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1. General experimental methods.

Reagents were purchased from commercial suppliers and used without further purification. All
solvents were used without distillation. Column chromatograph was performed on 35-70 mesh
silica gel (Acros Organics). 'H, 13C, 'F spectra were recorded on a Bruker Avance 300 or Avance
600 Kryo spectrometer using CDCl; as solvent. Chemical shifts are reported in ppm and
referenced to residual solvent signal (CDCI3: 'H NMR: & 7.26 ppm, '3C NMR: 8 77.0 ppm). High
Resolution Mass Spectrometry (HRMS) were recorded on Finnigan MAT 900s. GC-yields was
obtained using dodecane as internal standard with Gas chromatography with FID (GC-FID,
HP6890 GC-System with injector 7683B and Agilent 7820A System, carried gas: Hy).

2. Method optimizations!?
Cat. (x mol%)

Ligand (x mol%) Ph
Ph—==—H + EtO,CF,C—Br Zn by mol%) Etochzc\/kBr
1a 2a Solvent, r.t. 3 h 3a

entry Cat. (x mol%) Ligand solvent 3a (%)M
1 CoBr; (5) dppe dioxane ND
2 CoBr; (5) dppf dioxane ND
3 CoBr; (5) dppbz dioxane 22
4 CoBr; (5) dppb dioxane ND
5 CoBr; (5) dppbz Dio/H,O =30: 1 81
6 CoBr; (5) dppbz THF/H,0 =30: 1 79
7 CoBr; (5) dppbz MeCN/H,0 = 30: 1 88
8 CoBr; (5) dppbz acetone/H,O = 30: 1 88
9 CoBr; (5) dppbz DMF/H,0 =30: 1 27
10 CoBr; (5) dppbz DMSO/H,0 =30: 1 ND
11 CoBr; (5) dppbz PhMe/H,O =30: 1 ND
12 CoBr; (5) dppbz DCE/H,0 =30: 1 81
13 CoBr; (5) dppbz EtOAc/H,0 =30: 1 ND
14 CoBr; (5) dppbz Et,0O/H,O = 30: 1 ND
15 CoBr; (5) dppbz EtOH/H,0 =30: 1 20
16 dppbz (5) acetone/H,0 = 30: 1 ND
17 CoBr; (5) acetone/H,O = 30: 1 ND
18 CoBr; (5) dppbz acetone/H,0 = 30: 1 NDlel
19 FeBr; (5) dppbz acetone/H,O = 30: 1 ND
20 NiCl, (5) dppbz acetone/H,O = 30: 1 ND
21 CrCl; (5) dppbz acetone/H,0 =30: 1 ND
22 MnBr, (5) dppbz acetone/H,O = 30: 1 ND
23 CuSO45H,0 (5) dppbz acetone/H,O = 30: 1 ND
24 Cp,TiCl, (5) dppbz acetone/H,O = 30: 1 ND
25 CoCl; (5) dppbz acetone/H,O = 30: 1 83
26 CoCly4H,0 (5) dppbz acetone/H,O = 30: 1 83
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27
28
29
30
31
32
33
34
35
36
37
38
49
40
41
43
44
45
46
47
48
49
50

CoBr;, (5) PPh3 acetone/H,0 = 30: 1 NDId]

CoBr; (5) Xantphos acetone/H,0 = 30: 1 ND
CoBr; (5) DPEphos acetone/H,0 = 30: 1 ND
CoBr; (5) dppe acetone/H,0 = 30: 1 27

CoBr; (5) dppen acetone/H,0 = 30: 1 31

CoBr; (5) dppf acetone/H,0 = 30: 1 ND
CoBr; (5) dppb acetone/H,0 = 30: 1 ND
CoBr; (5) BINAP acetone/H,0 = 30: 1 ND
CoBr; (5) TMEDA acetone/H,0 = 30: 1 ND
CoBr; (5) bipy acetone/H,0 = 30: 1 ND
CoBr; (5) dtpy acetone/H,0 = 30: 1 ND
CoBr; (5) Phen acetone/H,0 = 30: 1 ND
CoBr; (5) L1 acetone/H,0 = 30: 1 ND
CoBr; (5) L2 acetone/H,0 = 30: 1 ND
CoBr; (5) L3 acetone/H,0 = 30: 1 ND
NiCl, (5) dtpy acetone/H,0 = 30: 1 ND
NiCl, (5) TMEDA acetone/H,0 = 30: 1 ND
CoBr; (2) dppbz acetone/H,0 = 30: 1 88

CoBr; (2) dppbz acetone/H,0 = 30: 1 270l
CoBr; (2) dppbz acetone/H,0 = 30: 1 8711
CoBr; (2) dppbz MeCN/H,0 =30: 1 65

CoBr; (1) dppbz acetone/H,0 = 30: 1 63!l
CoBr; (2) dppbz acetone 6911]

- S—PPh,
PhoP PPh, Fe PhoP -~~~ i~
2

0
PPh,  PPh,

PhP—~—= Ph,P  PPh,

dppe dppf dppbz dppb Xantphos

—
Ph,P PPh,

PPN Bu 'Bu
2 dppen — —
PPh, PPh, OO —N N —N N

|
~ N/\/ N
|
DPEphos BINAP TMEDA bipy dtpy
30 oo ,'\
o0
Phen L1 L3

[a] Reaction conditions: 1a (0.3 mmol), 2a (0.45 mmol), catalyst (x mol%), ligand (x mol%) and Zn (20 mol%) in
0.6 mL acetone/H,O for 3 hours. [b] GC yield using dodecane as internal standard. [c] Without Zn. [d] ligand (10
mol%). [e] Mn (20 mol%) instead of Zn. [f] Zn (5§ mol%). [g] Zn (10 mol%)
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3. General Procedure and characterization data

CoBr; (1.3 mg, 0.006 mmol, 0.02 equiv), dppbz (2.7 mg, 0.006 mmol, 0.02 equiv), Zn (1.0 mg,
0.015 mmol, 0.05 equiv) were dissolved in acetone/H,0O (30:1, 0.6 mL) and stirred for 2 minutes.
Alkyne or alkene was added into the system (Note: if it is solid, weigh it with the catalyst and
dissolve them together), followed with R-X (0.45 mmol, 1.5 equiv). The mixture was stirred at
room temperature for 3 hours. The solvent was removed to leave a crude product, which was

purified by column chromatography on silica gel to afford the product 3.

The product 3a' was purified with silica gel chromatography (Pe/EA =
Br
20 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) § 7.37 (s, 5H),
N
6.50 (t,J=11.1 Hz, 1H), 3.98 (q, /= 7.2 Hz, 2H), 1.19 (t, /= 7.2 Hz,
CF,CO,Et
3a 3H); BC NMR (75 MHz, CDCl;) 8 162.5 (t, J = 33.4 Hz), 137.1, 133.5

(t, J=10.2 Hz), 130.0, 128.5 (t, J = 2.1 Hz), 128.1, 125.0 (t, J = 28.7
Hz), 111.0 (t, J=248.8 Hz), 63.1, 13.7; '°F NMR (282 MHz, CDCl;) § -93.6 (E), -97.6 (Z)

The product 3b' was purified with silica gel chromatography

Br
(Pe/EA =20 : 1) as a colorless oil. "H NMR (300 MHz, CDCl5)
X
§ 7.35-7.30 (m, 2H), 6.88-6.83 (m, 2H), 6.44 (t, J = 11.0 Hz,
CF,CO,Et
MeO 3b 1H), 3.99 (q, J = 7.2 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H); 13C

NMR (75 MHz, CDCls) § 162.6 (t, J = 33.4 Hz), 160.8, 134.0
(t,J=10.4 Hz), 130.4 (t, J= 2.0 Hz), 129.3, 124.3 (t, J= 28.7 Hz), 113.4, 111.2 (t, J = 248.3 Hz),
63.1,55.3, 13.7; '9F NMR (282 MHz, CDCls) & -93.6 (E).

The product 3¢ was purified with silica gel chromatography
Br
(Pe/EA =20 : 1) as a colorless oil. "H NMR (300 MHz, CDCl5)
N
8 7.26 (d,J=8.1 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 6.46 (t, J =
CF,CO,Et
Me 3c 11.1 Hz, 1H), 3.99 (q, J = 7.2 Hz, 2H), 2.36 (s, 3H), 1.19 (t, J =

7.2 Hz, 3H); 13C NMR (75 MHz, CDCl;) 8 162.5 (t, J = 33.5
Hz), 140.3, 134.3, 133.9 (t, /= 10.2 Hz), 128.7, 128.5 (t, J= 2.0 Hz), 124.7 (t, J=28.7 Hz), 111.2
(t,J=248.6 Hz), 63.1, 21.3, 13.6; '°F NMR (282 MHz, CDCl;) 6 -94.0 (E), -97.8 (Z); HRMS (EI)
(m/z): [M]" caled for C3H3BrF,0,: 318.0062, found: 318.0053.

