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1. General information

Unless otherwise noted, all reactions were carried out under nitrogen atmosphere.
All commercially available reagents and solvents were used without further purification.
All reagents were purchased from commercial suppliers (Bidepharm and Energy
Chemicals) or prepared as reported in the literature. Reactions were monitored by TLC
analysis using silica gel 60 A F-254 thin layer plates and compounds were visualized
with a UV light at 254 nm. All products were purified by flash chromatography on silica
gel (200—400 mesh) and the chemical yields referred are isolated products unless stated
otherwise.

"H NMR spectra were recorded on 400 MHz (AV400) or 600 MHz (AscendTM
600 MHz) Bruker spectrometers. '*C NMR and '°F NMR spectra were also recorded
on the above spectrometers. Chemical shifts are reported in & ppm relative to residual
solvent of CDCIls (7.26 ppm for '"H NMR and 77.1 ppm for '*C NMR). The used
abbreviations in chemical shifts are as follows: s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets), td (triplet of doublets) dqd (doublet of quartet of
doublets), m (multiplet) and brs (broad singlet). Data were reported as follows,
chemical shift, multiplicity, coupling constants (Hz) and integration. High resolution
mass spectra (HRMS) data were measured on a Bruker Daltonics SolariX 7T
spectrometer (EST) with a Fourier transform ion cyclotron resonace mass spectrometry
(FT-ICR-MS) as the mass analyzer.

The photoreactor (RLH-18SH) used in this reaction was manufactured from
Beijing Roger tech Ltd. Eight 10 W blue LED were equipped in this photoreactor. The
reaction vessel is a borosilicate glass penicillin bottle and the distance between it and
the lamp is 1.5 cm, no filter was used. Reaction temperature was kept at 25 °C with a

water cooling system.



2. Preparation of substrate

Np
DCM/H,0 = 20 : 1
CF3CH,NH,-HCI + NaNO, 2 -~ FSC)J\H

Trifluoroethylamine hydrochloride (2.76 g, 20 mmol) and sodium nitrite (1.66 g,
24 mmol, 1.2 equiv.) were added to a 50 mL round bottom flask, sealed the flask after
add 25 mL of dichloromethane. The mixture was stirred in ice bath for 5 minutes and
then added 1 mL of pure water to it. The solution turned yellow gradually, stired the
reaction in an ice bath for 1 hour, and then stired at room temperature for 30 minutes.
After that, the reaction solution was frozen in -20 °C overnight. Put the liquid in another
bottle, dried it with anhydrous K>CO3, and stored the solution in a refrigerator at -20 °C.
Trifluorotoluene as the internal standard, calibrated the concentration of CF3;CHN» with

19F NMR, which was 0.55 M.

3. Complete reaction optimization for aryl olefins

Table S1. Reaction optimization and control experiments®.

CuCl/dap (4 mol%) | |

N, .
)J\ . K3PO, (1.5 eqU|v)> CF,
H MeCN, rt., 12 h
2 5a

5 W blue LED

R R | A
i_; 2_5 | | N N

L1, R = 4-(MeO)-Ph
L2,R=H L3,R=Me
L4, R=Cl L5 R =Ph

L6, R = Ph

L7, R = MeO L8 L9



Entry Deviation of standard condition Yield (%)b
1 none 95 (90)
2 K>COs instead of K3PO4 76
3 2,6-Lutidine instead of K3PO4 trace
4 green LED instead of blue LED 81
5 DCM instead of MeCN 11
6 DMF instead of MeCN 0
7 MeCN (2 mL) 72
8 No light 0
9 In air 35
10 60 °C, No light 0
11 CuCl/L1 (3 mol%) 50 (47)

12¢ L2 instead of L1 32
13 L3 instead of L1 41
14 L4, L5 instead of L1 8
15 L6, L7, L8, L9 instead of L1 0
16 FeBr; instead of CuCl 0
17 NiBr; instead of CuCl 0
18 No L1 7

[a] Reaction conditions: 4a (0.2 mmol), 2 (0.53 mmol, 0.5 M in DCM), I, (0.35 mmol), CuCl (4
mol%), L1(dap) (4 mol%), KsPO4 (0.3 mmol), additional MeCN (1.0 mL), N2, blue LED, rt, 12
h. [b] The yield was determined by **F NMR. [c] 405 nm.

Notes: In the case of aryl alkenes, the actual catalyst is the in-situ formed Cu(dap)2Cl, which is generated
more efficiently with MeCN due to the better solubility of the copper salt compared to DCM. In addition,
the inorganic base K3POy is also more soluble in MeCN, which is important to prevent the catalyst

poisoning!!!. This makes the significant difference in DCM and MeCN between aryl alkene and alkyl

alkene.



4. General procedure and characterization data of products 3

N, | |

+ + |— > N
O F3C)J\H DCM, rt., 12 h CF3

1 2 5 W blue LED 3

I> (0.35 mmol) was dissolved in DCM (1.0 mL) under nitrogen atmosphere, then
CF3CHN2 (1.05 ml, 0.525 mmol) and olefin (0.2 mmol) were added into the bottle. The
mixture was stirred for 5 minutes and then irradiated under 5 W blue LED and stirred
at room temperature for 12 hours. After the reaction, trace of the reaction supernatant
was used for ’F NMR spectroscopic analysis to determine the dr selectivity. Then, the
other mixture was directly subjected to be concentrated in vacuo and purified by flash
chromatography on silica gel with petroleum ether/ethyl acetate as an eluent to afford

the desired product 3.

(5,5,5-trifluoro-2,4-diiodopentyl)benzene (3a)

3a

3

The product 3a was purified by column chromatography (petroleum ether) as a
colourless oil (79.9 mg, 88 %, 3.7:1 dr).

TLC: Rr= 0.65 (Hexane).

'TH NMR (400 MHz, CDCl3) 8 7.39 — 7.29 (m, 3H), 7.22 (dd, J = 6.8, 1.7 Hz, 2H), 4.57
—4.53 (m, 0.8H, minor), 4.41 — 4.37 (m, 1.3H, major), 3.50 — 3.40 (m, 0.8H, major),
3.33-3.23 (m, 0.8H, major), 3.15-2.12 (m, 0.4H, minor), 2.71 —2.51 (m, 0.5H, minor),
2.27 -2.20 (m, 0.8H, major), 2.11 — 2.04 (m, 0.8H, major).

I3C NMR (101 MHz, CDCl3) & 138.6, 138.5, 129.1, 129.1, 128.9, 128.8, 127.4, 125.9,
124.6 (q, J = 276.8 Hz), 47.3, 45.9, 45.0, 41.5, 35.5, 32.5, 26.2 (q, J = 31.5 Hz), 21.1
(q,/=31.2 Hz).

1F NMR (565 MHz, CDCls) § -67.69 (d, J = 7.8 Hz, 1F), -68.34 (d, J = 7.6 Hz, 3.7F).
HRMS (ESI, m/z): calcd for C11H; FsIbNa" [M+Na]": 476.8794, found: 476.8785.
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(6,6,6-trifluoro-3,5-diiodohexyl)benzene (3b)
| I

©/\MCF3
3b

The product 3b was purified by column chromatography as a colourless oil (72.7 mg,
78%, 3.3:1 dr).

TLC: Rf = 0.65(Hexane).

TH NMR (400 MHz, CDCl3)  7.30 (dd, J= 8.7, 6.5 Hz, 2H), 7.25 — 7.17 (m, 3H), 4.64
—4.44 (m, 0.7H, major), 4.32 — 4.44 (m, 0.3H, minor), 4.16 —4.06 (m, 1H), 2.91 — 2.85
(m, 1H), 2.80 — 2.70 (m, 1H), 2.70 — 2.45 (m, 0.5H, minor), 2.40 — 2.24 (m, 1.5H,
major), 2.16 — 2.00 (m, 2H).

13C NMR (101 MHz, CDCls) 6 140.2, 140.1, 128.8, 128.7, 128.6, 126.6, 124.6 (q, J =
276.8 Hz), 44.9, 42.4, 40.2, 36.2, 35.6, 32.3, 26.1 (q, J = 31.4 Hz), 20.9 (g, J = 31.3
Hz).

19F NMR (565 MHz, CDCl3) & -68.03 (d, J = 7.8 Hz, 1F), -68.36 (d, J = 8.1 Hz, 3.3F).
HRMS (ESI, m/z): calcd for C12H13FsloNa*™ [M+Na]*: 490.8956, found: 490.8958.

1-(5,5,5-trifluoro-2,4-diiodopentyl)naphthalene (3c)

The product 3c was purified by column chromatography as a yellow oil (60.4 mg, 60 %,
1.5:1 dr).

TLC: Rf = 0.65 (Hexane).

IH NMR (600 MHz, CDCl3) & 7.99 — 7.88 (m, 2H), 7.83 (d, J = 8.2 Hz, 1H), 7.59 —
7.55 (m, 1H), 7.54 — 7.50 (m, 1H), 7.46 — 7.44 (m, 1H), 7.39 — 7.37 (m, 1H), 4.63 —
4.57 (m, 1H), 4.56 — 4.50 (m, 0.6H, major), 4.38 — 4.33 (m, 0.4H, minor), 3.97 — 3.93
(m, 0.6H, major), 3.72 — 3.68 (m, 0.6H, major), 3.67 — 3.62 (m, 0.4H, minor), 3.60 —



3.55 (m, 0.4H, minor), 2.78 — 2.73 (m, 0.4H, minor), 2.69 — 2.61 (m, 0.4H, minor), 2.40
—2.35 (m, 0.6H, major), 2.15—-2.10 (m, 0.6H, major).

BBCNMR (151 MHz, CDCl3) 8 134.7, 134.6, 134.2,134.1, 131.62, 131.56, 129.3, 129.3,
128.41, 128.40, 127.9, 127.8, 126.7, 126.6, 126.4 (q, J = 276.5 Hz), 126.03, 126.01,
125.44, 125.41, 123.2, 123.1, 46.1, 44.8, 43.9, 42.1, 34.7, 31.5, 26.1 (q, J = 31.5 Hz),
20.9 (g, J =31.2 Hz).

18F NMR (565 MHz, CDCls) & -67.80 (d, J = 7.4 Hz, 1F), -68.39 (d, J = 8.1 Hz, 1.5F).
HRMS (ESI, m/z): calcd for CisHisF3l" [M+H]": 504.9132, found: 504.9136.

1,1,1-trifluoro-2,4-diiododecane (3d)

WCF

3d

3

The product 3d was purified by column chromatography as a colourless oil (77.9 mg,
87%, 3.6:1 dr).

TLC: Rf=0.70 (Hexane).

IH NMR (400 MHz, CDCl3) & 4.61 — 4.47 (m, 0.7H, major), 4.40 — 4.28 (m, 0.3H,
minor), 4.22 — 4.06 (m, 1H), 2.65—2.41 (m, 0.5H, minor), 2.30 —2.20 (m, 0.8H, major),
2.06 — 1.97 (m, 1.6H, major), 1.87 — 1.77 (m, 0.7H, minor), 1.70 — 1.37 (m, 3H), 1.35
—1.26 (m, 6H), 0.93 — 0.87 (m, 3H)

13C NMR (101 MHz, CDCls) & 124.6 (q, J = 276.5 Hz), 45.1, 42.5, 42.4, 40.8, 38.5,
37.2,33.3,31.7,29.5,29.2, 28.6, 28.5, 26.4 (q,J=31.4 Hz), 21.1 (q,J=31.1 Hz), 22.7,
14.2.

19F NMR (565 MHz, CDCls) § -67.97 (d, J = 8.1 Hz, 1F), -68.41 (d, J = 8.0 Hz, 3.6F).
HRMS (ESI, m/z): calcd for CioHisF3l" [M+H]": 448.9444, found: 448.9453.

(5,5,5-trifluoro-2,4-diiodopentyl)cyclopentane (3e)

3e

3



The product 3e was purified by column chromatography as a colourless oil (66.1 mg,
74 %, 3.1:1 dr).

TLC: Rf=0.71 (Hexane).

!H NMR (600 MHz, CDCl3) & 4.60 — 4.53 (m, 0.8H, major), 4.42 — 4.36 (m, 0.2H,
minor), 4.20 —-4.10 (m, 1H), 2.66 — 2.57 (m, 0.3H, minor), 2.52 — 2.45 (m, 0.3H, minor),
2.26—2.17 (m, 1.7H, major), 2.14 — 2.01 (m, 2H), 1.88 — 1.78 (m, 2H), 1.78 — 1.72 (m,
0.9H, major), 1.67 — 1.60 (m, 2H), 1.59 — 1.55 (m, 1H), 1.21 — 1.12 (m,1H), 1.09 — 1.00
(m, 1H), 0.92 -0.79 (m, 1H).

13C NMR (151 MHz, CDCl3) 8 124.9 (q, J = 276.6 Hz), 47.4, 45.5, 45.2, 42.6, 40.3,
40.0, 36.3, 32.9, 32.7, 32.4, 32.0, 31.6, 26.4 (q, J = 31.4 Hz), 21.5 (q, J = 31.2 Hz),
25.2,25.2.

19F NMR (565 MHz, CDCls) & -67.95 (d, J = 7.8 Hz, 1F), -68.42 (d, J = 8.1 Hz,
3.1F).

HRMS (ESI, m/z): calcd for CioH 6F312" [M+H]": 446.9288, found: 446.9296.

8,8,8-trifluoro-5,7-diiodooctyl benzoate (3f)

Q)ioWCFg

3f

The product 3f was purified by column chromatography as a colourless oil (90.7 mg,
84 %, 3.6:1 dr).

TLC: Rr= 0.6 (Hexane/EtOAc = 30:1).

'"H NMR (600 MHz, CDCl3) & 8.07 — 8.01 (m, 2H), 7.57— 7.53 (m, 1H), 7.46 — 7.42
(m, 2H), 4.58 — 4.50 (m, 0.7H, minor), 4.37 — 4.32 (m, 2H), 4.23 — 4.13 (m, 1.4H,
major), 2.66 — 2.60 (m, 0.2H, minor), 2.53 — 2.44 (m, 0.2H, minor), 2.30 — 2.24 (m,
0.9H, major), 2.17 — 2.00 (m, 1.7H, major), 1.93 — 1.55 (m, 5H).

I3C NMR (151 MHz, CDCl3) 8 166.6, 133.0, 130.3, 129.6, 128.4, 124.4 (q, J = 276.6
Hz), 64.5, 64.4, 44.9, 42.3, 40.1, 37.9, 36.4, 32.4, 27.9, 27.8, 26.2, 25.9, 26.1 (q, J =
31.4 Hz), 20.8 (q, /= 31.2 Hz).



19F NMR (565 MHz, CDCls) 6 -67.93 (d, J = 7.6 Hz, 1F), -68.33 (d, J = 7.8 Hz, 3.6F).
HRMS (ESI, m/z): caled for CisHisF3LO2 [M+H]": 540.9342, found: 540.9348.

8,8,8-trifluoro-5,7-diiodooctyl 4-methylbenzoate (3g)
0 I
/<J)\o/\/\)\/kcF3
Me 3g
The product 3g was purified by column chromatography as a colourless oil (88.8 mg,
80%, 3.7:1 dr).
TLC: Rf=0.43 (Hexane/EtOAc = 30:1).
IH NMR (600 MHz, CDCls) § 7.94 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 4.58
—4.51 (m, 0.8H, minor), 4.33 (t, J = 6.4 Hz, 2H), 4.21 — 4.15 (m, 1.1H, major), 2.64 —
2.56 (m, 0.2H, minor), 2.52 - 2.46 (m, 0.2H, minor), 2.41 (s, 3H), 2.31 - 2.24 (m, 0.8H),
2.12 —2.03 (m, 1.6H, major), 1.93 - 1.70 (m, 4H), 1.65 — 1.59 (m, 1H).
13C NMR (151 MHz, CDCl3) 6 166.7, 143.6, 129.6, 129.1, 127.6, 124.43 (q, J = 276.5
Hz), 64.3, 64.2, 44.8, 42.3, 40.1, 37.9, 36.4, 32.4, 27.9, 27.8, 26.2, 25.9, 25.9 (9, J =
31.3Hz), 20.8 (q, J = 31.2 Hz), 21.7.
18F NMR (565 MHz, CDCl3) § -67.97 (d, J = 7.6 Hz, 1F), -68.38 (d, J = 7.9 Hz, 3.7F).
HRMS (ESI, m/z): calcd for C1sH20F31202" [M+H]": 554.9499, found: 554.9495.

8,8,8-trifluoro-5,7-diiodooctyl 4-methoxybenzoate (3h)
O I I

MeO

3h

The product 3h was purified by column chromatography as a colourless oil (96 mg,
84%, 3.5:1 dr).

TLC: Rr= 0.45 (Hexane/EtOAc = 30:1).

'TH NMR (600 MHz, CDCl3) 8 8.02 — 7.97 (m, 2H), 6.93 — 6.90 (m, 2H), 4.57 — 4.50
(m, 0.8H, minor), 4.34 — 4.29 (m, 2H), 4.21 — 4.13 (m, 1H, major), 3.85 (s, 3H), 2.64 —

9



2.57 (m, 0.2H, minor), 2.52 — 2.44 (m, 0.2H, minor), 2.31 — 2.24 (m, 0.8H, major), 2.13
—2.02 (m, 1.6H, major), 1.92 — 1.68 (m, 4H), 1.66 — 1.56 (m, 1H).

13C NMR (151 MHz, CDCl3) 6 166.4, 163.5, 131.7, 124.5 (q, J = 276.5 Hz), 122.79,
113.7, 64.2, 64.2, 55.5, 53.1, 44.9, 42.4, 40.2, 38.0, 36.5, 32.6, 28.0, 28.0, 26.3, 25.9,
26.2 (q,J=31.4 Hz), 20.9 (q,J=31.1 Hz).

1F NMR (565 MHz, CDCls) 8 -67.97 (d, J = 7.6 Hz, 1F), -68.38 (d, J= 7.9 Hz, 3.5F).
HRMS (ESI, m/z): calcd for C17H23F31,03" [M+H]": 585.9689, found: 585.9688.

8,8,8-trifluoro-5,7-diiodooctyl 4-iodobenzoate (3i)
O I [

/©)J\O/\/\MCF3

3i

The product 3i was purified by column chromatography as a colourless oil (103.9 mg,
78%, 5.7:1 dr).

TLC: Rf=0.44 (Hexane/EtOAc = 30:1).

IH NMR (600 MHz, CDCl3) & 7.81 (d, J = 8.5 Hz, 2H), 7.75 — 7.73 (m, 2H), 4.57 —
4.51 (m, 0.8H, minor), 4.35 — 4.33 (m, 2H), 4.18 — 4.14 (m, 1.2H, major), 2.64 — 2.56
(m, 0.2H, minor), 2.52 — 2.45 (m, 0.2H, minor), 2.33 — 2.20 (m, 0.9H, major), 2.14 —
2.02 (m, 1.7H, major), 1.90 — 1.70 (m, 4H), 1.64 — 1.58 (m, 1H).

13C NMR (151 MHz, CDCls) § 166.2, 137.9, 131.1, 129.8, 124.5 (q, J = 276.6 Hz),
100.9, 64.8, 64.7, 42.4, 40.2, 37.9, 36.4, 27.9, 26.2, 26.2 (q, J = 31.4 Hz), 20.2 (q, J =
31.4 Hz).

18F NMR (565 MHz, CDCls) & -67.94 (d, J = 7.8 Hz, 1F), -68.38 (d, J = 7.9 Hz, 5.7F).
HRMS (ESI, m/z): calcd for Ci6H17F31302" [M+H]*: 666.8309, found: 666.8312.

8,8,8-trifluoro-5,7-diiodooctyl 4-cyanobenzoate (3j)

NC

3
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The product 3j was purified by column chromatography as a yellow oil (85.9 mg, 76%,
3.8:1dr).

TLC: Rf=0.43 (Hexane/EtOAc = 30:1).

IH NMR (600 MHz, CDCl3) & 8.14 (d, J = 1.9 Hz, 2H), 7.75 — 7.73 (m, 2H), 4.56 —
0.76 (m, 0.8H, minor), 4.41 — 4.37 (m, 2H), 4.21 — 4.13 (m, 1H, major), 2.63 — 2.56 (m,
0.2H, minor), 2.52 — 2.45 (m, 0.2H, minor), 2.31 — 2.26 (m, 0.8H, major), 2.11 — 2.01
(m, 1.6H, major), 1.92 — 1.56 (m, 5H).

13C NMR (151 MHz, CDCls) & 165.0, 134.2, 134.1, 132.4, 130.2, 124.5 (q, J = 276.5
Hz), 118.1, 116.5, 65.4, 45.0, 42.4, 40.1, 37.9, 36.3, 32.3, 29.9, 27.9, 26.2 (9, J = 314
Hz), 20.77 (g, J = 31.3 Hz), 26.1.

18F NMR (565 MHz, CDCls) & -67.94 (d, J = 7.4 Hz, 1F), -68.39 (d, J = 7.7 Hz, 3.8F).
HRMS (ESI, m/z): calcd for C16H17F31oNO2* [M+H]": 565.9295, found: 565.9289.

8,8,8-trifluoro-5,7-diiodooctyl 2,6-dichlorobenzoate (3k)

@OW%

3k

The product 3k was purified by column chromatography as a colourless oil (103.3 mg,
84%, 3.8:1 dr).

TLC: Rr= 0.46 (Hexane/EtOAc = 30:1).

'"H NMR (600 MHz, CDCl3) 8 7.35 — 7.32 (m, 2H), 7.30 — 7.26 (m, 1H), 4.56 — 4.50
(m, 0.8H, minor), 4.44 —4.42 (m, 2H), 4.18 —4.14 (m, 1H, major), 2.74 —2.55 (m, 0.3H,
minor), 2.55 — 2.43 (m, 0.3H, minor), 2.30 — 2.21 (m, 0.8H, major), 2.10 — 1.97 (m,
0.1.7H, major, 1.92 — 1.72 (m, 4H), 1.71 — 1.60 (m, 1H,).

I3C NMR (151 MHz, CDCl3) 4 164.9, 133.8, 131.9, 131.0, 128.02, 124.5 (q, J = 276.5
Hz), 65.9, 65.9, 44.9, 42.4, 40.2, 38.0, 36.2, 32.3, 27.7, 26.2, 26.1, 26.0 (q, J = 110.6
Hz), 20.89 (q, /= 31.3 Hz).

1F NMR (565 MHz, CDCls) § -67.95 (d, J= 7.7 Hz, 1F), -68.38 (d, J = 8.1 Hz, 3.8F).
HRMS (ESI, m/z): calcd for C1sH;sCloF31202Na’” [M+Na]*: 630.8382, found:630.8372.
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8,8,8-trifluoro-5,7-diiodooctyl thiophene-2-carboxylate (31)

3l
The product 3l was purified by column chromatography as a colourless oil (77.3 mg,
71%, 3.6:1 dr).
TLC: Rf=0.43 (Hexane/EtOAc = 30:1).
IH NMR (600 MHz, CDCls) 6 7.81 — 7.80 (m, 1H), 7.56 — 7.55 (m, 1H), 7.11 — 7.10
(m, 1H), 4.57 — 451 (m, 0.8H, minor), 4.33 — 4.31 (m, 2H), 4.20 — 4.13 (m, 1.1H,
major), 2.73 — 2.58 (m, 0.3H, minor), 2.53 — 2.45 (m, 0.3H, minor), 2.30 — 2.23 (m,
0.8H, major), 2.10 — 2.03 (m, 1.7H, major), 1.93 — 1.70 (m, 4H), 1.66 — 1.23 (m, 1H).
13C NMR (151 MHz, CDCls) 6 162.31, 133.9, 133.9, 133.6, 133.6, 132.5, 127.9, 124.5
(g, J=276.5Hz), 64.7, 64.6, 44.9, 41.4, 40.2, 37.9, 36.5, 32.5, 28.0, 27.9, 26.2, 25.9,
26.2 (q, J = 31.4 Hz), 20.9 (g, J = 31.2 H2).
19F NMR (565 MHz, CDCls) § -67.95 (d, J = 7.3 Hz, 1F), -68.36 (d, J = 8.4 Hz, 3.6F).
HRMS (ESI, m/z): caled for Ci3HisF3[,0,SNa™ [M+Na]": 568.8735, found: 568.8737.

8,8,8-trifluoro-5,7-diiodooctyl furan-2-carboxylate (3m)

O
9 O/\/\)\/kCF

\ |

3

3m
The product 3m was purified by column chromatography as a colourless oil (68.7 mg,
67%, 3.5:1 dr).
TLC: Rf = 0.43 (Hexane/EtOAc = 30:1).
IH NMR (600 MHz, CDCl3) § 7.59 — 7.57 (m, 1H), 7.19 — 7.18 (m, 1H), 6.52 — 6.50
(m, 1H), 4.56 — 4.50 (m, 0.8H, minor), 4.34 — 4.30 (m, 2H), 4.20 — 4.12 (m, 1.1H,
major), 2.68 — 2.54 (m, 0.3H, minor), 2.52 — 2.44 (m, 0.3H, major), 2.32 — 2.22 (m,
0.8H, major), 2.10 — 2.00 (m, 1.7H, major), 1.92 — 1.65 (m, 4H), 1.65 — 1.54 (m, 1H).
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13C NMR (151 MHz, CDCls) & 158.8, 146.5, 144.8, 124.5 (q, J = 276.6 Hz), 118.1,
118.1, 112.0, 64.5, 64.5, 44.9, 42.4, 40.2, 37.9, 36.4, 32.4, 27.9, 27.8, 26.5, 26.2, 26.1
(q,J = 31.2 Hz), 20.9 (g, J = 31.1 H2).

19F NMR (565 MHz, CDCls) & -67.99 (d, J = 8.0 Hz, 1F), -68.40 (d, J = 8.1 Hz, 3.5F).
HRMS (ESI, m/z): calcd for C13H1s5F31202SNa* [M+Na]*: 552.8954, found: 552.8950.

8,8,8-trifluoro-5,7-diiodooctyl acetate (3n)

O | |
)J\OMMC&
3n
The product 3n was purified by column chromatography as a colourless oil (72 mg,
82%, 4.5:1 dr).
TLC: Rr= 0.43 (Hexane/EtOAc = 30:1).
'"H NMR (600 MHz, CDCl3) § 4.55 — 4.51 (m, 0.8H, major), 4.37 — 4.32 (m, 0.2H,
minor), 4.19 —4.11 (m, 1H), 4.07 (t, J= 6.3 Hz, 2H), 2.62 — 2.54 (m, 0.2H, minor), 2.52
— 2.42 (m, 0.2H, major), 2.30 — 2.22 (m, 0.8H, major), 2.05 (s, 3H), 2.04 — 1.09 (m,
1.3H, major), 1.76 — 1.57 (m, 4H), 1.56 — 1.44 (m, 1H).
I3C NMR (151 MHz, CDCl3) 8 171.2, 124.5 (q, J = 276.5 Hz), 64.1, 45.0, 42.4, 40.2,
38.0,36.4,32.5,27.9,27.7,26.2 (q,J=31.4 Hz), 20.8 (q,/J=31.2 Hz), 26.1, 25.8, 21.1,
21.1.
F NMR (565 MHz, CDCl3) 8 -67.96 (d, J= 7.6 Hz, 1F), -68.41 (d, J= 8.0 Hz, 4.5F).
HRMS (ESI, m/z): caled for C1oH16F31202" [M+H]": 478.9186, found: 478.9177.

8,8,8-trifluoro-5,7-diiodooctyl 4-methylbenzenesulfonate (30)

\©\ //O /\/\)I\/L
O//S\o CF

30

3

The product 3o was purified by column chromatography as a yellow solid (95.6 mg,
81%, 3.7:1 dr).
TLC: Rf = 0.45 (Hexane/EtOAc = 20:1).
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IH NMR (600 MHz, CDCls) § 7.76 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 4.53
—4.45 (m, 0.7H, major), 4.34 — 4.28 (m, 0.2H, minor), 4.08 — 4.02 (m, 3H), 2.59 — 2.53
(m, 0.24H, minor), 2.45 (s, 3H), 2.23 -2.18 (m, 0.8H, major), 1.99 — 1.87 (m, 2H), 1.65
—1.35 (m, 4H), 0.90 — 0.75 (m, 1H).

