K2COs 40 DCM 30
12 K2CO3 25 DCM Trace
15 K2COs3 80 Acetone ND
16 K2COs3 80 dioxane ND

[Blunless otherwise noted, all reactions were carried out with 0.2 mmol of 1a, 0.2 mmol of
2a, 2.0 equiv of base, 2.0 equiv of 2-bromo-2-methylpropionic acid ethyl ester, 5 mol% of
catalyst ([Cu] to L = 1:2) in 2.0 mL solvent for 12 h. Plisolated yield. [l Unless otherwise
noted, the dr > 20:1, the diastereomeric ratio was determined by *H NMR analysis of the

crude products. ND = no detected.

4. General procedure for tandem annulation Reaction



H 2-bromo-2-methylpropionic (0] R2
I acid ethyl ester (2.0 eq.)

[Cu(OTf),] (5 mol%) o R @ ", N—R*
2,2'-bipyridine (10 mol%)

H
1 2 K,CO3 (2.0 eq), DCM (0.1 M) 3
80 °C, 12 h, N 55

A mixture of Cu(OTf)2 (3.6 mg, 5 mol%), 2,2'-bipyridine (3.1 mg, 10 mol%), K-CO3 (0.4
mmol) in DCM (2.0 mL) under nitrogen atmosphere, then 1 (0.2 mmol), 2 (0.2 mmol),
2-bromo-2-methylpropionic acid ethyl ester (0.4 mmol) were added to this mixture. The
resulting mixture was then stirred at 80 °C for about 12 h. After cooling to room temperature,
the solution was removed by reducing pressure distillation to yield a residue, which was
purified by chromatography on a short silica gel column (hexane/EtOAc = 100/1) to afford the

desired product 3.

5. Preliminary mechanistic study
5.1 Free radical-trapping with BHT

o 2-bromo-2-methylpropionic OH
FII acid ethyl ester (2.0 eq)
= CFs | N Cu(OTf), (5 mol%) _—
2,2'-bipyridine (10 mol%) trace
H K,COj3 (2.0 eq), BHT (2.0 eq.)
1a 2a DCM (0.1 M), 80 °C, 12 h, N, 6
0.2 mmol 0.2 mmol CO,Et

(HRMS Detected!)

A mixture of Cu(OTf)2 (3.6 mg, 5 mol%), 2,2'-bipyridine (3.1 mg, 10 mol%), K.COs (0.4
mmol) in DCM (2.0 mL) under nitrogen atmosphere, then 1a (0.2 mmol), 2a (0.2 mmol),
2-bromo-2-methylpropionic acid ethyl ester (0.4 mmol) and BHT (88.1 mg, 0.40 mmol) were
added to this mixture. The resulting mixture was then stirred at 80 °C for about 12 h. The
reaction was completely inhibited, along with the formation of its adduct 6 with BHT. The

following figure is the HRMS analysis of reaction mixture (Figure S2).
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Figure S2. Analysis of reaction mixture by HRMS

5.2 Free radical-trapping with TEMPO

2-bromo-2-methylpropionic

| acid ethyl ester (2.0 eq)
= CFs N__ Cu(OTf), (5 mol%) 3,
2,2'-bipyridine (10 mol%) 20% yield '}l
EtO,C._ O

H K,CO3 (2.0 eq), TEMPO (2.0 eq.) >20:1 dr

7
1a 2a DCM (0.1 M), 80 °C, 12 h, N, ><
0.2 mmol 0.2 mmol (HRMS Detected!)

A mixture of Cu(OTf)2 (3.6 mg, 5 mol%), 2,2"-bipyridine (3.1 mg, 10 mol%), K>COs3 (0.4
mmol) in DCM (2.0 mL) under nitrogen atmosphere, then 1a (0.2 mmol), 2a (0.2 mmol),
2-bromo-2-methylpropionic acid ethyl ester (0.4 mmol) and TEMPO (62.5 mg, 0.40 mmol)
were added to this mixture. The resulting mixture was then stirred at 80 °C for about 12 h. The
compound 7 via an addition of 2-methylpropionic acid ethyl ester and TEMPO was detected.

The following figure is the HRMS analysis of reaction mixture (Figure S3).
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Figure S3. Analysis of reaction mixture by HRMS



6. Characterization data for the products

O CF,

5
N——-

1-methyl-2-(trifluoromethyl)indolin-3-yl)(phenyl)methanone: 3a

White solid. 48.0 mg, 78% yield. *H NMR (300 MHz, CDCls) &: 8.10 — 8.07 (m, 2H), 7.70 —
7.65 (m, 1H), 7.59 — 7.54 (m, 2H), 7.14 (t, J = 7.8 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 6.61 —
6.55 (m, 2H), 5.19 (d, J = 6.6 Hz, 1H), 4.77 — 4.69 (m, 1H), 3.04 (s, 3H); *C NMR (100 MHz,
CDClIs) 6:194.61, 152.02, 136.06, 134.04, 129.45, 129.36, 129.08, 126.02 (q, J = 278.6 Hz),
124.73, 124.25, 118.88, 109.03, 67.62 (g, J = 29.9 Hz), 49.99, 36.89; °F NMR (376 MHz,
CDCl3): & -75.03; HRMS (ESI) [(M+Na")] Calcd. For Ci7H14F3sNNaO: 328.0920, Found:
328.0911.

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(phenyl)methanone: from Z-enone, 3a
White solid. 41.5 mg, 68% yield: *H NMR (500 MHz, CDCls) §: 8.09 (t, J = 7.4 Hz, 2H), 7.69
(t,J=7.0Hz, 1H), 7.58 (t, J=8.0 Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 7.5 Hz, 1H),
6.61 — 6.57 (m, 2H), 5.19 (d, J = 6.5 Hz, 1H), 4.76 — 4.70 (m, 1H), 3.04 (s, 3H); 13C NMR (125
MHz, CDCls) 8: 194.62, 152.03, 136.04, 134.09, 129.49, 129.38, 129.11, 126.01 (q, J = 278.5
Hz), 124.72, 124.27, 118.90, 109.06, 67.59 (q, J = 29.8 Hz), 49.98, 36.95; 1°F NMR (376 MHz,
CDCls): 8 -75.05; HRMS (ESI) [(M+Na*)] Calcd. For C17H14FsNNaO: 328.0920, Found:
328.0912.

o CF;

5
N,——
Me

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(p-tolyl)methanone: 3b

White solid. 49.2 mg, 77% yield.: *H NMR (500 MHz, CDCls) &: 7.99 (d, J = 8.0 Hz, 2H),
7.36 (d, J=8.0 Hz, 2H), 7.13 (t, J = 7.5 Hz, 1H), 6.76 (d, J = 7.5 Hz, 1H), 6.60 — 6.56 (m, 2H),
5.16 (d, J = 7.0 Hz, 1H), 4.75 — 4.70 (m, 1H), 3.03 (s, 3H), 2.46 (s, 3H); 1*C NMR (125 MHz,
CDCIs) 6: 194.18, 152.05, 145.17, 133.49, 129.81, 129.63, 129.30, 126.06 (g, J = 278.5 Hz),
124.98, 124.27, 118.88, 109.04, 67.64 (q, J = 29.8 Hz), 49.87, 36.97, 21.76; °F NMR (376
MHz, CDCls):  -74.98; HRMS (ESI) [(M+Na*)] Calcd. For CigH16FsNNaO: 342.1076, Found:
342.1082.