The product 3d was purified with silica gel chromatography
Br
(Pe/EA =20 : 1) as a colorless oil. "H NMR (300 MHz, CDCls) &
X
7.40-7.30 (m, 4H), 6.54 (td, J=11.4, 0.8 Hz, 1H), 4.12 (q, J=7.1
CF,CO,Et
cl 3d Hz, 2H), 1.27 (td, J = 7.1, 0.8 Hz, 3H): 3C NMR (75 MHz,

CDCl;) & 162.4 (t, J = 33.4 Hz), 136.0, 135.6, 132.1 (t, J =94

Hz), 129.8 (t, J = 2.0 Hz), 128.4, 125.4 (t, J = 28.0 Hz), 110.9 (t, J = 249.9 Hz), 63.3, 13.7; '9F
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NMR (282 MHz, CDCI3) ¢ -94.5 (£); HRMS (EI) (m/z): [M]" caled for Ci;H;(BrCIF,0,:
337.9515, found: 337.9504.

The product 3e! was purified with silica gel chromatography
Br
(Pe/EA =20 : 1) as a colorless oil. "H NMR (300 MHz, CDCl;) &
X
7.45-7.42 (m, 2H), 7.19-7.16 (m, 2H), 6.43 (t, J = 11.5 Hz, 1H),
CF,CO,Et
Br 3e 4.02 (q, J= 7.2 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H); 3C NMR (75

MHz, CDCls) § 162.4 (t, J = 33.4 Hz), 136.1, 132.1 (t, J = 9.4
Hz), 131.3, 130.3 (t, J = 2.1 Hz), 125.4 (t, J = 27.9 Hz), 124.3, 110.9 (t, J = 250.1 Hz), 63.3, 13.7;
F NMR (282 MHz, CDCl;) § -95.1 (E); HRMS (EI) (m/z): [M]* caled for Ci,H;,BrCIF,0;:
337.9515, found: 337.9504.

The product 3f was purified with silica gel chromatography

Br
(Pe/EA =10 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) &
X
7.67 (d, J= 8.6 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 6.55 (t, J= 12.0
CF,CO,Et
NC 3f Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.2 Hz, 3H); 3C

NMR (75 MHz, CDCl;) & 162.3 (t, J = 33.3 Hz), 141.6, 131.8,
130.6 (t, J = 8.3 Hz), 129.0 (t, /= 2.2 Hz), 126.0 (t, J= 27.0 Hz), 117.9, 113.5, 110.7 (t, J = 251.4
Hz), 63.5, 13.7; '9F NMR (282 MHz, CDCl;) § -95.1 (E); HRMS (ESI) (m/2): [M+H]* caled for
Cy;H,BrF,NO,: 329.9936, found: 329.9940.

The product 3g was purified with silica gel chromatography
Br
(Pe/EA =2 : 1) as a colorless oil. 'H NMR (300 MHz, CDCls)
N
8 7.29-7.45 (m, 3H), 7.32 (d, J = 8.4 Hz, 2H), 6.46 (t,J=11.2
CF,CO,Et
AcHN 39 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H); 3C

NMR (75 MHz, CDCl;) 6 169.0, 162.6 (t, J = 33.5 Hz), 139.6,
133.3 (t, J = 10.0 Hz), 132.5, 129.4, 124.6 (t, J = 28.4 Hz), 118.9, 111.0 (t, J = 248.8 Hz), 63.3,
24.5, 13.6; °F NMR (282 MHz, CDCl;) 6 -94.1 (F), -97.6 (Z); HRMS (ESI) (m/z): [M+H]" calcd
for Ci4H;5sBrF,NOs5: 362.0198, found: 362.0204.

The product 3h was purified with silica gel chromatography

Br
MeO (Pe/EA =20 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl;)
X
8 7.29-7.24 (m, 1H), 6.97-6.91 (m, 3H), 6.48 (t, /= 11.0 Hz,
CF,CO,Et
3h 1H), 3.99 (q, J = 7.2 Hz, 2H), 3.82 (s, 3H), 1.20 (t, /= 7.2 Hz,

3H); *C NMR (75 MHz, CDCLy) & 162.4 (t, J = 33.3 Hz),
158.9, 138.1, 133.3 (t, J = 10.4 Hz), 129.2, 125.0 (t, J = 28.9 Hz), 120.8 (t, J = 1.9 Hz), 116.0,
113.7 (t, J = 2.0 Hz), 111.0 (t, J = 248.7 Hz), 63.1, 55.3, 13.6; '9F NMR (282 MHz, CDCl;) § -
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94.0 (E); HRMS (EI) (m/z): [M]" calcd for C14;H,3BrF,05: 334.0011, found: 334.0003.

5 The product 3i was purified with silica gel chromatography
r
OHC (Pe/EA =10 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl;)
X
6 10.02 (s, 1H), 7.91-7.88 (m, 2H), 7.64-7.53 (m, 2H), 6.56 (t, J
CF,CO,Et
3i = 11.8 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 1.25 (t, J = 7.1 Hz,

3H); 3C NMR (75 MHz, CDCl3) § 191.2, 162.4 (t, J = 33.3
Hz), 138.3, 136.1, 134.0, 131.5 (t, J= 8.7 Hz), 130.6, 129.5, 129.0, 125.8 (t,J=27.4 Hz), 111.8 (t,
J =250.7 Hz), 63.4, 13.7; 'F NMR (282 MHz, CDCl;) 8 -95.9 (E); HRMS (ESI) (m/z): [M]*
calcd for Ci3H,BrF,05: 332.9932, found: 332.9936.

5 The product 3j was purified with silica gel chromatography
r
HO (Pe/EA =10 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl;)
X
8 7.26-7.20 (m, 1H), 6.95-6.92 (m, 1H), 6.87-6.82 (m, 2H),
CF,CO,Et
3j 6.47 (t, J=10.9 Hz, 1H), 5.70 (s, 1H), 4.00 (q, J= 7.2 Hz, 2H),

1.20 (t, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl3) 8 162.8 (t,
J =334 Hz), 155.2, 138.2, 131.1 (t, J = 10.7 Hz), 129.6, 125.0 (t, J = 29.2 Hz), 120.9, 117.3,
1154, 111.0 (t, J = 248.3 Hz), 63.5, 13.6; '°F NMR (282 MHz, CDCI;) 6 -93.6 (E); HRMS (EI)
(m/z): [M]" calcd for CpH;BrF,05: 319.9854, found: 319.9850.

The product 3k was purified with silica gel chromatography (Pe/EA =

20 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl3) 8 7.30-7.25 (m,

\CF2C02Et 1H), 7.21-7.13 (m, 3H), 6.54 (t, J= 11.4 Hz, 1H), 3.98 (q, /= 7.2 Hz,

3k 2H), 2.34 (s, 3H), 1.22 (t, J= 7.2 Hz, 3H); 1*C NMR (75 MHz, CDCl3)

8 162.4 (t, J = 33.2 Hz), 136.3, 135.8, 132.9 (t, J = 10.1 Hz), 130.2, 129.9, 128.3 (t, /= 1.9 Hz),

126.2 (t,J=28.4 Hz), 125.1, 110.9 (t, J = 248.6 Hz), 63.1, 19.2, 13.6; '’F NMR (282 MHz, CDCl;)

6-95.9 (d, J=274.2 Hz, 1F, E), -98.1 (d, J = 274.2 Hz, 1F, E); HRMS (EI) (m/z): [M]" calcd for
Ci3H3BrF,0,: 318.0062, found: 318.0057.

Br

The product 31 was purified with silica gel chromatography (Pe/EA =

20 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl;) § 7.42-7.39 (m,

\CF2C02Et 1H), 7.35-7.27 (m, 3H), 6.58 (t, /= 11.5 Hz, 1H), 4.15 (qd, J=17.2, 2.7

3l Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl;) § 162.2

(t, J=33.5 Hz), 135.8, 132.1 (t, J = 1.7 Hz), 130.9,129.9 (t, J = 2.0 Hz), 129.7, 129.3 (t, J = 9.1

Hz), 127.1 (t, J=28.3 Hz), 126.6, 110.8 (t, J=250.3 Hz), 63.3, 13.7; '°F NMR (282 MHz, CDCl3)

6-97.9 (d, J=18.6 Hz, E), -98.9 (Z); HRMS (EI) (m/z): [M]* calcd for C;,H(BrCIF,0,: 337.9515,
found: 337.9510.