13C NMR (151 MHz, CDCls) & 143.6, 136.9, 129.9, 127.2, 124.5 (g, J = 276.6 Hz),
44.8, 42.9, 42.9, 42.3, 40.0, 37.7, 36.4, 32.5, 28.8, 28.6, 26.6, 26.3, 26.1 (g, J = 31.5
Hz), 20.9 (g, J = 31.5), 21.7, 21.2.

19F NMR (565 MHz, CDCls) & -67.95 (d, J = 7.9 Hz, 1F), -68.36 (d, J = 8.1 Hz, 3.7F).
HRMS (ESI, m/z): calcd for CisHaiF3[NO2S* [M+H]": 590.9175, found: 590.9178.

((7,7,7-trifluoro-4,6-diiodoheptyl)oxy)benzene (3p)

I

3p
The product 3p was purified by column chromatography as a colourless oil (75.9 mg,
71 %, 3.6:1 dr).
TLC: Rf=0.45 (Hexane).
'H NMR (600 MHz, CDCls) § 7.30 (dd, J = 8.6, 7.2 Hz, 2H), 6.97 (t, J = 7.3 Hz, 1H),
6.93 — 6.89 (M, 2H), 4.63 — 4.53 (m, 0.7H, major), 4.43 — 4.37 (m, 0.3H, minor), 4.30
—4.22 (m, 1H), 4.05-3.98 (m, 2H), 2.67 — 2.61 (m, 0.2H, minor), 2.55—-2.49 (m, 0.2H,
minor), 2.36 — 2.28 (m, 0.7H, major), 2.23 -2.16 (m, 0.7H, major), 2.15—-2.01 (m, 3H),
2.00 — 1.85 (m, 1H).
13C NMR (151 MHz, CDCls) 6 158.9, 129.6, 124.4 (q, J = 277.0 Hz), 120.9, 114.6,
66.8, 66.5, 44.9, 42.5, 37.6, 36.5, 35.1, 32.3, 29.5, 29.1, 26.2 (g, J = 31.5 Hz), 20.9 (q,
J=31.2 H2).
19F NMR (565 MHz, CDCl3) & -67.96 (d, J = 7.4 Hz, 1F), -68.34 (d, J = 8.2 Hz, 3.6F).
HRMS (ESI, m/z): calcd for C13HisF312ONa* [M+Na]*: 520.9062, found: 520.9060.

3-((7,7,7-trifluoro-4,6-diiodoheptyl)oxy)pyridine (3q)
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The product 3g was purified by column chromatography as a pale yellow liquid (84.7
mg, 84%, 3.5:1 dr).

TLC: Rf=0.46 (Hexane/EtOAc = 10:1).

IH NMR (600 MHz, CDCl3) & 8.30 (t, J = 2.6 Hz, 1H), 8.21 (dd, J = 4.5, 1.4 Hz, 1H),
7.23 - 7.14 (m, 2H), 4.56 — 4.48 (m, 0.8H, major), 4.41 — 4.33 (m, 0.2H, minor), 4.25
—4.18 (m, 1H), 4.07 —-4.01 (m, 2H), 2.66 — 2.57 (m, 0.2H, minor), 2.53 -2.47 (m, 0.2H,
minor), 2.31-2.28 (m, 0.8H, major), 2.21 —2.10 (m, 1.1H, major), 2.10 — 2.02 (m, 2H),
2.00 — 1.85 (m, 1H).

13C NMR (101 MHz, CDCl3) 6 155.0, 142.4, 138.0, 138.0, 124.5 (g, J = 276.6 Hz),
124.0, 121.2, 67.2,67.0, 44.9, 42.4, 37.4, 36.2, 35.0, 31.9, 29.4, 29.1, 26.1 (9, J = 31.3
Hz), 20.7 (q, J = 31.4 Hz).

19F NMR (565 MHz, CDCls) § -67.95 (d, J = 7.7 Hz, 1F), -68.37 (d, J = 7.9 Hz, 3.5F).
HRMS (ESI, m/z): calcd for C12H14F3I2NONa* [M+Na]*: 521.9015, found: 521.9014.

1,1,1-trifluoro-2,4-diiodo-5-methoxypentane (3r)

3r

3

The product 3r was purified by column chromatography as a colourless oil (70.7 mg,
73%, 2.3:1 dr).

TLC: Rs= 0.5 (Hexane/EtOAc = 30:1).

IH NMR (600 MHz, CDCls) & 7.44 — 7.30 (m, 5H), 4.63 — 4.53 (m, 2H), 4.52 — 4.40
(m, 0.4H, minor), 4.40 — 4.36 (m, 0.6H, major), 4.36 — 4.27 (m, 1H), 3.85 — 3.64 (m,
2H), 2.71 - 2.61 (m, 0.6H, major), 2.56 — 2.49 (m, 0.6H, major), 2.35 — 2.27 (m, 0.4H,
minor), 2.26 — 2.16 (m, 0.4H, minor).
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13C NMR (101 MHz, CDCl3) 6 137.6, 137.5, 128.7, 128.7, 128.2, 128.2, 127.9, 127.9,
124.6 (q,J = 276.2), 75.2, 74.8, 73.3, 73.3,42.6, 39.1, 31.5, 29.8, 25.8 (g, J = 31.5 Hz),
21.6 (9, J =31.2 Hz).

F NMR (565 MHz, CDCl3) 6 -68.36 (d, J = 7.7 Hz, 1F), -68.41 (d, J = 7.7 Hz, 2.3F).
HRMS (ESI, m/z): calcd for Ci12H14F31L,0" [M+H]": 484.9081, found: 484.9072.

4-methyl-N-(8,8,8-trifluoro-5,7-diiodooctyl)benzenesulfonamide (3s)

| |
T\/\/\)\/k
Y CF

H 3s 3
The product 3s was purified by column chromatography as a yellow solid (118.6 mg,
78%, 3.5:1 dr).
TLC: Rf = 0.45 (Hexane/EtOAc = 20:1).
IH NMR (600 MHz, CDCl3) § 7.76 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 4.95
(t, J =6.2 Hz, 1H), 4.55 — 4.45 (m, 0.7H, major), 4.35 — 4.29 (m, 0.3H, minor), 4.09 —
4.02 (m, 1H), 2.94 (q, J = 6.4 Hz, 2H), 2.57 — 2.50 (m, 0.2H, minor), 2.42 (s, 3H), 2.22
—2.17 (m, 0.8H, major), 2.00 — 1.87 (m, 2H), 1.77 — 1.68 (m, 1H), 1.65 — 1.35 (m, 4H),
0.90 - 0.75 (m, 1H).
13C NMR (151 MHz, CDCl3) § 143.6, 136.9, 129.9, 127.2, 124.5 (q, J = 276.6 Hz),
44.8, 42.9, 42.9, 42.3, 40.0, 37.7, 36.4, 32.5, 28.8, 28.6, 26.6, 26.3, 26.1 (g, J = 31.5
Hz), 20.9 (q, 31.5), 21.7, 21.2.
19F NMR (565 MHz, CDCls) § -67.95 (d, J = 7.9 Hz, 1F), -68.36 (d, J = 8.1 Hz, 3.5F).
HRMS (ESI, m/z): calcd for CisH21F3l2NO2S* [M+H]*: 589.9329, found: 589.9332.

2-(9,9,9-trifluoro-6,8-diiodononyl)isoindoline-1,3-dione (3t)

>>;N\/\/\)|\/LCF3

o 3t
The product 3t was purified by column chromatography as a white soild (71.2 mg, 61 %,
3.5:1.dr).
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TLC: Rf=0.30 (Hexane/EtOAc = 20:1).

'H NMR (600 MHz, CDCl3) § 7.82 (dd, J = 5.4, 3.0 Hz, 2H), 7.69 (dd, J = 5.5, 3.0 Hz,
2H), 4.53 — 4.45 (m, 0.7H, major), 4.39 — 4.30 (m, 0.3H, minor), 4.16 — 4.08 (m, 1H),
3.68 (t, J = 7.2 Hz, 2H), 2.59 — 2.50 (m, 0.3H, minor), 2.47 — 2.31 (m, 0.3H, minor),
2.27 — 2.16 (m, 0.8H, major), 2.03 — 1.94 (m, 1.6H, major), 1.82 — 1.77 (m, 1H), 1.72
—1.66 (m, 2H), 1.65 — 1.56 (m, 1H), 1.54 — 1.30 (m, 3H).

13C NMR (151 MHz, CDCl3) 6 168.5, 134.0, 132.2, 124.5 (q, J = 276.6 Hz), 123.3,
44.8, 42.3, 40.5, 38.1, 37.9, 37.8, 36.7, 32.7, 29.8, 29.0, 28.7, 28.4, 26.2 (g, J = 31.3
Hz), 21.03 (g, J = 31.1 Hz), 26.1, 26.0.

18F NMR (565 MHz, CDCl3) & -68.00 (d, J = 8.0 Hz, 1F), -68.37 (d, J = 8.1 Hz, 3.5F).
HRMS (ESI, m/z): calcd for C17H18F312NO2Na* [M+Na]*: 601.9238, found: 601.9245.

trimethyl((5,5,5-trifluoro-2,4-diiodopentyl)oxy)silane (3u)

0
Me,Si” NCF

3u

3

The product 3u was purified by column chromatography as a colourless oil (46.3 mg,
50 %, 2.4:1 dr).

TLC: Rr= 0.45(Hexane/EtOAc = 50:1).

'"H NMR (600 MHz, CDCl3) § 4.60 — 4.51 (m, 0.3H, minor), 4.51 — 4.43 (m, 0.7H,
major), 4.26 —4.13 (m, 1H), 3.99 — 3.93 (m, 0.7H, major), 3.92 — 3.87 (m, 0.3H, minor),
3.86—3.82 (m, 0.7H, major), 3.80 — 3.73 (m, 0.3H, minor), 2.74 —2.61 (m, 0.3H, minor),
2.53 -2.44 (m, 0.3H, minor), 2.37 —2.30 (m, 0.7H, major), 2.16 — 2.08 (m, 0.7H, major),
0.15 (s, 9H).

13C NMR (151 MHz, CDCl3) & 125.1 (q, J = 276.5 Hz), 68.9, 68.7, 43.2, 39.1, 35.6,
30.2,26.3 (q,J=31.5Hz),22.7 (q,J=31.2 Hz), 0.1, 0.0.

1F NMR (565 MHz, CDCls) 8 -68.42 (d, J= 8.2 Hz, 1F), -68.49 (d, J= 8.1 Hz, 2.4F).
HRMS (ESI, m/z): caled for CgHi6F31,0Si" [M+H]": 466.9006, found: 466.8998.

8,8,8-trifluoro-5,7-diiodooctan-1-ol (3v)
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| |

3v

3

The product 3v was purified by column chromatography as a colourless oil (63.7 mg,
73 %, 4.4:1 dr).

TLC: Rf=0.57 (Hexane/EtOAc = 30:1).

'H NMR (600 MHz, CDCl3) & 4.57 — 4.52 (m, 0.8H, major), 4.40 — 4.31 (m, 0.2H,
minor), 4.20 —4.12 (m, 1H), 3.68 (s, 2H), 2.65 — 2.50 (m, 0.2H, minor), 2.50 — 2.40 (m,
0.2H, minor), 2.33 — 2.10 (m, 0.8H, major), 2.00 — 1.94 (m, 1.7H, major), 1.80 — 1.76
(m, 1H), 1.68 — 1.42 (m, 4H).

13C NMR (151 MHz, CDCl3) § 124.4 (q, J = 276.7 Hz), 62.6, 45.0, 42.4, 40.5, 38.2,
36.8,32.9, 31.9, 25.9, 26.2 (q, J = 31.6 Hz), 20.3 (g, J = 31.4 Hz).

19F NMR (565 MHz, CDCls) & -67.97 (d, J = 8.0 Hz, 1F), -68.40 (d, J = 8.2 Hz, 4.4F).
HRMS (ESI, m/z): calcd for CsHisF31,0" [M+H]": 436.9086, found: 436.9085.

8-bromo-1,1,1-trifluoro-2,4-diiodooctane (3w)
| |

BFWCF

3w

3

The product 3w was purified by column chromatography as a colourless oil (71.0 mg,
86 %, 3.8:1 dr).

TLC: R¢= 0.57 (Hexane).

'"H NMR (600 MHz, CDCl3) & 4.59 — 4.49 (m, 0.9H, major), 4.41 — 4.33 (m, 0.1H,
minor), 4.22 — 4.09 (m, 1H), 3.48 — 3.38 (m, 2H), 2.70 — 2.57 (m, 0.1H, minor), 2.52 —
2.42 (m, 0.1H, minor), 2.33 — 2.23 (m, 0.9H, major), 2.09 — 1.99 (m, 1.9H, major), 1.98
—1.81 (m, 3H), 1.78 = 1.67 (m, 1H), 1.6 — 1.58 (m, 1H).

13C NMR (151 MHz, CDCl3) 8124.4 (q, J = 276.5 Hz), 44.8, 42.3, 39.7, 39.2, 37.4,
36.0,33.1,32.1,31.8, 31.6, 28.1, 27.8, 26.1 (q, /= 31.5 Hz), 20.8 (g, /= 31.6 Hz).
1F NMR (565 MHz, CDCls) § -67.97 (d, J = 8.0 Hz, 1F), -68.40 (d, J = 8.2 Hz, 3.8F).
HRMS (ESI, m/z): calcd for CsHi3BrF3L" [M+H]": 498.8242, found: 498.8238.
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7-chloro-1,1,1-trifluoro-2,4-diiodoheptane (3x)

| |
CI/\/\)\/kCF

3x

3

The product 3x was purified by column chromatography as a colourless oil (65.3 mg,
71 %, 3.7:1 dr).

TLC: Rr= 0.48 (Hexane).

'H NMR (400 MHz, CDCl3) 6 4.59 — 4.50 (m, 0.8H, major), 4.40 — 4.30 (m, 0.2H,
minor), 4.20 —4.09 (m, 1H), 3.56 (t,J= 6.4 Hz, 2H), 2.67 — 2.52 (m, 0.2H, minor), 2.52
— 2.44 (m, 0.3H, minor), 2.31 — 2.21 (m, 0.8H, major), 2.09 — 1.97 (m, 1.6H, major),
1.93 - 1.61 (m, 5H).

I3C NMR (101 MHz, CDCls) 8 124.5 (q, J = 276.6 Hz), 45.0, 44.6, 42.4, 42.4, 40.0,
37.7,36.2,32.3,31.8, 31.6, 27.0, 26.7, 26.2 (q, J = 31.4 Hz), 20.8 (q, /= 31.2 Hz).
19F NMR (376 MHz, CDCl3) § -67.93 (d, J = 7.6 Hz, 1F), -68.39 (d, J = 7.8 Hz, 3.7F).
HRMS (ESI, m/z): calcd for CsHi3CIFsL" [M+H]": 454.8747, found: 454.8745.

9,9,9-trifluoro-6,8-diiodononanenitrile (3y)

NW
CF

3y 3
The product 3y was purified by column chromatography as a colourless oil (65 mg,
74 %, 3.6:1 dr)

TLC: Rf=0.34 (Hexane/EtOAc = 30:1).

IH NMR (600 MHz, CDCl3) & 4.55 — 4.49 (m, 0.8H, major), 4.40 — 4.33 (m, 0.2H,
minor), 4.17—4.10 (m, 1H), 2.66 — 2.54 (m, 0.2H, minor), 2.51 — 2.43 (m, 0.2H, minor),
2.39 (t, J = 6.6 Hz, 2H), 2.30 — 2.24 (m, 0.8H, major), 2.09 — 2.00 (m, 1.6H, major),
1.89 — 1.80 (m, 1H), 1.79 — 1.60 (m, 4H).

13C NMR (151 MHz, CDCls) 8 124.4 (q, J = 276.6 Hz), 119.3, 44.9, 42.3, 39.7, 37.6,
35.5,31.7, 28.6, 28.6, 25.9 (q, J = 31.4 Hz), 20.6 (q, J = 31.3 Hz), 24.5, 24.5, 17.1.
18F NMR (565 MHz, CDCls) & -67.90 (d, J = 7.3 Hz, 1F), -68.40 (d, J = 8.0 Hz, 3.6F).

19



HRMS (ESI, m/z): calcd for CoH12F312NNa*™ [M+Na]*: 467.8950, found: 467.8943.

methyl 13,13,13-trifluoro-10,12-diiodotridecanoate (3z)
| |

MeO
e \[(\/\/\/\MCH

© 3z
The product 3z was purified by column chromatography as a colourless oil (106.1 mg,
73%, 3.8:1 dr).
TLC: Rf=0.46 (Hexane/EtOAc = 30:1).
IH NMR (400 MHz, CDCl3) & 4.57 — 4.47 (m, 0.8H, major), 4.41 — 4.39 (m, 0.2H,
minor), 4.17 —4.09 (m, 1H), 3.65 (s, 3H), 2.63 — 2.53 (m, 0.2H, minor), 2.51 —2.39 (m,
0.2H, minor), 2.30 (t, J = 7.6, 2H), 2.25 - 2.20 (m, 0.6H, major), 2.06 — 1.94 (m, 1.6H,
major), 1.83 — 1.75(m, 1H), 1.67 — 1.36 (m, 5H), 1.30 (s, 8H).
13C NMR (151 MHz, CDCls) § 174.4, 124.4 (q, J = 276.5 Hz), 51.6, 44.9, 42.4, 40.7,
40.1, 38.4, 37.0, 34.1, 33.1, 29.4, 29.2, 29.1, 29.1, 29.0, 28.6, 28.5, 26.2 (g, J = 31.3
Hz), 20.9 (g, J = 31.1 Hz), 24.9.
18F NMR (376 MHz, CDCls) & -67.98 (d, J = 7.9 Hz, 1F), -68.40 (d, J = 7.8 Hz, 3.8F).
HRMS (ESI, m/z): caled for Ci14H23F31,0:Na' [M+Na]": 556.9631, found: 556.9621.

ethyl 7,7,7-trifluoro-4,6-diiodoheptanoate (3aa)
| |

EtO
MCH

O  3aa
The product 3aa was purified by column chromatography as a colourless oil (74.0 mg,
80 %, 3.3:1 dr).
TLC: Rr= 0.48 (Hexane/EtOAc = 30:1).
'"H NMR (600 MHz, CDCl3) § 4.53 — 4.35 (m, 0.8H, major), 4.42 — 4.36 (m, 0.2H,
minor), 4.23 — 4.17 (m, 1H), 4.15 (q, J = 7.1 Hz, 2H), 2.80 — 2.55 (m, 1.4H, major),
2.55 —2.44 (m, 1.4H, minor), 2.35 —2.20 (m, 2H), 2.10 — 2.10 (m, 0.9H, minor), 2.10
—1.90 (m, 1.3H, major), 1.27 (t,J= 7.1 Hz, 3H).
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I3C NMR (151 MHz, CDCl3) § 172.2, 124.6 (q, J = 276.6 Hz), 124.2 (q, J = 276.6 Hz),
60.9, 60.9, 45.1, 42.5, 35.6, 35.5, 34.3, 34.2, 33.6, 31.2, 25.8 (q, J = 31.4 Hz), 20.6 (q,
J=31.2Hz), 144, 14.3.

1F NMR (565 MHz, CDCls) 8 -68.09 (d, J= 7.8 Hz, 1F), -68.44 (d, J= 7.9 Hz, 3.3F).
HRMS (ESI, m/z): calcd for CoH3F31:02Na” [M+Na]": 486.8849, found: 486.8842.

8,8,8-trifluoro-5,7-diiodooctan-2-one (3ab)
| |

MCE;

0 3ab
The product 3ab was purified by column chromatography as a colourless oil (49.2 mg,
63%, 3.5:1 dr).
TLC: Rr= 0.43 (Hexane/EtOAc = 30:1).
'"H NMR (600 MHz, CDCl3) § 4.54 — 4.47 (m, 0.7H, major), 4.41 — 4.37 (m, 0.3H,
minor), 4.18 —4.14 (m, 1H), 2.77 - 2.59 (m, 2.4H, major), 2.49 — 2.45 (m, 0.3H, minor),
2.30 — 2.26 (m, 0.8H, major), 2.19 (s, 3H), 2.17 — 2.10 (m, 2.5H, major), 2.00 — 1.82
(m, 0.5H, minor).
I3C NMR (151 MHz, CDCls) 6 206.8, 206.8, 124.38 (q,J=276.5 Hz), 45.2, 43.4, 43 4,
42.6,36.4,34.1,32.131.9,30.3,25.7 (q, J=31.5 Hz), 20.6 (q, /= 31.1 Hz).
1F NMR (565 MHz, CDCls) 8 -68.15 (d, J = 7.6 Hz, 1F), -68.42 (d, J= 7.9 Hz, 3.5F).
HRMS (ESI, m/z): calcd for CsHi2F31,O [M+H]": 434.8916, found: 434.8924.

diethyl (5,5,5-trifluoro-2,4-diiodopentyl)phosphonate (3ac)

Q
EtO” ﬁ)\)\/kCF
OEt 3
3ac

The product 3ac was purified by column chromatography as a colourless oil (74.4 mg,
73 %, 5.2:1 dr).
TLC: Rf= 0.2 (Hexane/EtOAc = 10:1).
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IH NMR (600 MHz, CDCls) & 4.54 — 4.45 (m, 2H), 4.18 — 4.03 (m, 4H), 4.20 — 4.12
(m, 1H), 2.85 — 2.71 (m, 1H), 2.63 — 2.56 (m, 1H), 2.45 — 2.37 (m,1H), 2.20 — 2.12
(m, 1H), 1.37 — 1.29 (m, 6H).

13C NMR (101 MHz, CDCL3) & 124.4 (g, J = 276.6 Hz), 62.5 (d, J = 6.6 Hz), 62.4 (d,
J=6.6 Hz),42.4, 38.9, 26.2 (q, = 31.2 Hz), 23.7, 20.2 (g, J = 31.2 Hz), 16.6 (d, J =
6.0 Hz), 16.5 (d, J = 6.0 Hz).

1F NMR (565 MHz, CDCls) § -67.29 (d, J= 8.1 Hz, 1F), -68.39 (d, J= 8.0 Hz, 5.2F).
HRMS (ESL, m/z): caled for CoHi7F31,0sP* [M+H]": 514.8951, found: 514.8954.

7,7,7-trifluoro-4,6-diiodoheptanoic acid (3ad)
| |

HO
MCFs

© 3ad
The product 3ad was purified by column chromatography as a colourless oil (65.0 mg,
63 %, 3.0:1 dr).
TLC: Rr=0.21 (Hexane/EtOAc = 7:1).
'"H NMR (600 MHz, CDCl3) & 4.76 — 4.68 (m, 0.3H, minor), 4.68 — 4.63 (m, 0.7H,
major), 4.56 —4.38 (m, 0.2H, minor), 4.34 —4.18 (m, 0.7H, major), 2.64 —2.54 (m, 2H),
2.51 -2.31 (m, 2H), 2.17 — 2.05 (m, 0.6H, major), 2.03 — 1.87 (m, 0.3H, minor) , 1.87
—1.77 (m, 1H).
I3C NMR (101 MHz, CDCl3) 8 175.9, 124.5 (q, J = 276.6 Hz), 78.8, 78.4, 40.1, 39.0,
28.6,28.3,27.5,27.4,20.1 (q,J=31.9 Hz), 15.0 (q, /= 32.3 Hz).
YF NMR (565 MHz, CDCl3) 6 -68.19 (d, J = 7.2 Hz, 3F), -69.48 (d, /= 8.2 Hz, IF).
HRMS (ESI, m/z): caled for C7H1oF3102" [M+H]": 436.8722, found: 436.8724.

4-ethyl-1,1,1-trifluoro-2,4-diiodooctane (3ae)
| |

\/\j\/kCF3

3ae

The product 3ae was purified by column chromatography as a colourless oil (64.9 mg,
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71 %, 1:1 dr)

TLC: Rr= 0.52 (Hexane).

TH NMR (600 MHz, CDCl3) § 4.4 (m, 1H), 2.75 (m, 1H), 2.36 (m, 1H), 2.12 — 1.99
(m, 1H), 1.96 — 1.74 (m, 3H), 1.52 — 1.26 (m, 5H), 1.03 (m, 3H), 0.94 (t, J = 7.2 Hz,
3H).

I3C NMR (151 MHz, CDCls) & 125.93 (q, J = 276.6 Hz), 65.1, 65.0, 47.9, 47.6, 44.6,
43.9, 38.1, 37.4, 29.1, 28.9, 22.6, 22.5, 18.8 (q, J = 30.29), 18.6 (q, J = 30.30), 14.1,
11.9.

1F NMR (565 MHz, CDCl3) & -68.99 (d, J = 8.7 Hz, 1F), 69.01 (d, J= 8.7 Hz, IF).
HRMS (ESI, m/z): calcd for CioH sF3l" [M+H]": 448.9450, found: 448.9455.

8,8,8-trifluoro-5,7-diiodooctyl 2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate (3af)

‘ O 0 |
F O/\/\MC&

3af
The product 3af was purified by column chromatography as a colourless oil (118.1 mg,
89%, 3.8:1 dr).
TLC: Rr= 0.34 (Hexane/EtOAc = 100:1).
'"H NMR (400 MHz, CDCls) & 7.55 (d, J = 7.6 Hz, 2H), 7.50 — 7.33 (m, 4H), 7.21 —
7.11 (m, 2H), 4.60 — 4.44 (m, 0.8H, major), 4.39 — 4.27 (m, 0.2H, minor), 4.24 — 4.04
(m, 5H), 3.82 -3.73 (m, 1H), 2.71 — 2.5 (m, 0.2H, minor), 2.50 —2.31 (m, 0.2H, minor),
2.31 —4.17 (m, 0.8H, major), 2.14 — 1.92 (m, 2H), 1.87 — 1.57 (m, 1.8H, major), 1.56
(d,J=7.3 Hz,3H), 1.51 — 1.38 (m, 1H).
13C NMR (151 MHz, CDCls) 6 174.0, 160.5, 158.9, 141.9, 141.8, 135.5, 130.9, 130.8,
129.0,128.5,127.7,124.43 (q, J = 276.5 Hz), 123.6, 115.4, 115.2,65.564.4,45.1,45.1,
42.3,40.0, 37.8, 36.3, 36.3, 27.7, 27.7, 26.3, 26.1, 25.98 (q, J = 31.4 Hz), 20.73 (q, J =
31.4 Hz), 18.4,18.4
YF NMR (565 MHz, CDCl3) 6 -67.92 (d, J = 7.4 Hz, 1F), -68.37 (d, J= 7.7 Hz, 3.8F),
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-117.42 (t, J = 9.8 Hz, 2.2F).
HRMS (ESI, m/z): calcd for C23HasFal,O2" [M+H]™: 662.9880, found: 662.9882.

8,8,8-trifluoro-5,7-diiodooctyl 2-(4,5-diphenyloxazol-2-yl)acetate

O -

The product 3ag was purified by column chromatography as a clear yellow liquid
(118.5 mg, 85%, 3.5:1 dr).

TLC: Rr= 0.37 (Hexane/EtOAc = 20:1).

TH NMR (600 MHz, CDCl3) 8 7.66 — 7.61 (m, 2H), 7.60 — 7.54 (m, 2H), 7.39 — 7.29
(m, 6H), 4.59 — 4.44 (m, 0.8H, major), 4.39 —4.29 (m, 0.2H, minor), 4.16 (t,J= 6.2 Hz,
2H), 4.14 — 4.07 (m, 1H), 3.20 (t, /= 7.5 Hz, 2H), 2.93 (t, /= 7.7 Hz, 2H), 2.62 — 2.51
(m, 0.2H, minor), 2.50 — 2.40 (m, 0.2H, minor), 2.30 — 2.20 (m, 0.7H, major), 2.05 —
1.95 (m, 1H), 1.82 — 1.59 (m, 3H), 1.56 — 1.45 (m, 1H).