(4-isobutylphenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3c
White solid. 47.0 mg, 65% yield.: *H NMR (400 MHz, CDCls) §: 8.01 (d, J = 8.4 Hz, 2H),
7.34 (d,J=8.0 Hz, 2H), 7.14 (t,J = 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.61 — 6.57 (m, 2H),
5.17 (d, J = 6.4 Hz, 1H), 4.75 — 4.69 (m, 1H), 3.04 (s, 3H), 2.59 (d, J = 7.2 Hz, 2H), 2.02 —
1.90 (m, 1H), 0.95 (d, J = 6.4 Hz, 6H); 3C NMR (100 MHz, CDCls) §: 194.27, 152.06, 148.83,
133.74, 129.80, 129.47, 129.27, 126.04 (g, J = 278.6 Hz), 125.04, 124.24, 118.86, 109.00,
67.71 (g, J = 29.8 Hz), 49.87, 45.47, 36.95, 30.12, 22.38; °F NMR (376 MHz, CDCls): &
-74.96; HRMS (ESI) [(M+Na")] Calcd. For C21H22FsNNaO: 384.1546, Found: 384.1539.
o CF;

|’II
N—
Ph

[1,1'-biphenyl]-4-yl(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3d
White solid. 61.0 mg, 80% yield.: *H NMR (400 MHz, CDCls) &: 7.17 (d, J = 8.4 Hz, 2H),
7.80 (d, J = 8.4 Hz, 2H), 7.69 — 7.67 (m, 2H), 7.50 (t, J = 7.2 Hz, 2H), 7.45 — 7.41 (m, 1H),
7.15(t,J=7.6 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.62 — 6.59 (m, 2H), 5.22 (d, J = 6.4 Hz, 1H),
4,78 — 4.72 (m, 1H), 3.05 (s, 3H); *C NMR (125 MHz, CDCls) §: 194.17, 152.08, 146.82,
139.56, 134.65, 130.12, 129.41, 129.11, 128.60, 127.71, 127.39, 126.05 (g, J = 278.3 Hz),
124.86, 124.31, 118.95, 109.10, 67.67 (g, J = 29.8 Hz), 50.01, 36.99; °F NMR (376 MHz,
CDCl3): 8 -74.96; HRMS (ESI) [(M+Na®)] Calcd. For C23HisFsNNaO: 404.1233, Found:
404.1233.

(4-methoxyphenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone:
3e

White solid. 55.7 mg, 83% yield: *H NMR (400 MHz, CDCls) §: 8.08 (d, J = 9.2 Hz, 2H), 7.14
(t, J=7.6 Hz, 1H), 7.05 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 7.6 Hz, 1H), 6.61 — 6.58 (m, 2H), 5.13
(d, J = 6.8 Hz, 1H), 4.75 — 4.68 (m, 1H), 3.92 (s, 3H), 3.03 (s, 3H); 13C NMR (125 MHz,
CDCl3) 6:193.08, 164.36, 152.10, 131.86, 129.29, 128.87, 126.08 (g, J = 278.1 Hz), 125.24,
124.19, 118.89, 114.32, 109.05, 67.76 (q, J = 29.8 Hz), 55.65, 49.66, 37.04; °F NMR (376
MHz, CDCls): 8§ -74.95; HRMS (ESI) [(M+Na")] Calcd. For CigHisFsNNaO,: 358.1025,
Found: 358.1029.

10



(4-fluorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3f

White solid. 45.3 mg, 70% yield.: *H NMR (400 MHz, CDCls) &: 8.14 — 8.09 (m, 2H), 7.27 —
7.22 (m, 2H), 7.15 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 7.6 Hz, 1H), 6.61 — 6.58 (m, 2H), 5.13 (d, J
= 6.8 Hz, 1H), 4.74 — 4.67 (m, 1H), 3.03 (s, 3H); *C NMR (100 MHz, CDCls) &: 193.10,
166.37 (d, J = 255.2 Hz), 152.03, 132.45 (d, J = 2.9 Hz), 132.13 (d, J = 37.6 Hz), 129.48,
127.34 (q, J = 278.7 Hz), 124.54, 124.09, 118.91, 116.32 (q, J = 21.8 Hz), 109.11, 67.67 (q, J
= 29.9 Hz), 49.93, 36.84; °F NMR (376 MHz, CDCls): & -75.01, -103.23; HRMS (ESI)
[(M+Na™)] Calcd. For C17H13FsNNaO: 346.0825, Found: 346.0826.

(4-chlorophenyl)(-1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3g
White solid. 49.6 mg, 73% yield. *H NMR (400 MHz, CDCls) &: 8.02 (d, J = 8.8 Hz, 2H), 7.55
(d,J=8.8Hz, 2H), 7.15 (t, J = 7.6 Hz, 1H), 6.71 (d, J = 7.6 Hz, 1H), 6.61 — 6.58 (m, 2H), 5.11
(d, J = 6.4 Hz, 1H), 4.72 — 4.68 (m, 1H), 3.03 (s, 3H); $3C NMR (100 MHz, CDCl3) §: 193.46,
151.99, 140.74, 134.38, 130.78, 129.51, 129.45, 125.91 (q, J = 278.8 Hz), 124.36, 124.11,
118.92, 109.09, 67.58 (g, J = 29.9 Hz), 49.98, 36.81; °F NMR (376 MHz, CDClz): § -75.02;
HRMS (ESI) [(M+Na")] Calcd. For C17H13CIF3NNaO: 362.0530, Found: 362.0527.
o CFjy

|l’/
N——-
Cl

(4-chlorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: from
Z-enone, 3¢

White solid. 39.4 mg, 58% yield: *H NMR (500 MHz, CDCls) 5: 8.02 (d, J = 8.5 Hz, 2H), 7.55
(d, J = 8.5 Hz, 2H), 7.15 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.61 — 6.58 (m, 2H), 5.12
(d, J = 6.5 Hz, 1H), 4.73 — 4.68 (m, 1H), 3.03 (s, 3H); *C NMR (125 MHz, CDCls) &: 193.46,
152.01, 140.78, 134.36, 130.83, 129.55, 129.49, 125.93 (g, J = 278.3 Hz), 124.35, 124.15,
118.95, 109.15, 67.56 (g, J = 29.9 Hz), 49.99, 36.87; 1°F NMR (376 MHz, CDCls): 5 -75.06:
HRMS (ESI) [(M+Na*)] Calcd. For C17H13CIFsNNaO: 362.0530, Found: 362.0525.

11



O CF,

3
N/—
Br

(4-bromophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3h
White solid. 57.6 mg, 75% yield.: *H NMR (400 MHz, CDCls) §: 7.94 (d, J = 8.4 Hz, 2H),
7.72 (d,J=8.8 Hz, 2H), 7.15 (t, J = 7.6 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.61 — 6.58 (m, 2H),
5.11 (d, J = 6.4 Hz, 1H), 4.73 — 4.66 (m, 1H), 3.03 (s, 3H); 3C NMR (100 MHz, CDCls) §:
193.66, 151.98, 134.79, 132.45, 130.85, 129.52, 129.50, 125.91 (q, J = 278.6 Hz), 124.32,
124.12, 118.93, 109.10, 67.56 (g, J = 29.9 Hz), 49.98, 36.81; °F NMR (376 MHz, CDCls): &
-75.01; HRMS (ESI) [(M+Na")] Calcd. For C17H13BrFsNNaO: 406.0025, Found: 406.0028.

(4-iodophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3i
White solid. 65.5 mg, 76% yield. *H NMR (400 MHz, CDCls) §: 7.94 (d, J = 8.8 Hz, 2H), 7.78
(d,J=8.4Hz, 2H), 7.15 (t, J = 7.6 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.61 — 6.58 (m, 2H), 5.10
(d, J = 6.4 Hz, 1H), 4.73 — 4.66 (m, 1H), 3.03 (s, 3H); $3C NMR (100 MHz, CDClz) §: 193.97,
151.97, 138.45, 135.32, 130.68, 129.51, 125.90 (q, J = 278.7 Hz), 124.31, 124.14, 118.93,
109.09, 102.37, 67.54 (g, J = 29.9 Hz), 49.91, 36.81; °F NMR (376 MHz, CDCls): § -75.01;
HRMS (ESI) [(M+Na")] Calcd. For C17H13F3INNaO: 453.9886, Found: 453.9884.
o CF;

|l'/
N——-
MeOzC

Methyl-4-(1-methyl-2-(trifluoromethyl)indoline-3-carbonyl)benzoate:
3j
White solid. 50.1 mg, 69% yield.: *H NMR (300 MHz, CDCls) &: 8.26 (d, J = 8.1 Hz, 2H),
8.16 (d, J=8.4 Hz, 2H), 7.18 (t, J = 7.5 Hz, 1H), 6.71 (d, J = 7.5 Hz, 1H), 6.65 — 6.57 (m, 2H),
5.21 (d, J = 6.3 Hz, 1H), 4.80 — 4.71 (m, 1H), 4.01 (s, 3H), 3.07 (s, 3H); **C NMR (125 MHz,
CDCIs) 6: 194.15, 166.01, 151.92, 139.30, 134.76, 130.21, 129.55, 129.34, 125.89 (g, J =
278.9 Hz), 124.19, 124.05, 118.90, 109.10, 67.35 (g, J = 30.0 Hz), 52.63, 50.34, 36.78; *°F
NMR (376 MHz, CDCls): & -75.08; HRMS (ESI) [(M+Na")] Calcd. For Ci9H16F3NNaOs:
386.0974, Found: 386.0966.