Cl  Br

S6



CHO Br

X

CF,CO,Et
3m

The product 3m was purified with silica gel chromatography (Pe/EA =
10 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl;) § 10.21 (s, 1H),
7.95-7.93 (m, 1H), 7.62-7.54 (m, 2H), 7.35-7.32 (m, 1H), 6.67 (t, J =
11.5 Hz, 1H), 4.12 (qd, J= 7.2, 3.1 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H);

3C NMR (75 MHz, CDCl;) 4 190.0, 162.3 (t, J = 33.6 Hz), 139.2, 133.7, 132.0, 130.2, 129.4 (t, J
=2.0 Hz), 129.2, 129.0 (t, J = 8.8 Hz), 127.4 (t, J = 27.6 Hz), 110.8 (t, J = 251.6 Hz), 63.5, 13.7;
9F NMR (282 MHz, CDCl;) 8 -97.3 (d, J = 26.2 Hz, F), -98.7 (Z); HRMS (EI) (m/z): [M]" calcd
for C;3H;1BrF,05: 331.9854, found: 331.9853.

3n

CF,CO,Et

The product 3n was purified with silica gel chromatography (Pe/EA
=20:1) as a colorless oil. "H NMR (300 MHz, CDCls) & 8.73-8.65
(m, 2H), 8.06-8.03 (m, 1H), 7.92-7.89 (m, 1H), 7.74-7.60 (m, 5H),
7.72-7.68 (m, 1H), 7.35-7.32 (m, 1H), 6.82 (dd, J = 12.1, 8.2 Hz,
1H), 3.59 (qd, J=10.8, 7.1 Hz, 1H), 3.39 (qd, /= 10.7, 7.1 Hz, 1H),

0.86 (t, J= 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl;) § 162.2 (dd, J = 34.3, 32.0 Hz), 132.4, 132.0
(dd, J=11.5, 9.8 Hz), 130.8, 130.4, 130.3, 129.4, 128.5 (d, J = 32.2 Hz), 128.4 (t, J = 1.7 Hz),
128.1 (d, J=32.3 Hz), 128.1, 127.2, 127.2, 126.9, 126.3, 122.9, 122.6, 111.1 (dd, J = 251.1, 247.2
Hz), 62.9, 13.2; 9F NMR (282 MHz, CDCl;) 6 -94.1 (d, /=276 Hz, 1F, E), -97.1 (d, J =276 Hz,
1F, E); HRMS (EI) (m/z): [M]* calcd for C,0H5BrF,0,: 404.0218, found: 404.0215.

Br

XX

N CF,CO,Et
30

The product 30! was purified with silica gel chromatography (Pe/EA =
5: 1) as a pale yellow oil. '"H NMR (300 MHz, CDCl;) 8 8.47-8.45 (m,
1H), 7.77-7.70 (m, 2H), 7.28-7.23 (m, 1H), 6.63 (t, J = 12.2 Hz, 1H),
4.20 (q, J=17.1 Hz, 2H), 1.23 (t, J = 7.1 Hz, 3H); '3C NMR (75 MHz,
CDCl3) 6 162.5 (t,J=33.8 Hz), 152.4, 147.4,137.1,129.8 (d,J=11.0

Hz), 128.4 (t, J = 31.3 Hz), 124.2, 124.0, 111.5 (t, J = 245.8 Hz), 62.5, 13.8; '%F NMR (282 MHz,
CDCls) § -94.9 (E), -98.5 (2).

Br

~ F,CO,E
\ CF,CO,Et

3p

The product 3p was purified with silica gel chromatography (Pe/EA =
5: 1) as a pale yellow oil. '"H NMR (300 MHz, CDCl;) 8 8.62-8.59 (m,
2H), 7.70-7.67 (m, 1H), 7.33-7.31 (m, 1H), 6.59 (t, J = 11.8, 1H), 4.15
(g, J = 7.2 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H); 3C NMR (75 MHz,
CDCly) 6 162.4 (t,J=33.3 Hz), 150.5, 148.6 (t, /= 2.4 Hz), 135.8 (t, J

= 2.1 Hz), 133.6, 129.6 (t, J = 8.6 Hz), 126.5 (t, J = 27.2 Hz), 122.8, 110.8 (t, J = 251.1 Hz), 63.5,
13.7; 9F NMR (282 MHz, CDCls) 6 -95.6 (£); HRMS (EI) (m/z): [M] calcd for C;1H;(BrF,NO;:
304.9858, found: 304.9847.
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The product 3q was purified with silica gel chromatography (Pe/EA =

Br
20 : 1) as a colorless oil. 'H NMR (300 MHz, CDCl3) § 7.49 (dd, J =
N
\\ 5.1, 1.2 Hz, 1H), 7.30-7.29 (m, 1H), 6.98 (dd, J = 5.1, 3.7 Hz, 1H), 6.46
S  CF,CO.Et
3q (t, J=11.1, 1H), 4.07 (g, J = 7.2 Hz, 2H), 1.19 (t, J = 7.1 Hz, 3H); '3C

NMR (75 MHz, CDCLy) & 162.3 (t, J = 33.5 Hz), 138.8, 130.7 (t, J =
3.1 Hz), 129.9, 127.0, 125.3, 125.1 (t, J = 29.6 Hz), 111.1 (t, J = 247.9 Hz), 63.3, 13.7; '9F NMR
(282 MHz, CDCLy) & -92.7 (E), -97.4 (E); HRMS (EI) (m/z): [M]* caled for C;oHsBrF,0,S:
309.9469, found: 309.9473.

The product 3r was purified with silica gel chromatography (Pe/EA =

Br
20 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) § 7.39-7.29 (m,
X
1H), 3.95 (q, J = 7.2 Hz, 2H), 2.24 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H);
CF,CO,Et
3r 13C NMR (75 MHz, CDCls) § 162.8 (t, J=33.7 Hz), 138.9, 130.4 (t, J

=244 Hz), 1299 (t, J= 7.8 Hz), 129.2, 129.0 (t, J = 1.9 Hz), 127.9,
112.3 (t, J=252.3 Hz), 62.9, 19.3 (t, J = 4.0 Hz), 13.6; '°F NMR (282 MHz, CDCl;) § -94.8 (E);
HRMS (ESI) (m/z): [M+H]" calcd for C3H4BrF,0;: 319.0140, found: 319.0145.

The product 3s was purified with silica gel chromatography (Pe/EA =

Br
10 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) 6 7.41 (s, 5H),
AN COzMe
4.46 (q,J=7.1 Hz, 0.33H, 2), 4.04-3.95 (m, 4.33H, E), 3.55 (s, 0.47H,
CF,CO,Et
3s 7), 1.44 (t, J = 7.1 Hz, 0.52H, 2), 1.22 (t, J = 7.2 Hz, 2.52H, E); 13C

NMR (75 MHz, CDCl3) 6 163.8 (t, J= 2.6 Hz), 161.4 (t, J = 32.9 Hz),
136.7, 133.7 (t, J = 7.5 Hz), 130.2 (Z), 130.2, 130.1 (t, J = 27.5 Hz), 128.4 (2), 128.2 (t, J=2.0
Hz), 128.1, 110.5 (t, J = 253.9 Hz), 63.7 (Z), 63.4, 53.1, 52.8 (Z), 13.8 (Z), 13.6; '°F NMR (282
MHz, CDCl;) & -93.2 (E), -99.1 (2); HRMS (ESI) (m/z): [M+H]" caled for C4H4BrF,Oy:
363.0038, found: 363.0045.

The product 3t' was purified with silica gel chromatography (Pe/EA =

Br O 10 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) & 7.47-7.39 (m,

O N 10H), 3.90 (q, J = 7.2 Hz, 2H), 1.16 (t, J= 7.2 Hz, 3H); 3C NMR (75

3t CFaCOLEt MHz, CDCl;) & 162.7 (t, J = 33.6 Hz), 138.5, 136.6 (t, J = 1.6 Hz),

135.7 (t, J = 24.8 Hz), 132.7 (t, J = 6.3 Hz), 129.5, 1289 (t, /= 1.9

Hz), 128.6, 128.4, 128.1, 111.6 (t, J = 253.4 Hz), 63.0, 13.6; '°F NMR (282 MHz, CDCl3) § -91.7
(E), -96.6 (2).
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The product 3u? was purified with silica gel chromatography (Pe/EA =

|
N 10 : 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) § 7.36-7.28 (m,
CF,CO,Et 5H), 6.72 (t, J=10.9 Hz, 2H), 3.97 (t, /= 7.2 Hz, 2H), 1.20 (t, /= 7.2
3u

Hz, 3H); '9F NMR (282 MHz, CDCL3) § -94.3 (E), -98.6 (Z).

I

X
C4Fg

v

3

The product 3v? was purified with silica gel chromatography (Pe) as a
colorless oil. '"H NMR (300 MHz, CDCl3) § 7.38-7.27 (m, 5H), 6.59 (t, J =
13.5 Hz, 1H); 13C NMR (75 MHz, CDCls) § 141.3, 129.3, 128.0, 126.8 (t, J
=21.8 Hz), 126.8, 112.8 (t, J = 6.2 Hz); '°F NMR (282 MHz, CDCl;) § -81.5

(t, J= 9.4 Hz, 2F), -105.9 (t, J= 11.3 Hz, 1.83F, E), -109.7 (t, J = 11.8 Hz, 0.16F, Z), -124.2 to -
124.33 (m, 2F), -126.2 to -126.4 (m, 2F).