13C NMR (151 MHz, CDCl3) 8 172.0, 161.8, 145.4, 135.1, 132.5, 129.0, 128.7, 128.6,
128.5, 128.1, 127.9, 126.5, 124.4 (q, J = 276.7 Hz), 64.3, 64.2, 44.9, 42.3, 40.1, 37.8,
36.3,32.4,31.2,27.8,27.7,26.0 (q, J=31.6 Hz), 20.8 (q, /= 31.2 Hz), 26.0, 23.6.
19F NMR (565 MHz, CDCl3) 6 -67.94 (d, J = 7.8 Hz, 1F), -68.38 (d, J = 8.0 Hz, 3.5F).
HRMS (ESI, m/z): caled for C2sHosF3s[bLNOs™ [M+H]™: 697.9876, found: 697.9875.

8,8,8-trifluoro-5,7-diiodooctyl  2-(1-(4-chlorobenzoyl)-6-methoxy-2-methyl-1H-
indol-3-yl)acetate (3ah)

MeO 3ah

The product 3ah was purified by column chromatography as a colourless oil (134.9 mg,
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87%, 3.0:1 dr).

TLC: Rr= 0.34 (Hexane/EtOAc = 30:1).

IH NMR (600 MHz, CDCls) § 7.72 — 7.66 (m, 2H), 7.53 — 7.47 (m, 2H), 7.00 (d, J =
2.6 Hz, 1H), 6.89 (d,J=9.1 Hz, 1H), 6.72 — 6.68 (m, 1H), 4.58 — 4.47 (m, 0.7H, major),
4.41 — 431 (m, 0.2H, minor), 4.20 — 4.14 (m, 3H), 4.15 — 4.06 (m, 1H), 3.86 (s, 3H),
3.70 (d, J = 1.6 Hz, 2H), 2.62 — 2.55 (m, 0.2H, minor), 2.50 — 2.42 (m, 0.3H, minor),
2.43 (s, 3H), 2.30 — 2.20 (m, 0.6H, major), 2.06 — 1.92 (m, 1.5H, major), 1.83 — 1.72
(m, 0.7H, major), 1.75 — 1.56 (m, 2H), 1.53 — 1.42 (m, 1H).

I3C NMR (151 MHz, CDCl3) 6 170.9, 168.3, 156.1, 139.3, 136.0, 133.9, 131.2, 130.8,
130.7,129.6, 124.4 (q,J=277.1 Hz), 115.0, 112.6, 111.6, 101.5, 101.5, 64.5, 55.8, 44.8,
42.3,40.1, 37.8, 36.3, 32.4, 30.4, 27.7, 26.1, 26.0 (q, J = 31.4 Hz), 25.8, 20.7 (q, J =
31.7 Hz), 13 .4.

19F NMR (565 MHz, CDCl3) § -67.91 (d, J = 7.3 Hz, 1F), -68.35 (d, J = 7.6 Hz, 3F).
HRMS (ESI, m/z): caled for Co7HasCIF3[LNO4" [M+H]": 775.9748, found: 775.9750.

5. General procedure and characterization data of products 5.
CuCl/dap (4 mol%) | |

N, .
K3POy4 (1.5
N + )J\ - 34 ( equw)} CF3
FsC° H MeCN, rt., 12 h
4 2 5

5 W blue LED

I2 (0.35 mmol), CuCl (4 mol%) and dap (4 mol%) were dissolved in MeCN (1.0
mL), with the nitrogen atmosphere being maintained throughout the process. It is
important to ensure that the solids are completely dissolved before adding CF;CHN:
(0.52 mmol) and alkene 4 (0.2 mmol). Subsequently, the reaction mixture is irradiated
with a 455 nm LED while being magnetically stirred at room temperature (25 °C) for
12 hours. After the reaction, trace of the reaction supernatant was used for ’F NMR
spectroscopic analysis to determine the dr selectivity. Then, the other mixture was
directly subjected to be concentrated in vacuo and purified by flash chromatography on

silica gel with petroleum ether/ethyl acetate as an eluent to afford the desired product
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(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5a)

©MCF3

5a
The product Sa was purified by column chromatography as a colourless oil (79.2 mg,
90 %, 1.2:1 dr).
TLC: Rr= 0.67 (Hexane).
'TH NMR (600 MHz, CDCl3) 6 7.43 (d, J= 7.9 Hz, 2H), 7.38 — 7.27 (m, 3H), 5.28 (dd,
J=11.6,4.7 Hz, 1H), 4.61 — 4.53 (m, 0.5H, major), 3.70 — 3.60 (m, 0.4H, minor), 2.89
—2.77 (m, 0.5H, minor), 2.87 — 2.77 (m, 1H), 2.19 (m, 0.6H, major).
I3C NMR (101 MHz, CDCl3) 8 142.6, 140.4, 129.5, 129.2, 129.0, 128.8, 127.4, 127 4,
124.6 (q, J = 277.0 Hz), 123.8 (q, J = 277.0 Hz), 44.7, 43.1, 33.0, 25.7, 25.22 (q, J =
31.4 Hz), 21.95 (q, J=31.6 Hz).
1F NMR (565 MHz, CDCl3) & -67.97 (d, J= 7.9 Hz, 1.2F), -68.85 (d, J = 7.8 Hz, 1F).
HRMS (ESI, m/z): caled for CioHioF3L" [M+H]": 440.8824, found: 440.8819.

1-methyl-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5b)
| |

/@)\/kCF3
Me

5b

The product 5b was purified by column chromatography as a colourless oil (54.2 mg,
60%, 1.2:1 dr).

TLC: Rr=0.70 (Hexane).

'"H NMR (600 MHz, CDCl3) 8 7.26 — 7.08 (m, 4H), 5.30 — 5.19 (m, 1H), 4.64 — 4.52
(m, 0.5H, major), 3.71 — 3.61 (m, 0.4H, minor), 3.00 — 2.94 (m, 0.43H, minor), 2.86 —
2.76 (m, 1H), 2.36 (d, J= 3.3 Hz, 3H), 2.20 — 2.13 (m, 0.5H, major).

I3C NMR (101 MHz, CDCl3) 8 142.3, 140.2, 139.1, 138.9, 129.8, 129.5, 129.2, 129.0,

127.9, 127.9, 124.5 (q, J = 276.9 Hz), 124.4, 124.3, 44.5, 43.1, 33.1, 25.9, 25.1 (q, J =
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31.4 Hz), 21.8 (q,J=31.4 Hz), 21.3.
1F NMR (565 MHz, CDCl3) 8 -67.98 (d, J= 8.0 Hz, 1.2F), -68.85 (d, J = 8.0 Hz, 1F).
HRMS (ESI, m/z): calcd for C11H2F3L" [M+H]": 454.8981, found: 454.8978.

1-(tert-butyl)-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5¢)
| |

WC Fs
Bu

5c

The product 5S¢ was purified by column chromatography as a colourless oil (78.4 mg,
79%, 1.9:1 dr).

TLC: Rr= 0.67 (Hexane).

'TH NMR (600 MHz, CDCl3) 8 7.43 — 7.39 (m, 2H), 7.35 — 7.30 (m, 2H), 4.87 (d, J =
10.0 Hz, 1H), 4.70 — 4.61 (m, 0.6H, major), 3.88 — 3.77 (m, 0.3H, minor), 2.52 — 2.43
(m, 0.4H, major), 2.40 — 2.33 (m, 0.4H, minor), 2.22 — 2.15 (m, 0.4H, minor), 2.11 —
2.04 (m, 0.5H, major), 1.32 (s, 9H).

I3C NMR (101 MHz, CDCl3) § 151.9, 151.4, 140.1, 138.7, 126.0, 125.9, 125.7, 125.5,
124.5 (q, J = 276.9 Hz), 73.6, 72.4, 41.7, 41.6, 34.7, 34.6, 31.3, 25.1 (q, J = 31.4 Hz),
21.83 (q,J=31.4 Hz).

F NMR (565 MHz, CDCl3) §-68.66 (d, J= 7.6 Hz, 1F), -68.96 (d, J= 8.2 Hz, 1.9F).
HRMS (ESI, m/z): caled for Ci4HisFsL" [M+H]": 496.9450, found: 496.9454.

4-(4,4,4-trifluoro-1,3-diiodobutyl)phenyl acetate (5d)
| I

/@)\/kCF:a
AcO

5d

The product 5d was purified by column chromatography as a colourless oil (67 mg,
60%, 1.4:1 dr).

TLC: Rr= 0.58 (Hexane/EtOAc = 30:1).

'"H NMR (600 MHz, CDCl3) § 8.04 — 7.98 (m, 2H), 7.52 — 7.45 (m, 2H), 5.31 — 5.22
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(m, 1H), 4.60 — 4.49 (m, 0.5H, major), 3.65 — 3.62 (m, 0.5H, minor), 3.00 — 2.90 (m,
0.5H, minor), 2.84 —2.70 (m, 1H), 2.30 (s, 3H), 2.24 — 2.12 (m, 0.6H, major).
I3CNMR (101 MHz, CDCl3) 6169.1, 150.6 (d, J=25.0 Hz), 140.0, 137.8, 128.5, 128.4,
124.6 (q, J = 276.6 Hz), 122.5, 122.2, 44.6, 43.1, 31.7, 24.60, 25.0 (q, J = 31.8 Hz),
21.8(q,J=31.6 Hz), 21.2 (d, J=4.2 Hz).

1F NMR (565 MHz, CDCl3) §-68.02 (d, J = 8.0 Hz, 1.4F), -68.80 (d, /= 7.8 Hz, IF).
HRMS (ESI, m/z): calcd for Ci12H12F31,0," [M+H]": 498.8879, found: 498.8877.

1-chloro-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (Se)
| |

/O)\/kCFS
Cl

5e

The product Se was purified by column chromatography as a colourless oil (84 mg,
88%, dr 1.2:1 dr).

TLC: R¢=0.70 (Hexane).

TH NMR (600 MHz, CDCl3) 8 7.40 — 7.29 (m, 4H), 5.26 — 5.18 (m, 1H), 4.57 — 4.50
(m, 0.6H, major), 3.67 — 3.58 (m, 0.5H, minor), 2.96 — 2.89 (m, 0.5H, minor), 2.85 —
2.72 (m, 1H), 2.16 — 2.13 (m, 0.6H, major).

I3C NMR (101 MHz, CDCl3) & 141.1, 139.1, 134.8, 134.5, 129.8, 129.4, 128.8, 128.7,
122.7 (q, J=276.7), 44.6,43.1,31.3,24.1,249 (q, J=31.6), 21.7 (q, /= 31.6).

F NMR (565 MHz, CDCl3) §-68.01 (d, J= 7.7 Hz, 1.2F), -68.86 (d, /= 7.7 Hz, 1F).
HRMS (ESI, m/z): calcd for C1oHoCIF3L" [M+H]": 474.8434, found: 474.8428.

1-bromo-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5f)

/©)\/kCF3
Br

5f

The product 5f was purified by column chromatography as a colourless oil (89 mg, 86%,
1.2:1 dr).
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TLC: Re=0.71 (Hexane).

IH NMR (600 MHz, CDCl3)§ 7.48 (t, J = 8.3 Hz, 2H), 7.30 (dd, J = 8.5, 3.3 Hz, 2H),
5.7 —5.17 (m, 1H), 4.57 — 4.48 (m, 0.6H, major), 3.66 — 3.57 (m, 0.5H, minor), 2.95
—2.88 (m, 0.4H, minor),2.85 — 2.72 (m, 1H), 2.19 — 2.11 (m, 0.6H, major).

I3C NMR (101 MHz, CDCl3) 6 141.1, 139.1, 134.8, 134.5, 129.8, 129.4, 128.8, 128.7,
124.6 (q,J=276.7), 123.6 (q,J=276.9),44.6,43.1,31.3,24.1,24.9 (q, /= 31.6), 21.7
(q,J=31.6).

19F NMR (565 MHz, CDCl3) 5 -67.98 (d, J = 8.1 Hz, 1.2F), -68.83 (d, J = 8.1 Hz, 1F),
HRMS (ESI, m/z): calcd for Ci1oHoBrF3I," [M+H]™: 518.7929, found: 518.7923.

1-(4,4,4-trifluoro-1,3-diiodobutyl)-4-(trifluoromethyl)benzene (5g)

/@)\/kCFs
FsC

5g
The product 5g was purified by column chromatography as a colourless oil (72.1 mg,
70%, 1.4:1).
TLC: R¢= 0.66 (Hexane).
TH NMR (600 MHz, CDCl3) 8 7.65 — 7.51 (m, 4H), 5.32 — 5.21 (m, 1H), 4.60 — 4.50
(m, 0.6H, major), 3.68 — 3.57 (m, 0.4H, minor), 3.04 — 2.90 (m, 0.4H, minor), 2.88 —
2.73 (m, 1H), 2.23 — 2.13 (m, 0.6H, major).
I3C NMR (101 MHz, CDCl3) 8 146.2, 144.4, 130.7 (q, J = 32 Hz), 127.8, 127.7, 126.4
(0, /=3.9 Hz), 126.1 (q, J=3.9 Hz), 123.9 (q, J = 276.7), 44.1, 42.7, 30.3, 24.7 (q, J
=319 Hz),21.4 (q,/=31.9 Hz), 23.2.
1F NMR (565 MHz, CDCl3) 8 -62.81 (s, 1F), -62.85 (s, 0.8F), -68.06 (d, J = 7.7 Hz,
1.4F), -68.88 (d, /= 7.6 Hz, IF).
HRMS (ESI, m/z): caled for CiiHoFsl," [M+H]": 508.8698, found: 508.8693.

methyl 4-(4,4,4-trifluoro-1,3-diiodobutyl)benzoate (5h)
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/@)\AC%
MeO,C

5h

The product Sh was purified by column chromatography as a colourless oil (67 mg,
66%, 1.2:1 dr).

TLC: Rr=0.61 (Hexane/EtOAc = 30:1).

'TH NMR (600 MHz, CDCl3) § 8.04 — 7.98 (m, 2H), 7.52 — 7.45 (m, 2H), 5.31 — 5.22
(m, 1H), 4.60 — 4.49 (m, 0.5H, major), 3.92 (s, 3H), 3.65 — 3.55 (m, 0.4H, minor), 3.00
—2.92 (m, 0.5H, minor), 2.88 — 2.74 (m, 1H), 2.24 — 2.12 (m, 0.6H, major).

I3C NMR (101 MHz, CDCl3) 6166.4 (d, J=4.3 Hz), 147.2, 145.4, 130.8, 130.5, 127.5,
127.4,124.6 (q,J=276.6 Hz), 52.4,44.3,42.7,31.1, 249 (q, J = 31.4 Hz), 24.0, 21.5
(q,/=31.6 Hz).

1F NMR (565 MHz, CDCl3) §-68.02 (d, J = 8.0 Hz, 1.2F), -68.90 (d, J = 7.9 Hz, 1F).
HRMS (ESI, m/z): calcd for Ci1oH12F31,02" [M+H]™: 498.8879, found: 498.8876.

1-(chloromethyl)-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5i)
| |

CF;
Cl

5i
The product 5i was purified by column chromatography as as a colourless oil (90.1 mg,
92%, 1.5:1 dr).
TLC: Rr= 0.63 (Hexane).
"H NMR (600 MHz, CDCl3) 8 7.43 (d, J = 7.8 Hz, 2H), 7.40 — 7.34 (m, 2H), 7.30 —
7.21 (m, 1H), 5.32 - 5.20 (m, 1.13H, major), 4.57 (s, 2H), 4.56 —4.36 (m, 0.5H, minor),
3.71 -3.60 (m, 0.5H, major), 3.00 —2.91 (m, 0.5H, minor), 2.88 —2.75 (m, 1.3H, major),
2.22 —2.13 (m, 0.6H, minor).
13C NMR (101 MHz, CDCl3) 6 142.6, 140.6, 138.2, 138.0, 129.6, 129.3, 127.7, 127.6,
123.5(q,J=274.7 Hz), 45.5,44.3,42.8,31.9,25.0 (q, /= 31.6 Hz), 24.8, 21.8 (q, J =

31.7 Hz).
30



19F NMR (565 MHz, CDCl3) §-67.97 (d, J = 7.9 Hz, 1.5F), -68.82 (d, J = 7.5 Hz, 1F).
HRMS (ESI, m/z): calcd for C11HiCIFsI" [M+H]": 488.8591, found: 488.8587.

1-methyl-3-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5j))

CF;
Me 5]

The product 5j was purified by column chromatography as a colourless oil (63.4 mg,
68%, 1.2:1 dr).

TLC: Rr= 0.68 (Hexane).

TH NMR (600 MHz, CDCl3) 5 7.32 (d, J = 7.5 Hz, 1H), 7.25 — 7.21 (m, 2H), 7.17 —
7.08 (m, 1H), 5.31 — 5.20 (m, 1H), 4.57 — 4.65 (m, 0.5H, major), 3.66 — 3.57 (m, 0.5H,
minor), 2.97 — 2.95 (m, 0.5H, minor), 2.86 — 2.76 (m, 1H), 2.40 — 2.31 (m, 3H), 2.21 —
2.12 (m, 0.5H, major).

I3C NMR (101 MHz, CDCl3) 8 142.5, 140.3, 139.7, 139.3, 139.1, 139.0, 138.9, 137 4,
130.2, 129.9, 129.6, 129.4, 129.1, 128.1, 127.3, 124.6 (q, J = 275.1 Hz), 44.6, 43.2,
33.3,26.1,25.3(q,J=31.4 Hz), 22.0 (q, J=31.4 Hz), 21.5, 21 4.

1F NMR (565 MHz, CDCl3) & -67.99 (d, J = 8.0 Hz, 1.2F), -68.87 (d, J = 8.1 Hz, 1F).
HRMS (ESI, m/z): caled for CiiHi2F3I" [M+H]™: 454.8981, found: 454.8978.

1-methoxy-3-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5k)
I |
CF;

OMe
5k

The product Sk was purified by column chromatography as a colourless oil (73 mg,
77%, 1.7:1 dr).
TLC: Rr= 0.67 (Hexane).

'H NMR (600 MHz, CDCls) 8 7.29 — 7.22 (m, 1H), 7.01 (d, J = 7.5 Hz, 1H), 6.96 —
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6.92 (m, 1H), 6.87 — 6.80 (m, 1H), 5.28 — 5.17 (m, 1H), 4.58 — 4.48 (m, 0.7H, major),
3.87 —-3.79 (m, 3H), 3.72 — 3.62 (m, 0.5H, minor), 3.00 — 2.91 (m, 0.4H, minor), 2.84
—2.74 (m, 1H), 2.24 — 2.13 (m, 0.7H, major).

I3C NMR (101 MHz, CDCls) 8 160.0, 159.9, 143.8, 141.7, 130.4, 130.1, 124.5 (q, J =
276.6 Hz), 119.5 (d, /= 6.3 Hz), 114.1, 114.1, 113.2, 113.0, 55.3 (d, /= 3.1 Hz), 44.5,
43.1,32.5,24.9 (q,J = 32.0 Hz), 21.7 (q, J = 31.6 Hz).

19F NMR (565 MHz, CDCl3) §-67.99 (d, J = 8.2 Hz, 1.7F), -68.90 (d, J = 7.8 Hz, 1F).
HRMS (ESI, m/z): caled for CiiHi2F31,O" [M+H]": 470.8930, found: 470.8926.

1-methyl-2-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (51)
I |

WCH
M

e
51

The product 51 was purified by column chromatography as a colourless oil (59 mg, 65%,
1.3:1 dr).

TLC: Rr=0.70 (Hexane).

TH NMR (600 MHz, CDCl3) 8 7.56 — 7.39 (m, 1H), 7.24 — 7.12 (m, 3H), 5.57 — 5.40
(m, 1H), 4.70 — 4.55 (m, 0.5H, major), 3.92 — 3.79 (m, 0.4H, minor), 3.28 — 3.06 (m,
0.5H, minor), 2.92 — 2.80 (m, 1H), 2.41 (s, 1.3H, major), 2.37 (s, 1.7H, major), 2.27 —
2.17 (m, 0.59H, minor).

I3C NMR (101 MHz, CDCl3) §140.3, 135.7, 134.5, 131.6, 131.0, 128.7, 128.6, 127.4,
127.3,127.2,124.6 (q, J=275.1 Hz), 43.1,42.5,29.7,25.2 (q, J=31.4 Hz), 21.6 (q, J
=31.4 Hz), 19.4, 19.1.

1F NMR (565 MHz, CDCl3)5-68.01 (d, J= 7.8 Hz, 1.3F), -69.00 (d, J = 7.7 Hz, 1F).
HRMS (ESI, m/z): calcd for C11Hi2F3L" [M+H]": 454.8981, found: 454.8979.

2-(4,4,4-trifluoro-1,3-diiodobutyl)naphthalene (5m)
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CFs

5m
The product Sm was purified by column chromatography as a colourless oil (67.6 mg,
68%, 1.1:1 dr).
TLC: Rr= 0.65 (Hexane).
TH NMR (600 MHz, CDCl3) 6 7.90 — 7.80 (m, 4H), 7.57 — 7.48 (m, 3H), 5.47 (dd, J =
11.5, 3.6 Hz, 1H), 4.65 — 4.56 (m, 0.5H, major), 3.68 — 3.60 (m, 0.5H, minor), 3.13 —
3.05 (m, 0.4H, minor), 2.99 — 2.87 (m, 1H), 2.32 — 2.23 (m, 0.5H, major).
I3C NMR (101 MHz, CDCl3) 8 139.6, 137.4, 133.3, 133.2, 133.1, 129.8, 129.2, 128.07
(d, J=2.5 Hz), 127.80 (d, J = 6.5 Hz), 126.95 (d, J = 1.9 Hz), 126.8, 125.6, 125.4,
124.6, 124.5 (q, J = 276.6 Hz), 44.3, 43.0, 33.4, 26.3, 24.9 (q, /= 31.5 Hz), 21.9 (q, J/
=31.5 Hz).
19F NMR (565 MHz, CDCl3)6-67.94 (d, J= 7.4 Hz, 1.1F), -68.90 (d, J= 8.0 Hz, 1F).
HRMS (ESI, m/z): caled for Ci4Hi2F3L" [M+H]": 490.8981, found: 490.8978.

4-(4,4,4-trifluoro-1,3-diiodobutyl)pyridine (Sn)
| |
S CF3

5n

The product Sn was purified by column chromatography as a yellow oil (83.8 mg, 95%,
1.4:1 dr).

TLC: Rr=0.27 (Hexane/EtOAc = 5:1).

'"H NMR (600 MHz, CDCl3) 8 8.63 — 8.57 (m, 2H), 7.33 — 7.30 (m, 2H), 5.15 — 5.09
(m, 1H), 4.57 — 4.47 (m, 0.6H, major), 3.67 — 3.58 (m, 0.5H, minor), 2.95 — 2.86 (m,
0.4H, minor), 2.84 — 2.69 (m, 1H), 2.20 — 2.12 (m, 0.6H, major).

13C NMR (101 MHz, CDCl3) & 150.9, 150.7, 149.1, 124.4 (q, J = 276.9 Hz), 122.0,
121.8,43.5,41.9,28.7,21.7,24.6 (q, J=31.7 Hz), 21.1 (q, J = 32.0 Hz).

1F NMR (565 MHz, CDCls) & -68.08 (d, J= 7.4 Hz, 1.4F), -68.87 (d, J= 7.7 Hz, 1F).
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HRMS (ESI, m/z): calcd for CoHoF3I1,N™ [M+H]": 441.8776, found: 441.8772.

2-(4,4,4-trifluoro-1,3-diiodobutyl)pyridine (50)
| |

S CF,

The product So was purified by column chromatography as a yellow oil (84.7 mg, 96%,
1.2:1 dr).

TLC: R¢=0.29 (Hexane/EtOAc = 5:1).

'"H NMR (600 MHz, CDCl3) $ 8.60 (dd, J = 17.2, 4.8 Hz, 1H), 7.69 — 7.62 (m, 1H),
7.37 (d,J="7.8 Hz, 1H), 7.20 (q, J = 6.4 Hz, 1H), 5.40 — 5.31 (m, 1H), 4.62 — 4.52 (m,
0.6H, major), 3.90 — 3.81 (m, 0.5H, minor), 3.36 — 3.28 (m, 0.5H, minor), 3.09 — 3.01
(m, 0.6H, major), 2.79 — 2.71 (m, 0.5H, minor), 2.33 — 2.25 (m, 0.6H, major).

I3C NMR (101 MHz, CDCl3) & 160.3, 158.6, 150.4, 150.0, 137.3 (d, /= 8.2 Hz), 123.7
(q,/=277.0 Hz), 123.4 (d, /= 2.3 Hz), 122.7, 122.0, 41.8, 40.6, 33.2, 26.6, 25.4 (q, J
=31.6 Hz), 22.7 (q, J=31.5 Hz).

F NMR (565 MHz, CDCl3) $ -67.91 (d, J=7.4 Hz, 1.2F), -68.89 (d, /= 7.7 Hz, 1F).
HRMS (ESI, m/z): calcd for CoHoFsIoN*" [M+H]": 441.8776, found: 441.8773.

1-(but-3-en-1-yl)-4-(4,4,4-trifluoro-1,3-diiodobutyl)benzene (5p)
| |
WWCH
AN
S5p

The product Sp was purified by column chromatography as a colourless oil (81 mg,
80%, 1.2:1 dr).
TLC: Rr= 0.63 (Hexane).
'"H NMR (600 MHz, CDCl3) 8 7.34 (d, J = 7.7 Hz, 2H), 7.16 (d, J= 7.7 Hz, 2H), 5.91
—5.81 (m, 1H), 5.27 (d, J = 11.0 Hz, 1H), 5.10 — 4.95 (m, 2H), 4.60 — 4.52 (m, 0.6H,
major), 4.60 — 4.52 (m, 0.4H, minor), 3.00 — 2.93 (m, 0.4H, minor), 2.87 — 2.76 (m,
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1H), 2.74 — 2.66 (m, 2H), 2.42 — 2.33 (m, 2H), 2.22 — 2.10 (m, 0.6H, major).

I3C NMR (101 MHz, CDCl3) $142.9, 142.7, 140.0, 137.8, 129.4, 129.1, 127.3, 127.2,
124.5 (q,J=276.2 Hz), 115.2,44.5,43.1, 35.2, 35.1, 35.1, 33.2, 26.0, 25.2 (q, J=31.6
Hz), 21.9 (q,J = 31.7 Hz).

19F NMR (565 MHz, CDCl3)3-67.97 (d, J= 7.8 Hz, 1.2F), -68.83 (d, J= 8.1 Hz,1F).

HRMS (ESI, m/z): calcd for CiaH 6F31" [M+H]": 494.9294, found: 494.9296.

ethyl 2,2-difluoro-4-iodo-6-(4-(4,4,4-trifluoro-1,3-diiodobutyl)phenyl)hexanoate

(59

CF,CO,Et CFs3

5q

The product 5q was purified by column chromatography as a colorless liquid (105.6
mg, 71%, 1.2:1 dr).

TLC: Rr= 0.42 (Hexane/EtOAc = 50:1).

"H NMR (600 MHz, CDCl3) 6 7.38 — 7.32 (m, 2H), 7.18 (dd, J= 8.2, 2.9 Hz, 2H), 5.30
—5.22 (m, 1H), 4.59 — 4.50 (m, 0.5H, minor), 4.35-4.27 (m, 2H), 4.21 —4.11 (m, 0.7H,
major), 3.71 —3.59 (m, 0.4H, minor), 3.02 —2.93 (m, 1.2H, major), 2.92 — 2.84 (m, 1H),
2.84 —2.74 (m, 2H), 2.74 — 2.66 (m, 1H), 2.20 — 1.99 (m, 2H), 1.37 — 1.31 (m, 3H).
I3CNMR (151 MHz, CDCl3) 8 163.3 (t,J=32.2 Hz), 141.1, 140.9, 140.5, 138.3, 129.5,
129.2,127.5,127.4,125.4 (q, J = 277.6 Hz), 115.9 (t, J=252.4 Hz), 63.3, 453 (t, J =
23.1 Hz), 44.5, 43.0,41.4 (d, J = 5.1 Hz), 353 (d, J=9.2 Hz), 32.8, 25.7 (d, J = 4.2
Hz), 25.1 (q,J=34.9 Hz), 22.2 (d,/J=4.3 Hz), 21.8 (q, /= 29.2 Hz), 13.9.