o CF,

3
N———
FaC

(1-methyl-2-(trifluoromethyl)indolin-3-yl) (4-(trifluoromethyl)phenyl)metha

none: 3k

12



White solid. 49.3 mg, 66% vyield: *H NMR (400 MHz, CDCls) &: 8.18 (d, J = 8.0 Hz, 2H), 7.84
(d, J=8.0 Hz, 2H), 7.16 (t, J = 8.0 Hz, 1H), 6.68 (d, J = 7.6 Hz, 1H), 6.62 — 6.58 (m, 2H), 5.17
(d, J = 6.4 Hz, 1H), 4.75 — 4.68 (m, 1H), 3.04 (s, 3H); 13C NMR (125 MHz, CDCl3) §: 193.78,
151.97, 138.81, 135.33 (q, J = 32.5 Hz), 129.77, 129.68, 126.18 (q, J = 3.6 Hz), 125.87 (q, J =
278.6 Hz), 124.13, 123.95, 123.49 (q, J = 271.1 Hz), 119.00, 109.20, 67.48 (g, J = 30.0 Hz),
50.28, 36.77; 1°F NMR (376 MHz, CDCls): § -63.21, -75.10; HRMS (ESI) [(M+Na")] Calcd.
For C1gH13FsNNaO: 396.0794, Found: 396.0793.
O CF;

3
N’
F5CO

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(4-(trifluoromethoxy)phenyl)m
ethanone: 3l
White solid. 56.8 mg, 73% yield.: *H NMR (500 MHz, CDCls) §: 8.15 (d, J = 9.0 Hz, 2H),
7.40 (d, J=8.0 Hz, 2H), 7.16 (t, J = 7.5 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.63 — 6.60 (m, 2H),
5.13 (d, J = 6.5 Hz, 1H), 4.73 — 4.67 (m, 1H), 3.04 (s, 3H); 3C NMR (125 MHz, CDCls) &:
193.16, 153.38, 152.00, 134.10, 131.50, 129.56, 125.88 (q, J = 278.8 Hz), 124.29, 124.07,
120.68, 120.30 (q, J = 258.0 Hz), 118.96, 109.16, 67.63 (q, J = 29.9 Hz), 49.98, 36.84; 1°F
NMR (376 MHz, CDCl;): & -57.51, -75.03; HRMS (ESI) [(M+Na")] Calcd. For
Ci1sH13FsNNaO2: 412.0743, Found: 412.0733.

O| CF;

N——-

OMe (3-methoxyphenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3m
White solid. 46.9 mg, 70% yield: *H NMR (500 MHz, CDCls) §: 7.68 (d, J = 7.5 Hz, 1H), 7.58
(s, 1H), 7.49 (t, J = 8.0 Hz, 1H), 7.24 — 7.21 (m, 1H), 7.14 (t, J= 7.5 Hz, 1H), 6.78 (d,J =75
Hz, 1H), 6.60 — 6.58 (m, 2H), 5.15 (d, J = 6.5 Hz, 1H), 4.75 — 4.69 (m, 1H), 3.86 (s, 3H), 3.03
(s, 3H); 3C NMR (125 MHz, CDCls) &: 194.46, 160.23, 152.02, 137.43, 130.07, 129.41,
126.03 (g, J = 278.4 Hz), 124.74, 124.36, 122.06, 120.66, 118.95, 113.60, 109.07, 67.65 (q, J =
29.9 Hz), 55.54, 50.16, 36.95; °F NMR (376 MHz, CDCls): § -74.99; HRMS (ESI) [(M+Na")]
Calcd. For C1gH1sFsNNaO-2: 358.1025, Found: 358.1029.

C|> CF;

N,——-

F (3-fluorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3n
White solid. 47.8 mg, 74% yield.: *H NMR (300 MHz, CDCls) §: 7.89 (d, J = 7.8 Hz, 1H),
7.77 (dt, J = 9.0, 2.7 Hz, 1H), 7.62 — 7.55 (m, 1H), 7.43 — 7.36 (m, 1H), 7.17 (t, J = 7.5 Hz,
1H), 6.74 (d, J = 7.8 Hz, 1H), 6.63 — 6.59 (m, 2H), 5.13 (d, J = 6.6 Hz, 1H), 4.76 — 4.67 (m,
1H), 3.05 (s, 3H); *C NMR (125 MHz, CDClz) &: 193.48 (d, J = 1.8 Hz), 164.09, 162.11,

13



151.97, 138.16 (d, J = 6.1 Hz), 130.79 (d, J = 7.8 Hz), 129.55, 125.89 (q, J = 278.8 Hz),
125.17 (d, J = 2.9 Hz), 124.20 (d, J = 6.8 Hz), 121.18 (d, J = 21.5 Hz ), 118.94, 116.14 (d, J =
22.5 Hz), 109.13, 67.55 (q, J = 29.9 Hz), 50.15, 36.83; °F NMR (376 MHz, CDCls): & -75.05,
-110.73; HRMS (ESI) [(M+Na*)] Calcd. For C17H13F4NNaO: 346.0825, Found: 346.0816.

? CF3

Br (3-bromophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3o
White solid. 60.7 mg, 79% yield.: *tH NMR (400 MHz, CDCls) &: 8.22 (s, 1H), 8.02 (d, J=7.6
Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.74 (d, J =
7.6 Hz, 1H), 6.64 — 6.61 (m, 2H), 5.12 (d, J = 6.4 Hz, 1H), 4.75 — 4.68 (m, 1H), 3.05 (s, 3H);
13C NMR (100 MHz, CDCls) §&: 193.34, 151.97, 137.81, 136.92, 132.37, 130.61, 129.58,
127.92, 125.89 (g, J = 278.9 Hz), 124.18, 124.14, 123.56, 118.96, 109.13, 67.50 (q, J = 29.9
Hz), 50.12, 36.81; °F NMR (376 MHz, CDCls): § -75.01; HRMS (ESI) [(M+Na*)] Calcd. For
C17H13BrFsNNaO: 406.0025, Found: 406.0010.

OMe O CF;

J
N,—-

(2-methoxyphenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3p
White solid. 45.6 mg, 68% yield: *H NMR (400 MHz, CDCls) §: 7.59 — 7.52 (m, 2H), 7.10 (t, J
= 7.6 Hz, 1H), 7.06 — 7.02 (m, 2H), 6.62 — 6.53 (m, 3H), 5.48 (d, J = 6.0 Hz, 1H), 4.74 — 4.67
(m, 1H), 3.93 (s, 3H), 3.02 (s, 3H); 3C NMR (125 MHz, CDCls) &: 197.61, 158.38, 151.76,
134.32, 131.45, 128.96, 126.96, 126.15 (q, J = 278.6 Hz), 125.42, 124.20, 121.13, 118.69,
111.75, 108.73, 67.00 (g, J = 29.8 Hz), 55.74, 54.26, 36.83; °F NMR (376 MHz, CDCls): &
-75.44; HRMS (ESI) [(M+Na")] Calcd. For C1gH16F3NNaO>: 358.1025, Found: 358.1030.

(2-fluorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3q

White solid. 45.9 mg, 71% yield: *H NMR (400 MHz, CDCls) &: 7.80 (td, J = 7.6, 1.6 Hz, 1H),
7.64 — 7.58 (m, 1H), 7.30 — 7.22 (m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H),
6.59 — 6.55 (m, 2H), 5.19 (d, J = 5.6 Hz, 1H), 4.78 — 4.71 (m, 1H), 3.03 (s, 3H); 3C NMR (125
MHz, CDCls) 6: 193.48 (d, J = 3.8 Hz), 162.53, 160.51, 151.75, 135.50 (d, J = 9.1 Hz), 131.71
(d, J =1.8 Hz), 129.41, 125.97 (q, J = 278.9 Hz), 125.02 (d, J = 3.4 Hz), 124.76 (d, J = 11.6
Hz), 124.15 (d, J = 1.6 Hz ), 118.84, 117.02 (d, J = 23.4 Hz), 108.90, 66.75 (q, J = 30.0 Hz),
54.29 (d, J = 9.0 Hz), 36.61; °F NMR (376 MHz, CDCls): § -75.48, -110.80; HRMS (ESI)
[(M+Na")] Calcd. For C17H13F4aNNaO: 346.0825, Found: 346.0828.
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(2-chlorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3r
White solid. 47.6 mg, 70% yield: *H NMR (400 MHz, CDClz) &: 7.52 — 7.46 (m, 2H), 7.40 —
7.37 (m, 2H), 7.13 (t, J = 7.6 Hz, 1H), 6.57 — 6.53 (m, 2H), 6.47 — 6.45 (m, 1H), 5.18 (d, J =
5.6 Hz, 1H), 4.74 — 4.68 (m, 1H), 3.03 (s, 3H); 3C NMR (125 MHz, CDCls) &: 197.29, 151.51,
137.66, 132.46, 131.51, 130.82, 130.14, 129.49, 127.07, 125.89 (g, J = 279.5 Hz), 124.40,
123.44, 118.64, 108.77, 66.18 (q, J = 30.1 Hz), 54.11, 36.46; °F NMR (376 MHz, CDCls): &
-75.54; HRMS (ESI) [(M+Na™)] Calcd. For C17H13CIFsNNaO: 362.0530, Found: 362.0523.