X
CeF13
3w

The product 3w* was purified with silica gel chromatography (Pe) as a
colorless oil. 'H NMR (300 MHz, CDCl3) 6 7.38-7.27 (m, 5H), 6.59 (t, J =
13.5 Hz, 1H); '9F NMR (282 MHz, CDCl3) & -81.3 (brs, 3F), -105.7 (t, J =
13.2 Hz, 1.89F, E), -109.4 (t, J = 12.5 Hz, 0.11F, Z), -122.2 to -122.3 (m,

2F), -123.4 (brs, 4F), -126.6 to -126.7 (m, 2F).

|
o
CgF17
X

3

The product 3x°> was purified with silica gel chromatography (Pe) as a
colorless oil. 'H NMR (300 MHz, CDCls) 6 7.37-7.27 (m, 5H), 6.59 (t, J =
13.5 Hz, 1H); '3C NMR (75 MHz, CDCl3) 6 141.3, 129.3, 128.0, 127.0 (t, J
=22.1 Hz), 126.8 (t,J = 2.2 Hz), 112.7 (t, J = 6.1 Hz); °F NMR (282 MHz,

CDCls) § -81.2 to -81.3 (m, 3F), -105.7 (t, J = 12.9 Hz, 1.94F, E), -109.4 (t, J = 12.7 Hz, 0.10F, 2),
122.0 (brs, 2H), -122.4 (brs, 4F), -123.3 (brs, 4F), -126.6 (s, 2F).

Br
o
CgF17

3y

The product 3y was purified with silica gel chromatography (Pe) as a
colorless oil. 'H NMR (300 MHz, CDCls) 6 7.40-7.34 (m, 5H), 6.39 (t, J =
13.5 Hz, 1H); 3C NMR (75 MHz, CDCl;) & 137.6, 137.3 (t, J = 5.7 Hz),
129.8, 128.1, 127.8 (t, J = 2.3 Hz), 119.3 (t, J = 22.3 Hz); '°F NMR (282

MHz, CDCl;) 6 -81.2 (t, J= 9.9 Hz, 3F), -105.7 (t, J = 13.1 Hz, 2F), 122.0 (brs, 2H), -122.4 (brs,
4F), -123.3 (brs, 4F), -126.5 to 126.6 (m, 2F); HRMS (EI) (m/z): [M]" calcd for CcH;¢BrF;7:
599.9376, found: 599.9354.

Br
N

3z

The product 3z was purified with silica gel chromatography (Pe) as
a colorless oil. 'TH NMR (300 MHz, CDCls) 6 7.44-7.42 (m, 2H),

4H), 1.34 (t, J = 7.1 Hz, 6H); 3C NMR (75 MHz, CDCl3) & 138.0
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(d,J=1.2Hz), 133.3 (dt, J=10.4, 7.5 Hz), 129.4, 128.3 (d, J= 1.3 Hz), 127.7, 123.1 (td, /= 21.0,
14.4 Hz), 119.3 (td, J = 262.9, 220.9 Hz), 64.8 (d, J= 6.8 Hz), 16.3 (d, J = 5.4 Hz); '°F NMR (282
MHz, CDCl;) 6 -104.4 (d, J =109.9 Hz, Z), -104.8 (d, J=110.3 Hz, E); HRMS (ESI) (m/z): [M]*
calcd for Ci3H;1BrF,05P: 369.0061, found: 369.0073.

| The product 3aa® was purified with silica gel chromatography (Pe) as a
colorless oil. 'TH NMR (300 MHz, CDCl3) & 7.51-7.48 (m, 0.34H, Z), 7.39-

CF4 7.31 (m, 4.67H, E+Z), [6.64 (q, J= 7.3 Hz, E) and 6.58 (q, J= 7.4 Hz, Z), 1H],
3aa 4.26-4.15 (m, 4H), 1.34 (t, J = 7.1 Hz, 6H); *C NMR (75 MHz, CDCl;) 3
141.9 (Z), 140.7, 129.5 (q, J = 33.6 Hz), 129.5, 128.5 (2), 128.2 (£),128.1, 127.2, 126.7 (q, J =
36.0 Hz, Z) 121.2 (g, J = 273.9 Hz), 111.1 (q, J = 6.3 Hz); '°F NMR (282 MHz, CDCl;) § -57.7
(E), -60.1 (E).

Br The product 3ab’ was purified with silica gel chromatography (Pe) as a
N colorless oil. 'H NMR (300 MHz, CDCl;) § 7.45-7.377 (m, 5H), 6.65 (td, J
CF,Br| = 11.4, 0.9 Hz, 1H); 3C NMR (75 MHz, CDCl;) 8 137.2, 131.5 (t,J=5.6
3ab Hz), 129.9, 128.9 (t, J = 25.4 Hz), 128.2, 128.0 (t, J= 1.9 Hz), 1144 (q, J
=304.4 Hz); '"F NMR (282 MHz, CDCl;) 4 -40.5.

| The product 3ac? was purified with silica gel chromatography (Pe/EA
=20 : 1) as a colorless oil. 'H NMR (300 MHz, CDCls) 8 6.39 (t, J =
CeH1g™ ™

CF,CO,Et 13.2 Hz, 1H), 4.33 (q, J = 7.2 Hz, 2H), 2.59 (t, J = 7.3 Hz, 2H), 1.55-
3ac 1.50 (m, 2H), 1.39-1.25 (m, 9H), 0.91-0.86 (m, 3H); '*C NMR (75
MHz, CDCl;) 6 163.2 (t, J=34.4 Hz), 131.2 (t,J=27.1 Hz), 128.1 (t, J=29.6 Hz, Z), 119.7 (t, J
=7.6 Hz), 111.5 (t, J=252.3 Hz), 63.3, 63.2 (Z), 46.7 (Z), 40.7, 31.5, 31.4 (2), 29.8, 28.9 (Z), 28.0,

27.6 (Z),22.5,14.0, 13.9; 'F NMR (282 MHz, CDCl;) 8 -97.7 (E), -97.8 (2).

| The product 3ad® was purified with silica gel chromatography (Pe/EA

C.H x_-CaHg =20: 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) § 4.31 (q, J =
4Mg

CF,CO,Et 7.2 Hz, 2H), 2.68-2.63 (m, 2H), 2.44-2.39 (m, 2H), 1.51-1.31 (m, 12H),

3ad 0.92 (q, J = 7.2 Hz, 6H); 13C NMR (75 MHz, CDCl3) § 163.7 (t, J =

35.2 Hz), 136.5 (1, J = 22.6 Hz), 119.6 (t, J = 6.1 Hz, Z), 111.9 (t, J = 256.0 Hz), 63.1, 42.5 (t, J =
2.2 Hz), 39.1 (t, J = 3.7 Hz), 32.6, 30.1, 22.6, 21.7, 13.9, 13.8, 13.8; '°F NMR (282 MHz, CDCl;)
§-97.1 (E), -98.5 (2).
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| The product 3ae was purified with silica gel chromatography (Pe) as a

TMS” X colorless oil. '"H NMR (300 MHz, CDCl3) 4 7.32 (t, J= 15.3 Hz, 1H), 6.78 (t,
CoF 13 J=13.1 Hz, 0.33H, Z), 0.33 (t, J = 1.5 Hz, 9H), 0.25 (s, 3H); '3C NMR (75

3ae MHz, CDCl;) 6 138.9 (t, J=23.3 Hz), 131.1 (t, J=23.4 Hz, Z2), 128.1 (t,J =

6.7 Hz), 1.14 (t, J= 3.7 Hz), -1.9 (2); '°F NMR (282 MHz, CDCl;) § -81.4 (m, 3H), -106.4 (t, J =
13.2 Hz, 1.48F, E), -109.9 (t, J = 12.9 Hz, 0.49F, Z), -122.3 (brs, 2F), -123.1 to -123.4 (m, 4F), -
126.7 (m, 2F); HRMS (EI) (m/z): [M]* caled for Cy H,oF 3Sil: 543.9383, found: 543.9350.

| The product 3af was purified with silica gel chromatography (Pe/EA =5 :

N 1) as a colorless oil. '"H NMR (300 MHz, CDCl;) § 6.42 (q, J = 7.7 Hz,

HO CF4 1H), 3.68 (brs, 2H), 2.74 (t, J= 7.5 Hz, 2H), 1.88-1.79 (m, 2H), 1.57 (brs,
3af (E) 1H); 1*C NMR (75 MHz, CDCls) § 129.5 (q, J = 34.4 Hz), 121.8 (q, J =

274.2 Hz), 119.7 (q, J = 6.2 Hz), 61.1, 37.4, 32.4; '9F NMR (282 MHz, CDCl;) 6 -58.4; HRMS
(EI) (m/z): [M-C,H4O]* caled for C4H4F;1: 235.9304, found: 543.9287; [M-I]* calcd for CsHgF5O:
153.0522, found: 153.0518.

| The product 3af was purified with silica gel chromatography (Pe/EA =5 :

xCF3| 1) as a colorless oil. '"H NMR (300 MHz, CDCl3) § 6.40-6.33 (m, 1H),

HO 3.69 (t, J= 6.1 Hz, 2H), 2.77-2.72 (m, 2H), 1.89-1.80 (m, 2H), 1.31 (brs,

3af (2) 1H); 3C NMR (150 MHz, CDCl3) & 125.5 (q, J = 35.7 Hz), 121.3 (q, J =

271.2 Hz), 114.9 (q, J = 6.3 Hz), 60.7, 43.3, 31.7; '°F NMR (282 MHz, CDCl;) § -60.6; HRMS

(EI) (m/z): [M-C,H4O]* caled for C4H4F;1: 235.9304, found: 543.9295; [M-I]* calcd for CsHgF5O:
153.0522, found: 153.0526.