1F NMR (565 MHz, CDCl3) & -68.00 (d, J = 7.9 Hz, 1.2F), -68.86 (dd, J = 13.1, 8.0
Hz, 1F), -101.41 to -102.08 (m, 0.9F), -106.23 (tt, J = 15.6, 7.5 Hz), -106.69 (tt, J =
15.7, 7.4 Hz).

HRMS (ESI, m/z): caled for CisH21Fs1302 [M+H]"™: 744.8596, found: 744.8599.

4-(4,4,4-trifluoro-1,3-diiodobutyl)benzyl 2-(4-chlorophenoxy)-2-
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methylpropanoate (5r)

(0]
5r

The product 5r was purified by column chromatography as a colorless liquid (94.6 mg,
71%, 1.5:1 dr).

TLC: Rr= 0.38 (Hexane/EtOAc = 20:1).

TH NMR (600 MHz, CDCl3) 8 7.41 — 7.36 (m, 2H), 7.25 — 7.21 (m, 2H), 7.17 — 7.09
(m, 2H), 6.74 — 6.66 (m, 2H), 5.30 — 5.23 (m, 1H), 5.16 (s, 2H), 4.60 — 4.50 (m, 0.6H,
major), 3.68 — 3.60 (m, 0.4H, minor), 2.99 — 2.91 (m, 0.4H, minor), 2.87 — 2.75 (m,
1H), 2.21 — 2.10 (m, 0.6H, major), 1.61 (s, 2H), 1.60 (s, 4H).

I3C NMR (151 MHz, CDCls) 8 173.8, 173.7, 154.0, 142.8, 140.56, 136.0, 135.8, 129.2,
129.1, 129.1, 127.5,127.5, 123.6 (q, J=276.3 Hz), 120.4, 120.3, 79.6, 79.5, 66.5, 44.3,
42.8,32.0,25.4,24.9,25.0(q,/J=31.6 Hz), 21.7 (q, J = 31.6 Hz).

1F NMR (565 MHz, CDCls) 6 -67.95 (d, J = 7.8 Hz, 1.5F), -68.78 (d, J= 7.6 Hz, 1F).
HRMS (ESI, m/z): caled for C21H 1 CIF31,0" [M+H]": 666.9221, found: 666.9225.

4-(4,4,4-trifluoro-1,3-diiodobutyl)benzyl 4-(|1,1'-biphenyl]-4-yl)-4-oxobutanoate
(39)

5s

The product S5s was purified by column chromatography as a colorless liquid (79.1 mg,
56%, 1.4:1 dr).

TLC: Rr= 0.26 (Hexane/EtOAc = 15:1).

TH NMR (600 MHz, CDCl3) 4 8.06 (dd, J = 8.3, 2.4 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H),

7.64 (d, J=7.6 Hz, 2H), 7.48 (t, J = 7.5 Hz, 2H), 7.45 — 7.39 (m, 3H), 7.37 — 7.33 (m,
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2H), 5.31 — 5.24 (m, 1H), 5.14 (s, 2H), 4.60 — 4.51 (m, 0.6H, major), 3.68 — 3.59 (m,
0.4H, minor), 3.38 (m, 2H), 3.03 — 2.91 (m, 0.4H, minor), 2.90 — 2.84 (m, 2H), 2.24 —
2.13 (m, 0.8H, major), 2.83 — 2.77(m, 0.5H, minor).

I3C NMR (151 MHz, CDCl3) § 197.6, 172.7, 172.7, 146.0, 142.3, 140.2, 139.8, 136.8,
136.6,135.2,129.0, 129.0, 128.8, 128.7, 128.3,127.5, 127.5, 127.3, 123.5 (q, /= 276.9
Hz), 65.8, 65.8, 44.33, 42.96, 33.4,33.4, 32.2, 28.3,25.0 (q,J=31.6 Hz), 21.8 (q, J =
31.6 Hz).

1F NMR (565 MHz, CDCl3) §-67.96 (d, J= 7.5 Hz, 1.4F), -68.81 (d, J = 8.1 Hz, 1F).
HRMS (ESI, m/z): caled for C27H24F31,03" [M+H]": 706.9767, found: 706.9770.

6. Follow-up chemistry

6.1 Gram scale preparation of product 3a, 3b

/\M/©+ 2t Craem ©\M)I\)I\
2 3 2
Nor DCM, rt., 12 h . cF,

5 W blue LED
3a,1.60g,71% (n=1)
5 mmol 5.0 mmol scale 3b, 1.71g, 73% (n = 2)

To a 250-mL Schlenk flask equipped with a magnetic stir bar were added
corresponding olefin (5.0 mmol), I (2.28 g, 9 mmol) were dissolved in DCM (20 mL)
under N> atmosphere. Then CF3CHN (16.7 mL, 10 mmol) were added with syringe at
0 °C. The mixture was stirred at 0 °C for 30 minutes and then irradiated under 30 W
blue LED for 24 hours. Upon the completion of reaction, the mixture was directly
subjected to be concentrated in vacuo and purified by flash chromatography on silica

gel with petroleum ether as an eluent to give the product (3a, 1.60g, 71%; 3b, 1.71g,
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73%).

6.2 Gram scale preparation of product 5a

CuCl/dap (4 mol%) | I

@\/ . L+ CRicHN, _KePO:(15equi) o,
= MeCN, rt., 18 h
5 W blue LED

4a 5.0 mmol scale 5a, 1.63g, 74%

To a 250-mL Schlenk flask equipped with a magnetic stir bar were added
corresponding > (2.28 g, 9 mmol), CuCl (4 mol%), dap (4 mol%) were dissolved in
MeCN (20 mL) under N atmosphere (Note: solids should be completely dissolved).
Then olefin (5.0 mmol) and CF;CHN; (16.7 mL, 10 mmol) were added with syringe at
0 °C. The mixture was stirred at 0 °C for 30 minutes and then irradiated under 30 W
blue LED for 24 hours. Upon the completion of reaction, the mixture was directly
subjected to be concentrated in vacuo and purified by flash chromatography on silica

gel with petroleum ether as an eluent to give the product 5a (1.63g, 74%).

6.3 Synthetic transformations of the product 3a or 3b or Sa.

6.3.1 Nucleophilic substitution reaction

(1-azido-4,4,4-trifluoro-3-iodobutyl)benzene (6a)

)\)\ NaNj (2.5 equiv) )\)\
Ph CF3 DMF (2 mL) Ph CF3
5a 25°C, 24 h, N, 6a
0.2 mmol 56.8 mg, 80%

5a (89.2 mg, 0.2 mmol) was dissolved in 2.0 mL DMF in a penicillin bottle. The
reactants, NaN3 (40.5 mg, 0.50 mmol) were added separately, and the reaction was
allowed to proceed for 24 hours. The mixture was then partitioned between water and
EtOAc, the organic layer was collected, dried over Na>SO4 evaporated under vacuum
and purified by flash chromatography with Pe/EA (10:1) to furnish 56.8 mg (80%,

12.4:1 dr) of 6a as a colorless oil.
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TLC: Ry=0.34 (PE/EA = 30:1).

'H NMR (600 MHz, CDCl3) § 7.47 — 7.35 (m, SH), 4.69 (dd, J=9.5, 5.8 Hz, 1H), 3.77
~3.67 (m, 1H), 2.43 — 2.29 (m, 2H).

13C NMR (151 MHz, CDCl3) § 136.5, 129.5, 127.2, 124.3 (q, J = 276.5 Hz), 65.2, 39.1,
18.7 (q, J = 32.0 Hz).

1F NMR (565 MHz, CDCls) & -68.78 (d, J= 7.7 Hz, 12.4F), -68.91 (d, J= 7.6 Hz, 1F).
HRMS (ESI, m/z): caled for C1oHoFsINs* [M+H]": 355.9872, found: 355.9877.

(3-azido-6,6,6-trifluoro-5-iodohexyl)benzene (6b)

I I NaNj; (2.5 equiv) Ny |

Ph/\)\/kCF\a, DMF (2 mL) Ph/\/\)\CFS
3b 25 °C, 24 h, N, 6b
0.2 mmol 65.1 mg, 85%

3b (94.3 mg, 0.2 mmol) was dissolved in 2.0 mL DMF in a penicillin bottle. The
reactants, NaN3 (40.5 mg, 0.50 mmol) were added separately, and the reaction was
allowed to proceed for 24 hours. The mixture was then partitioned between water and
EtOAc, the organic layer was collected, dried over Na>SO4 evaporated under vacuum
and purified by flash chromatography with Hexane/EtOAc (10:1) to furnish 65.1 mg
(85%) of 6b as a colorless oil.
TLC: Rr= 0.24 (Hexane/EtOAc = 10:1).
'TH NMR (600 MHz, CDCls) 8 7.32 (t,J=7.5 Hz, 2H), 7.22 (dd, J = 18.4, 7.4 Hz, 3H),
4.23 (h, J=17.6 Hz, 1H), 3.55 — 3.48 (m, 1H), 2.95 — 2.60 (m, 2H), 2.22 (t,J = 7.2 Hz,
2H), 1.88 — 1.73 (m, 2H).
I3C NMR (151 MHz, CDCl3) & 140.5, 128.8, 128.5, 126.5, 124.7 (q, J = 276.6 Hz),
61.5,38.9,35.5,32.0,17.2 (q,J=31.4 Hz).
F NMR (565 MHz, CDCl3) 4 -68.17 (d, J = 7.8 Hz).
HRMS (ESI, m/z): caled for Ci2Hi4F3IN3™ [M+H]": 384.0185, found: 384.0180.

phenyl(6,6,6-trifluoro-5-iodo-1-phenylhexan-3-yl)sulfane (6¢)
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Ph.

| | PhSNa (2.0 equiv) S |
Ph/\)\)\Cl{g DMF (2 mL) Ph/\)\)\CFs
3b 25°C, 12 h, N, 6c
0.2 mmol 65.8 mg, 73%

Sodium thiophenolate (53.1 mg, 0.4 mmol), 3b (94.1 mg, 0.2 mmol) were added
to 2.0 mL dry DMF. The resulting mixture was stirred at room temperature for 24 hours.
The mixture was then partitioned between water and EtOAc, the organic layer was
collected, dried over Na>SO4 evaporated under vacuum and purified by flash
chromatography with PE/EA (100:1) to furnish 65.8 mg (73%, 3.5:1 dr) of 6¢ as a
colorless oil.

TLC: Rr=0.55 (PE/EA =100:1).

'TH NMR (600 MHz, CDCl3) 8 7.44 — 7.38 (m, 2H), 7.34 — 7.24 (m, 5H), 7.23 — 7.12
(m, 3H), 4.88 —4.74 (m, OH), 4.37 —4.27 (m, 1H), 3.26 — 3.11 (m, 1H), 2.99 —2.76 (m,
2H), 2.27 - 1.72 (m, 4H).

I3C NMR (151 MHz, CDCl3) 8 141.2, 134.2, 132.1, 129.3, 128.6, 128.6, 128.3, 126.3,
48.5,37.5(d,J=149 Hz), 33.1,23.3(q,J=31.4 Hz).

F NMR (565 MHz, CDCl3) § -68.35 (d, J = 7.4 Hz, 3.5F), -68.53 (d, /= 8.2 Hz, 1F).
HRMS (ESI, m/z): calcd for Ci1sHoFsIS™ [M+H]": 451.0204, found: 451.0209.

(4,4,4-trifluoro-3-iodo-1-thiocyanatobutyl)benzene (6d)

L KSCN (2.5 equiv) SCN |
Na,CO3 (2.5 equiv)
Ph)\)\CF3 Ph)\)\CF3
MeCN (2 mL)
Sa 25°C, 12 h, N 6d
0.2 mmol ’ ' 2 63.1 mg, 85%

A flame-dried Schlenk flask was charged with Sa (89.2mg, 0.20 mmol), NaSCN
(40.5 mg, 0.50 mmol), Na,COs3 (53.0 mg, 0.50 mmol), dissolved in anhydrous MeCN
(2.0 mL, 0.1 M) and magnetically stirred at room temperature (25 °C) for 12 h. The
reaction was monitored by TLC. Afterwards, the reaction mixture was concentrated in
vacuo and the residue was purified by flash column chromatography on silica gel
(hexanes to hexanes / EtOAc 10:1) to yield 63.1 mg (85%, 1:4.2 dr) of 6d as a colorless
oil
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TLC: Rr= 0.49 (PE/EA = 10:1).

'H NMR (600 MHz, CDCls) § 7.48 — 7.37 (m, 5H), 4.63 (dd, J = 11.7, 4.1 Hz, 1H),
4.51 —4.39 (m, 1H), 3.66 (m, 1H), 2.85 — 2.56 (m, 2H).

13C NMR (151 MHz, CDCL3) § 137.4, 134.4, 130.1, 129.9, 129.6, 129.5, 127.6, 127.3,
124.0 (q, J = 276.7 Hz), 110.5, 109.5, 38.4, 38.3.

1F NMR (565 MHz, CDCls) & -68.10 (d, J= 7.8 Hz, 1F), -69.01 (d, J = 7.8 Hz, 4.2F).
HRMS (ESI, m/z): caled for C1HioF3INS [M+H]": 371.9531, found:371.9533.

(6,6,6-trifluoro-5-iodo-3-thiocyanatohexyl)benzene (6e)

| | KSCN (2.5 equiv) SCN |
/\)\)\ Na,CO3 (2.5 equiv) /\)\)\
Ph CF3 Ph CF;
MeCN (2 mL)
3b 25°C,12h, N, 6e
0.2 mmol 55.1 mg, 69%

A flame-dried Schlenk flask was charged with 3b (93.2 mg, 0.20 mmol), NaSCN
(40.5 mg, 0.50 mmol), Na,COs3 (53.0 mg, 0.50 mmol), dissolved in anhydrous MeCN
(2.0 mL, 0.1 M) and then magnetically stirred at room temperature (25 °C) for 12 h.
The reaction was monitored by TLC. Afterwards, the reaction mixture was concentrated
in vacuo and the residue was purified by flash column chromatography on silica gel
(Hexanes to Hexanes / EtOAc 10:1) to yield 55.1 mg (69%, dr 9.6:1) of 6e as a colorless
oil
TLC: Rr= 0.47 (Hexanes / EtOAc = 10:1).

'TH NMR (600 MHz, CDCl3) 8 7.33 (t,J= 7.5 Hz, 2H), 7.23 (dd, J=22.6, 7.4 Hz, 3H),
4.29 — 4.20 (m, 1H), 3.17 — 3.09 (m, 1H), 3.04 — 2.90 (m, 1H), 2.81 — 2.72 (m, 1H),
2.53 -2.36 (m, 2H), 2.11 — 1.92 (m, 2H).

13C NMR (151 MHz, CDCl3) & 139.3, 128.9, 128.5, 125.9 (q, J = 276.6 Hz), 109.5,
48.7,39.8,34.7,32.6, 18.2 (q, /= 31.7 Hz).

1F NMR (565 MHz, CDCls) 6 -68.21 (d, J = 7.6 Hz, 9.6F), -68.76 (d, J= 7.7 Hz, 1F).
HRMS (ESI, m/z): calcd for Ci3HisF3ISN™ [M+H]": 399.9844, found: 399.9846.

1,3-diphenyl-5-(trifluoromethyl)pyrazolidine (6f)
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Ph

H
l l Na,CO; (2.5 equiv /
A, LU
Ph CF _)—cr,

3 MeCN (2 mL) oh

25°C, 24 h, N,
5a 6f

0.2 mmol 0.5 mmol 26.6 mg, 61%

A flame-dried Schlenk flask was charged with 5a (89.2 mg, 0.20 mmol),
phenylhydrazine (49.3 pL, 54.1 mg, 0.5 mmol), Na2CO; (53.0 mg, 0.50 mmol),
dissolved in anhydrous MeCN (2.0 mL, 0.1 M) and magnetically stirred at room
temperature (25 °C) for 24 h. The reaction was monitored by TLC. Afterwards, the
reaction mixture was concentrated in vacuo and the residue was purified by flash
column chromatography on silica gel (Hexanes to Hexanes / EtOAc 30:1) to yield 26.6
mg (61%) of 6f as a colorless oil.

TLC: Rs=0.21 (PE/EA = 30:1).

TH NMR (600 MHz, CDCl3) 8 7.45 — 7.39 (m, 4H), 7.34 — 7.30 (m, 1H), 7.23 — 7.19
(m, 2H), 7.08 — 7.04 (m, 2H), 6.85 — 6.81 (m, 1H), 4.90 (t, /= 7.2 Hz, 1H), 4.59 (d, J
=7.5Hz, 1H), 3.91 — 3.80 (m, 1H), 2.92 — 2.84 (m, 1H), 2.50 — 2.40 (m, 1H).

I3C NMR (151 MHz, CDCl3) 8 151.6, 142.6, 129.2, 128.8, 127.6, 125.8, 119.5, 114.1,
67.2,59.4 (q,J=31.4 Hz), 38.3.

F NMR (565 MHz, CDCl3) § -74.84 (d, J = 8.2 Hz).

HRMS (ESI, m/z): caled for CisHisF3sN2" [M+H]™: 293.1266, found: 293.1264.

6.3.2 Elimination reaction

(5,5,5-trifluoropenta-1,3-dien-1-yl)benzene (6g)
| I KOH (6 equiv)

N CF3
Ph Ph TN
MCFs MeCN (5 mL)

3a reflux, 2 h 69
0.2 mmol 35.8 mg, 90%

A Schlenk flask was charged with 3a (90.3 mg, 0.20 mmol), KOH (67.3 mg, 1.20
mmol), dissolved in MeCN (5 mL) and magnetically stirred under reflux for 2 h. The
reaction was monitored by TLC. Afterwards the reaction mixture was allowed to cool

down to room temperature, acidified with HCI1 (1.0 M), subsequently neutralized with
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saturated aqueous NaHCOs3 and extracted three times with EtOAc. The combined
organic phase was dried over Na>SQg, filtered and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (Hexanes) to yield 42.2 mg
(35.8 mg, 90%) of 6g as a colorless oil.

TLC: Rr= 0.8 (Hexanes).

'TH NMR (600 MHz, CDCl3) 8 7.47 — 7.43 (m, 2H), 7.39 — 7.35 (m, 2H), 7.33 — 7.30
(m, 1H), 6.94 — 6.88 (m, 1H), 6.85 — 6.74 (m, 2H), 5.85 — 5.77 (m, 1H).

13C NMR (151 MHz, CDCls) & 139.5, 137.7 (d, J = 6.9 Hz), 137.6 (d, J = 7.1 Hz),
136.0, 129.1, 129.0, 127.2, 125.0, 118.5 (q, J = 33.6 Hz).

1F NMR (565 MHz, CDCl3) § -63.20 (d, J = 6.9 Hz).

HRMS (ESI, m/z): calcd for Ci1iHioF3" [M+H]": 199.0735, found: 199.0731.

(5,5,5-trifluoro-4-iodopent-1-en-1-yl)benzene (6h)

I | ; [
PhSO,Na (2 equiv)

3 DMF (2 mL) 8
3a 25°C, 24 h, N, 6h
0.2 mmol 45.1 mg, 69%

A flame-dried Schlenk flask was charged with 3a (90.3 mg, 0.20 mmol), sodium
benzenesulfinate (65.7 mg, 0.40 mmol), dissolved in anhydrous DMF (2.0 mL, 0.1 M)
and magnetically stirred at room temperature (25 °C) for 24 h. The reaction was
monitored by TLC. Afterwards, the reaction mixture was concentrated in vacuo and the
residue was purified by flash column chromatography on silica gel (Hexanes) to yield
45.1 mg (69%) of 6h as a colorless oil.

TLC: Rr= 0.65 (Hexane).

'"H NMR (600 MHz, CDCl3) 8 7.40 — 7.37 (m, 2H), 7.35 — 7.31 (m, 2H), 7.29 — 7.24
(m, 1H), 6.54 (dd, J=15.7, 1.5 Hz, 1H), 6.12 (m, 1H), 4.30 —4.20 (m, 1H), 3.00 —2.92
(m, 1H), 2.85 —2.76 (m, 1H).

I3C NMR (151 MHz, CDCl3) 8 136.6, 134.3, 128.7, 127.8, 126.4, 125.3 (q, J = 276.2
Hz), 125.2, 36.6, 23.5 (q, J=30.2 Hz).

YF NMR (565 MHz, CDCl3) 4 -68.57 (d, J = 7.3 Hz).

43



HRMS (ESI, m/z): calcd for C1HFsI' [M+H]"™: 326.9858, found: 326.9859

(E)-(6,6,6-trifluoro-5-iodohex-3-en-1-yl)benzene (6i)

/\)'\)'\ DBU (2 equiv) /\/\)'\
NN
Ph CF, DCM (2 mL) Ph CF,4
3b 25°C,16h 6i
0.2 mmol 51.0 mg, 74%

3b (93.3 mg, 0.2 mmol) was dissolved in 2.0 mL DCM in a reaction tube, 0.4
mmol of 1,8-diazabicyclo[5.4.0Jundecane-7-ene (DBU, 2equiv) was added and the
mixture was stirred at 25 °C (Note: The reaction must be protected from light). The
mixture was then evaporated under vacuum and purified by flash chromatography with
petroleum ether to furnish 51.0 mg (74%) of 6i as a colorless oil.

TLC: Rr=0.70 (Hexane).

'TH NMR (600 MHz, CDCl3) 8 7.29 (t,J=7.5 Hz, 2H), 7.18 (dd, J = 29.4, 7.3 Hz, 3H),
5.86 (dt,J=14.1, 6.8 Hz, 1H), 5.69 (dd, J=15.2, 10.3 Hz, 1H), 4.84 (dt, J=15.5,7.8
Hz, 1H), 2.72 (t, J= 7.6 Hz, 2H), 2.41 (dt, J=12.7, 6.5 Hz, 2H).

I3C NMR (151 MHz, CDCls)  140.8, 137.3, 133.3, 128.5, 126.1, 124.8, 123.5 (q, J =
276.2 Hz), 34.8, 33.7,21.9 (q, /= 33.2 Hz).

1F NMR (565 MHz, CDCl3) § -69.11 (d, J = 7.8 Hz).

HRMS (ESI, m/z): caled for CioHisFsI" [M+H]": 341.0014, found: 341.0010.

2-(6,6,6-trifluoro-1-phenylhex-4-en-3-yl)isoindoline-1,3-dione (6j)

o)
I
+ NK
Ph CF; DMF (2 mL) /\)N\A
o) 25°C, 16 h, N, oh Aer,
3b 6j
0.2 mmol 0.4 mmol 65.8 mg, 74%

Sodium thiophenolate (53.1 mg, 0.4 mmol), 3b (94.1 mg, 0.2 mmol) were added
to 1.0 mL dry DMF. The resulting mixture was stirred at room temperature for 24 hours.
The mixture was then partitioned between water and EtOAc, the organic layer was

collected, dried over Na>SO4 evaporated under vacuum and purified by flash
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chromatography with Hexane/EtOAc (20:1) to furnish 65.8 mg (74%) of 6j as a
colorless oil.

TLC: Rr=0.35 (Hexane/EtOAc = 20:1).

'TH NMR (600 MHz, CDCl3) 8 7.88 — 7.79 (m, 2H), 7.75 — 7.67 (m, 2H), 7.22 — 7.03
(m, 2H), 5.84 — 5.75 (m, 1H), 4.88 (m, 1H), 2.72 — 2.50 (m, 3H), 2.26 — 2.15 (m, 1H).
I3C NMR (151 MHz, CDCl3) 6 167.7, 140.0, 137.0 (q, J = 6.4 Hz), 134.2, 131.6, 128.5,
128.3,126.2,123.4 121.0 (q, J=34.1 Hz), 51.2, 32.7, 32.6.

1F NMR (565 MHz, CDCl3)  -64.37 (d, J = 6.2 Hz).

HRMS (ESI, m/z): calcd for C20H17F3NO>" [M+H]": 360.1211, found: 360.1206.

6.3.3 Radical reactions

(6,6,6-trifluoro-3-iodohexyl)benzene (6k)

| | [Mes-Acr](CIO4) (2.0 mol%) | | N/ !
NHC-BHj3 (1.5 equiv) W | E :
Ph/\)\)\CFg, Ph cry | L pBHs
MeCN (2 mL) | N\+ :
3b 25°C, 16 h, N, 6k ;
0.2 mmol 455 nm 62.9 mg, 92% | NHC-BH5

A flame-dried Schlenk flask was charged with 3b (93.2 mg, 0.20 mmol), NHC-
BH; (25.1 mg, 0.3 mmol), [Mes-Acr](ClO4) (2 mol%), dissolved in anhydrous MeCN
(2.0 mL, 0.1 M) under N». The reaction mixture was stirred at room temperature (25 °C)
under blue LED irradiation. A fterwards, the reaction mixture was concentrated in vacuo
and the residue was purified by flash column chromatography on silica gel (Hexanes)
to yield 62.9 mg (92%) of 6k as a colorless oil.

TLC: Rr= 0.65 (Hexanes).

'"H NMR (600 MHz, CDCl3) 8 7.32 — 7.30 (m, 2H), 7.24 — 7.21 (m, 3H), 3.99 — 3.97
(m, 1H), 2.93 — 2.88 (m, 1H), 2.76 — 2.73 (m, 1H), 2.43 — 2.40 (m, 1H), 2.24 —2.17 (m,
2H), 2.08 — 1.96 (m, 3H).

I3C NMR (151 MHz, CDCl3) & 140.4, 129.6, 128.7, 128.6, 126.8 (q, J = 276.5 Hz),
42.3,35.6,35.0,34.3 (q,J=28.6 Hz), 33.1.

1F NMR (565 MHz, CDCl3) § -65.82 (t, J = 10.7 Hz).
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HRMS (ESI, m/z): caled for CioHisFsI" [M+H]": 343.0171, found: 343.0175.

1,1,1-trifluoro-4-iodo-6-phenylhexan-2-ol (61)

! /
4-CzIPN (2.0 mol%) | OH : N

I NHC-BH; (1.5 equiv) AL | [ )—BH;

PPt P oFy | N
Ph CFs MeCN (2 mL) | \
3b 25 °C, 16 h 61 ! NHC-BH
- 3
0.2 mmol Oz (1 ate), 455 nm 32.3mg, 45% ...

A flame-dried Schlenk flask was charged with 3b (93.2 mg, 0.20 mmol), NHC-
BH3 (25.1 mg, 0.3 mmol), 4-CzIPN (2 mol%), dissolved in anhydrous MeCN (2.0 mL,
0.1 M) under O,. The reaction mixture was stirred at room temperature (25 °C) under
blue LED irradiation. Afterwards, the reaction mixture was concentrated in vacuo and
the residue was purified by flash column chromatography on silica gel (Hexanes to
Hexanes/EtOAc = 10:1) to yield 32.3 mg (45%, 4.3:1 dr) of 6l as a white solid.

TLC: Rr=0.31 (Hexanes/EtOAc = 15:1).

'TH NMR (600 MHz, CDCl3) 8 7.30 (t, J= 7.6 Hz, 2H), 7.21 (t, J = 6.6 Hz, 3H), 4.36 —
4.29 (m, 1H), 4.28 — 4.16 (m, 1H), 2.92 (m, 1H), 2.81 — 2.68 (m, 1H), 2.40 — 2.22 (m,
2H), 2.20 - 2.12 (m, 1H), 2.10 — 1.83 (m, 2H).

I3C NMR (151 MHz, CDCl3) 8 141.4, 141.2, 128.8, 128.7, 128.5, 126.3, 126.3, 124.6
(q, J=276.5 Hz), 71.4, 68.1, 71.1 (q, J = 31.4 Hz), 68.0 (q, J = 31.4 Hz), 39.7, 39.3,
35.8,35.5,32.1, 31.6.