O|CF3
()

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(naphthalen-1-yl)methanone: 3s

White solid. 56.9 mg, 80% vyield.: 'H NMR (500 MHz, CDClz3) 6: 8.28 (d, J = 7.5 Hz, 1H),
8.08 (d,J=8.5Hz, 1H), 7.97 (d, J=7.0 Hz, 1H), 7.92 — 7.90 (m, 1H), 7.60 (t, J = 7.5 Hz, 1H),
7.56 — 7.51 (m, 2H), 7.11 (t, J = 7.5 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 6.46 — 6.42 (m, 2H),
5.27 (d, J = 6.0 Hz, 1H), 4.84 — 4.79 (m, 1H), 3.07 (s, 3H); 13C NMR (125 MHz, CDCls) o:
197.47, 151.87, 135.24, 134.02, 133.54, 130.83, 129.51, 129.36, 128.50, 128.36, 126.96,
126.16 (q, J = 278.5 Hz), 125.67, 124.50, 124.29, 124.13, 118.87, 109.01, 67.10 (q, J = 29.9
Hz), 53.43, 36.90; F NMR (376 MHz, CDCls): 6 -74.92; HRMS (ESI) [(M+Na*)] Calcd. For
C21H1sF3sNNaO: 378.1076, Found: 378.1074.

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(naphthalen-2-yl)methanone: 3t

White solid. 59.0 mg, 83% vyield.: *H NMR (300 MHz, CDCls) &: 8.63 (s, 1H), 8.12 (dd, J =
8.7, 1.8 Hz, 1H), 8.04 (d, J = 8.1 Hz, 1H), 7.99 — 7.96 (m, 1H), 7.94 — 7.91 (m, 1H), 7.69 —
7.58 (m, 2H), 7.14 (t, J = 7.8 Hz, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.61 (d, J = 7.8 Hz, 1H), 6.54 (t,
J =75 Hz, 1H), 5.36 (d, J = 6.6 Hz, 1H), 4.85 — 4.76 (m, 1H), 3.06 (s, 3H); 3C NMR (100
MHz, CDCIz) &: 194.46, 152.09, 136.04, 133.43, 132.61, 131.53, 129.84, 129.41, 129.19,
129.08, 127.93, 127.24, 125.72 (q, J = 353.6 Hz), 124.87, 124.70, 124.35, 118.93, 109.10,
67.71 (q, J = 29.8 Hz), 50.08, 36.98; 1°F NMR (376 MHz, CDCls): § -74.86; HRMS (ESI)
[(M+Na")] Calcd. For Co1H1sF3NNaO: 378.1076, Found: 378.1071.
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Cl

Cl (3,4-dichlorophenyl)(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone: 3u
White solid. 47.1 mg, 63% yield: H NMR (500 MHz, CDCl3) &: 8.15 (d, J = 2.0 Hz, 1H), 7.91
(dd, J=8.5,2.0 Hz, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.5 Hz,
1H), 6.62 (t, J = 7.5 Hz, 2H), 5.06 (d, J = 6.5 Hz, 1H), 4.71 — 4.66 (m, 1H), 3.04 (s, 3H); °C
NMR (125 MHz, CDCls) 6: 192.55, 151.97, 138.94, 135.59, 134.07, 131.30, 131.22, 129.71,
128.31, 125.83 (q, J = 278.5 Hz), 124.10, 123.90, 119.01, 109.21, 67.50 (g, J = 30.0 Hz), 50.07,
36.80; F NMR (376 MHz, CDCIls): & -75.03; HRMS (ESI) [(M+Na®)] Calcd. For
C17H12Cl2FsNNaO: 396.0140, Found: 396.0135.

o)
b

N

benzo[b]thiophen-2-yl(1-methyl-2-(trifluoromethyl)indolin-3-yl)methanone:
3v

White solid. 57.1 mg, 79% yield: *H NMR (400 MHz, CDCls) &: 8.19 (s, 1H), 7.99 (d, J = 8.0
Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.54 — 7.44 (m, 2H), 7.17 (t, J = 7.6 Hz, 1H), 6.97 (d,J=7.6
Hz, 1H), 6.66 — 6.62 (m, 2H), 5.11 (d, J = 6.4 Hz, 1H), 4.70 — 4.63 (m, 1H), 3.04 (s, 3H); *C
NMR (125 MHz, CDCls) 6: 189.12, 152.16, 143.39, 142.87, 139.09, 131.15, 129.67, 128.17,
126.44, 125.89 (g, J = 278.4 Hz), 125.43, 124.71, 124.29, 123.14, 119.15, 109.29, 67.78 (9, J =
30.0 Hz), 51.29, 37.03; *°®F NMR (376 MHz, CDCls): § -75.02; HRMS (ESI) [(M+Na*)] Calcd.
For C19H14F3NNaOS: 384.0640, Found: 384.0638.

)

S
N

(1-methyl-2-(trifluoromethyl)indolin-3-yl)(thiophen-2-yl)methanone: 3w

White solid. 49.8 mg, 80% yield: *H NMR (400 MHz, CDCls) §: 7.92 (dd, J = 4.0, 1.2 Hz, 1H),
7.80 (dd, J=5.2, 1.2 Hz, 1H), 7.28 — 7.25 (m, 1H), 7.17 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 7.6 Hz,
1H), 6.67 — 6.60 (m, 2H), 4.96 (d, J = 6.4 Hz, 1H), 4.66 — 4.59 (m, 1H), 3.03 (s, 3H); *C NMR
(125 MHz, CDCls) 6: 187.63, 152.16, 143.38, 135.87, 133.80, 129.55, 128.68, 125.87 (q, J =
278.4 Hz), 124.93, 124.18, 119.08, 109.20, 67.77 (q, J = 30.0 Hz), 51.46, 37.02; *°F NMR (376
MHz, CDCl3): & -75.06; HRMS (ESI) [(M+Na®)] Calcd. For CisH12F3NNaOS: 334.0484,
Found: 334.0477.
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(1-methyl-2-(perfluoroethyl)indolin-3-yl)(phenyl)methanone: 3x

White solid. 42.6 mg, 60% yield.: *H NMR (500 MHz, CDCls) §: 8.08 (d, J = 7.5 Hz, 2H),
7.69 (t, J=7.5Hz, 1H), 7.58 (t, J = 8.0 Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.5 Hz,
1H), 6.63 (d, J =8.0 Hz, 1H), 6.59 (t, J = 7.5 Hz, 1H), 5.30 (d, J = 6.0 Hz, 1H), 4.88 — 4.82 (m,
1H), 3.05 (s, 3H); *C NMR (125 MHz, CDCls) &: 194.63, 152.27, 135.87, 134.09, 129.45,
129.37, 129.14, 125.15, 124.16, 119.17, 119.14 (qt, J = 285.0, 35.9 Hz ), 114.76 (tq, J = 254.2,
35.1 Hz ), 109.92, 66.93 (t, J = 21.4 Hz), 49.88, 38.58; °F NMR (376 MHz, CDCls): & -81.49
(s, 3F), -121.79 — -123.39 (m, 2F); HRMS (ESI) [(M+Na*)] Calcd. For C1gH14FsNO: 378.0888,
Found: 378.0886.