CF,CO,Et The product 3ag was purified with silica gel chromatography
(Pe/EA = 20 : 1) as a colorless oil. '"H NMR (300 MHz,

| CDCly) 6 7.14 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H)
3ag 4.37-4.29 (m, 3H), 3.25-3.12 (m, 2H), 2.99-2.69 (m, 2H),
2.33 (s, 3H), 1.37 (t, J=7.2 Hz, 3H); '3C NMR (75 MHz, CDCl;) 6 163.4 (t, J = 32.3 Hz), 136.8,
135.7, 129.2, 128.8, 115.2 (dd, J = 253.5, 251.5 Hz), 63.2, 46.8, 44.2 (t,J=23.4 Hz), 22.3 (t, J =
3.8 Hz), 21.1, 13.8; '9F NMR (282 MHz, CDCl;) § -102.2 (d, J = 263.3 Hz, 1F), -107.0 (d, J =
263.2 Hz, 1F); HRMS (EI) (m/z): [M]" caled for C4H7F,10,: 382.0236, found: 382.0221.

Me

CuFo The product 3ah® was purified with silica gel chromatography (Pe) as a
CeHm\% colorless oil. 'H NMR (300 MHz, CDCl;) 6 4.38-4.29 (m, 1H), 3.02-2.67 (m,
| 2H), 1.88-1.72 (m, 2H), 1.52-1.29 (m, 8H), 0.89 (t, J = 6.7 Hz, 3H); !°F

3ah NMR (282 MHz, CDCly) & -81.5 to -81.6 (m, 3F), -112.5 (dm, J = 270.7 Hz,
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1F), -115.4 (dm, J = 270.9 Hz, 1F), -125.0 to -125.1 (m, 2F), -126.3 to 126.5 (m, 2F).

The product 3ai'® was purified with silica gel chromatography (Pe) as a

CF3
C1oHa1 colorless oil. "H NMR (300 MHz, CDCl3) § 4.42-4.15 (m, 1H), 3.00-2.71 (m,
| 2H), 1.85-1.68 (m, 2H), 1.58-1.49 (m, 1H), 1.43-1.27 (m, 15H), 0.88 (t, J =

3ai 6.7 Hz, 3H); '9F NMR (282 MHz, CDCl;) § -64.4.
C.F The product 3aj!! was purified with silica gel chromatography (Pe/EA
613

=5:1)asacolorless oil. '"H NMR (300 MHz, CDCl5) 6 4.39-4.30 (m,
HO | 1H), 3.68 (brs, 2H), 3.03-2.68 (m, 2H), 1.89-1.80 (m, 2H), 1.65-1.48
3aj (m, 4H), 1.34 (brs, 1H); 19F NMR (282 MHz, CDCl5) & -81.3 (tt, J =

10.0, 2.1 Hz, 3F), -112.2 (dm, J = 269.8 Hz, 1F), -115.2 (dm, J = 269.9 Hz, 1F), -122.3 (brs, 2F), -
123.4 (brs, 2F), -124.1 to -124.2 (m, 2F), -126.6 to -126.7 (m, 2F).

3ak

The product 3ak!? was purified with silica gel chromatography (Pe/EA =

|
SN
CF,CO,Et

Hz, 2H), 4.07 (td, J = 10.3, 4.2 Hz, 1H), 2.77-2.65 (m, 1H), 2.38-2.34 (m,
1H), 2.15-2.11 (m, 1H), 1.86-1.75 (m, 4H), 1.37 (t, J = 7.2 Hz, 5H); 9F

1) as a colorless oil. "H NMR (300 MHz, CDCl3) 6 433 (q, J = 7.1

NMR (282 MHz, CDCls) § -106.0 (d, J = 266.4 Hz, trans), -109.3 (d, J = 263.3 Hz, cis), -110.6 (d,

J=263.2 Hz, cis).

Br

X

CH2C02MG
3al

The product 3al was purified with silica gel chromatography (Pe/EA
=20 : 1) as a colorless oil. '"H NMR (300 MHz, CDCls) § 7.58-7.54
(m, 2H), 7.38-7.31 (m, 10.5H), 6.48 (t, J = 6.5 Hz, 1H), 6.39 (t, J =
7.7 Hz, 1.5H), 3.75 (s, 3H), 3.70 (s, 4.5H), 3.45 (d, J = 6.5 Hz, 2H),

3.06 (d, J = 7.7 Hz, 3H); 3C NMR (75 MHz, CDCls) 8171.1, 170.7, 139.3, 137.9, 128.9, 128.9,
128.5, 128.3, 128.2, 127.6, 125.4, 123.9, 123.2, 52.2, 37.8, 35.9; HRMS (ESI) (m/z): [M+K]+
calcd for C;1H;1BrO,: 253.9937, found: 253.9936.

3am

The product 3al was purified with silica gel

m CHCOMe chromatography (Pe/EA = 20 : 1) as a colorless oil. 'H
r

NMR (300 MHz, CDCls) & 7.15-7.09 (m, 4H), 4.28-4.19 (m,

1H), 3.67 (s, 3H) 3.16 (qd, J = 14.2, 7.1 Hz, 2H), 2.70-2.46

(m, 2H), 2.34 (s, 3H), 2.24-2.21 (m, 1H), 2.07-1.94 (m, 1H); '3C NMR (75 MHz, CDCl;) §173.1,
136.5, 134.9, 129.1, 129.0, 56.4, 51.6, 45.3, 33.0, 32.1, 21.0; HRMS (EI) (m/z): [M]+ caled for
Cy3H,,BrKO,: 323.0044, found: 323.0037.
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The product 3an was purified with silica gel
/©/\Br(\CH(C02Et)2 chromatography (Pe/EA = 10 : 1) as a colorless oil. 'H
NMR (300 MHz, CDCl;) 6 7.14-7.08 (m, 4H), 4.25-4.11 (m,
5H), 3.80 (dd, J = 10.5, 4.0 Hz, 1H), 3.17 (dd, J= 7.0, 1.9
Hz, 2H), 2.51 (ddd, J = 14.8, 10.5, 2.9 Hz, 1H), 2.33 (s, 3H), 2.23 (ddd, J = 14.9, 11.0, 4.0 Hz,
1H), 1.25 (g, J = 7.1 Hz, 6H); 3C NMR (75 MHz, CDCl;) § 169.0, 168.7, 136.6, 134.7, 129.2,
129.1, 61.7, 61.6, 54.5, 50.7, 45.4, 37.1, 21.1, 14.0; HRMS (EI) (m/z): [M]+ calcd for
C13Hy3BrKOy4: 409.0411, found: 409.0390.

3an

Br The product was purified with silica gel chromatography (Pe/EA =20 : 1)

— as a colorless oil. 'H NMR (300 MHz, CDCl3) 8 6.17 (t, J = 13.3 Hz, 1H)
CF,CO,Et
435 (q, J = 7.1 Hz, 2H), 2.15-2.07 (m, 1H), 1.36 (t, J = 7.1 Hz, 3H),

0.99-0.81 (m, 4H); '*C NMR (150 MHz, CDCl3) & 163.4 (t, J = 34.8 Hz), 143.8, 122.4 (t, J=27.8
Hz), 111.9 (t, J=250.8 Hz), 63.3, 15.7 (t, J= 3.1 Hz), 13.9, 8.5; 1°F NMR (282 MHz, CDCl;) § -
97.8; HRMS (EI) (m/z): [M]" calcd for CoH;;BrF,0;: 267.99050, found: 267.99045.