1F NMR (565 MHz, CDCls) 6 -79.46 (d, J = 6.6 Hz, 4.3F), -79.71 (d, J = 6.5 Hz, 1F).
HRMS (ESI, m/z): caled for Ci2HisF3IO" [M+H]"™: 359.0120, found: 359.0127.

methyl 6-iodo-2-methylene-8-phenyl-4-(trifluoromethyl)octanoate (6m)

4-CzIPN (2 mol%) | CF
. LSO o, PrNE (1.5 equiv) /\WJ\
Ph/\)\)\CF?’ * MeO,C 2 MeCN (2 mL) Ph CO,Me
3b 25°C,16 h, N, 6m
0.2 mmol 0.6 mmol 455 nm 67.8 mg, 77%

3b (0.2 mmol), methyl 2-((phenylsulfonyl)methyl)acrylate (0.6 mmol), ‘ProNEt

(0.3 mmol) and 4-CzIPN (2 mol%) were dissolved in 2.0 mL MeCN in a penicillin
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bottle under N,. The reaction mixture was then stirred overnight under blue LED
irradiation. The mixture was then evaporated under vacuum and purified by flash
chromatography with Hexane/EtOAc (10:1) to furnish 67.8 mg (77%, 1.1:1 dr) of 6m
as a colorless oil.

TLC: Rr= 0.40 (Hexane/EtOAc = 10:1).

TH NMR (600 MHz, CDCl3) 6 7.31 — 7.27 (m, 2H), 7.23 — 2.19 (m, 3H), 6.25 (d, J =
82.7 Hz, 1H), 5.63 (d, J=50.1 Hz, 1H), 4.12—4.08 (m, 1H), 3.77 (d, J=20.8 Hz, 3H),
2.96 — 2.78 (m, 2H), 2.77 — 2.58 (m, 2H), 2.36 — 2.23 (m, 1H), 2.19 — 2.10 (m, 1H),
2.04 - 1.93 (m, 2H), 1.77 — 1.70 (m, 1H).

I3C NMR (151 MHz, CDCl3) 8 166.72, 140.48, 140.38, 136.61, 136.15, 128.8, 128.6,
128.5, 128.5, 127.75 (q, J = 277.1 Hz), 126.3, 126.2, 52.2, 52.2,42.2 (q, J = 25.3 Hz),
42.2,39.8,39.2,35.6,35.4,35.3,33.8,31.8 (q, /= 3.3 Hz).

19F NMR (565 MHz, CDCls) 6 -70.15 (d, J = 8.5 Hz, 1.1F), -70.34 (d, /= 8.9 Hz, 1F).
HRMS (ESI, m/z): calcd for Ci17H2iF3102" [M+H]": 441.0538, found: 441.0540.

methyl 2-methylene-8-phenyl-6-(phenylthio)-4-(trifluoromethyl)octanoate (6n)

4-CzIPN (2 mol%) oh

Ph.
S | LS Pr,NEt (1.5 equiv) /\wJ\
O,P
Ph/\)\)\ * MeO,C MeCN (2mL)  pn CO,Me

6c 25°C,16 h, N,
4
0.2 mmol 0.6 mmol 55 nm

6n
65.0 mg, 58%

6¢ (0.2 mmol), methyl 2-((phenylsulfonyl)methyl)acrylate (0.6 mmol), ‘ProNEt
(0.3 mmol) and 4-CzIPN (2 mol%) were dissolved in 2.0 mL MeCN in a penicillin
bottle under N>. The reaction mixture was then stirred overnight under blue LED
irradiation. The mixture was then evaporated under vacuum and purified by flash
chromatography with Hexane/EtOAc (10:1) to furnish 65.0 mg (58%, 1:1.3 dr) of 6n
as a colorless oil.
TLC: Rr= 0.43 (Hexane/EtOAc = 10:1).
'TH NMR (600 MHz, CDCl3) & 7.44 — 7.40 (m, 1H), 7.39 — 7.35 (m, 1H), 7.31 (dd, J =
14.2,7.2 Hz, 5H), 7.24 — 7.19 (m, 1H), 7.16 (d, J = 7.5 Hz, 2H), 6.25 (d, J = 29.3 Hz,
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1H), 5.62 (d, J = 8.3 Hz, 1H), 3.79 (s, 1H), 3.74 (s, 2H), 3.23 — 3.13 (m, 1H), 2.99 —
2.87 (m, 1H), 2.86 — 2.77 (m, 2H), 2.72 — 2.65 (m, 1H), 2.43 — 2.26 (m, 1H), 2.01 —
1.81 (m, 3H), 1.70 — 1.59 (m, 1H).

I3C NMR (151 MHz, CDCl3) 6 166.8, 141.4, 136.9, 136.5, 134.2, 132.9, 133.4, 132.6,
129.0, 128.5, 128.4, 128.3, 127.4, 127.3, 126.0, 126.0, 52.1, 52.0, 46.9, 45.5, 39.6 (q, J
=25.3 Hz), 37.0, 36.4, 33.5, 32.8, 32.7, 32.2, 32.0.

19F NMR (565 MHz, CDCl3) & -70.07 (d, J = 9.0 Hz, 1F), -70.20 (d,J = 9.1 Hz, 1.3F).
HRMS (ESI, m/z): caled for C23Ha6F30,S™ [M+H]": 423.1606, found: 423.1610.

(1,7-diphenyl-5-(trifluoromethyl)hept-6-en-3-yl)(phenyl)sulfane (60)

Pd(PPhs),Cl, (5 mol%)

Xantphos (7.5 mol%) Ph.
Ph.
S I . ©/\ AcOK (2 equiv) /\j\)CE/\
= =
Ph/\)\)\CFS DMF (2 mL) Ph Ph
6¢c 0.4 mmol 80 °C, 16 h, N, 6o
0.2 mmol ’ 46.9 mg, 55%

6¢ (0.2 mmol), Pd(PPh3)>Cl> (5 mol%), Xantphos (7.5 mol%) and AcOK (2 equiv)
were dissolved in 2.0 mL DMF in a penicillin bottle under N». The resulting mixture
was stirred at 80 °C for 16 hours. The mixture was then partitioned between water and
EtOAc, the organic layer was collected, dried over Na2SO4 evaporated under vacuum
and purified by flash chromatography with hexane to furnish 46.9 mg (55%, 1.5:1 dr)
of 60 as a colorless oil.
TLC: Rr= 0.32 (Hexane).
TH NMR (600 MHz, CDCl3) 8 7.37 —7.07 (m, 15H), 6.45 (d, J=15.9 Hz, 0.6H, major),
6.26 (d, J=15.9 Hz, 0.4H, minor), 5.90 — 5.85 (m, 0.6H, major), 5.78 — 5.74 (m, 0.4H,
minor), 3.52 (m, 0.6H, major), 3.08 (m, 0.4H, minor), 3.02 — 2.73 (m, 3H), 2.03 (m,
0.6H), 1.99 — 1.91 (m, 1.6H), 1.86 (m, 2H).
I3C NMR (151 MHz, CDCl3) & 141.4, 141.2, 137.1, 136.1, 136.1, 136.0, 134.1, 133.5,
133.1,132.3,129.0, 128.6, 128.6, 128.5, 128.4, 128.2, 127.5, 127.2, 126.6, 126.6, 126.2,
126.0, 122.1 (q, J = 2.6 Hz), 121.7 (q, J = 2.6 Hz), 45.7 (q, J = 27.2 Hz), 45.5, 44.5,
37.8,35.0, 33.9, 33.0, 32.9, 32.6.
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19F NMR (565 MHz, CDCL3) & -70.47 (d, J = 9.0 Hz, 1.5F), -70.53 (d, J = 8.8 Hz, 1F).
HRMS (ESI, m/z): calcd for CisHigF3S™ [M+H]": 427.1707, found: 427.1711.

7. Investigation of the reaction mechanism

7.1 Radical trapping experiments with TEMPO.

DCM, rt., 12 h | |
5 W blue LED
Ph\/\ + CF?:CHNZ + 1=l > Ph\)\)\ *
TEMPO (3.0 equiv) CF; )\
1a 3a, trace | CFs
7, 36%

To a penicillin bottle equipped with magnetic stir bar, I> (51.8 mg, 0.2 mmol),
CF3CHN2 (0.5 or 0.3 mmol), 1a (0.6 mmol), TEMPO (96.6 mg, 0.6 mmol) were added
under N, and the resulting mixture was irradiated under 5 W blue LED. Upon the
completion of reaction, the mixture was directly subjected to be concentrated in vacuo
and purified by flash chromatography on silica gel with petroleum ether as an eluent to
afford the product 7! as a colorless oil (26.3 mg, 36%).

TLC: Rr= 0.55 (Hexane).

'H NMR (600 MHz, CDCl3) 8 6.75 (q, J = 6.2 Hz, 1H), 1.55 — 1.48 (m, 6H), 1.24 —
1.20 (m, 12H).

13C NMR (151 MHz, CDCl3) 8 121.3 (q, J=278.5 Hz), 638.2 (q, J= 33.7 Hz), 53.6,
40.8,29.9, 16.9.

F NMR (565 MHz, CDCl3) 6 -71.97 (d, J= 5.8 Hz)

7.2 Radical clock experiment.

/\/ I
_ + CF4CHN, + |—I N
s N\/\ s DCM, rt., 12 h Ts—N
N CF

5 W blue LED 9 3

(o]

I2 (0.35 mmol) were added into a 10 mL penicillin bottle with magneton under N>,

then CF3CHN: (1.05 ml, 0.525 mmol) and olefin (0.2 mmol) were added into the bottle.
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The mixture was stirred for 5 minutes and then irradiated under 5 W blue LED and
stirred at room temperature for 12 hours. After the reaction, trace of the reaction
supernatant was used for '’F NMR spectroscopic analysis to determine the dr selectivity.
Then, the other mixture was directly subjected to be concentrated in vacuo and purified
by flash chromatography on silica gel with petroleum ether/ethyl acetate as an eluent to
afford the desired product 9 as a yellow liquid (82.2 mg, 70%, 1.2:1 dr).

TLC: Rr=0.29 (Hexane/EtOAc = 10:1).

'TH NMR (600 MHz, CDCls) 8 7.73 (dd, J=10.7, 8.1 Hz, 2H), 7.35 (t, J = 6.7 Hz, 2H),
4.14 - 3.90 (m, 1H), 3.58 — 3.50 (m, 0.5H, major), 3.19 — 3.13 (m, 0.5H, minor), 3.48
(dt, J=12.2, 6.7 Hz, 1H), 3.40 — 3.31 (m, 1H), 3.13 — 3.07 (m, 0.5H, major), 2.86 —
2.81 (m, 0.5H, minor), 3.07 — 3.01 (m, 1H), 3.01 —2.91 (m, 1H), 2.61 (t, J=10.1 Hz,
1H), 2.53 — 2.46 (m, 0.4H, minor), 2.40 — 2.32 (m, 0.6H, major), 2.44 (d, J = 3.1 Hz,
3H), 1.99 — 1.89 (m, 0.6H, major), 1.76 — 1.68 (m, 0.5H, minor), 1.76 — 1.68 (m, 0.6H,
major), 1.53 — 1.46 (m, 0.4H, minor).

I3C NMR (151 MHz, CDCl3) & 144.1, 133.4, 130.0, 127.4, 124.3 (q, J = 277.3 Hz),
53.0, 52.5, 50.6, 50.2, 44.8, 43.9, 41.5, 31.2,29.4,22.0 (q, J = 31.4 Hz), 20.0 (q, J =
31.5 Hz), 21.6.

1F NMR (565 MHz, CDCls) 6 -68.50 (d, J = 8.0 Hz, 1.2F), -69.05 (d, /= 7.3 Hz, 1F).
HRMS (ESI, m/z): calcd for C1sHioF31bN [M+H]"™: 587.9178, found: 587.9180.

7.3 Control experiments

CF;CHN: (0 equiv, 0.2 equiv, 0.4 equiv, 0.8 equiv, 1.0 equiv) was added to a series
of 10 mL penicillin vials containing magnets under N>, then CF3CHL!? (0.35 mmol)
and olefin (0.2 mmol) were added into the bottle. The mixture was stirred for 5 minutes
and then irradiated under 5 W blue LED and stirred at room temperature for 12 hours.
After the reaction, trace of the reaction supernatant was used for '’F NMR spectroscopic
analysis with PhCF3 (0.1 mmol) as the internal standard to determine the yield. As
shown in the table below, when the amount of CF3CHN> added is 0 equiv, the reaction

does not react. However, as the amount of CF3CHN3 increases, the yield of the reaction
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gradually increases. Therefore, CF3CHN> has an important role in the occurrence of

this reaction.

CF5;CHN, (x euqiv) I I

Ph._ . + CFsCHI, > Ph\)\)\CF

DCM, 455 nm LED

3

1a 3a
X (equiv) yield (%)
0 0
0.2 44
0.4 62
0.8 77
1.0 89

7.4 Light ON/OFF experiments and reaction monitoring.

7.4.1 Light ON/OFF experiments

According to standard procedure, the mixture was irradiated under blue LED for
1 hour at which point a reaction aliquot (20 uL) was taken via syringe for ’F NMR
analysis using PhCF3 (0.1 mmol) as an internal standard. The light was switched off
and the mixture was then stirred in the dark for another hour at which point a reaction
aliquot (20 uL) was taken for '’F NMR analysis. The blue LED was then switched ON
and OFF and ON and OFF alternatively and '°F NMR yields were calculated. (Note:
When the reaction reached the 6 hour, reaction aliquot (20 puL) was taken every two
hours, and the light was kept on in 10 hours before the last sample was taken.) As shown
in Figure S1, the yield increased faster at the beginning under light conditions, and in
the absence of light, the yield still increased, albeit in a quite slow rate. The results

suggest that a chain propagation involved in the reaction.
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Figure S1 Light ON/OFF experiments

7.4.2 Reaction Monitoring

In accordance with established protocols, the mixture was exposed to blue LED
irradiation for a duration of 1 h, 2 h, 3 h and so forth. Subsequently, an equivalent
volume of the reaction (20 pL) was meticulously transferred via a syringe for !°F NMR
analysis with PhCF3 (0.1 mmol) as the internal standard to determine the yield of the
product and the consumption of CF3CHN:. (Note: The ratio of CFsCHN: expresses the
ratio of the amount of CF3CHN> remaining in the reaction system over time to the
amount of CF;CHN2 remaining after the initial CF3CHN3 has fully reacted with iodine;
The ratio of product 3a is the proportion of product 3a that has been present over a
given period to the total amount of the initial substrate.) As demonstrated in Figure S2,
the product 3a initially increases rapidly at the beginning, along with the consumption
of CF3CHN:. The observation further supported that CF3CHN> has a promoting effect
in the reaction. Furthermore, an attempt was made to irradiate CF3CHN> in the DCM;
however, after a period of three hours, it was ascertained that there was only a minimal

depletion of CF3CHN3, amounting to a mere 5%.
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Figure S2 The distribution of product 3a and CF;CHN:> content over time.

7.6 ’F NMR at the start of the reaction of alkyl olefin 1a and aryl olefin

4a

I2 (0.35 mmol) was added into a 10 mL penicillin bottle with magneton under N»
(In the case of 1a) or I> (0.35 mmol), CuCl (4 mol%) and dap (4 mol%) dissolved in
MeCN (0.5 mL, 0.40 M), under N (in the case of 4a), then CF3CHN> (1.05 ml, 0.525
mmol) and olefin 1a or 4a (0.2 mmol) were added into the bottle. The mixture was
stirred for a period of five minutes, after which the internal standard (PhCF3, 0.1 mmol)
was added. The mixture was then analyzed by '"F NMR spectroscopy using a micro
reaction mixture to determine the amount of CF3CHN} at the reaction's inception. The
results demonstrate that in the alkyl olefin system, a significant quantity of CF3CHN»
persists prior to blue light irradiation (Figure S3, a), whereas in the aryl olefin system,

no CF3CHN; remains before blue light irradiation (Figure S3, b).
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a) 1%F NMR of the 1a reaction before irradiation

CF,CHN, PhCF, CF,CHI,

\l \ )

b) 1°F NMR of the 4a reaction before irradiation

|

[ 751 52 53 5a 55 56 57 -58 59 -60 -61 62 -63 -64 65 -66 -67 68 -69 -70 71 72 -13 -74
1 (ppm)

Figure S3 '°F NMR of alkyl olefin 1a and aryl olefin 4a before blue light irradiation

7.7 General procedure and characterization data of products 11

X
Ph
N GR,CHN, (1.0 eugiv) N

QX + or > or 1
DCM, 455 nm LED

10 Ph—= o I 0

Compound 10 (0.35 mmol) were added into a 10 mL penicillin bottle with

magneton under N, then CF3CHN; (1.05 ml, 0.525 mmol) and olefins or alkynes (0.2
mmol) were added into the bottle. The mixture was stirred for 5 minutes and then
irradiated under 5 W blue LED and stirred at room temperature for 12 hours. Then, the
mixture was directly subjected to be concentrated in vacuo and purified by flash
chromatography on silica gel with petroleum ether/ethyl acetate as an eluent to afford

the desired product 11.

(4,4,5,5,6,6,7,7,7-nonafluoro-2-iodoheptyl)benzene (11a)°

Ph.___C4Fo

Ma
The product 11a was purified by column chromatography as a colorless liquid (55.7
mg, 60%).
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TLC: Rr= 0.43 (Hexane).

IH NMR (600 MHz, CDCls) § 7.41 — 7.32 (m, 3H), 7.26 — 7.21 (m, 2H), 4.55 — 4.46
(m, 1H), 3.37 — 3.30 (m, 1H), 3.28 — 3.20 (m, 1H), 3.02 — 2.80 (m, 2H).

13C NMR (101 MHz, CDCls) § 138.6, 129.0, 128.7, 127.4, 47.1 (d, J = 1.9 Hz), 40.8
(t, J=20.8 Hz), 19.2.

19F NMR (565 MHz, CDCl3) § -81.06 (t, J = 9.4 Hz), -111.98 (dt, J=27.3, 12.8 Hz), -
112.37 to -112.57 (m), -113.62 to -113.86 (m), -114.15 to -114.34 (m), -124.57 (q, J =
9.3 Hz), -125.92 (tt, J= 11.9, 6.0 Hz).

ethyl 2,2-difluoro-4-iodo-5-phenylpentanoate (11b)°

Ph.__h__CF,CO,Et

11b
The product 11b was purified by column chromatography as a colorless liquid (53.7
mg, 73%).
TLC: Rr= 0.43 (Hexane/EtOAc = 30:1).
TH NMR (600 MHz, CDCl3) § 7.36 — 7.32 (m, 2H), 7.31 — 7.28 (m, 1H), 7.22 — 7.17
(m, 2H), 4.41 — 4.30 (m, 3H), 3.30 - 3.17 (m, 2H), 2.99 — 2.73 (m, 2H), 1.37 (t, J="7.1
Hz, 3H).
I3C NMR (151 MHz, CDCl3) 6 163.4 (t,J=32.2 Hz), 138.8, 129.0, 128.6, 127.2, 115.2
(t,J=252.7Hz), 63.3,47.2,44.4 (t,J=23.4 Hz), 21.9 (t, J= 3.9 Hz), 13.9.
19F NMR (565 MHz, CDCl3) 6 -101.53 (dd, J = 17.2, 13.2 Hz), -102.00 (dd, J = 17.2,
13.2 Hz), -106.12 (t, J = 16.8 Hz), -106.59 (t, /= 16.8 Hz).

(2,4,4,4-tetrabromobutyl)benzene (11¢)*

Br

Ph.__ cBr,

11c
The product 11¢ was purified by column chromatography as a colorless liquid (65.1 mg,
71%).
TLC: Rr= 0.53 (Hexane).
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H NMR (600 MHz, CDCl3) § 7.37 — 7.33 (m, 2H), 7.29 (m, 3H), 4.37 (m, 1H), 3.85
(dd, J = 16.2, 4.7 Hz, 1H), 3.67 (dd, J = 16.2, 4.5 Hz, 1H), 3.53 (dd, J = 14.4, 5.2 Hz,
1H), 3.23 (dd, J = 14.4, 9.1 Hz, 1H).

13C NMR (151 MHz, CDCLs) § 137.5, 129.5, 128.6, 127.3, 65.8, 51.5, 46.0, 36.0.

(2,4,4-tribromobutyl)benzene (11d)

Br

Ph._J~__CHBr,

11d
The product 11d was purified by column chromatography as a colorless liquid (53.9
mg, 73%).
TLC: Rr= 0.57 (Hexane).
'TH NMR (600 MHz, CDCl3) 6 7.38 (dd, J = 8.1, 6.6 Hz, 2H), 7.34 — 7.30 (m, 1H), 7.27
—7.23 (m, 2H), 5.95 — 5.87 (m, 1H), 4.42 — 4.32 (m, 1H), 3.35 — 3.18 (m, 2H), 2.89 —
2.77 (m, 2H).
I3C NMR (151 MHz, CDCl3) 8 137.0, 129.2, 128.7, 127.3, 53.4, 52.5, 44.9, 43 4.
HRMS (ESI, m/z): caled for CioH12Br3* [M+H]": 370.8469, found:370.8473.

ethyl 4-iodo-5-phenylpentanoate (11e)

Ph._ A __CH,COE

11e
The product 11e was purified by column chromatography as a colorless liquid (45.1 mg,
68%).
TLC: Rr= 0.52 (Hexane/EtOAc = 30:1).
'"H NMR (400 MHz, CDCl3) 8 7.40 — 7.19 (m, 5H), 4.74 — 4.61 (m, 1H), 4.46 — 4.16
(m, 2H), 3.35 (m, 2H), 2.40 — 1.97 (m, 4H), 1.31 (t, /= 7.5 Hz, 3H).
IBCNMR (151 MHz, CDCl3) 6 171.0, 138.8, 129.0, 128.6, 127.2,62.0,47.1, 43.8, 36.2,
23.8, 13.8.
HRMS (ESI, m/z): caled for Ci3HisIO>" [M+H]"™: 333.0352, found:333.035.
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diethyl 2-bromo-2-(2-bromo-3-phenylpropyl)malonate (11f)

Br Br
PhMCOZEt

CO,Et
11f

The product 11f was purified by column chromatography as a colorless liquid (61.9 mg,
71%).

TLC: Rr=0.35 (Hexane/EtOAc = 50:1).

'TH NMR (600 MHz, CDCl3) 6 7.38 (dd, J = 8.1, 6.6 Hz, 2H), 7.34 — 7.30 (m, 1H), 7.27
—7.23 (m, 2H), 5.95 — 5.87 (m, 1H), 4.42 — 4.32 (m, 1H), 3.35 — 3.18 (m, 2H), 2.89 —
2.77 (m, 2H).

I3C NMR (151 MHz, CDCl3) 6 166.9, 165.8, 137.6, 129.3, 128.5, 127.1, 63.5, 63.3,
61.7,50.8,46.1,45.5, 13.8, 13.7.

HRMS (ESI, m/z): calcd for Ci6H21Br2O4" [M+H]": 436.9786, found: 436.9789.

ethyl 2,2-difluoro-4-iodo-4-phenylbut-3-enoate (11g)°

Ph

| s CF.co,Et

119

The product 11g was purified by column chromatography as a colorless liquid (57.7
mg, 82%, E/Z =7.5:1).

TH NMR (600 MHz, CDCl3) § 7.37 — 7.30 (m, 5H), 6.75 (t, J = 10.9 Hz, 1H), 4.00 (q,
J=7.1Hz, 2H), 1.22 (t, J="7.1 Hz, 3H).

13C NMR (151 MHz, CDCl3) 8 162.6 (t, J = 33.3 Hz), 140.7, 133.1 (t, J = 28.4 Hz),
129.5,128.1, 127.8 (t,J=2.2 Hz), 110.9 (t, J=250.1 Hz), 108.7 (t,J=10.1 Hz), 63.1,
13.7.

F NMR (565 MHz, CDCl3) § -93.82 (d, J=10.9 Hz, 7.5F) -98.09 (d, /= 11.5, 1F).

7.8 ’F NMR analysis of the crude reaction with 11e

Compound 10 (0.35 mmol) was added into a 10 mL penicillin bottle with
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magneton under N», then CF3CHN3 (0.45 ml, 0.2 mmol) and olefin 1a (0.2 mmol) were
added into the bottle. The mixture was stirred for 5 minutes and then irradiated under 5
W blue LED and stirred at room temperature for 12 hours. The mixture was stirred for
5 minutes, then illuminated under a 5 W blue LED light and stirred for 12 hours at room
temperature. The internal standard (PhCF3, 0.1 mmol) was added after completion of
the reaction. The mixture was then analyzed by '°F NMR spectroscopy using a micro

reaction mixture to determine the amount of CF3CHI».

—-62.75
-69.74
69.75

Lo

|
CF3CHN, (1.0 i
CH,CoEt + Py [ SR (10eu) —n oy | _chicoEt +  CRyCHI,

11e, 68% 44% NMR yield

PhCF,  CF,CHI,

b
L

65 70 75 -80 -85

-35 40 45 50 55 -60
1 (ppm)

Figure S4 '°F NMR analysis of the crude reaction with 11e
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9. Copies of 'H, °C, F NMR spectra

soe
10¢C
80¢C
80'C
e
e
oce
Lee
€ce
vN.Ng
STZT
122
122
zie
elh'e
yL°Eq
SL'E
9Z'¢ 1
12°€
62°¢
Le¢ey
mv.my
SY'E
PARN
mv.m%
LEY

187
8E'V
68V
ov'y
L'y
€5°v
R4
¥S'y
SSv
[1-R%
1Sv
0z'L
0z’
122
AR
€21
62'L1
L€ LA
282
ze'L]
€€ L
€€
ves ]
v L]
se/
s
9cs ]
9g'2 ]
1872
8e'L |
8g'L

o | e

CF3;

3a

me.o
120

Wom.o
¥6€°0

080
Bego

mm.v
L0

#£02
Booe

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (400 MHz, CDCls) for 3a

voch
ceech
6'GCl
\x4s
182l
8'8¢l
6'8¢CL
L'6cl
1’62l
G'8el
9'8el V

CF3

3a

1 (ppm)

13C NMR (101 MHz, CDCL) for 3a

59



rese |

0L'L9- \

8929

CF3

3a

P /69°¢

“oo'L

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565MHz, CDCls) for 3a

102
20z
v0'z
S0z
90z
802
602
oLz
oLz
1z
122
1221
0€Z1
0€Z1
LEZ1
L1EZ1
XA
€€°21
€€Z
reZ
GeZ
€Lz

ﬁ.mu
(VA A
9,2
122
812]
8.2
08°Z 1
1821
887 ]
68
162
162 ]
26 |
€62
oLy ]
IR
IRE
zLy
cLy
LGy
€5y

vSy
vS'y
0z'L
1z
zz L]
€21
€L
vz L
8z'2 1
62°L]
0g2
LeL
2€L ]
ze'L

CF3

3b

oS

S0
60

F90'L

Fg6'0
Eszo
FeL0

T
-05 -1.0 -15

0.0

1 (ppm)

TH NMR (400 MHz, CDCl;) for 3b

60



v'ocl
6'¢ccl
cecth
L'sel
6'GCl
S'ocl
9'9¢t
9'8cl
N.riW
8'8¢l
L'ovi
[a4% V

1 (ppm)

13C NMR (101 MHz, CDCI3) for 3b

120

130

140

150

160

CF3
T
180 170

T
190

3b

210 200

9€'89-
GE'89-

mo.wo.\

20'89-

T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

61

1 (ppm)
EF NMR (565 MHz, CDCI3) for 3b

-80 -90

-70

CF3
T T
-30 40 -50 -60

-20

3b




152
89¢
vi'e
6S°¢
09'¢
v9'€
s9'e
89°¢
69
LLe

cLe %

€6°€ ]
vm.mj
96°€ 1
16 |
SEv ]
0971
197
182
1872
8g'L
8g'L
8g'L
6€'L
vl
vl
Sv'L
Sv'L
Sv'L
or'L
ov'L
1572
1572
252
25 LA
25
25
€5/ 1
€61
€5/ 1
1527
JI-UR
1572+
85/
85,7
28,
¥8° L7
68'L]
68,
062
06'L ]
06°Z
06 1
16721
162 ]
262 ]
€621

—

—

wm.wg
1672

CF3

3c

o0
850

. v'0
= %q.o

. evo
= 0
_ S0
= R65°0

! PO

S0

= oot

IS S

coacceQ
N+ O«

1.0

1.5

25

3.5

1 (ppm)

'TH NMR (600 MHz, CDCls) for 3¢

Goc
L'0C
o'le
[ x4
8'Ge
0'9¢

¥'9¢
L've—
L'ev
m.va
8y 7
14 /

1'EZh
z'ezl
€5zl 1
'Szl |
r'szl
0'9z) 1
0'9z)
1°9Z1 1
9°9z1 Y
1921
6921
g.zLf
6221
vezL
v'8zL ]
£'6zL
€62l ]
9'LeL]
9Ll
Lvel |
el |
9vEL
LvEL)

CF3

3c

Lt

Il

1 (ppm)

I3C NMR (151 MHz, CDCI;) for 3¢

62



CF3

3c

/8vL
oot

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCl:) for 3¢

880

060

L6°0

mm.:
@N.:
LETL
e}
9g'1 1
8¢ 1
6€°L
Lyl
[14%

mv.:ﬁ

[Za%
ShL
151N
811
0S°L 7
161
251 ]
€5t ]
151

6171
08’} 1
181
z8'L |
el ]
se'l |
86'L
66'L
002
10z
€02
v0'Z
S0z
102
102
zee
€z
sze
9z
1z
622
ogz
05z
85z
092
SLy
9Ly
8Ly
0z'y
1Sy
Zsv
£S5
SSY
95Y
ISV

CF3

3d

F00'L
Fsz0
Feso

-05 -1.0 -15

0.0

T
0.5

1 (ppm)

TH NMR (400 MHz, CDCls) for 3d

63



A4a
902 1
6702 1
zizy
51z
122
652 Y
z'92
992
692~
582
982
z6z]
5627
Lie]
cee
AR
58
80V 1
ey
Sy
LG

S T

S0zl
zezL~
09zl —
rezL”

CF;

3d

1 (ppm)

13C NMR (101 MHz, CDCl3) for 3d

CF3

3d

T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

IF NMR (565 MHz, CDCI3) for 3d

64



S0
90
oL
ol
6111
mm.:
951
1571
16711
851 §
651§
651 |
09'L |
191
291
z9'L Y
€91 Y
€9°L
v9'L
G9'L -]
59}
99'L ]
v
v
G2
9L
1271
8s1]
281 |
eg'l |
8L
8L
gL
gL
9g'L
50T
902
10T
102
802
80'C
60'Z
oLz
oLz
z1e
z1e
8Lz
612
61T
0z'z
12z
zze
€2z
€z'e
vze
vz'e
oLy
oLy

-

L'y

CF;

3e

1260
receL
bogt

Zr'L
w\mm.w

£68°0
Mm
A
h

c0

Ho'L
¥220
¥G.0

-05 1.0 -15

0.0

T
0.5

1 (ppm)

'TH NMR (600 MHz, CDCls) for 3e

[N A
viz
9121
8127
z'se |
z's2
192
€92
59z
192
9Lef
0'ze

vze
rze]
62
cog
007 |
€0v |
9zy ]
[t d
§'sv
viv?