(4-chlorophenyl)(1,5-dimethyl-2-(trifluoromethyl)indolin-3-yl)methanone: 4a
White solid. 53.1 mg, 75% yield.: *H NMR (500 MHz, CDCls) §: 8.03 (d, J = 8.5 Hz, 2H),
7.56 (d, J =8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 1H), 6.53 (s, 2H), 5.10 (d, J = 6.0 Hz, 1H), 4.64 —
4.61 (m, 1H), 3.00 (s, 3H), 2.11 (s, 3H); 13C NMR (125 MHz, CDCls3) &: 193.80, 150.06,
140.78, 134.42, 130.82, 129.96, 129.50, 128.65, 125.99 (q, J = 278.1 Hz), 124.85, 124.66,
109.39, 68.20 (g, J = 29.8 Hz), 49.91, 37.62, 20.69; ¥F NMR (376 MHz, CDClz3): 6 -74.98;
HRMS (ESI) [(M+Na")] Calcd. For C1gH1sCIF3NNaO: 376.0686, Found: 376.0687.

(4-chlorophenyl)(5-methoxy-1-methyl-2-(trifluoromethyl)indolin-3-yl)metha
none: 4b

White solid. 51.8 mg, 70% yield.: *H NMR (400 MHz, CDCls) &: 8.04 — 8.00 (m, 2H), 7.57 —
7.54 (m, 2H), 6.73 (dd, J = 8.0, 2.4 Hz, 1H), 6.56 (d, J = 8.8 Hz, 1H), 6.34 — 6.33 (m, 1H), 5.09
(d, J = 6.8 Hz, 1H), 4.65 — 4.58 (m, 1H), 3.60 (s, 3H), 2.98 (s, 3H); 13C NMR (125 MHz,
CDCl3) 6: 193.51, 153.55, 146.45, 140.88, 134.34, 130.75, 129.55, 125.98 (g, J = 277.8 Hz),
125.96, 113.74, 111.75, 110.10, 68.37 (q, J = 29.8 Hz), 55.93, 50.03, 38.41; °F NMR (376
MHz, CDCls): § -75.08; HRMS (ESI) [(M+Na®)] Calcd. For C1gH15CIFsNNaO2: 392.0636,
Found: 392.0631.
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(5-chloro-1-methyl-2-(trifluoromethyl)indolin-3-y1)(4-chlorophenyl)methano
ne: 4c

White solid. 50.9 mg, 68% yield.: *H NMR (500 MHz, CDCls) &: 8.03 — 8.01 (m, 2H), 7.60 —
7.57 (m, 2H), 7.11 (dd, J = 8.5, 1.5 Hz, 1H), 6.67 (s, 1H), 6.50 (d, J = 8.5 Hz, 1H), 5.08 (d, J =
6.5 Hz, 1H), 4.72 — 4.67 (m, 1H), 3.02 (5, 3H); *C NMR (125 MHz, CDCls) &: 192.95, 150.65,
141.20, 133.86, 130.75, 129.70, 129.44, 126.01, 125.67 (g, J = 278.6 Hz), 124.27, 12357,
109.71, 67.87 (g, J = 30.3 Hz), 49.45, 36.75; 1°F NMR (376 MHz, CDCls): 5 -75.21; HRMS
(ESI) [(M+Na")] Calcd. For C17H12Cl.FsNO: 373.0248, Found: 373.0245.

(5-bromo-1-methyl-2-(trifluoromethyl)indolin-3-yl)(4-chlorophenyl)methano
ne: 4d

White solid. 60.3 mg, 72% yield: *H NMR (500 MHz, CDCls) §: 8.02 (d, J = 8.5 Hz, 2H), 7.58
(d, J = 8.0 Hz, 2H), 7.26 — 7.24 (m, 1H), 6.80 (s, 1H), 6.46 (d, J = 8.5 Hz, 1H), 5.09 (d, J = 6.0
Hz, 1H), 4.71 — 4.66 (m, 1H), 3.02 (s, 3H); °C NMR (125 MHz, CDCls) §: 192.97, 151.06,
141.21, 133.83, 132.33, 130.75, 129.71, 127.01, 126.50, 125.62 (q, J = 278.6 Hz), 110.39,
110.23, 67.82 (g, J = 30.0 Hz), 49.38, 36.58; 1°F NMR (376 MHz, CDCl3): § -75.21; HRMS
(ESI) [(M+Na*)] Calcd. For C17H1,BrCIFsNO: 416.9743, Found: 416.9740.

Me  (4-chlorophenyl)(1,6-dimethyl-2-(trifluoromethyl)indolin-3-yl)methanone: 4e
White solid. 32.5 mg, 46% yield.: *H NMR (400 MHz, CDCls) &: 8.03 — 8.00 (m, 2H), 7.56 —
7.53 (m, 2H), 6.59 (d, J = 7.6 Hz, 1H), 6.42 — 6.40 (m, 2H), 6.06 (d, J = 6.4 Hz, 1H), 4.72 -
4.65 (m, 1H), 3.02 (s, 3H), 2.26 (s, 3H); 3C NMR (100 MHz, CDCls) &: 193.51, 152.12,
140.64, 139.74, 134.37, 130.77, 129.41, 125.95 (q, J = 278.9 Hz), 123.82, 121.57, 119.66,
109.97, 67.72 (g, J = 29.8 Hz), 49.75, 36.79, 21.61; °F NMR (376 MHz, CDCls): § -75.16;
HRMS (ESI) [(M+Na")] Calcd. For C1gH1sCIFsNNaO: 376.0686, Found: 376.0677.
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(4-chlorophenyl)(1,4-dimethyl-2-(trifluoromethyl)indolin-3-yl)methanone 4e’
White solid. 21.2 mg, 30% yield.: *H NMR (400 MHz, CDCls) &: 7.97 — 7.94 (m, 2H), 7.50 —
7.46 (m, 2H), 7.11 (t, J = 8.0 Hz, 1H), 6.51 (dd, J = 13.6, 7.6 Hz, 2H), 5.09 (d, J = 6.0 Hz, 1H),
4.09 — 4.03 (m, 1H), 3.00 (s, 3H), 1.90 (s, 3H); *C NMR (100 MHz, CDCls) &: 197.40, 152.54,
140.56, 134.60, 134.06, 130.11, 129.58, 129.38, 125.63 (q, J = 279.8 Hz), 125.29, 121.24,
106.62, 70.55 (g, J = 29.9 Hz), 49.44, 36.95, 19.50; °F NMR (376 MHz, CDCls): § -75.02;
HRMS (ESI) [(M+Na™)] Calcd. For C1gH1sCIFsNNaO: 376.0686, Found: 376.0686.
O CF;

|’f,
jones
Cl

(4-chlorophenyl)(1-ethyl-2-(trifluoromethyl)indolin-3-yl)methanone: 4f

White solid. 46.7 mg, 66% vyield.: *H NMR (400 MHz, CDCls) &: 8.03 — 8.00 (m, 2H), 7.56 —
7.53 (m, 2H), 7.13 (t, J = 8.0 Hz, 1H), 6.72 (d, J = 7.1 Hz, 1H), 6.61 — 6.55 (m, 2H), 5.08 (d, J
= 5.6 Hz, 1H), 4.91 — 4.84 (m, 1H), 3.59 — 3.50 (m, 1H), 3.44 —3.35 (m, 1H), 1.21 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, CDCls) &: 193.58, 150.68, 140.68, 134.30, 130.79, 129.46,
129.42,125.95 (q, J = 278.5 Hz), 124.64, 124.32, 118.52, 109.21, 64.45 (g, J = 30.0 Hz), 49.94,
43,55, 11.09; *%F NMR (376 MHz, CDCls): & -75.80; HRMS (ESI) [(M+Na")] Calcd. For
C18H15CIF3NNaO: 376.0686, Found: 376.0684.