The product was purified with silica gel chromatography (Pe/EA = 20 :
d 1) as a colorless oil. 'H NMR (300 MHz, CDCl3) & 5.73-5.63 (m, 1H)
5.62-5.52 (m, 1H), 4.33 (q, J = 7.1 Hz, 2H), 3.42 (t, J = 6.9 Hz, 2H),
2.65 (qd, J = 6.9, 2.9 Hz, 2H), 1.35 (t, J = 7.1 Hz, 3H), 0.99-0.81 (m,
4H); 13C NMR (75 MHz, CDCl;) 8 205.4, 163.4 (t, J = 33.9 Hz), 111.8 (t, J = 249.4 Hz), 95.3,
89.1 (t, /= 30.9 Hz), 63.1, 31.0 (t, J = 2.3 Hz), 30.5, 13.9; '°F NMR (282 MHz, CDCl;) & -100.0;
HRMS (EI) (m/z): [M]* calcd for CoH;1BrF,0,: 267.9905, found: 267.9884.

CF,CO,Et

Palladium-catalyzed Suzuki coupling of 3a?

Br O
10 mol% PdClI,(PPh3),
@ + QB(OH)Q KsPOj (2.0 iv)
3P0, (2.0 equiv X
CF,CO2Et Dioxane/H,0, 80 °C O

2.0 equiv CF,CO5Et

To a 10 mL of Schlenk tube were added phenyl boronic acid (2.0 equiv,

O 0.4 mmol, 48.8 mg), PdCI,(PPh;), (10 mol%, 0.02 mol, 7.0 mg),
K;3PO4 (2.0 equiv, 0.4 mmol, 84.8 mg). The mixture was evacuated

O N and backfilled with N, for 3 times. 1,4-dioxane (2 mL), H,O (50 uL)
CFCOEL| 1d 3a (1.0 equiv, 0.2 mmol, 61.0 mg) were added subsequently. The

mixture was stirred at 80 °C for 16 hours. After cooling to room temperature, the solvent was

removed under vacuum and purified by flash column chromatography on silica gel (PE/EA = 20 :
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1) to give the desired product. as a colorless oil (52.1 mg) with 86% yield. '"H NMR (300 MHz,
CDCly) 6 7.38-7.31 (m, 6H) 7.29-7.25 (m, 2H), 7.22-7.19 (m, 2H), 6.28 (t, J= 11.8 Hz, 1H), 3.91
(q,J=17.2 Hz, 2H), 1.17 (t,J= 7.2 Hz, 3H); '°F NMR (282 MHz, CDCl3) 4 -91.1.

Ph
Br
10 mol% PdCly(PPhj), =
N + F’h—\\_ _
B(OH)2  K;3PO, (2.0 equiv) SN
CF,CO,Et Di H-0. 80 °C
2.0 equiv loxane/Hzb, CF,CO,Et
To a 10 mL of Schlenk tube were added (E)-phenyl vinylboronic acid
Ph
P (2.0 equiv, 0.4 mmol, 58.2 mg), PdCI,(PPh;), (10 mol%, 0.02 mol, 7.0
mg), K3PO4 (2.0 equiv, 0.4 mmol, 84.8 mg). The mixture was
= evacuated and backfilled with N, for 3 times. 1,4-dioxane (2 mL), H,O
CF,COZE (50 uL) and 3a (1.0 equiv, 0.2 mmol, 61.0 mg) were added

subsequently. The mixture was stirred at 80 °C for 4 hours. After cooling to room temperature, the
solvent was removed under vacuum and purified by flash column chromatography on silica gel
(PE/EA =20 : 1) to give the desired product as a pale yellow oil (42.1 mg) with 64% yield. 'H
NMR (300 MHz, CDCl3) & 7.42-7.38 (m, 3H) 7.36-7.27 (m, 5H), 7.22-7.19 (m, 2H), 7.01 (d, J =
15.9 Hz, 1H), 6.21 (d, J = 15.9 Hz, 1H), 6.04 (t, J=12.1 Hz, 1H), 3.94 (q, /= 7.2 Hz, 2H), 1.20 (t,
J=17.2 Hz, 3H); '°F NMR (282 MHz, CDCl;) 8 -92.6.

Palladium-catalyzed Sonogashira coupling of 3a

CsH14
Br
10 mol% Pd(PPhj), | |
X + CgHy——
0,
CF2C02Et 20 mol% Cul N
2.5 equiv EtsN, 50 °C CF.COEt
2002

To a 10 mL of Schlenk tube were added PdCI,(PPh3), (10 mol%, 0.02 mol, 7.0 mg), Cul (20
mol%, 0.04 mmol, 7.8 mg). The mixture was evacuated and backfilled with N, for 3 times. Et;N
(2.0 mL), 3a (1.0 equiv, 0.2 mmol, 61.0 mg) and 1-heptyne (2.5 equiv, 0.5 mmol, 48.0 mg) were
added subsequently. The mixture was stirred at 50 °C for 16 hours. After cooling to room
temperature, the solvent was removed under vacuum and purified by flash column
chromatography on silica gel (PE/EA = 20 : 1) to give the desired product. 'H NMR (300 MHz,
CsHq1 CDCly) 6 7.38-7.32 (m, 5H), 6.17 (t, J= 12.3 Hz, 1H), 3.89 (q, J=7.2
| | Hz, 2H), 2.34 (t,J= 7.1 Hz, 2H), 1.58-1.53 (m, 2H), 1.38-1.33 (m, 4H),
1.12 (t, J= 7.2 Hz, 3H), 0.90 (t, J = 7.1 Hz, 3H); 3C NMR (75 MHz,
CDCl3) 8 163.0 (t, J = 33.8 Hz), 136.1, 134.3 (t, J = 10.2 Hz), 128.9,
128.5 (t, J=2.1 Hz), 128.1, 125.9 (t, J=28.3 Hz), 112.0 (t, J = 244.9

Hz), 95.8 (t, J = 1.5 Hz), 80.9 (t, J = 2.3 Hz), 62.9, 31.1, 28.1, 22.2, 19.7, 14.0, 13.6; '’F NMR
S14
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(282 MHz, CDCl3) § -92.1.

4. Mechanistic studies

standard
conditions
Ph———H N w/out 3a

1 equiv. TEMPO I
1a EtO,CCF,—Br OF2CCO,E
2a

CoBr; (1.3 mg, 0.006 mmol, 0.02 equiv), dppbz (2.7 mg, 0.006 mmol, 0.02 equiv), Zn (1.0 mg,
0.015 mmol, 0.05 equiv) were dissolved in acetone and stirred for 2 minutes. 1a was added into
the system, followed with 2a (0.45 mmol, 1.5 equiv) and TEMPO (0.3 mmol, 1.0 equiv) [Note: 2a
and TEMPO dissolved in 0.2 mL acetone, then added into the system]. The mixture was stirred at
room temperature for 3 hours. No product 3a was detected by GC-MS analysis, but TEMPO-
CF,CO,Et.

1.0 equiv Zn
EtO,CCFp,—Br ----<:-% quiv.Zn | ~
2a 1.0 equiv. TEMPO

Not detected

Zn (6.4 mg, 0.1 mmol, 1.0 equiv) was added into the reaction tube (N, protected), and
acetone/H,O (30:1, 0.6 mL) was added, followed by 0.2 mL acetone containing 2a (20.6 mg, 0.1
mmol, 1.0 equiv) and TEMPO (0.1 mmol, 15.4 mg, 1.0 equiv). The mixture stirred for 3 hours at
room temperature. No TEMPO-CF2CO2Et was detected by GC-MS analysis.

1a 2a
2 mol% CoBr, l l 85% GC yield
2 mol% dppbz > - > 3a
0,
5 mol% Zn n 84% GC yield
stirred for 5 mins
stirred for 5 mins 2a la
Remove zinc 1a, then 2a

> 3a
< 5% GC yield

CoBr; (1.3 mg, 0.006 mmol, 0.02 equiv), dppbz (2.7 mg, 0.006 mmol, 0.02 equiv), Zn (1.0 mg,
0.015 mmol, 0.05 equiv) were dissolved in acetone and stirred for 5 minutes. 1a (2a) was added
into the system and stirred for another 5 minutes. Then 2a (1a) was added into the system and
reacted for 3 hours at room temperature to give the desired product 3a with 85% (84%) GC yield.