N

=

-

CHEIN
rezi~
s'szL;
gz’

CF3;

3e

1 (ppm)

I3C NMR (151 MHz, CDCIl;) for 3e

65



€¥'89-
L1'89-
96°.,9-
G6°L9-

CF,

3e

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCl:) for 3e

¥0'8
5081
908"

CF3

3f

Feos

L
%w.o
J2T0
£02°0

vl

=60'¢
F99'0

6L

=
u 0L

-05 -1.0 -15

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCls) for 3f

66



Gg'0C
1'0¢
6'0C
8'G¢c
8'Ge
0'9¢
29c
2’9
¥'9¢
8'L¢C
6'.C V

628\
Loy~
ezy—
gy’

s
m.vwv

YA TA%
gech
g'ech
L'gel A\

vszL
N.Rr\

v'8cl
9'6cl
€0¢el

oeel

9991 —

CF3

3f

i‘u‘

1 (ppm)

I3C NMR (151 MHz, CDCI;) for 3f

zeoo-

8.8.\

26',9-

CF3

3f

T T T T T T T
-30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

f1 (ppm)

19F NMR (565 MHz, CDCI3) for 3f

67



AN
sz1”

€672~
s6L”

2

CF3

3g

FSO'L
91z
F620

-05 1.0 -15

0.0

T
0.5

T
1.0

1.5

2.0

3.0 25

3.5

45 4.0

T
5.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 3g

5021
10z
6°02 1
11z
L1z
852
6521
o.om,ﬁ
1'9Z
zoz
vozd
822
6227
vzed
e
628
Lo
g2y
8vy

V9
€9 V

S

Izl /
g€zl

Ommr%
FAITARN
9217
vmwéw
9621

g'evl —

1991 —

CF;

3g

1 (ppm)

13C NMR (151 MHz, CDCls) for 3g

68



)

86'29- \

16°,9-

CF3

3g

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3g

05z
162
85°C 1
092
1921
29z
ge'e ]
R
FIRS
Sl
CINE
117 ]
8Ly
81v]
6171
6LY
0zy
oe'y
Ly
ey
1Sy
25
€St
€5y
IR
R
95y
IS7

CF3

Ei
£6'9
667 1
108"

3h

MeO

J

s
Fory
7951
80
7120
920

=80'¢
220°L
=50'C
8.0

=20¢

T
10 05 00 -05 -1.0 -1.5

1.5

2.0

3.0 25

T
3.5

45 4.0

T~

1 (ppm)

'H NMR (600 MHz, CDCl3) for 3h

69



9'02
8'02
olz
zie
8’5z
6'5T
1’9z
€9z
g9z
0’8z

oez/
§'9E
0'8e~
zor~;
vey

665 —

v9—

LeLL —
8'lcl

w.NNrW
wANN_.\
mAMN_‘\
v.mwr\
mNN_‘\
L'1el

G'€9l ~
¥'991 —

CF3

3h

MeO

1 (ppm)

I3C NMR (151 MHz, CDCl;) for 3h

CF3

3h

MeO

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-70

1 (ppm)

19F NMR (565 MHz, CDCls) for 3h

70



cev ]
vEY |
gey
Ei
€5
vSy
sev] —
15
v1L
Y1l
G1°L
08'L
182 o
et o

CF3

3i

[

S'e
69'L
7880
2020
/10

660
Fgze
F08'0

220°¢C

ooz

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

'TH NMR (600 MHz, CDCls) for 3i

L0C
o’le
8'Ge
6'GC
0'9¢

2’9
€9¢
g'9¢
6'LC
6'.2
gce
'9¢
6'L€
oy
v'ev
0'sy
L'v9 V

8'v9

e

6001 —

299 —

3i

O

1 (ppm)

I3C NMR (151 MHz, CDCl3) for 3i

71



seeo |

mm.B.\

€6°L9-

CF3

3i

719G
0oL

-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3i

18
€18
¥1°8 ]
v1'8

GL'g’

CF3

O

NC

4

FE0'L
®0€'¢C
810

|

— =202

T
15 10 05 00 -05 -1.0 -15

2.0

T
3.5 25

4.5 4.0

f1 (ppm)

TH NMR (600 MHz, CDCl3) for 3j

72



502
INA
6°0C 1
112 |
8'5Z1
8'G2
092 F
Z9Z
N.@NP
v'92 7
8.2
6.2
862
£ze

£'9¢ |
6L¢]
Loy
vey|
0S¥

v'59—

.

S

mAw_\_‘/
L'8LL
st

I ARN
zizL—
ZosL—
v'zeL
;Q\
zvelL

069l —

CF3

NC

1 (ppm)

13C NMR (151 MHz, CDCI;) for 3j

CF3

NC

/5L
Y00'1

T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCl3) for 3j

73



vL
sl
9L
9L
s
8.
6L
18"
z8'L ]
z8'L |
€8°L 1
£8'L
¥8'L
G8'L 1
g8l Y
98'L
98’1
1814
88'L
88°L ]
681
06'L
161
10z
20z
€0
v0°Z
v0'Z
v0'z
%0z ]
90z
102
802
szz
szz
9zz
ize
2z
82z
622
622
SLy
oLy
oLy
Zry
a4
(el
€5y
IR
9z'2
1272
8Z'L1
62°L
0g'L
ze'L
€eL

ve'L

Cl

CF;

3k

Cl

L
beey
Fos
£58°0
£82°0
Fogo

0L
/202
180

-1.0 -15

T T
20 15 1.0 05 00 -05

25

T
70 65 6.0

T
75

1 (ppm)

TH NMR (600 MHz, CDCls) for 3k

9027
8°0C 1
01z
1z
8'62
6'5Z
o.wmé
1'9Z 1
z9z\
vz
112
E&
11z

gze
z'9g ]
o0'ge
zov
vy
67
669

6o’

S

8’1zl

@.MN_./
Lar4%

mNN_‘%
o.wN_,N
oAmN_‘\
o.rm_‘\
m.rm_,\
8'¢cel

69l —

CF3

3k

Cl

1 (ppm)

13C NMR (151 MHz, CDCl3) for 3k

74



)

96'29- \

¥6°L9-

Cl

CF3

Cl

3k

T T T T
-110 -120 -130 -140 -150 -160 -170 -180 -190

-100

T
-90

-70

T T
-20 -30

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3k

oL
Lz
L.
L
GG'L
GS'L
95°L
99°L
95°L
08L
1872
1872
18°L
1872

CF;

3l

IzeL
Feev
o
.80
/820
420

ECLL
ol
80

=20l

=00'L
=00'L

T
10 05 00 -05 -1.0 -1.5

1.5

2.0

35 30 25

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl3) for 31

75



902
80z 1
012
z'1Z
85z
m.mm;
092
N.wmwv.
g9z

coz
622
0’8z
szed
goe]
628
zov
vy
6V
9'%9

:ov

S

8'lcl
ERr 4%
445
m.\.Nr/

msmr%
STELN

9'eel
9'eel
6'€el

6'€el

€291 —

CF3

3l

1 (ppm)

I3C NMR (151 MHz, CDCl;) for 31

1€'89-
GE'89-

mm&m.\

¥6°L9-

CF3

3l

S

T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 31

76



oLl
VoL
zrL
zLL
€Ll
viL
GIL
GLL
12711
8.1
871
62711
62711
081
08°}
1871
z8'1
€8'L -
€81
98°L |
98°L
181
88'L 1
68°L 1
20z 1
v0'Z
02
50z
90°Z
102
10T
80°Z
STz
STz
122
1TT
122
87z
62°C
0ez
SLy
SLy
IR
zeY
cey
ve'y
€5y
15791
159 ]
159}
159
8172
6172 ]
1621
9521

wmﬂg

CF3

S
o

3m

A
Frev
pLLL
7980
/620
.20

FO0°L
=90'¢
£58°0

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

'"H NMR (600 MHz, CDCls) for 3m

5021
80z |
012z
1z
86z
w.mm;
0'9Z
N.@NUV
z'9z
coz
822
6.2
vze]
v'9e
628 ]
zov
vy
6v
59
are”

S

0zZLL
1Ll »
L'gLL

8Lzl
9'€Tl ~
v'szL 7,
gz’

8 vyl ~
SovL

885l — —

CF;
!
I

3m

1 (ppm)

13C NMR (151 MHz, CDCls) for 3m

77



ores-

oo.wm.\

86°L9-

CF;

S
(0]

3m

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3m

6v'L
1S
[4°H}
€S’
€s’lL
vS'L
29l
£9'} |
v9'L |
$9°} |
G911
S9'L
99°1L 1
991
1971

69'L
69°}
0L
021
L2
181 ]
z8'L |
€81 1
¥8°L 1
v8'L
g8l
00z
10
zoz
z0T
€0°Z
v0'Z
502
50z
ve'z
vzz
STz
9Tz
9Tz
122
87z
8Tz
90t
10
80°%
R
Ly
ey
ey
vLy
SLy
Sy
9Ly
15
€5y
PR

CF3

3n

N

Tos R eT s

TNR R MO0
Ccooca+~O®™«

610
Rgy

-1.0 -15

T
-0.5

T T
30 25 20 15 1.0 05 0.0

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl3) for 3n

78



5021
2021
6021
11z
11z
85z |
8'GC
1'9Z 1
192
€92
59z
11z
612
g'ze
v'9¢
o0'ge
zov]
vy
0’5y
I

I

S S

gLzl
9ezL~
v'szL
gz’

L —

CF3

3n

1 (ppm)

13C NMR (151 MHz, CDCI3) for 3n

CF;

3n

/A4

oot

T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 3n

79



CF;

30

N

£90°L

oL
80
1€0
62
*vz'0

Fie
#12'0
.0

l07c

T
00 -05 -10 -15

T
0.5

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 30

S0z
102
602
(%4
gLz
v'se
96z
YR 14
6'627
z9z
9z
622
18]
1'ze
09¢
9/¢1
6'6€
€Ty
6y’
00—

e

B EE e

izl
@mmr%
&R
zLZLF
oAmer
00t \

L'eel

o'Ssvl —

CF;

30

1 (ppm)

13C NMR (151 MHz, CDCls) for 30

80



seeo |

vm.B.\

€6°29-

P

CF;

el

/7
(¢}

30

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 30

06’
16
26’
v6’
96’
16
86'L
902
802
6021
1z
PINA
812
6121
122
0£Z 1
zeZ
2e2
GE'ZH
00'%1
LOY
L0V
20 |
207
€0V
£0'¥
Y0¥
YO
S0P

e

€T

Sz
STV
9z'v
9z 1
VA
8TV ]
SSv ]
95 1
1671

[

657 |
65Y
069
16'9 1
16'9
269
26'9 1
2691
96'9 1
16'9
869 1
622
0g'L

om.ﬂg
L€z

CF3

3p

JEL
1Z
tho
220
100
Z0

60T
w0l
20
Fes0

x4
60
=00¢

T
156 10 05 00 -05 -10 -15

30 25 20

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 3p

81



902
80z
0Lz
zie
6'6Z
1’9z
€9z
59z
1’62
562
gze
L'ge
gog
9'.¢
gz
6
599~
899~

oVl
oAFNrW
8'lcl
w.mNrM
g'gel —
€lcl
w.mwr\

6851 —

CF3

3p

1 (ppm)

13C NMR (151 MHz, CDCI;) for 3p

eeo-

wm.B.\

G6°L9-

CF3

3p

T T T T T T T T
-120 -130 -140 -150 -160 -170 -180 -190

-110

-éO -éO —4‘10 —éO -éO -70 -éO -éO -1‘00
1 (ppm)
19F NMR (565 MHz, CDCls) for 3p

-10

82



Le'ZF

1z’
1z'8
62’8
0g'8
og'8

3q

£
vz
oL
Aze
22€°0
z0

#G6'L
00'L
20
R920

266°0
=00'}

-05 1.0 -15

0.0

T
0.5

€0c
9'0C
6°0C

e=r4
m.mm/
29C

g'9¢

v.mw\
v.mm\
6'lLE
0'ge
2'9¢
LA
vey
6’V

029~
z197

1 (ppm)

TH NMR (600 MHz, CDCls) for 3q

¥'0Z)
zizl %
L'eZh ~
ozl
6621 y
9821
[oR: 13!
0'8El 7
vevL

0'SGL
[=1=1% V -

CF;

3q

f1 (ppm)

13C NMR (101 MHz, CDCl3) for 3q

83



sve0 |

om.B.\

¥6°L9-

CF;

3q

T T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3q

14
oce
[44&4
62¢C
Lee
€eC
0S¢
162
[4°K4
14K
feieir4
s9'C
99°C
1921
89T
69°C 1
ww.mg
m@.mg
LIE
€L°¢
vLeq
SL€
SL°€q
11°€7
61°¢
08°€
€8¢
€8¢
78°€
G8'€~

[45% 2\
€€V ]
vev
8y
6
or'v |
L7y ]
ety |
vrv |
orv |
8ty |
6v'v
€5y
95y
8G'v
65°Y
09'%
Z9v
ee s
ves ]
se
9g. 1
182
6€L1
1L

-0.5 -1.0 -1.5

0.0

T
0.5

CF;
T

3r

f1 (ppm)

"H NMR (600 MHz, CDCl3) for 3r

84



X
€€L

8vLT
N.mn\

goch
ceet
0'9zh
6'.2L
6.2l
28zl
[4°147
1’824
L'82h \

GLEL v.

9'LgL

CF3

3r

1 (ppm)

13C NMR (101 MHz, CDCl3) for 3r

L¥'89-
0v'89-
1€°89-
GE'89-

(&4
0'L

CF3;

3r

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-70

-20

f1 (ppm)

19F NMR (565 MHz, CDCl3) for 3r

85



€0'¢c
VAN
8L'¢C
6lL'C
oce
oce
444
c6'C
v6'C
G6'C
96°C
S0y
20’y
90'v
v6'v
S6'v
96'v

o€
zeL
6121
or1°

CF;

!

Hso

e
Reoy
5.0
-£0'€
yz'0
4502

Ego'L
¥ET0
Fe/0

=16°L

1 (ppm)

'TH NMR (600 MHz, CDCls) for 3s

9021
8°02 1
0121
A
INYA
w.mﬁﬁ
092

z9Z
€92 ;Y
vz
99z

9'82
882
sze
v'9¢
Lied
0ov ]
£z
6ZY ]
62v 1
8

=

YA T4
g'ect —
v'sel

ONN_‘\
[x4%
6’62l
6°9€L \

oevl”

CF;

1 (ppm)

13C NMR (151 MHz, CDCls) for 3s

86



sve0 |

om.B.\

¥6°L9-

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-90
1 (ppm)
19F NMR (565 MHz, CDCls) for 3s

-80

-70

CF;
-30 40 -50 -60

-20

T
-10

€T
9g’
9
.8
s
i€
8¢’
8¢’
8¢’
6¢"
6¢’
6¢"
a
e
Ly
65"
65"
09’
09’
09’
L9’
19°
89’
oL
oL
L2
2L
08’
08’
86"
86°
86"
66°
00z
002z
00z
102
20z
€0z
12z
e
zee
£zz
€ze
99°¢
89'¢
69°€
zLy
692
692
0L°L]
0.2
1821
28, ]
2821
e’

CF3

UL J

3t

e
Fer
012
Aeg0
Regry
R9s°0
2zo

z'0

*07c
F00'L
¥€C0
E€L0

200
G661

00 -05 -10 -15

T
0.5

1.0

1.5

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 3t

87



INES!
mAmNr%
g€zl
v'szl
zizL /

cecel \

ovelL

G891 —

CF3

3t

1 (ppm)

13C NMR (151 MHz, CDCl3) for 3t

ey
8%.\

00°89-

CF;

3t

S8v'E
0oL

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-70

-20

f1 (ppm)

19F NMR (565 MHz, CDCl3) for 3t

88



5107
5101 L 00
oLz o
e
zvz F

mﬁm m.mm
QN ‘. m.mm
€Lz piad
siz k .
51z
ez
ez L
€€ 1 .
192
€eZ 1 .
vez .
9eZ | ose
9€'Z1
052
1521
z52

-05 1.0 -15

|

T
0.0
B
N
N
\

0.5
o
©
N

1‘0

N

]
————

L.

1.5

e
™

2.0

#0L°0
€52 ¥ZL0
r9ZA E62°0 [
m@.NN Beeo

99¢
19¢C
Gl'e

on.m/ 1€0 [
LL°€~F

90
Ze0 b
£8°¢ | L0

3.0 25

3.5

8¢
L
vm.ﬁ w,mo.r
see 5 w/@@.o r
98¢ ] Z€0
88°¢ ] F
68°¢ |
06°€¢ | s
167¢ | ©
mmi
96'c lo
26°¢ |
16°€ 0
1% ©
9Ly o
Ly P
Iy a
8Ly L@
8Ly -
6L w
o'y °
o'y o
vy L2
©
1wy — a
sty
8y 3
61 -
el R

1 (ppm)
'TH NMR (600 MHz, CDCl;) for 3u

45 4.0

5.0

€221
L2l ~
0'9zL 77
8121

89

f1 (ppm)

13C NMR (151 MHz, CDCl3) for 3u




-180 -190

-170

Lhy
1541
651 1
09't 1
Yo'l
5oL Y
S8l
98'} |
20z
¥0Z
10z
AR\
1ze
v
622
e
6v'C
0sZ
652
09Z
89°€ —
oLy
oy - 160
t.ww - WtAo
ou.v\ 0
8e'y
sy
€5y
vy
15

-150 -160

-140

w_‘oé
#5580

9L
%w.o
H\ON.O

80

-120 -130

-110

-100
1 (ppm)

19F NMR (565 MHz, CDCI3) for 3u

T T
-80 -90

-70

0G6°89-

8¥'89- €C
2y'89- 0L
L¥'89-

T
-60

|
T T T
-20 -30 -40 -50
CF3

3v

~
-
HO

-0.5 -1.0 -1.5

0.0

0.5

90

f1 (ppm)

TH NMR (600 MHz, CDCls) for 3v




™m0 © 0

N O~ ©OITIHNOAIDNOTNORNM OO
NN NN AN NODONT—TOOWOWOULW~—«vOO
- - OIFTTTOOOOMOONNNNNNNNNN
A | et S e

HOWCF3

3v

T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50

210 200 190 180 170
1 (ppm)

13C NMR (151 MHz, CDCls) for 3v

OO W~
O N =
0 0 O D
LeeQ
—
| |
HOWCFg
3v
|
g8
- <
T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T T T T T T T T
0 10 -20 -30 -40 -50 -60 -70 -80 -90
1 (ppm)

19F NMR (565 MHz, CDCl3) for 3v

91



cr'e
ev'e
ev'e
144
ey
1494
1494
SL'y
SL'y
9Ly
€Sy
€Sy
vS'v

SS'Yv

CF3

Br

3w

pLbL
o'l
WE.N
16'L
Bog0
Dey

00

FL0'L
210
Fogo

-05 1.0 -15

0.0

T
0.5

1 (ppm)

'TH NMR (600 MHz, CDCls) for 3w

Lhebn
G'eCh ~
€5zl 7,
c'lzh /

CF3

Br

3w

f1 (ppm)

13C NMR (151 MHz, CDCI3) for 3w

92



600 |
86'29- \

96,9

CF3

Br

3w

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

YF NMR (565 MHz, CDCI5) for 3w

CF3

Cl

3x

F20'¢

HO'L
ez o
Fos0

-0.5 -1.0 -1.5

0.0

T
0.5

f1 (ppm)

TH NMR (400 MHz, CDCls) for 3x

93



v'02
10z 1
0127
€12
1'S2
o.om%
€92

m.wmww
L9z
022
oie
gLedf
cze
zoer
12
oot
vz
vey |
Qv |
oG’

¥'0ZL ~
zezL~
6621 —
L8z’

CF3

Cl

3x

I

|

i

ﬂ

13C NMR (101 MHz, CDCls) for 3x

1 (ppm)

CF3

3x

Cl

e
ool

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-70

-20

f1 (ppm)

19F NMR (376 MHz, CDCl3) for 3x

94



£9°
v9°
18
99’
99°
19°
89'1 1
691 1
0L
0L
L2
L2
[INR
IS
€271
€271
YLl
SLLA

9L’V 7

9.1
z8L
€8l
8L
gl |
581 |
98’ 1
18711
1021
10z
v0'T
90z
90z
ez ]
682
or'z
6v'C
652
19z
L]
1w
Ly
ZLv
zLy
Ly
eLy
gLy
PLy
rLy
pLY
Sl
SLy
05
15y
25y
5"
25"
€5y
vGy

CF,4
3y

NC

14°R4

zv
60
JO9'L
H\mh.o
280
18z

20

=0}
PE€T0
Fos0

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 3y

VL
€0¢
Sg'0C
102
6'0C
g've

m.vm/
9'6e

N

8'6C
092
2'9¢

98¢
1’82
L'e
g'Ge
9'l¢g
1'6¢
jox44
6'vy

£6LL
e6LL

olzL—
m.mmrw

[oger4 \

[XA%

CF;

3y

NC

f1 (ppm)

13C NMR (151 MHz, CDCL) for 3y

95



CF;

NC

3y

_S5°€
0oL

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

"F NMR (565 MHz, CDCl3) for 3y

oc'L
ev'L
6L
e
651 1
19' 1
291
SLLA
9.1
12711
6211
08’} §
1871
Z8'L
¥8°L
G6°LA
96°1 1
661
00z
10z
202
€0z
50z
902
0z'z]
1z
€2z
vz'e]
52z
1221
6221
ez
o
o'z
8v'z
052
55z
15T
852
092
so'e
Ly
AR
eLy
vy
IR%
oLy
JRe
ey
veY
9e't
8e'y
8v'v
05t
R
€5y
SG'v

CF3

3z

v20'8
Ly
280
Gl
G0
z'Z
ESZ0

hez0

Teo'L
Fezo
Fss0

-0.5 -1.0 -1.5

0.0

T
0.5

T
3.5

4.5 4.0

f1 (ppm)

1H NMR (400 MHz, CDCl3) for 3z

96



902
8°0C
01z
z1z
62
6'6Z 1
192
€921
592
58z

ree]
1'62 ]
162
162
z'62 1
v'62 1
F.mm;
RCR

0°2¢]
£'8¢ |
90V |
ey
60 |
gig’

N
R ——

INEIRN
SezL~
v'szL 7
zien’

evLlL —

CF3

3z

1 (ppm)

13C NMR (151 MHz, CDCl3) for 3z

oogo-|
mmsm.\

16719

CF3

3z

JLL'e

0oL

T T T T T T T
-20  -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

f1 (ppm)

I3F NMR (376 MHz, CDCl3) for 3z

97



szl
A
8z'L
S0z
S0z
102
102
802
602
o1z
51
9121
112
1127
1121
1121
€2z
vZZ
5z
922
122
8z'C
622
622
6221
Lee
ez
8z
6v'Z
6v'Z
05z ]
05z
15T
25T
€5z
€52
vsz
852
652
652
09z
192
192
29C
eLy
vy
vy
Sy
oLy
11y
0zy
0zv
0zv
zTy
1Sy
25

[4°n4

CF3

\/O

3aa

li

(Vx4

0L
20

w,mn.o

-05 1.0 -15

0.0

T
0.5

1 (ppm)

'TH NMR (600 MHz, CDCl3) for 3aa

YA TA%
v.mmv/
9'ech

262l >
v'selL 7
o’lcl
c'leL

cecLL —

CF3

~.©

3aa

[HEN!

f1 (ppm)

13C NMR (151 MHz, CDCl:) for 3aa

98



eroo-

oﬁmo-\

60'89-

CF3

~.©

3aa

[
0’}

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3aa

181
86°L
v0'¢
90°¢C
60°¢C
el'e
€Le
VAN
6lL'¢C
922
8221
0£Z
S’z
8v'Z 1
0S¢
65T
2921
921

1921
69'C
0Lz
11T
€LT
vL'T
s1'T
11T
vLy
SL'y
SL'y
Ly
8Ly
6y
or'y
Ly
8y
67’y
05y
zsy
vS'y

TS TS rrr——

CF3

3ab

90
S'C
H/mm.N
L0
H/NNAO
€'C

660
¥22°0
920

T
15 10 05 00 -05 -1.0 -15

2.0

T
3.5 25

4.5 4.0

f1 (ppm)

TH NMR (600 MHz, CDCls) for 3ab

99



206.8
206.7

<

WCF3

o 3ab

Nt O~
N ® - IT¥O@Y - oOnNYQoOY
NN NN DR NCTANTCTOOCWWIL = SO
- SEITOOmomOoNNNNNNNN
~\ /- S

Iy JLJM Y

T T T T
210 200 190 180 170

WCFB

o 3ab

T
160

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

13C NMR (151 MHz, CDCls) for 3ab

-68.14
-68.16
-68.41
-68.43

{

Jastr

T T
0 -10  -20 -30

T
-40

T T T T T T T T T T T T T T
-50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)