(1-butyl-2-(trifluoromethyl)indolin-3-yl)(4-chlorophenyl)methanone:
49

White solid. 49.6 mg, 65% yield.: *H NMR (400 MHz, CDCls) : 8.03 — 8.00 (m, 2H), 7.56 —
7.53 (m, 2H), 7.12 (t, J = 7.6 Hz, 1H), 6.71 (d, J = 7.6 Hz, 1H), 6.58 — 6.53 (m, 2H), 5.08 (d, J
= 6.0 Hz, 1H), 4.91 — 4.84 (m, 1H), 3.48 — 3.40 (m, 1H), 3.34 — 3.26 (m, 1H), 1.78 — 1.67 (m,
1H), 1.63 — 1.54 (m, 1H), 1.43 — 1.34 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCls) 5: 193.55, 151.15, 140.66, 134.30, 130.79, 129.43, 129.41, 129.06, 125.93 (q, J =
279.0 Hz), 124.29, 118.29, 108.94, 65.02 (g, J = 30.0 Hz), 49.98, 49.14, 28.46, 20.23, 13.90;
19F NMR (376 MHz, CDCls): § -75.64; HRMS (ESI) [(M+Na*)] Calcd. For CaoH1sCIFsNNaO:
404.0999, Found: 404.0989.
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@ 1-(4-chlorophenyl)-4,4,4-trifluoro-3-(methyl(phenyl)amino)butan-1-one: 5

White solid. 52.0 mg, 76% yield.: *H NMR (300 MHz, CDCls) &: 7.89 — 7.84 (m, 2H), 7.46 —
7.41 (m, 2H), 7.28 — 7.23 (m, 2H), 6.97 (d, J = 8.1 Hz, 2H), 6.84 (t, J = 7.2 Hz, 1H), 5.21 —
5.08 (m, 1H), 3.61 (dd, J = 17.4, 9.0 Hz, 1H), 3.24 (dd, J = 17.4, 3.9 Hz, 1H), 2.87 (s, 3H); 13C
NMR (125 MHz, CDCls) 6: 194.01, 149.93, 140.34, 134.66, 129.63, 129.26, 129.25, 126.45 (q,
J = 285.4 Hz), 119.53, 115.11, 57.55 (q, J = 28.8 Hz), 35.43, 32.84; °F NMR (376 MHz,
CDCls): 6 -71.64; HRMS (ESI) [(M+Na™)] Calcd. For Ci7H1sCIFsNNaO: 364.0686, Found:
364.0689.

7. References:
[1] (@ H. Wang, W. Lu and J. Zhang, Chem. Eur. J., 2017, 23, 13587-13590. (b) P.
Kwiatkowski, A. Cholewiak and A. Kasztelan, Org. Lett., 2014, 16, 5930-5933.
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8. H, ®'F NMR and *C NMR spectra of the products

0 ppm

~00¢

10

11

c68'9€—

98667 —

LLLL9
04¥ 29~
69L29-7
190897

£90'981’ /
ec0'est

809°v61 —

ol

0 ppm

180 160 140 120 100 80 60 40 20

200

21



PEO'GL—

-200 ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

Pr0e—

G80'8-/
00+'8-

CF3

N—

"H NMR

A

— _JL .)—‘JL_.

I

,Ul_m |

0 ppm

22



1669 —

086°67 —

5€2°29-,
VLY L9~
L9~
156°£9 7

190'60} |
968'8L 1+
899221 |\
R AR
YR AR
£68'72) -
LZhigh—
zLL 62l %
08£'621-
887'62
880°vE} -/
6€09€1 7 -
520251~

ce9velL —

CFy

N—

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

GG0'GL——

CF3

N—

"F NMR

-180 ppm

T
-80 -100 -120 -140 -160

T
-60

-20

23



cor'e—

6c0E—

CF3

N—

Me

"H NMR

L

0 ppm

9L e —

€16'9€—

998'6Y —

61229~
8IS L9~
952297
¥66'29°

SE0'60 k-,
9/8'8kk)
IR
892 v |
SYEveL
086'v2}
BLLIEE—
YOE'621 ]
Lov'6gt
62962}
L0862}
Z6rEet’/
ARTTR
£50'25

9Ll Bl —

CF3

N—

Me

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

24



LIBPL~

CFy

N—

Me

°F NMR

0 -60 -80 -100 -120 -140 -160 -180 ppm

4

-20

CF3

N—

H NMR

0 ppm

Nt

L~ =209

[l
.

|
B U N W L
2
||
g

T

o
0[S
o

- o
o o
- -

-

25



08€¢c—
6LL0E—
8¥6'9€ —

697’ GY —
cL8'6Y —

99219
P96 29~
298297
09189

6E0'SZ I -
ey el
eLzeet-
£L1'62)
10862+ /)
glz'oet-
rrLEEL /)
0eg'svl//
850°2G

cle Vel —

CF3
N—

3¢ NMR

180 160 140 120 100 80 60 40 20 0 ppm

200

CF3
N—

°F NMR

€967~ —

ppm

-100 -120 -140 -160 -180

T
-80

-40

26



0 ppm

0o'e

166°9€ —

90005 —
PIELO
€959
1627297
02089/

918°9%1
L20'eSH

0LL'¥6)—

CF3

N—

Ph

3C NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

27



SG6' VL~ —

CF3

N—

Ph

T9F NMR

-180 ppm

-40 -60 -80 -100 -120 -140 -160

-20

7e0'e

vszLd f
L2087/
60'g”

[

ey

|

0 ppm

)
hagil}
—

T
7
A
3|5
—|

e
=00¢

28



or0'LEe—

55961
£59'55
YOv'29-
1#9°/9-.
6L8°29 7
911’89/

250601+
forAoR AN

W\

[ETGEL—
881221 [
198821t
G8Z'62t
S62h

vog'Let’
voLesL-"

L9E P9 —

L20€61 —

CF3

N—

MeO

3C NMR

ppm

T T \ T T T
180 160 140 120 100 80 60 40

T
200

LS6°v.~

CFj

N—

MeO

9F NMR

-180 ppm

\ T T
-60 -80 -100 -120 -140 -160

\
-40

\
-20

29



CFy

N—

HNMR

|

0 ppm

1

10

11

8€8'98—

cE6'6Y —

L1219+
915729~
G897
£11'89

501601
GLZ9kL
£EF 911
ZL6'8tL
LLLLZhA
160'v2t
A ReA! //
Sphe L2l —
€8v'62k
2E1°0E1 7/
G80'2El
61281
2EP'2EL
lavgel’/
¥e0'25L
960°691 —
89291

860°€61 —

0 ppm

180 160 140 120 100 80 60 40 20

200

30



E€ECE0——

600°G.——

CFy

N—

19F NMR

ppm

-40 -60 -80 -100 -120 -140 -160

-20

PEO'E—

289y
6697 -
R
601G
sz1c

869
2659
659+
2199
60£9-.\
8219
LELL-
IShL-T
oLve’/

6v2 L/
Nvm.h\
v95L7
v10'8 \

9c0'8’/

CF;

S DR S

1

0 ppm

31



018'9e—

08667 —

1eL L9
08p°29-
08L°29 7
820'89

LIEVEL)
ovLovl ‘,_m.\
686161~

8GF'E6L

CFy

N—

Cl

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

ce0'GL———

CF;

N—

Cl

T9F NM

-180 ppm

-40 -60 -80 -100 -120 -140 -160

-20

32



PEO'E—

CF3

N—

Cl

"HNMR

(.

L

0 ppm

® <60'E

24898 —

186'6% —

861729~
9EV L9
§.9°19-7
€16'29

9¥ 1601
6v6'8LL )
16522}
514N 74"
SSEvel
6I8 VL
Sv0's2h
2.2 62l F
68Y62) -

9562}
gezgoet
gsevel |
9uL 0017/
600251

6SF' €61 —

CFy

N—

Cl

3G NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

33



6590°'GL~—

CFy

N—

Cl

19F NMR

ppm

1 T T
-40 -60 -80 -100 -120 -140 -160 -180

1
-20

LE0E

€997~
089'%-)
9697 -\
mEé\“
0ELY

tors
RS

1169
8859
¥65°9
809'9-|
Z19'9-
90497
92,9~
62l 7
8yl L/
VTR

90427
8zl
0e6°L-/
1G6°L/

CFy
N—

o}
TH NMR

Br

0 ppm

@ =E0€

34



6089 —

086'67 —

EHEL9-
NS.BJVW
L1229
1108’

Z6LVEL \1
£86°151

199°€61 —

0 ppm

180 160 140 120 100 80 60 40 20

200

LIO'SL——

CF3

N—

Br

"9F NMR

ppm

T
-60 -80 -100 -120 -140 -160 -180

T
—40

35



0E0E—

CF3
N—

0
THNMR
S

|

IS
<
Qi

|

0 ppm

™ <50€

| (&
| [

2

w —~00¢

118°98—

soe'6y—

980°£9-
986749
$89'£9-7
v86°£9

0LE20}-,

162 L2k
80562/
6L0°0€}
1197081
91EGEL )
zsveel/ /-
2LE 151

046°€61

CF3

N—

3¢ NMR

Jola

0 ppm

180 160 140 120 100 80 60 40 20

200

36



800°GL-—

CF3

N—

19F NMR

-100

-180 ppm

-140 -160

-120

-40 -60 -80

-20

€L0E—

CF3
N

Me0,C ‘ O
HNMR
.