While when the solution of CoBr, (1.3 mg, 0.006 mmol, 0.02 equiv), dppbz (2.7 mg, 0.006 mmol,
S15



0.02 equiv), Zn (1.0 mg, 0.015 mmol, 0.05 equiv) reacted in acetone for 5 minutes was transferred
into a new reaction to remove the zinc, 3a was obtained less than 5% GC yield after 3 hours

reaction.

| (Br)
2 mol % cat. 10 mol% zinc
Ph—== + EtO,CCF,—Br > PR
Nal (1.5 equiv), acetone
CF,CO,Et

26% GC yield

3a:3u=1:20

| (Br)
2 mol % cat. 20 mol% zinc
Ph—= + EtO,CCF,—I > PhT X
NaBr (1.5 equiv), acetone
CF,CO,Et

9% GC yield
3a:3u=1:6

CoBr; (1.3 mg, 0.006 mmol, 0.02 equiv), dppbz (2.7 mg, 0.006 mmol, 0.02 equiv), Zn (2.0 mg,
0.03 mmol, 0.10 equiv), Nal (NaBr) (0.45 mmol, 1.5 equiv) were dissolved in 1 mL acetone and
stirred for 2 minutes. Phenyl acetylene (0.3 mmol, 1.0 equiv) was added into the system, followed
by EtO,CF,Br (EtO,CF;l) (0.45 mmol, 1.5 equiv). The mixture was stirred at room temperature
for 3 hours. 3a and 3u were obtained with 26% (9%) GC yield with the ratio 1 : 20 ( 1 : 6).

50 mol % CoBr,-dppbz | (Br)
2.0 equiv zinc
Ph—=—= + EtO,CCF,—I > PR
acetone, 5 min
] CF,CO,Et
64% GC yield
3a:3u=1:7

CoBr; (0.05 mmol, 0.5 equiv), dppbz (0.05 mmol, 0.5 equiv), Zn (0.2 mmol, 2.0 equiv) were
dissolved in 3 mL acetone and stirred for 5 minutes. Phenyl acetylene (0.1 mmol, 1.0 equiv) was
added into the system, followed by EtO,CF,I (0.15 mmol, 1.5 equiv). The mixture was stirred at

room temperature for 3 hours. 3a and 3u were obtained with 64% GC yield with the ratio 1 : 7.

3IP NMR and 'H NMR monitor:

A: CoBr; + dppbz

A: CoBry+dppbz: CoBr, (0.02 mmol) and

s e dppbz (0.02 mmol) were dissolve in do-
=== acetone (1.0 mL) and stirred for 15
B + PhC=CH
75.2 ppm minutes.
" .
B: CoBr,+dppbz+Zn: CoBr; (0.02 mmol)
B + EtO,CCF,-Br
and dppbz (0.02 mmol) and zinc (0.04
1
mmol) were dissolve in d%-acetone (1.0
10 190 170 150 130 10 QC'ngngTO 80 50 40 30 20 10 0 -10 -30 mL) and stirred fOf 15 minutes.
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R — B + PhCCH: CoBr;, (0.02 mmol) and
— o dppbz (0.02 mmol) and zinc (0.04

B: A+Zn . .
mmol) were dissolve in d%-acetone
ey ' o ' (1.0 mL) and stirred for 15 minutes,
a ) then added PhCCH (0.02 mmol)
B+PhC=CH | B + EtO,CCF,Br: CoBr; (0.05 mmol)

\ and dppbz (0.05 mmol) and zinc (0.1

B+E F.-B . .
i nes , |- mmol) were dissolve in d®-acetone (3

95 9.0 85 80 75 7.0 65 B0 55 ﬁE.U 45 40 35 30 25 20 15 10 05 00 mL) and Stlrred fOI‘ 15 mlnutes’ then

(ppm)

added EtO,CCF,Br (0.06 mmol) reacted for another 2 minutes.

5. Kinetic experiments

CoBr; (0.01 or 0.02 or 0.04 equiv), dppbz (0.01 or 0.02 or 0.04 equiv), Zn (3.8 mg, 0.1 equiv)
were dissolved in acetone/H,O (30:1, 1.2 mL) and stirred for 5 minutes. Dodecane (0.6 mmol, 1.0
equiv) was added as the internal standard. Then phenyl acetylene (0.6 mmol, 1.0 equiv) was added
into the system. BrCF,CO,Et (0.9 mmol, 1.5 equiv) added quickly and the reaction started. Taken
about 2 uL reaction solution for GC analysis at the indicated times: for CoBr; (0.01 equiv) : 1 min,
2 min, 3 min, 4 min, 5 min, 6 min, 7 min, 8 min, 10 min, 12 min, 14 min, 16 min, 20 min, 25 min,
30 min, 40 min, 50 min, 60 min, 80 min, 100 min, 120 min, 150 min, 180 min; for CoBr, (0.02
equiv):, 0.5 min, 1 min, 1.5 min, 2 min, 2.5 min, 3 min, 3.5 min, 4 min, 5 min, 6 min, 8 min, 10
min, 12 min, 14 min, 20 min, 25 min, 30 min, 40 min, 50 min, 70 min, 90 min, 110 min; for CoBr,
(0.02 equiv): 0.5 min, 1 min, 1.5 min, 2 min, 2.5 min, 3 min, 3.5 min, 4 min, 4.5 min, 5 min, 5.5
min, 6 min, 6.5 min, 7 min, 7.5 min, 8 min, 9 min, 10 min, 11 min, 12 min, 14 min. Repeat two

times for every concentrations.

©1a(lmol% Co) DO3a(lmol% Co) la(2mol% Co) X3a(2mol% Co) X 1a(4 mol% Co) 3a (4 mol% Co)
90% q%% >
pe P % *
80% * >
<o X
70% X ¢
o X
X X - o
60% g (m]
o o D
= m]
2 sox X
B os0%
= o
i X X < o
40% pLe Py
- SR < o
30% <
30% ¥ X - a
b 3 O &
A
20% o % &
é%ﬂc’u i
10% % ] o
0% Meex
0 20 10 60 80 100 120 140 160 180
time (min)

Figure 1. GC-determined relative amount of phenyl acetylene 1a and product 3a vs time with different cobalt-

catalyst different concentrations.
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60%

50%

40%

30%

yield of 3a

20%

10%

0%

®1mol% Co @2mol% Co @4 mol% Co

y=0.1273x+0.0033 @
R2=0.9952 g

.‘g-'

y =0.0342x +0.0065
R? =0.9947

y =0.0099x - 0.005
R?=0.9956

time (min)

Figure 2. Initial kinetic rate calculated with different cobalt-catalyst concentrations.
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MS: 1.3461-1.4544 / wull8439 / FD+ / Wu 2, LIFDI-MS /

2000 —- 1064.1204

1750 —
=0 4 1062.1204

1500 —

1250 -
1 1065.1232
1063.1250

1000 —
750

500 H

—

1055 1060 1065 1070 1075
m/z

1066.1284

1069.0924 10711275 10731356

100 MS: 1.1087-1.4752 / wu118444 / FD+ / Wu 4, LIFDI-MS /

90_: 1155.1359
80
70
so—:
50 -
40{
30

20

bt PR e

1130 1140 1150 1160 1170 1180
m/z

Figure 3. LIFDI mass-spectra of species: [Co"Br(dppbz),]" (top): calcd. 1032.1196, found 1032.1240;
[Co(dppbz),Br(0,)]" (centre): caled. 1064.1095, found 1064.1204; and [EtO,CCF,Co™Br(dppbz),]*
(bottom): caled. 1155.1454, found 1155.1359.

S19



References
Belhomme, M.-C.; Dru, D.; Xiong, H.-Y.; Chard, D.; Besset, T.; Poisson, T.; Pannecoucke, X. Synthesis 2014,
1859.
Li, G.; Cao, Y.-X; Luo, C.-G.; Su, Y.-M.; Li, Y.; Lan, Q.; Wang, X.-S. Org. Lett. 2016, 18, 4806.
Konno, T.; Chae, J.; Kanda, M.; Nagai, G.; Tamura, K.; Ishihara, T.; Yamanaka, H. Tetrahedron 2003, 59,
7571.
Saito, S.; Kawasaki, T.; Tsuboya, N.; Yamamoto, Y. J. Org. Chem. 2001, 66, 796.
Beniazza, R.; Atkinson, R.; Absalon, C.; Castet, F.; Denisov, S. A.; McClenaghan, N. D.; Lastécouéres, D.;
Vincent, J.-M. Adv. Synth. Catal. 2016, 358, 2949.
Hang, Z.; Li, Z.; Liu, Z.-Q. Org. Lett. 2014, 16, 3648.
Hu, C.-M.; Chen, J. J. Fluorine Chem., 1994, 66, 79.
Xu, T.; Cheung, C.; Hu, X. Angew. Chem. Int. Ed. 2014, 53, 4910.
Zeng, R.; Fu, C.; Ma, S. Angew. Chem. Int. Ed. 2012, 51, 3888.
Igbal, N.; Choi, S.; Kim, E.; Cho, E. J. J. Org. Chem. 2012, 77, 11383.

. Wallentin, C.-J.; Nguyen, J. D.; Finkbeiner, P.; Stephenson, C. R. J. J. Am. Chem. Soc. 2012, 134, 8875.
. Nguyen, J. D.; Tucker, J. W.; Konieczynska, M. D.; Stephenson, C. R. J. J. Am. Chem. Soc. 2011, 133, 4160.