19F NMR (565 MHz, CDCls) for 3ab

100



CF3

3ac

Ieg0
7680
7560
k2

Foov
FeoL

-0.5 -1.0 -1.5

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCls) for 3ac

9l
S9l
g9l
991
991
991

L'€C
L'ee
L'S¢c

0’9z
g9z’
g8
z8e~
w.wm\

g'6¢e
vy
v'ev
v'ev
vy
14°14

€29
¥'29
¥'c9
¥'29
G'29
eiyrac]

£0ZL~
o€zl ~
86zl —
ggzL

i
O/O
3ac

o°

1 (ppm)

13C NMR (101 MHz, CDCls) for 3ac

101



0v'89-
6€'89-

om.B.\

8C°L9-

CF;

3ac

~02'S
ook

T T T
-110 -120 -130 -140 -150 -160 -170 -180 -190

-100

T
-90

-70

-20

1 (ppm)

1F NMR (565 MHz, CDCls) for 3ac

6L
18"
€8’
v
98’
96°
86°L

00z

wo.ﬁ
1z
1z
z1z
€Lz
€1z
1EZ1
zeT
veZ1
seZ
9eZ
ov'z
Lz
Zr'z]
€'z
vz
vz
%2
8Y'C
6v'Z 1
05z
152 ]
6521
09z
192
12
8zv
62 ]
0ev
LY
zev |
zet |
eey
vy
Ly
Zry
a4
a4
(el
%4
Shy
LG
St
991
19
89t
zLy
zLy

e

m\mm.o

Jet
€l

CF3

3ad

€Ly

OH

o2

70

_ 90
€0

-1.5

-1.0

T
-0.5

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCl;s) for 3ad

102



12856
2 1258
~123.1
N\ 1203

788
X784

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
13
C NMR (101 MHz, CDC13) for 3ad
0 ONOD
-q TS
W 0 M N
L coes
—
(0]
OH  3aq
28
o o
pr
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

1 (ppm)

19F NMR (565 MHz, CDC]l3) for 3ad

103



€60
60
G6°0

ve'e
gee
9€'C
9€'C
pANS
8€'C
6eC
clLe
clLe
Sl'c
Gglc
9/.°¢C
9l¢c
8¢
6.'¢C

CF3

3ae

T
10 05 00 -05 -1.0 -1.5

1.5

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 3ae

611
Ll
€8l
S8l
-1
68l
161
s'ze
o.NNv
682~
vez’
vLEN
186 —
6'EV
9vy
9Ly
m.t\\

0'g9
mev

zzzLy
LPZL
652l
riz/

i

1 (ppm)
13C NMR (151 MHz, CDCls) for 3ae
104

CF3

3ae




€0'69-
1069~
00'69-
86'89-

W

CF3

3ae

T T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3ae

-
N
o

—

<
N
o

Ly L

b1
oL
g2
9g'L

CF3

3af

g1
peos
Fero

1002
Tv6'e

9€°¢

-0.5 -1.0 -1.5

0.0

T
0.5

f1 (ppm)

"H NMR (400 MHz, CDCls) for 3af

105



¥'8l
'8l 1
9°0¢ 1
8'0¢
VACTA
6'G¢ 1
0'9¢
092
1792

m.om%
Llgn|
Ll

€9¢
€9¢ V

wsm\
o.ov\
ey
L'sh
L'gh
v'b9
cve”

fa-113
141
L'1zh
g'ech
9'ect
R 4%
€'6el
[xA4%
VA%
g'8cl
o'6cl

06zl _
80elL
608l
gsel -
gLyl

6Lyl

6'851 ~ |
091~

CF3

3af

0vLL— O

T T T T T T T T
170 160 150 140

210 200

120 110

130

180

190

1 (ppm)

13C NMR (151 MHz, CDCls) for 3af

8Y LLL-
oV LLL-
S LLL-
vy LLL-
VL
cvLLL-
oy LLL-

1€'89-
9€'89-
€6°L9-
26,9

CF,

(¢}
3af

—-lze

T T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

-10

1 (ppm)

'"H NMR (565 MHz, CDCls) for 3af

106



[4-N%
€9l
v9'L
vl
Yo'l
S9'L
ow.:
991
191 1
19711
89°L
69°L
0L} 1
L)L
L2
8171
86°L
66"
0072
102

102

S

€02
€0 |
vz’
262
£6'C
¥6'2
¥6'Z
6L°¢
0z'e
1z'e
L]
Ly
ANS
Ly
IR
SLv
9Ly
!
beLy
rw.hg
IR
ze' L
ze LA
€87/
€€'L-]
e L]
seL]
92
1821
8€L ]
162
8G°L 1
85/ |
€92
v9'L ]
voL )

v,
O

‘L\V/H\O/A\V/A\v/l\v/l\cF3

4
N

3ag

0L
ST
90
ﬁ&;
Belo
fozo
Z'0
Fgoz
7602

)
400
902

00 -05 -10 -15

T
0.5

1.0

1.5

2.0

3.0 25

3.5

45 4.0

T
5.0

1 (ppm)

'TH NMR (600 MHz, CDCl3) for 3ag

§°02)
202
6°02 1
9'€T
VAT
PATA
6°G2
0'92
192
m.@N#
n.nm/ﬁ
8'L2 ¢
2 le~
v.mmw
€9¢

w.nmx
r.ov\
m.Nw\

6'vy

N.wov

€9

'z
gect
€'gch
g9zl
c'lzch
6'Lcl
1’821
g'8ct
9'8¢Z1
1’821
o'ech
m.Nm_‘*
L'g€L

v'avl —

8191 —

0cLL—

v,

‘L\V/H\O/A\V/A\v/i\v/i\cF3

4
N

O

3ag

T T T T T T T T T T
180 170 150 140 120 110

210 200

130 100
1 (ppm)
13C NMR (151 MHz, CDCI;3) for 3ag

160

190

107



)

mm.B.\

6°L9-

L

(0] (0]
/)\/U\O

CF,

3ag

4
N

T T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 3ag

o
~
)
I
——

89°2 1
69°L |
692 ]
ors’

CF3

Cl

[
%m.r
799°0
P8yl
Jr90

0'e

20
"sro

/20T
2¥6'C
8670
H/mm.m

10
fes0

200'}L
286°0
2201

=0lL¢
¥.0C

-05 1.0 -15

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCls) for 3ah

108



S'1oL
m.ro_.v
Sl
9LLL >
9CLL
0'GLL /
B.FN_.W
g'ech
mAmN_‘\
[x4%
z'6clh
L0l
8'0¢€l
2'lel
6'€el
0'9gl
mAmm_‘\

1961

€891 ~
6°0LL —

Cl

CF3

1 (ppm)

13C NMR (151 MHz, CDCl;) for 3ah

9€'89-
GE'89-
26°L9-
16°29-

Cl

CF3

/56T
oot

T T T T T T
-70 -75 -80 -85 -90 -95 -100 -105

;
-65
1 (ppm)

-éO -1‘1}5 -4‘10 -1‘15 -50 -55 -éO
19F NMR (565 MHz, CDCls) for 3ah

T
-25

109



9Lz
L1z
8Lz
6L'C
6LC
1ze
1ze
6LC
6LC
08z
18
z8'C
€8'Z |
€821
£€8°C
¥8°Z 1
§8'Z
98°C
wm.mé
1621
86°C
86°C
ma.m)ﬁ
oo e~
L0e”
€9°¢
v9'€
¥9'€
s9°€
59'€
99°¢

19'€
mm.v%

g5v
954
B.vq
167

85V
8G'¥ |
9Z'G 1
9z's 1
126
126
825 |
62°G )
8T,
62,
e
ze'L
ze L
€€
ge.
vl ]
9g'2
€1
2v'L]
vy

CF3

5a

FOO'L
Ev0

Eevo

Feso

Fse0

88°¢C

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5a

9'le
8'le
L'ce
€ce

6'vc
(=14
€'6c
g'se
h.mNN.
0'€e —

L'ev ~
Rl

6021 1
6121 1
8221
L'€211
RAR
g5zl Y
v'9z1 |
A%
V221
8'8Z1
0621
zezt
g6zl

YovL ~
9yl —

i Frrr—

CF3

5a

1 (ppm)

13C NMR (101 MHz, CDCI;) for 5a

110



98'89-
G8'89-
86,9
9629 \

CF3

5a

-160 -170 -180 -190

-150

1 (ppm)

19F NMR (565 MHz, CDCls) for 5a

[d%4
sL'z
9Lz
LLe
yi%4
(%4
612
9e'Z
182
82
82
8.2
6.2
08z
08°C 1
1821
1821
2821
2821
€8'Z
¥8'Z
582
S6'Z
G6'Z~
162
162
86'C
s9'e
19°¢
19°¢
89'¢
SSv
9G'v
95V
1SY
85V
85V
€2'S
€2'S
¥Z's
sz'S
SZ'S
9z's
6072~
01’27
oLz
Ve
zv
zLL]
zL L]
IV
£z
€z'2]
ez ]
vZ'L
5L
Sz'L

- a—

CF3

5b

HsC

Feso
=00'€
Fe60
Fevo

Hyo

Fere

T
156 10 05 00 -05 -10 -15

2.0

T
35 30 25

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5b

111



vzl
L'€Z1
ERCAR
&A%
65211
62211
6221 1
1'8Z1 A
0621
Z'621
G'6ZL
1621
6'8EL\
L'BEL
N.oix

gevl

CF;

5b

HsC

1 (ppm)

13C NMR (101 MHz, CDCl3) for 5b

6'89-
8'89-
0'89-
0'89-

CF3

5b

HaC

T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

I3F NMR (565 MHz, CDCI3) for 5b

112



ze'L
zeL
ee'l
ee'l
161
s0C
102
60C
e
6121
127z ]
12z
2z
veZ]
g8z
e xa |
98z
182
9'C
o'z
1v'Z
8z~

8v'c

6¥'c

0S¢
v8'¢
g8'e
98'¢
98'¢
PAR
[4°h4
1424
eich4
99y
99’y
19V
89'%
g8’y
98’y
88'v
LeL
ceL
(4

ov'L
ov'L
A
[4 40
eVl

mm.mw
€eL

CHj 5¢

HaC
HaC

)
%m.o
fee0

R0

€90
860

2€8'L
00z

-05 1.0 -15

0.0

0.5

T
35 30 25

1 (ppm)
'H NMR (600 MHz, CDCls) for 5¢

45 4.0

5.0

'8l
9'8lL
8'8l

9'lec
w.FNW
0ce

N”NN\
i)
1)
]

v'ZL~
9eL”

1 (ppm)
113

13C NMR (101 MHz, CDCIl;) for 5¢

CHj 5¢

HaC
HsC




se0-

B.wo.\

G9'89-

CF4

HaC
HaC

5c

CHj

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 5¢

60°L

mvi
b2

5d

850
562

FL0'L
Bev o

¥.60

Foe6'L

F€0'¢C

T
156 10 05 00 -05 -10 -15

30 25 20

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5d

114



[ T4
Zc'le
g'ie
L'le
6'lc
L'ce
9've
L've
6'vc

14

m.mN\
L'le

L'ev ~
vy~

[x44%
m.NN_\/
g'ect /

rszLa
zizL~
'8zl

mAmNr\
gLEL~
0orL

EXTRN
10617

1’691 —

CF3

5d

1 (ppm)

I3C NMR (101 MHz, CDCl;) for 5d

18'89-
08'89-
€0'89-
10°89- \

CF3

5d

T T
-160 -170 -180 -190

-150

-140

-130

-120

T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110

-20

-10

1 (ppm)

IF NMR (565 MHz, CDC]3) for 5d

115



€Lz
€Lz
€Lz
vz
(<]
9Lz
e
e
8Lz
81z
1253
vLZ
vre
G2
9L
9,2
1021
8.°C1
61721
6172
182
282
€82
€82
v8'Z ]
682
062
062 ]
16°C
262
26
29t |
€9'¢
Nm.v_‘
€5t ]
€5y ]
Sv ]
¥5'v
125 4
226 |
€2°G
€2'G 1
ves”
el
gL
ze'L]
zeL
€€
ve'L
9e°2 1
9€°L ]
9e°. 1
18721
182
181
8e'. |
8g'L

——

—

CF3

Se

Cl

PEO'L
Fop'0

F.5°0

/60

Foov

-1.5

-1.0

T
-0.5

0.0

T
0.5

30 25 20 15 1.0

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl) for 5e

x4
g'le
6'lc
[ax44
e

v've
L've
0'se
w.mN\
gle
L'ev ~
Svy

G'6LL
soch
ceel
cgect
0'sel
OAQN_‘%
8'LCL ~
1'8¢L
8'8ClL
v'ecl
8'6¢Cl
Svel
8'veEl
L'ect
245

CF3

5e

Cl

1 (ppm)

13C NMR (101 MHz, CDCI;) for 5e

116



Mmﬁ
o]

CF,

5e

Cl

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCl:) for 5e

cl’e
€L'e
1 4%
SL'e
9L'e
pANS
112
€L¢C
v.c
Gl.'C
9/.¢C
LLC
8.2
8.2
61T
08°C 1
18°C Y
18°C Y
28°C
€82
€8°C
68°C
06°C
L6°C ]
26'C
[4°x4
€6°C

19
19¢ ]
zoe]
z9¢ |
€9°¢ 1
¥9°€ |
v9°€ |
go'¢ ]
0S¥
157 ]
1St
zsv
£5'y
eoy |
vSY
Ssy
95t
6L°G
0z's
1Z'g
ze’s
£2'G
62,
og'2]
e
Les]
9L

v6'C ﬁ

wv.ﬂg
6v'L

CF,

5f

Br

Fzo'L

6lL¢C
*00¢C

-1.0 -1.5

T
00 -05

T
0.5

1.5 1.0

30 25 20

T
3.5

45 4.0

T
5.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5f

117



[ T4
Sg'e
6'lc
[x44
ave

v've
L've
062
m.mm\
€1e
LEr~
Sy

zzzL
9zzL
6221
zezL
0'5ZL~E
6521~

VA% Y
1'8¢l
o'6cl

L'ecl
v'ecel
Lzel
9'6€L

9Lyl

CF3

5f

Br

l

1 (ppm)

13C NMR (101 MHz, CDCI3) for 5f

8'89-
€889~

66°L9- \

16°L9-

CF3

5f

Br

T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCI3) for 5f

118



SglL'e
9lL'ec
VAN
8L'c
8lL'c
oce
oce

5521
R
0921
292

mm#;

CF3

59

F3C

F/S0

£66°0

-05 1.0 -15

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCls) for 5g

L'ie
glec
g'ie
L'e

c'ee
v've V

€0¢

9've
8've
0'se

YNAAN
[Nl

gzzlL
8'zzlL
8'zzlL
gezlL
vzl
9zl
9vZL |
€521 1
1921 1
1921 1
Z'9zZ1 1
Z'92Z1 1
¥'9Z1
v'9zZ1
vzl |
G'9Z1 A
1221

87221

V'oElL

9'0€l
6°0€l
LLel

Vvl ~
zovL

CF,

59

F3C

T .‘m

1 (ppm)

13C NMR (101 MHz, CDCls) for 5g

119



88'89-
98'89-
90°'89-
¥0°89-
2829
8.°C9-

—

CF3

59

F3C

0L
~ec'L
2870

20'L

T T T
-70  -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-60

T T T
-20 -30 -40 -50

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 5g

1454
slz
e
8L'e
6L
1z'e
zz'e
9.2
9.2
6.2
6.2
08'C
08°Z |
z8'C
z8'Z
€82 1
¥8'Z 1
G8'C 1
B.Né
z6°C
€6°C1
S6'Z
om.m%
16'2¥
6627
85°¢
65°€
09'€

19'e
29°€
€9'e
z6'e
X2 %
257
€5t ]
vy Lﬁ
GGV ]
95V |
167
vZ'S ]
TR
9z'S
175 ]
82'S
62"
i
8v'L
612
052
052
66°L
008
108 1
108
208
20'8 |
€0g”

= [0}
Egpo

Fov'o

CF,

5h

u *86C
= S0

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl;) for 5h

120



L'ie
vl
L'le
o'ce

o've
v.vNV
L've
0'Se
m.mN\
e
L'y~
ey

¥'2s—

L'0cl

N.mwr/
oAmN_‘/
vNN_‘W

g'lcL
1’82l /
goel
8'0¢€l

V'Svl ~
[AVA4%d

v'991 V

7’991

1 (ppm)

I3C NMR (101 MHz, CDCl;) for 5h

CF,

5h

16°89-
68'89-

£0'89- \

1089~

CF3

5h

200'L
ezl

T T T
-120 -130 -140 -150 -160 -170 -180 -190

-110

-100

1 (ppm)

19F NMR (565 MHz, CDCls) for 5h

-90
121

T
-30 -40 -50 -60 -70 -80

-20




)
b
<

CF;

Cl

5i

ezl
Bgo

E1v°0

/920
€0

(04

x4
6L

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl) for 5i

g'ie
L'e
6'lc
| x44

9've
w.vNW.

6'vC
F.WN\
€6
6'LE
6'¢cv
€y~
GGy
S'Sy

8'0ClL
P TA%
9'zel
R 4%
v'vel
v'scl
€'9cl
9'lcl
L'l2)
VA%
€6cl
9'6cl
0'8El
2'8¢El V.
9'ovl
k445 \

CF;

Cl

5i

——e

1 (ppm)

13C NMR (101 MHz, CDCl3) for 5i

122



CF3

Cl

5i

e

~ -

T T T T
-60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160

-50
1 (ppm)

S0 50 4o
19F NMR (565 MHz, CDCls) for 5i

-10

Lo

vz
9Lz
11T
8Lz
%4
€€Z
ve'z
ve'z
9eZ
9e°Z
1€
8€°C
8121
6.2
0821
08°Z |
1821
1821
z8T
£8'Z
821
562
162

G9'¢
99'¢
99°¢

19°€
SSv
Ssy
95
95
ISY
ze's
A
vZ's
vZ's
sZ's
Sz'S
9z's
8Z'S
8Z'G
oLz
[J] AR\
Lz
AW
AW
e
w12
S
IR
zz L]
€z'2
€z ]
€21
ve'L |
ze'L

H3C

£?so
Foo'e
F/6°0
E5y'0

i 4]

Eeso

Fs6°0

T
156 10 05 00 -05 -10 -15

30 25 20

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5j

123



v'iz
vz
[y ¥4
[y %4
612
1'ze
zse
v'se
1’9z
1’9z
662\
gee
m,mmv
Ley
N.mvw
R4

61211
LEZLA
8%
Svel
9'6Z1
z'L21 1
€211
0’82
1821 1
1’621
7’62l
9'621 1
6621

6621
zoslL”
Y IEL
6'8€l
o'6EL
1'6EL
g6el
L'6€L
eovl
gzrl

CF3

HiC

5j

1 (ppm)

13C NMR (101 MHz, CDCI;) for 5j

06'89-
88'89-
18°89-
G8'89-
00'89-
66°L9-
1619

CF3

5j

HiC

T T T T T T
-30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 5j

124



=

=

[
6127 e
022 |
12z L©

. o
22T
ez o vz
€22 L= .
€22 1 - e

. 02z
¥Z'Z | .

. [ts) g£ee
6.°C1 b .

6.2 1 - SvZF

. 672
0821 .

: o [A°14
1821 F .
B.N,ﬁ ) S mw\
2821 Fog0 9ze
€8°C L zer~

- P
€82 L'vy
€8°Z = o0l [ o
827 Y0 ey m.mmv
g8z el
962 ©
86°C re
86'C < FIG0

69°€ 00€| o
R>
0L
sg'e 0
98'c

98'c

g5t
96t
157 ]
161
8G'Y |
85V
vZ's ] o
[erAl R
9Z'G
9261
1z°5°
S8'9~
G897

M QNN
T
4

LELL
vELL

vl

oLl

96LL

g:/
ezzLy\
eezL—
L'zl

09zL /
_ ¥860 | o m.omr\
9 V60 [ 90elL

98'9 o'l 6 L¥L ~
88'9 ] Bezl| g 6'€rL
88'9 N
16'9]
16'9 1
869 1 Feo 0091~
86'9 1 zo9L”
€02 ] ©
v0'L
122

- Ery

e
&
©
o

;
0 4
1 (ppm)

TH NMR (600 MHz, CDCls) for 5k

CF3

6cL
62,
62°L
6CL
0g’L

MeO
T
9

1 (ppm)
125

13C NMR (101 MHz, CDCl;) for 5k

CF3

5k

MeO




)
oose ]

CF3

MeO

5k

00'}
5oL

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 5k

4
9L’z
8L’z
612
6L
[orard
zze
€22
182
Lg
$8Z
ww.ﬁ
88Z |
6821
68°C
06'Z
z6'C 1
€621
NS
65 ]
L9Y |
€971
£v'S

v¥'s
9v's
'S |
67'G
05°G
156 1
€5°G
€LL
€LL
vz
SL21
9L°L]
IWE
IVE
JIVE
61727
6L°L1
0z'L
122
1272
122N
221
Tz L
€z L
vz 2]
Sz'L
8e°L
6€°L ]
ov'L
ov'Z
%2
8L

mvi
052

CF3

5l

65°0
2891
el
660
Esvo

Hvo

Fe
k60

-05 -1.0 -15

0.0

T
0.5

1 (ppm)

TH NMR (600 MHz, CDCls) for 51

126



L'6L
76l
o’le
glec
L'le
o'ce
9ve~

62
z'sz
[RT4 \
16z
SZh~
Ley

[xZ4%
L'eect
6'vcl
6'6cl
fx4%
wNN_‘W
Lx4%
mAmN_‘\
1'8¢l
o'lel
9'LEL
Svel
L'GeL
eovl

CF3

-=3
===

5l

’

l

1 (ppm)

13C NMR (101 MHz, CDCl;) for 51

10°69-
66'89-
20'89-
00'89- \

CF3

5l

T T T T T T
-30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

f1 (ppm)

19F NMR (565 MHz, CDCl3) for 51

127



9z'z
8z
8z'C
62z
ogz
ogz
ez
062
162
162
z62
262
€621
v6'Z
v6'C |
962 |
962 |
20 |
60°€ |
ao.m;
0L°€
z1e
Nw.m%
£9°¢ |
£9°€

Y9°€
S9°EN
G9'e

65V
09y
L9V
L9v
[4°h4
€9'v
el ]
9v'S

8v'G
0521
052
1S
1621
2827
2SN
€6/
G LA
vSL
[
z8'L
282
€8
€82
8L
¥8°L
98°Z 1
982
g8’

—mn

CF;

5m

G0

FE6°0
Feyo

0

Fzre
oy

-05 1.0 -15

0.0

T T
0.5

1.0

1.5

T T T T
2.0

3.0 25

3.5

45 4.0

©
r~

1 (ppm)

TH NMR (600 MHz, CDCl3) for 5m

iz
e
0ze
v'ze
Ly~
0'se
¥'sT
€9z
v'ee
0er
vy

€Tl
9zl |
¥'52Zl
9521
6521
892} 1
6921
0221
8.2h ¢
8.2l

vezL
1’821 ]
z62lL % |
1621

L'eet |
Leel
zeel |
£Eel |
96¢el’

CF3

5m

f1 (ppm)

13C NMR (101 MHz, CDCls) for Sm

128



06'89-
68°89-
G6'L9-
€6°L9- \

CF3

5m

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 5m

€Lz

(%4

vz

s1'z

9Lz

9Lz

e

8Lz

8Lz

81z
oz
1z
12T
INA
€421
v2Z
v22
S1T
ST
9,2
6.2
612
082
082
182
z8'C
88°Z ]
887 ]
68°C 1
06'Z 1
062 |
162
19°€
z9e ]
€9 |
€9'¢ ]
vo'e |
v9'e
0s'v |
15v |
1Sy
Zsy
Zsv
£S5y
vS'y
oL's
LS
LS
€L
€Lg

0€'L1
e’
658
65'8
09'8
09'8
19'8

CF3

5n

8oL
Bepo

2oL

-1.0 -15

T
-0.5

T
25 20 15 1.0 05 0.0

3.0

T
3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCl;) for 5n

129



8'0¢
o'le
[ x4
vl
L'le
eve~

S've
L've
6'vc
182
6Ly~
sevr

gLzt

oANNr/
szzL
gezL
vvmr\

€'6el

4N
L°0S1
6°051

CF3

5n

==

1 (ppm)

13C NMR (101 MHz, CDCI3) for 5n

1889~
98'89-
80°89-
10'89- \

CF3

5n

001
“ge'L

T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCI3) for 5n

130



9z
VA
8z'C
622
oez
Le'e
zee
sz
sz
9.2
zo'e
€0
¥0'€
S0
S0'e
10°€
20°€ |
0€°€ |
e
zee ﬁ
(4%
S8°¢ |
951
9SGV 1
167 1
157
85V
€€'G ;
€€°G
v€'G 1
GG ﬁ
9€°G 7
1€°G 7
8€°G |
6€°S %
6L°L
0z'L
12721
2z L
9€°L 1
8¢/
v9'LY
Y92
9L ﬁ
59/
S9°L
692
99°2
992
992
194
292
192
85'8
85'8
19'8
19'8

I

90

R6v0
£09'0
150

€0
Azo'L
=L

F00'L

T
-05 -1.0 -15

0.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 50

L &44
9'ce
8'¢e
oor4

(14
m.mNW
Gg'se

s'9z
zee/
90V~
RN

CF,

~N

50

1 (ppm)

13C NMR (101 MHz, CDCls) for 50

131



Mmﬁ
i ]

CF3

N
50

~00'}
N

T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 50

sLz
9Lz
e
8Lz
612
see
9ez
8ez
6€C
ov'e
892
wm.ﬁ
691
0Lz
0Lz
1221
INA
v2Z
INA
N4
08°2
082
E.Nvﬁ
€8

mw.m\
s6C

162

862

om.m\
Ssy

95

95

ISY

85/,
00s
ros
¥0'S
50'6
B.m%
80°G 1
80°G |
9Z'S 1
875 ]
£8°G 1
¥8'G |

mw.m;
986 ]
98's |
18°S
18°G
88'G
88'S
68'G
o1z
i
ve'L
<19

CF3

Sp

koo
Hee
ze
60
Fsto

Fevo

Esiz
€60

Hol

€8l
F00¢C

T
156 10 05 00 -05 -10 -15

2.0

T
45 40 35 30 25

T
5.0

55

[©

1 (ppm)

'H NMR (600 MHz, CDCls) for 5p

132



91z
g1z
0zz
zze
6'v2
1’5z
g5z
R4
09z
zee
15
F.mmw
z'se
LEr~
Sy

ZSL—
1zzL
9ezL
SvelLf
v'szlL
z9zlL
zLzL
glzlL
1621
v'ezlL
g€l
oovlL
L1zl
X4}

CF3

5p

1 (ppm)

13C NMR (101 MHz, CDCI;) for 5p

8'89-
£€8'89-
86,9
1619 \

CF3

5p

T
-170 -180 -190

-160

-150

-140

-130

-120

T T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110

-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 5p

133



€€’
€e’
Ve
e
ge’
se
o€’
9¢°L |
90°C 1
k4
2021
80°¢C 1
80°C
60°¢C
60°C 1
oL'ZH
olL'¢H
11z
L2
0L'c
LLC
8.¢C

it e

6.2\

6,2
6.2
6.2
08z
182 1
1821
182 1
28z
28z
88z
€621
v6'Z
v6'Z
v6'Z
s6'C
S6'Z
162
86'C
6z
Ley
zey
cey
sz'S
9z's
9z's
126
LV

VR
8LL]
61721
g2
geL
9e'L

omﬂg

CF3

Fl6'¢C

Feot
ziL
122
120
yA "

B0

EFel0

®oze
050

=00'¢
*60'C

1 (ppm)

TH NMR (600 MHz, CDCls) for 5q

6°€l
6'¢cl
L'le
6'lc
L'ce
[xz4
44
[ax<4
L'S¢c
L'ge

R4S
€'GE
'Ge W
Vv
Vv N
o'ey
Svy
414
14
GGy
€'€9 \

g'eLl
=113
6'9LL
L'eh
9'ect
v'scl
€'lcl
v'lcl
g'lClL
c'6cl
g'6cl
€8EL N\
SOVl ~

m.oix
VibL

L'e9l
wAmw_‘W
g€l

CF;