JU

0 ppm

37



09LvELY)
zoeeel '/
026151

cl0'991 —

PSLv6L —

CF4

Me0,C i O
3C NMR

N—

Lk

0 ppm

180 160 140 120 100 80 60 40 20

200

280G~

CFy

N—

Me0,C

19F NMR

ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

38



Gy0e-——

0 ppm

£/6'161

08L°E6F—

CF3
N—

BC NMR

FaC

UL

k

0 ppm

180 160 140 120 100 80 60 40 20

200

39



CFy
N

5
R

660'G.-—

80269~

19F NM

-180 ppm

T 1 1
-40 -60 -80 -100 -120 -140 -160

-20

cro'e—

CF3

N—

F3CO

"H NMR

|-

0 ppm

S

]

S

||

N

J‘I_M_._M_.J

40



8E8°9E —

6667 —

99229~
505729
vpLL9-T
867297

9G1°601 |
602°L11|
096'81L1
692°6}1
189°021
€EE 121
veszet ./,,wm
E6EECH ~3 P —
LLOEL - - [

cce6el-
c95'62l”
SevLeEL ) F —
YOI vEL”
#0072t
08€°€G -

B6S1°E6L— I

0 ppm

180 160 140 120 100 80 60 40 20

200

0€0'SL~

(5 Wiy

CF;

N—

F4CO .

9F NMR

-180 ppm

-100 -120 -140 -160

\
-80

~40

T
-20

41



£
o
(s}
o
ook T
S O Q V698 —
1
=
o] =z
o T .

O z Lo 091L°05—
6EG'GS
182729~
925749

B §9/°/9
vEO'E ” <50€ c00'g9”
J ~<00°€
¥ 690°601
009°€h L+
P 96’81
~00'k 959021
C T 65022} |-
— puais 98922t
8GEVEL -
IR AR
" o AR AR
Wb gk
90+'62
\\ v
— e 0£0°0€}
J - ot 0EV'LEL
. Lot ¥20'25 1t
Jlo 122091 —
— NI}
00t
Lo 007k
@ e9v V6L —

0 ppm

20

CF3

3¢ NMR
40

OMe

60

80

100
42

120

180 160 140

200




886'v.——

CFy

OMe O

N—

9F NMR

—-200 ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

M

cov'L

LEvL
B2t L
6YS L —
Si5L-7
¥B5 L7/
029°2”

msﬁ&m

9.9
206,

J

0 ppm

10

Ej
[sV)

|

e
< |w oo
e e

Jr)
[aY]
=]
-

43



6¢8'9¢

€51°06—

881'L9-,
127719
999°/9
/0629
821601+
8r0'9LL-|
82291+

CFa

N—

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

SeLobl-—

6¥0°G.~

—40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

-20

44



0s0'€

"H NMR

|
e

B

i

0 ppm

L1898 —

0cL'06—

1G0°29-
1SE 290
059'£9-7
05629~

82160} -
£96'8L 1
804121
855°€Z}
IR Al
£81vZ)
S A TARN
287221 "
L6 2L
8/5'62 7
g.00¢el
80908}
99g°2E}
£26'9¢c!
908'ZEL
196161

EVEE6L

CF3

N—

Br

BC NMR

S

0 ppm

20

180 160 140 120 100 80 60 40

200

45



900°GL——

CFa

N—

Br

°F NMR

ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

CFy
N

HNMR

OMe O

\'“L,

v

\‘.
I

|

—

Wl

W

N

Vi

—

ppm

7.6

7.8

s
<
)

f

00’

[

0 ppm

10

o
™

/

o
Q
ol

(0] [=
e
ail [+~

/

46



128’98 —

2925
Ges55 "
£+9°99
188'99 -\
6h1°L9-7
85€'/9/

PELBOM
PGLLLL-
589811
gEL 12l
508221
96} v2l
ve0'52 )
BipezL
956'921L-7F

yeE Vel /
ISLISL )
8/£851/

6097261 —

CF3

OMe O

3¢ NMR

ppm

180 160 140 120 100 80 60 40 20

200

GEVP'GL——

CFy
R

OMe O

19F NM

-200 ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

47



o |
rhw = O {
o z 3
z {
)
RS |
1659 P
mmm.wV. e \.%
1859 — — Fg - -
1859 #
0LL9— - — ,
b = 10 —
@
©
o |
M~ J
— 20t |
) o
— M~
= 80 -
—— > )
| L ,
g M~
1
—_ | 0
== TN 0
— « B
—— X 00k

0 ppm

/

Nj
<

:

7
Sl
o|ee
—|—lai

|

:ﬁ,
Qo
—|d

:
8

10

S08'%2 -\
158'¥2 1 %
200'52 1 Y/
620621 M

280°/21-
rieegl
Sov'62l
€04°1E
gLL1EL]
1G°GE
0eg'GeEL)
1627151
905091
/25291

6S¥'E6L -~
68¥°€61

CF3
N—

3¢ NMR

ppm

180 160 140 120 100 80 60 40 20

200

48



66L0LI——

e8y'GL——

CFy

N—

9F NMR

-180 ppm

-40 -60 -80 -100 -120 -140 -160

-20

CFy

Cl

"H NMR

ok T

0 ppm

0

:

-1

|
[s2]
(=]
-

g

o
OT
—

|

T

7
J|
éfn
a 2
— |

gr d
(oY)

«@
Fz
o

49



6G¥'9€—

05—
028'59-
290'99-
£0E'99 7
G599/

¥12°801
869811
SEV'EZl
20v' V2l
0LLVEl
900°221
590°221
887621
8e1'0g1
918°0EL
AL AR
£9¥°ZE |

859'LgL”/
805°15 1/

G826 —

CF3

Cl

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

0re'GL——

ppm

-40 —60 -80 -100 -120 -140 -160 -180

-20

50



0 ppm

1

=10k

=€0°t

10

16898 —

8er'es

PPL99-
28699 ;/v
122497
/
09%°29

210601
€L8°8L1
zesezt
0EL'v2lt
9gevel
961 ¥2 1
050°52t
ohm.mmr/ﬁm
656'92) -\
612121
09e'821 7/
86821
95e62!
20562k
1£8°0E1
EVSEEL
120°7EL
8£Z'GEL |
198161/

[ZA 1]

|

0 ppm

180 160 140 120 100 80 60 40 20

200

51



ceBvL—

ppm

T T
-40 -60 -80 -100 -120 -140 -160 -180

T
-20

CF3

N—

"H NMR

0 ppm

52



¥86'98 —

G£0°05—

19229+
BGG L9
86829 7
951'89-

860601 4

0ErEEt
oro9et -
88025}’

¥or'v6 1

0 ppm

180 160 140 120 100 80 60 40 20

200

Y98 vL——

\
ppm

T
-40 -60 -80 -100 -120 -140 -160 -180

\
-20

53



6E0°€—

CF3

N—

Cl

Cl

"H NMR

S

o

%LLULJJ

0 ppm

—m

6l'e

16498 —

£90°0S

129~
ZBE L9\
229°/9 \
298°29

80260} -
cL06LL
esreel
€06'€2!
S6072L
L wE)
6£6'921
wom.wNT//{W
991’62} \m
S0.'62)

SlLe el
862 1S
LLOFEL
98G5'GEl
LP68EL )
1967161/

19G°¢61 —

CFg

N—

Cl

Cl

3¢ NMR

ppm

180 160 140 120 100 80 60 40 20

200

54



PEO'SL——

T9F NMR

-180 ppm

0 -100 -120 -140 -160

-8

60

40

-20

9199
999>
5599
096'9
BLE'9
bShL
DAY
061°L-)|
652°L /%
PP L\
Loy L)
el TR
Z8b'L /mf
G8F Lt
2052

m

ﬁ
I

1
|

um

7.6

Im ||||

DL/ —

|

8.2

| . AJ J'Jijw, y

(N

_J

ppm

6.6

6.8

7.0

|

74 7.2
o
=]

7.8

8.0

8.4

1\

o
<
o

Y

|

—
[=]
—

/

|

<
(=]
o™

|

—
(=]
-

|
o
=]

g

0 ppm

1

I~

10

:

(\H
<
oY

£

| L

O | —|=
QEQD
~l—=l=lad

55



LEOLE—

98¢ 1§ —

8lt'/9
wmm.hmV
mmm.hw\
1£1°89

$82'601 |
BYL6LL |
9rS'2el |

2LL YL
eev'sel L
epr ozl 7
666921/
01’82}
122621
699621
ISLLEL
260°6E1
2/82rl
zeeert
LoLgst’