5q

1 (ppm)

13C NMR (151 MHz, CDCl) for 5q

134



¥2°90L-
2L90L-
L1290k~
69901~
89'901-
99901~
12901~
9z'901-
¥Z'901-
€2°901-
12904~
0Z'901-
81L°90L-
¥0°Z0L-
¥0°Z0L-
20°20L-
20'201- |
10°ZOL- 1
00°201-
66°L0L- 1
86°L0L- 1
16101 1
G6°L0L- 1
¥6°L0L- 1
26°L0L-
95°L0L-
GG LOL-
25710k
25101~

B.EJ

6¥°L0L-
Ly'LOL-
S¥LoL-

88'89-
98°89-
98'89- \

8'89-
00°89-
6629

5q

Z1€0
110
60

T T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 5q

09'L
191
9Lz
9Lz
1z
11z
8Lz
612
102
102
6.2
6121
6,21
08z
1821
282
Nw.u;
96°C |
Ss'y
9L'g ﬁ
8L'G
vZ's
A
9C'G
9z's
1261
12°S 1
899
899
699
ohm;
0,91
1291
1291
NB.SW
2,97
(Ve
L2
L2
IAWE
[4Wa
VR
vLL
WA
SLLf
9127
zzL]
£z'L
€T
veL
1611
8e°L
8c.
ge's |
6€L
6c2 ]
6c2/

CF3

Cl

5r

(S

A

18°¢€
v'c

90

660
Eevo

Fevo

2602
201

0z
7161
2oLz
A60°

00 -05 -10 -15

T
0.5

1.0

1.5

2.0

T
25

T
3.0

3.5

4.5 4.0

T
5.0

T~

f1 (ppm)

"H NMR (600 MHz, CDCl3) for 5r

135



T4
9'le
8'le
o'ce
L've
6'vC
6'vc

<74
w,mmw
¥'sz
0ze
ERAAN
Re Al

G99 —

G6L
manv
€0zh
v'0zZh
802}
9zzl
B¢ A"
€9zl
gl2L
g.2L
1621
162k
z'62)
8GEL
09eL”
90vl
n.mi\
12vl

0'vSlL —

L'eLL
L'eLL V

CF3

Cl

1b0
1 (ppm)

‘ 80 170 1 50 140 130 120 110
13C NMR (151 MHz, CDCl;) for 5r

210 200

120

150

160

180

190

8.'89-
11,89
96°L9- -
G6°L9- \

CF3

Cl

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 5r

136



Y%A

Lz

8L’z

6L

0z'z

102

8.2

6.2

08z

182

182

z8e

€871
€821
s8°Z 1
98'Z
1821
88°C 1
B.N;
9e'e |

LE°€
8€°E
ov'e
S5Y
om;jﬁ
¥1°5q

SZ'S
[TAR
9Z'S 1
12°5 1
R.m;
1259
8Z'S
62'S
YeLY
ge L
S
Ge LA
9g°2 1
oL
L2
L2
AR
AN
£ LA
'L
Ly L
8v'L
6v'L
€921
woi
692
V)

508
90'8
1081
108"

——

Ty [

CF3

(0]

5s

e
5

FOv'0

F6°0

»l6°)
960

x4
fore

M/oo.N
W”Mm.v
(Vx4

(k4

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 5s

sz
L'ie
6'le
1'ze
9ve
8've
[Nerd
€6e
m.wm/
zzen
v'ee
v'ee
oer~
Rl

8'G9
8'G9 V

8021 7
92zl 4
X A%
€9zl 1
€21y
AR
AR
€821
VAR T4\
8'8Z1
o.mNL
0621
zsel
9'9€1
gogl
g'6el ]
€0vl |
[&4d%
o9vL-
12l

12LL >

————

9,61 —

5s

1b0
1 (ppm)

‘ 1‘90 1éO 1‘70 1‘60 1‘50 1‘40 150 1é0 1‘10
13C NMR (151 MHz, CDCl) for 5s

210 200

137



28'89-
08'89-
16719
G6°L9-

5s

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-10

1 (ppm)

19F NMR (565 MHz, CDCl:) for 5s

Lee
Lee
[45x4
€e'¢C
ve'e
see
9e'C
9€'C
PARA
8e'Z |
6€7Z1
6€°C 1
o'z
ov'e
Lv'ey
oﬁmg
0L°€
(WAL
12°¢
:.mjﬁ
2L e

cL e
€L°¢ Y
€L°€
€€
VL€
mm.mé
GLg—
89V

69’

69V

oLy

mm.mg
9g°L |
9e7L
9¢°L
1€1 1
18717
18717
8€°L
6€°L 7
ov'L
0¥ LA
L' LA
:\TT

Zv L
Zv' L
ev'1]
ev.]
ev'L
v
vl
v
Sv2
o'
ot/
ov's!

CF;

Ph

6a

Foos

T
-05 -10 -15

0.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 6a

138



1'6€ —

2’69 —

CF;

6a

Ph

1 (ppm)

13C NMR (151 MHz, CDCI;3) for 6a

16°89-
06'89-
6.°89-
1189

6a

Ph

00}
.ASV.N_‘

T T T T
-140 -150 -160 -170 -180 -190

-130

-120

-110

T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100

-20

1 (ppm)

19F NMR (565 MHz, CDCLs) for 6a

139



6L
08
%3
4:3
4°3
€8
€8
€8
v8'L |
¥8°L
G581
S8l
524
2zT
orar
2Lz
[INA
mhmé
€2

ﬁ.m;
18'Z

28T

z8e %
€82~

0s'e
1G'€
(4R
(4R
€5°¢
vs'e
ocy
X4 4
ey
vey
o1 4
ey

0c’L
L'
€',

ve' L,
0gL
ceL

€e’L

-05 1.0 -15

0.0

0.5

1.5 1.0

2.0

N @
- -

35 3.0 25
1 (ppm)
'H NMR (600 MHz, CDCLs) for 6b

45 4.0

5.0

CF3
6b

Ph

891
S0'LL

wal

66°1€—
€9°6¢ —
€6'8€ —

SY'19—

06’121

mhmmr/
B.mﬁ/
£5'9Z1
ov'izLf
om.wﬁ\
18821

1Ol —

CF3
6b

Ph

=Lyl

V'L
<9l
=G8'L

Sl
W\Mv.v
S'C
9'C

1 (ppm)
13C NMR (151 MHz, CDCIs) for 6b

140




1189
91°89- V

CF3

Ph

6b

00}
9'8L

T T T T T T T T T
-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-1‘00
1 (ppm)

0 50 B0 0 o b0 Jo h0 o
19F NMR (565 MHz, CDCl3) for 6b

-10

10

S
L
8L
g8’
98"
98
18"
88"
68l 1
z1z
€1z
121
SlL'2Y
SlL'2Y
9121
6121
0z'Z
LgecH
222

082k
182
182
28T

€82
82
s8'Z
162 ]
26'2
£€6°C 1
€621
0z'€
0z'e
1ze
oet
LY
ze |
zev?
YL
G121
8L°L
6L°L Y
1271
AR
¥z LA
9Z' L
12717
82'L ]
62'L
gL
zeL
€€/
ce'/ ]
ov'2
zr2
A
2v'L]
£Vl

Rl it Sl I

=

Ph

CF3

Ph

6¢c

90
oL
19°0
18°0
1270
Isel
Sz10
6o

R0

FeLo

1'e
0'G
1671

T
-05 -1.0 -15

0.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 6¢

141



L6l
661
[er4
€0c
9ce
Lee~
S've
N.V@M
1'8¢
Vi~
9'6Y

8Lzl
Leect
g'Gel
[A°T4%
€l2l A

YAVEA S
g'8cl
9'8¢l

L'ect

8'cel
L'eel
v'yel

oLyl

Ph{
S

Ph

6¢c

1 (ppm)

I3C NMR (151 MHz, CDCI;) for 6¢

7589~
2589
GE€'89-
€89~

V

Ph<
S

CF3
6¢c

Ph

T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

-10

1 (ppm)

19F NMR (565 MHz, CDCI3) for 6¢

142



192
€92
v9z
59z
99z
99z
99z
892
892
9.2
9.2
102
8,21
8,71
0821
0821
1821
9'€
G9°€ ]
99°€ |
99°€ 1
99°€ ]
19°€1
89°¢
89°€
ov.v;
1t
oy
2941
€97
Yo'y %
8¢,
8c'L
8¢c'L
6e'L
6.1
6€°L |
0¥ L1
L
Zr L
Zr L
v LA
AR
€Y LA
£v L
ev L
L
vy
vy
SvL
StL]
Sy
St ]
gvs]
9L
ov'L]
1¥L

SCN

CF
6d ®

Ph

£Z.°0

F1670
120

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 6d

9’61
8’61
861
0'0C
0'0¢
coc
[l r4
¥'0¢

€8¢
¥'8¢ V

PG~
9es

SCN |

Ph

6d

1 (ppm)

13C NMR (151 MHz, CDCl) for 6d

143



2069
00'69-
21’89
01°89-

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-90
1 (ppm)
19F NMR (565 MHz, CDCls) for 6d

-80

-70

CF3
20 -30 -40 -50 -60

SCN |
6d
10

Ph

v6'L
G6'L
G6'L
96°L
16°L
86°L
86°L
66'L 1
00°C
v0'Z
50z
90°Z 1
902
102
202
80°Z 1
602 1
602
oLz ;ﬁ
Zr'e
mv.my
Y52
Sz
172
81z |
8v'z
6v'2
vz
VA
9,2
1221
8121
6,2
96z |
96 |
162
862
662
66°Z
00°€
oL'e
z1e
gLe
cLe
sLe ﬁ

e

£y
vy
9Ty
v
02
zT L]
€21
vz'L ]
522
1L
ees ]
ves

00 -05 -10 -15

0.5

1.0

f1 (ppm)

"H NMR (600 MHz, CDCl3) for 6e

144

SCN |
CF3
® v
- ™

6e

Ph




6'LL
1’8l
€8l
m.w_\\

92e —
Lve”
8'6€ —

L8y —

S'60L —
g€zl
zszl
Zﬁ%
'8zl
mAmNrW
6'82L
£'6EL —

SCN |

CF3

Ph

6e

1 (ppm)

I3C NMR (151 MHz, CDCI;) for 6e

11°89-
G189
1289
02'89-

SCN |

CF3

Ph

6e

L 4001

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-20

f1 (ppm)

19F NMR (565 MHz, CDCl3) for 6e

145



e
sv'e
sv'e
ar'z
v’z
98
182
182
88'C
882
68
06
0621
85V
651
68t
06t
6%
28’9
€89
€89
€89
789
¥8'9
689
S0°L
S0'L
90°L
90°L
90°L
102
102
102
0221
0z'2
0z'L
122
1229
2z L
2T L
(XA
ze' L
€L
€€ LA
€€
€L
6g°L7
6€°L
ovL]
ov'L]
Ly L]
A
B
evs]
v L
L

vvﬂg

*N-NH

Ph

CF3

6f

F96°0
060

/980
oLl
7eeL
z00'L

e

T
156 10 05 00 -05 -10 -15

30 25 20

T
3.5

45 4.0

5.0

[
O
=
2
@)
@)
@)
£ N
& T
= =
o
S
L
a4
>
P4
=

€8¢ —

1'6S
€69
G'6S5
NmmN

cL9—

L'yl
G'6LL \S
8'Gel
@.\.Nr/
8'8¢l
F.mN_‘W
cect
9erl —

9SG —

*N-NH

Ph

CF3

6f

1 (ppm)

13C NMR (151 MHz, CDCIl;) for 6f

146



-170 -180 -190

-160

-150

-140

8.L°G
6.'G
08'S
18
28'S
v8'G
G.'9
1.9
8.9
6.9
28'9
89
689
689
069
1691
1691
2691
26'9 1
26'9
€69
69
om.hg
5&%

-100 -110 -120 -130

1 (ppm)

19F NMR (565 MHz, CDCls) for 6f

T
-90

T
-80

G8'v.-
v8'v.- V

T
-60 -70

T
-50

Les
ze LA
[4 5\
eeLF
mm.iw
ges ]
9g'2 ]
181
8c' L] A
o mm.ﬁ
LS ov'L

' evL A
Y]
Lo SvL
Si
8y,

‘
-40
N

Ph
CF3
6f
20  -30
CF
69 3
CRSETN

35 30 25 20 15 10 05 00 -05 -1.0 -1.5

f1 (ppm)

TH NMR (600 MHz, CDCls) for 6g

147

4.5 4.0




L'8LL
'8l
9'8LL
8'8LL
O.FN_,/
L'ezeh
m.wN_‘%
0'sel —~
€'9cl
o.mNr\
L'ect
0'9€l \
9'L€L
9'LgL
PAVALS
yAVASY
g'6El

CF;

6g

1 (ppm)

13C NMR (151 MHz, CDCls) for 6g

G2C'e9-
€2°€9-
0C'€9-
61°€9-

}

CFs3

69

T
-170 -180 -190

-160

-150

-140

-130

-120

T T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110

-20

1 (ppm)

19F NMR (565 MHz, CDCLs) for 6g

148



6.2
08¢
08¢
08¢
18'¢C
L8¢
18°¢C
[4: x4
€8°C
€8C
v6'C
v6°C
S6°'C
S62
S6'Z 1
S6'Z 1
96°¢C
96°C
16°C
16°C
€TV
T4
SC'v
GC
SC'v
oC'v
9T'¥
o_\.m:
cL'97
€191
2591
259

€591
6591
G591
ST L1
SZ'L
9z'L 1
1217
1217
1217
8Z'L
8221
2e L
ze L
ze'L]
€€ L
€€
ves ]
v L]
se/
8e°. 1
8€.
8e/ |
8g’L
6€'L

!

mmﬂg

CF3

6h

x4 e
F00°L
J98°0

(U4

(k4

-05 1.0 -15

0.0

T
0.5

T
1.0

1.5

2.0

3.0 25

3.5

45 4.0

T
5.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 6h

cee
v'ee
9'€C
8'€C

9'9¢ —

9Lzt
sezh
zszh
Ommr/
vozl
vz f
g2k

9'8cl
'8¢l
evel

9'9¢l

CF3

6h

QL

1 (ppm)

I3C NMR (151 MHz, CDCl;) for 6h

149



CF3

=
6h

T T T T T T T
-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

19F NMR (565 MHz, CDCl3) for 6h

CF
6i 3

Ph

Egye
=8l

0L
Beo'L

S0
2671

T
156 10 05 00 -05 -10 -15

2.0

35 30 25

45 4.0

1 (ppm)

H NMR (600 MHz, CDCls) for 6i

150



CF
6i 3

Ph

lie

1 (ppm)

I3C NMR (151 MHz, CDCI3) for 6i

11°69-
0169~ V

CF
6i 3

Ph

T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 6i

151



612
12T
zTeT
€2Z
ve'z
€52
§5°Z
95z
65°Z
09°Z
192
29T
€9°Z
v9°Z
59z
99°Z |
1921
89°Z 1
69°Z 1
0221
€227
887
6871
109
8.'s
61'S
18's
28's ]
£8°S |
129
€9
v.9 k

SL91
S0'L1
L0°L 7
80°L
60°L
_\_\NF
[AWA
€LY
Sl
NF.NF
81,
617
ON.N/W

NEW 3
m:F
e O
z8'L _
Z8'L
€8°L

280
Fors

2002
~oz

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

3.5

45 4.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 6j

QNMV

Lce

s —

g0zl
8'0zL
iz
g1zl
vezL
N.@Nrw
€821~
g8zl
9lEl
zveL
6'9€L
0'L€L
0'L€L
LiEL
oorL

1191 —

CF3

1 (ppm)

13C NMR (151 MHz, CDCIl;) for 6j

152



96'11
1671
86'L |
661
66'L |
00°C
10Z
10Z Y
202
20z Y
€02
€02 Fv
€02 0'¢
v0'Z 1z
S0z Reory
9021 #8670
202 ] 7660
20°Z
80'Z 1
21
81z]
612
0zZ | )
122 660
1z
zee
€22
vz'e
or'e
or'e
A
A
Zr'e
£r'e
€12
vLz
sLz
9Lz
88'Z
68'C
062
le'c $00°€
L6'c - 10¢c
262
€62
16'S
86'S
86'€
66'S
00
vz'2
zeL -
2TL
vZ'L
0g'L
gL
ze'L

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190
§

%
1 (ppm)
19F NMR (565 MHz, CDCL) for 6j

T
-80

-70

SEY9-
vev9- V

T
-60

T
-50

‘
-40

CF3
20 -30
CF3

6j
10
6k

Ph

1 (ppm)

TH NMR (600 MHz, CDCl3) for 6k

153




L'ee
0ve
e
v've
9've

0'Ge
9'Ge
x4

L'vel
mAmN_‘/
m.wu_\/
8',2L X
9'8cl
N.riN
9'6cl
vovl —

CF3

Ph

6k

1 (ppm)

13C NMR (151 MHz, CDCl3) for 6k

€6°99-
26°59-
06°599-

}

CF
6k ’

Ph

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-90

-70

-20

1 (ppm)

19F NMR (565 MHz, CDCls) for 6k

154



g8'L
g8'L
18°1
88'L
68°L
68°L
102
80°Z
60°Z
602
€1z
sz
81z
zz T
€22
vZ'ZA
sz
5227
9z°Z
12T
LeT
Nm.mkﬂ
ez
vm.m%
8e'z ]

6€C
vz
9,2
VA
122
8.2
8.C
6,21
0621
16T
26T
€6Z
€6°Z
v6°Z
S6C
oz'v
VY
€Ty
€Ty
vey
STy
szy
Ty
ze v
eey
vey
0z'21
zz 1
€z ]
6T,
0£'2 |
Le's

OH

CF3

Ph

6l

Jes1
0L
Fovz
Izo'L
FZ0'L

0’}
60

¥€6'C
=002

-05 1.0 -15

0.0

T
0.5

T
1.0

1.5

2.0

3.0 25

3.5

45 4.0

T
5.0

1 (ppm)

TH NMR (600 MHz, CDCls) for 61

612k
L'€Th
o'szL
£'ozh
£'9zh
TR\
g8zl T
hwﬁ\
g'szl
vk
vivh >

CF3

OH

Ph

1 (ppm)

13C NMR (151 MHz, CDCl;) for 61

155



cLeL
126/
LY'6.L-
Sv'6.L-

j

OH

CF3

Ph

6l

0L
A4

T
-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-100
1 (ppm)

19F NMR (565 MHz, CDCl3) for 61

T T T T T T T T T T
-20 -830 -40 -50 -60 -70 -80 -90

-10

10

96'L
161
86'L
66'L
00z
10z
€Lz
(%4
vi'e
siz
91z
212
sz'Z
9z
122
6221
1£Z Y
2e2
€2
veZ
gz

6G°C

197
292
c9z]
12z
20z
€22
v2Z
9LT
6.2
6.2
08z
18z |
18T
88'Z
88°Z
68°C
062
16T
YR
6.°€
80°%
R
Ly
65°S
89's ]
6191
ze'9
617,
0z
I
Y
1221
6T,

—

om.N%
L€z

CF;

6m

50
ST
oLl
FeoL
JES0
Fsoz
Ey

FL0'¢
oL

16T
00z

T
156 10 05 00 -05 -10 -15

2.0

3.0 25

T
3.5

45 4.0

1 (ppm)

'TH NMR (600 MHz, CDCls) for 6m

156



9'L€]
61€E7
6'€€ |
7'G€
56 |
1°G€
v'6€ 1§
6°6€ |
6LV
Lev
€Cv
€er
G2y
9Zr
Ly

m.va

€es

v'9Z1 1
vzl |
6921 |
02241
9'8Z1
9'8Z1
r8zLf
2821 ]
8821
'8z
L0EL
gogl 1
g9l
Sl |
90rL

—~

8991 —

CF;

6m

1 (ppm)

13C NMR (151 MHz, CDCls) for 6m

Ge'0L-
€€°0.-
GL'0L-
71°0.-

j

CF;

6m

0’}
(%

T T
-100 -110 -120 -130 -140 -150 -160 -170

-90

-éO -30 -210 -tL:O -éO -‘70 -éO
1 (ppm)
19F NMR (565 MHz, CDCls) for 6m

-10

10

157



€8l
S8l
[<1: 3
98l
98l
18°}
88l
681 1
06'L |
06}
1671 1
1671
v6'L
AR
8€°Z 1
ov'z
m@.ﬁ
8921
8921
QQ.NF
0L'2 ;ﬁ
LT
182
z8¢
z8C
€82
9lL'e
AN
8L'e
vL'E
8¢
6L°€
29's
€9'G
€29
8Z'9
9L’z
v
0z'L
1z'L
AV
rAA)A
€T°L
62 L~
0g'L \m
gL
ze' L]
92
9g°2 1
2871
18721
2 )
12
A
ev'L]
£Vl

CO,Me

CF;

Ph

6n

|

160
Feze

Mo
490
16"
W
60"

Rl i

252
sz

~ -

le
6°0

6’
10

XA

-05 1.0 -15

0.0

T
0.5

T
1.0

1.5

2.0

3.0 25

3.5

45 4.0

T
5.0

1 (ppm)

TH NMR (600 MHz, CDCl;3) for 6n

0ze
zze
rze
8'z¢
geel
7'9€
0.8
£6€
G'6E
9'6¢
8'6€
S'SY
6'9%
0zS
125

0921
0921 1
€219
v 121
€821
¥'821
G'8zl )W
m.wNQ
0621

9'zelL Kﬁ
62l
et |
zveL ]
5'9¢1 |
m.mm@

Vvl
Vvl
8991 —

CF3

Ph<
S

CO,Me

Ph

6n

1 (ppm)

13C NMR (151 MHz, CDCl3) for 6n

158



0z°0.-
61°0.-
80°0Z-
90°02-

CF3
CO,Me

Ph{

Ph

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-90
1 (ppm)
19F NMR (565 MHz, CDCls) for 6n

-80

6n
S0
20 -30 -40 -50 -60 -70

-10

ve’
g8’
98’
18
.8
88’
68'
26’
z6'1L 1
£6°L 1
v6'L ]
V6L ]
G6'L |
G6'L ]
961
961
1619 ﬁ

Rl it Sl I

€0°2
112
8.2
6.2
08z
182
282
vw.mx
962
162
862
66'C
66'C
586
18°G
88°G
06°G |
v 9
129
S7'91
197
602
oLz #
WA !
Y12
LV 1A
1WA\
0Z'2
€T L
vz 1]
sz'2]
9z'L
9z,
121
8z'2 1
oeL]
Les]
£e'L
ve's ]
9g'L

CF

Ph<
S

Ph

60

Ph

60°¢
m 1971
950

19'L
or'L
 p0

E 090

B .

ov'0
L ggo
¥ 00
¥ 090

[evst

156 10 05 00 -05 -10 -15

2.0

35 30 25

45 4.0
1 (ppm)

TH NMR (600 MHz, CDCls) for 60

159



9'ce
6°C¢
o'ee
6'€e
0'ge V
8, —
Sy
1 4°14 A
=14
9'Gvy
8'GYy
0'9v

CF

Ph{
S

Ph

Ph

60

1 (ppm)

13C NMR (151 MHz, CDCl3) for 60

€G°02-
2502
8¥'0.-
9v°0L-

}

CF

Ph<
S

Ph

Ph

60

0L
43

T T T T T T T T T
-40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-30

-20

-10

1 (ppm)

IF NMR (565 MHz, CDCI3) for 60

160



05’}
zLL
z8'L
9z
182
o'z
'z
6v'2
6v'C
05z
0921
1921
€921
€8
€6°C
¥6'Z 1
S6'Z
96°C
96'Z
86'Z
86°C 1
Y0'€
¥0'€
Y0°€
S0'€ ]
S0°€”
S0°¢
60°€
60°¢ 1
oLe
zi'e
9Le]
9l
11e]
vee |
vee
9g'e
l8°¢
8e'e
6e'c
oav'e
e
8v'e

8v'e
6v'E
0s'e
vs'e
sg'e
95'¢
v L
SEL]
9e°. 1
L2
2L L]
€L ]
€221

vnﬂg

A
JES0
IEvo

Rgg

G0
%r.m
H/Nv.o
H/No._\

1¥°0

60

80

G0

70

L0°L
rANY

0

160

90

FooC

oz

-05 1.0 -15

0.0

0.5

1 (ppm)

'TH NMR (600 MHz, CDCls) for 9

g'ict
€ech
[A-r4%
o'lcL
\x4s /
v'ich
O.omr\
0.0mv\
v'eel
Lyl —

1 (ppm)

13C NMR (151 MHz, CDCl3) for 9

CF3

161



soeo- |

Fm.wo.ux

6¥'89-

g's

~ -

T T T T T T
-20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

T
-10

1 (ppm)

19F NMR (565 MHz, CDCls) for 9

08¢
08¢
18'C
18'¢
4:4
[4:54
€8¢
€8¢
61°¢
1ze
zze
€T’e
6z'¢
oc'e
1€
zee
vET]
Se'v |
sev
9V |
9€ v
m@v;
L€V
LEV
Ré%
LE7 1
8€'Y |
8E€V
8€v

mm.fﬁ
6E 7~
06'S

16'S

16'S

26'S

26'S

£6'S

vz L1
SZ'L7
SZ'L7
ST LA
9Z'L
1872
Le LA
172
ze'L]
ze'L
€€,
eeL ]
ve'L
€L
18721
8c.
ge's |
6€°L
6eL]
6c2)

CHBr,
11d

Br

Ph

1
bl
60

00 -05 -10 -15

T
0.5

1.0

f1 (ppm)

'TH NMR (600 MHz, CDCls) for 11d

162



rer~
6vr
§ZS~\
ves”

€'lcl
v.th/
1’821
1'8¢l V
cect
0'€L —

Br

CHBr,

Ph

11d

1 (ppm)

13C NMR (151 MHz, CDCI;) for 11d

62'1L
62’1
LeL
€€°1 1
8L'¢c
61°¢C
6L°C
6lL'C
0z'z
0zZ 1
zz'T
£€2°C 1
€22
0€'C Y
R ﬁ
Le2y

A
€€2
€€'Z
14X
Ve
vm.N\
ge'c
L£2
8€'C
wN.wkw

8Z'¢]
oce
Lee]
gee]
ov'e ]
Lre]
er'e’
0z ]
AL
YTy
szv
9Zv 1
127
6cv |
Ly
vy
99y
197
89y
697
zzL]
vz L
vZL
gL
ze L
€L
ve'L
ves]
9gL
oe's ]
g2

CH,CO,Et

Ph

11e

Fers

T
3.5

4.5 4.0

f1 (ppm)

TH NMR (600 MHz, CDCls) for 11e

163



L€l

8'cl V
8'€C —
29€—
8'ey —

Viv—

029 —

601 —

CH,CO,Et

Ph

11e

1 (ppm)

I3C NMR (151 MHz, CDCl3) for 11e

621

og’L

el

ceL
€€
€1
vE'L
86'¢C

66°C

oc'e

lLce

cee

ve'e

sze
9z
1z°¢
@N._j
NN.vg
8C'v
8z
6271
621
0E'v 1§
o€
Le¥ 1
LEV 1
[ARa
€E V|
VeV
12324\

GEY
sy
6v'v
6’y
0s'v
0s'v
XX
1Sy
5249
szLy
92 LY
8Z'L
8Z'L
822
8Z' L
62°L
o€
0€°L
Les
ve'L
Ge'/
s
GeL]
oe'2 |
9e°L

wmi
52

Br
CO,Et
CO,Et

Br

Ph

1f

=9l
Fog'L

Feee
€80

ghe

- -«

T
15 10 05 00 -05 -1.0 -1.5

2.0

T
3.5 2.5

4.5 4.0

f1 (ppm)

TH NMR (600 MHz, CDCls) for 11f

164



L€l
8'cl V

RN
voy”/
805~
Lo
£'€9~
5'e9

WIIAN
g8zl —
g6zl

9'LEL —

8691
6991~

Br

Br

Ph

CO,Et
CO,Et

1f

1 (ppm)

13C NMR (151 MHz, CDCI;) for 11f

165