SLL'68L—

6PL6HL—

9522~
IEVEZL-N
58T HZ -
LLLpEL V
eLLveL—
EEP'SEL
Srrozl—
666921
0,182} W
122621
sooeeL
15ELeL -

c60'6EL

clBerl —
cBEEYL—

120 ppm

135 130 125

140

0 ppm

180 160 140 120 100 80 60 40 20

200

910'6L——

-180 ppm

T T T
-40 -60 -80 -100 -120 -140 -160

T
-20

56



CFy

THNMR

|

i

0 ppm

1

mn

T

10

0e0°LE—

6S¥°LS

L0V 19~
/$9°/9 /w.
888,97
821'89 /

€02°601
9L0°6k1 )

626vC k-
¥86'9¢1 —

0€9°/81 —

9L06HL——

2e6eel —
9Pk~
YR 7 -
626l
86921 —
0z 691 >
vG562L

$08'EEL—

€.8'G8L—

LLEEYL

CFy

3G NMR

ppm

140 135 130 125 120

145

ppm

180 160 140 120 100 80 60 40 20 0

200

57



ppm

-160
CsFs
N

o]

T
| S b
6 ppm

T
~140
2

-120

) =00'¢

19F NMR
-100

-80

290°GL——

-40

T
-20

58



266611 -

992251

629°¥6}

CaFs

o]

026’601 —

PBSEL L~
598ZLL —
GEEPLL

9l9blL
868 vLL
BLL'GLL 7

566211
LLLBh b
26661
G/Z0eh——
zo50zL -

geseet

rol'vel —
srh'sel —

GEL'BS )~
ELEBL—>

St¥'6gt—

3¢ NMR

40 20 0 ppm

60

A
110 ppm
100 80

112

120

116 114

118
140

120
160

124 122

128 126
180

U..MMM&WWNLLLWJM Lo i.L”L A

|
{
200

i

¥6EETL—-,
799221\
Ligegt=—7
8L gL~

by 18—

PeEEC I~
v99cel——_
Ligegl——
L8L1e -

-180 ppm

CoFs
-160

o]
"°F NMR

-120 -140

-100
59

-80

-122 -124 -126 ppm
-20 -40 -60

-120

-118




60l'c—

000€—

9259
LS9~
€69
vzl
ESC L
6952~
L2068~
£v0g

0 ppm

989°0¢

Sl9L8—
€16'6Y

19819
G80'89 -\
£2£'89-7
195'89

¥6€°601

Lee'6el -
YOS 62} -
LS6'621 |/
8180t
ver el
Z8L0vL-
G50°0G}-

008°€61 —

CF3
N—

Cl

3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

60



LL6'VL~

pm

p

-100 -120 -140 -160 -180

T
80

—40

CFg

N—

Cl

MeQ
"HNMR

0 ppm

10

=00¢

61



by8E—

12005—
PEB'GG—
£10'89
15289~
685897
12289~

188°0vL//
eSy vt/
LIPS ESH

LIGE6L—

CF,

N—

Cl

MeO
3¢ NMR

0 ppm

180 160 140 120 100 80 60 40 20

200

CFs
N—

MeO
°F NMR

Cl

¥80'GL—

-180 ppm

T
-120 -160

-100

~140

-80

-60

_40

-20

0

62



gloe—

0 ppm

@ = p0°€

vl 98—

0S¥'6t -

80529
8¥.° /9
omm.hm\w/,
0£2'89”

v0L621
v 0E}
198°ge !
961 LYk,
059'0G}/

96c6l —

0 ppm

180 160 140 120 100 80 60 40 20

200

63



902'GL—

-180 ppm

-40 -60 -80 -100 -120 o -

-20

CFs

LI0E—

N—

Cl

Br
"HNMR

L

|
,/

|

rn A\

e

'_LLU

_

0 ppm

64



£€85°9¢

18E° 6 —

€5 £9-
569'£9-
SE6°£9 7
9/1°89-

ZETOkL-
IBE0LL -,
205'v2) /

AT A
¥90'151

G96'¢6l —

CF4

N—
Br
3C NMR

Cl

it

0 ppm

180 160 140 120 100 80 60 40 20

200

vle'Si——

ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

65



3C NMR

0 ppm

Me
20

40

60

£
a
o
— | Lo
@ ) o )
iz D 2 01912 Loz _
i
o £ T ©
ol ) e
I
5 1 Lo YL 67— 5}
z— — 20
09ee m o 89229~
195729
4 59897
120e = rezoe v91'89
u o<
_ £26'601 -
—— ~10'L
— k0
m
o
— 102
—/ €0k geoopL-
_ 611251~
|~
—_ —20e
- © =00
LIGE6L—
| o

80

100
66

120

180 160 140

200




[5VS.-

CFy

N—

Cl

19F NMR

Me

-180 ppm

-40 —-60 -80 -100 -120 -140 -160

-20

co6’ L —

N

L

i

0 ppm

6

67



00561 —

6V6'96—
Py ey —

00104~
B868°0L -\
869°0L-7
666'0L

S19°901L -

120°221 )f
8yLBZL -
08e'6zL-7

PO PEL-]
295 0rL-/
2rsest’

86E°L61 —

0 ppm

180 160 140 120 100 80 60 40 20

200

SOG4

ppm

\
-40 -60 -80 -100 -120 -140 -160 -180

\
-20

68



CFa

o]

L

TH NMR

Cl

I

0 ppm

~“$0L
FO'L

e6oLL—

8rSEr—
GE6'6Y

B66'E9
00€79-,
009%9-7
L06'¥9

S02'601
8IS'8E)
99kl
gcevet
Gas'vel
SE9'vel

ore’Le _.Mm

/

990G+

18G'E6

CFy

Y

0]

Cl

3¢ NM

ppm

180 160 140 120 100 80 60 40 20

200

69



G6L°GL-—

CF3

]

Cl

19F NMR

-180 ppm

-40 -60 -80 -100 -120 -140 -160

20

M

Ll

0 ppm

Lﬁ ‘
-
[aY]

T

g

L
%
(o8]

|
o
«
-

|

~¥0'k

-~ £0°}

N
Q™M
OTC}
—l—

/

402

UT
S

o
<
=

5
8V}

70



c06’ el —
¢ge'0c—

SS'8¢—

ZrLeY
L6 6Y—
£4599-
PLEPI-
219
LG9

96680}
88281
262vel-) -
125 vel
L18421
LENTARNG
m;..mmrv
LEV 62
9010EL
062°0€L
862'vEL )
959’0t L/
¥SLIS)E

165'e6) —

)

0 ppm

180 160 140 120 100 80 60 40 20

200

9€9'G/.~—

-180 ppm

-40 -60 -80 -100 -120 -140 -160

-20

71



F1800
F1700

F1600

500
r1400
F1300
F1200
F1100
F1000
F900

F800
F700
F600
F500
400
F300
F200
F100
F-100

00007,
998'C
SOT't
RIT'€
£9T'€
9LT'€
bLS '€
£09°¢5
1£9°
199°
£80°6

[L16~
BEL'S
IS1°E

6L1'SH
LOT'S-
S18°94
6£8°9-
£98°9
95601
18601
67T L
€T
8ST'L
€871
1%L
o1t
St L
95t L
WL
0S8°L

8L'L
988°L/

CF4

N_.—-

Cl

PE—

=00°¢

TH NMR

=001

Hj_MWJM__J
H
2

=== E00°]

0l
F20T
. 22307
=L0°T

=0T

L W — | S

3!

10

11

14 13

15

F25000

20000
F15000

F10000
F5000

9ERTE
8TF'SE

LOT LSy
@mimw
999'L5 1
968°Ls
906°9¢
191°LL+
PIvLL!

PIIST
6256117
STOETIL
B0ESTIA-
T6S LTI
8FT6T1

9T 671
0£9°6T1Y
m%.mm_ku
P99 FEL
6€€0P1Y
ST66Y1

FIOFO1—

—

Cl

B¢ NMR

H J o

|
i

I

1

210 2000 150 180 170 160 150 140 130 120 -10

10 0

110 100 90 80 70 60 50 40 30 20

f1 (ppm)

72



—-71.635

N__-—-

9F NMR

40000
F38000
F36000
34000
F32000
F30000
F28000
F26000
r24000
r22000
20000
F18000
F16000
14000
F12000
10000
F8000

F6000

4000

F2000

F-2000

100

-10 -20 -30 40 -50 -60 -70 -80 -90 -100-110-120-130-140-150-160-170

f1 (ppm)

73

-180-1

90-200-210