S20



TH, 13C, and "F Spectra

il
6l
14

N

POE
908

o

L
g’ @V

psol

Br

X

CF,CO,Et

3a

L
T

'

o

=85

0.0

03

1.0

30

40

43

5.0
1l (ppm)

6.0 55

6.5

80

KrEl—

vl —

8504
o0 RV.

o R.L_ﬁ

£L 201
el —
TEPIT—

FIFEL
TUsTl
vaﬁ%
OI'sTl
mvmﬁw
9FRT1
G ET1

26'6T1
1P EEl
el

so€E
orestd

Br

X

CF,CO,Et

3a

b e
]
L =
=
| o
]
e
L o
=
F e
)
H
g
g8 N
FE %)
]
=
=
]
o
F 2
-
[
=
L:2
o
]
o
=
=]
=
Fa



85 L6—
19'£6—

Br

X

CF,CO,Et

3a

-20 -30 -40 -50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -130 -190 =200
£l (ppm)

-10

Ll
Gl
14

-

e
96 m/r
RO'E
10t
0

o'
[ cV
v
o
I5] u//.

9L
g h./
1€
el
EEL
PEL
sEdd

G

Br

X

CF,CO,Et

3b

MeO

EI0e

=00'E
ooz

=860

e

261

0.0

1.0

L5

)
=]

30

55 50

6.0

8.0

9.0

100

£1 (ppm)

S22



—_ 0 e 00 W =~ 1 2= T e O = O — o
Q= COanMmEAaNMmONGT T S8 gE® o o %
e O T OO T E o0 T Ly 1 b
ADND S0 Lo o e il A A o S S R e s B0 D & b Lt
pRR m ] e NS BN \
Br
CF,CO,Et
MeO 3b
|
I
1
1
1
1
1
| [
”' [ ‘ I
I
200 190 180 170 160 150 140 130 120 100 80 70 60 50 40 30 20 10 0
fl (ppm)
=
=
Br
CF,CO,Et
MeO 3b
10 0 -10 =20 -30 -40 -50 -60 -1 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
fl (ppm)

S23



Ll
al
44

N

g s

6L
Lo'E
00t
0P

LA
h_,hk
sUL
cmhw
/T L

Br

CF,CO,Et

3c

Me

Es0'E

E00E

.

6.0

0.0

0.5

el—

10

P IT—

243

30

o —

35

ww.mup_./.

0 Li—F
o hnn\

40

45

5.0
£l (ppm)

55

GLLO0T—
6 11—

PRl
2ovTl
TrsTl

SP'8T1
hwxm_w
SL8T1

= TPET~

6.3

- 9T0pP1—

- LO°E91
s 49 mmu_w
96'291

10.0 95 9.0

10.5

Br

X

CF,CO,Et

3c

Me

ik

100 90 80 70 60 50 40 30 20 10

110

140 130

150

180

120

£1 (ppm)

S24



R L6
06—

Br

CF,CO,Et

3c

Me

80 -9 100 110 1200 1300 140 150 160 -170 180 190 -20
£l (ppm)

-40 =50 -70

=30

-10

ST
51
L1
LTl
at'l
0g'1

B0
't

o)

059
059
59
o
£ wk..'
B9
0E Ly
gL
£e hM

9g' L
LEL
6y L

op 4

Br

X

CF,CO,Et

3d

Cl

8601

0.0

1.0

20

30

4.0

45

50

5:5

60

80

90

10.0

£1 (ppm)

S25



El—

ERES=

. TA
o hnw

o' L

85 L01—
68"
0P 11—

TUsTl
GEST]
QLEEL
LEBTI
hhoﬁ./
cxom_w
86Tl
10°Z2El
rleel
9TTEl
GE'SE]
109g]

24191
mwmu_v.‘

L8 Nmu_\\‘

Br

CF,CO,Et

3d

Cl

10

40

130 120 110 100 90 80 70 60
£1 (ppm)

140

180

190

£5'Po—

Br

X

CF,CO,Et

3d

Cl

-0 -0 -100 110 120 130 140 -150  -160  -170  -130  -190  -200
£1 (ppm)

-70

-20

-10

S26



RG'E
10
0P
SO0

GE'D
£ wV.
Ly uL\

ars
1A
al's
al's
A
oL
LA
Sk L

B

X

CF,CO,Et

3e

Br

FoO'e

ERe'l

ool

E91'T

ool

= el

PEO—

£ mum./.

o0 Li—¢
=] o hn.\v
-+

pm)

-8
=

& 50—
" 62011
0TpIT—

TEPTl
10821
RECTI
SLSEL

M 96621
6662
100E1

2 PE €1
Z0TEl
PITE]

ol 9T ZEl
BODE]

6.0

ao' 191
£P'Te _W
L9

100

Br

CF,CO,Et

3e

Br

20 10

30

60

70

1o 100 90
£l (ppm)
S27

120

130

190 180

200



—95.13

Br

X
CF,CO,Et

Br 3e

T T T T T T T T
-10 -20 -30 -40 =50 -60 =70 -80 =90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
£l (ppm)
N go o o n = —xo o wwY
CRCEC R =] o in === A e
[ LR ~ FF Sirary
~E e I 5 ~-

Br

X
CF,CO,Et

NC 3f

pow T 7
g5 g =1 5
aoa = o -
T T T T T T ‘ T T T T ‘ T ‘ ‘ T ‘ T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
£1 (ppm)

S28



162,69
16225
161 81

! = 988 7 =
£ b e g 2
N \ N
Br
X
NG CF,CO,Et
3f
]
|
]
| I
]
I‘I | I, L
w0 1% 180 190 160 150 140 130 120 110 100 %0 80 70 & 50 20 0 2w 10
fl (ppm)
3
=

Br

X

CF,CO,Et
NC 2

T T T T T T T T

T T T T T T T T T T T T T
0 -10 =20 -30 -40 -30 -60 =70 -80 90 -100 -110 -120 -130 -140 -130 -160 -170 -180 -1%0 =200
£L (ppm)

S29



6l
14
L4

-

g'T—

S
10t
Ot
G0

Br

X

CF,CO,Et

39

AcHN

Eale

=96'T

Fwt

oot

6]
Ewe

10 03 0.0

15

45

6.0 55 50

6.5

80

93 9.0

10.0

£1 (ppm)

wEl—

SP'hE—

62 £89—

0L
o hww
thm

mmwm_/
W'PTl
GEGT1

8Pl
0z EEL
€€ mm_%
9P EL]

G5 aEl—

£U691—

()

Br

X

CF,CO,Et

39

AcHN

50 30 10

100 90 30 70

£l (ppm)

110

130 170 160 150 140 130

190

S30



56—
ar'be—

Br

CF,CO,Et

39

AcHN

80 90 4100 110 120 -130  -140 150 160 170 -130 -190  -20C
£l (ppm)

-0

-60

-30

-10

Ll
oz
44

e

W
96 m/
868
00t
£0'f

Br

MeO

CF,CO,Et

3h

FO0'E

=00'e
Eioe

Faao

Fooe

gl

00

1.0

)
=]

30

6.0

80

10.0

£l (ppm)

S31



el

sTE—

£l'—

ES an/

00 =5
o R..\

£4401
e _J_f_
1

i

el
665 11-E

6L0T1
_ch_W
ROz1
Sovzl
€057
o mm;ﬁ

Br

X

MeO

CF,CO,Et

3h

10

50 40 30

60

100 90 0
£1 (ppm)

110

120

190 180 170 160 150 140

200

POFe—

Br

X

MeO

CF,CO,Et

3h

=70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200

60

=20

-10

£l (ppm)

S32



ool
14 _V

4 _.\

2
e
£T'P
Sl'p

ﬂ
!
wol
9T L

€S h/
159 hM
9'~E
% h.\.

R L
2L
16°L

00—

CF,CO,Et

X
i

OHC

@

20

ER0'¢

EFwe

Foo'l

Fore

T

0l

10 03 0.0

15

55 50 45 40 35 30
£1 (ppm)

6.0

10.5 100 95 90

1.0

1LEl—

& E0—

S un/

o Li—F
oy hnn\u

05 L01—
RO ==
SIpI—

STl
08571
ar9zl
SOREL
_MJN_V
£90E]
¥ el
£571€1
o Iel
Bo'Eel
ar9e]
cesel

S6'191
Gy Nu_w
wmmmu_

Lrist—

Br

CF,CO,Et

X
i

OHC

—=of

iy

30 20 10

40

40 130 120 110 100 90 80 70 60
£1 (ppm)

150

160

200

210

S33



PaSE—

Br

OHC

CF,CO,Et

-170 -180 -190 -200

-160

-20 =30 -40 -50 -60 =70 -80 -90 -100 -110 -120 -130 -140

-10

£L (ppm)

LI
oz
44

-

968
BO'E
10y
0y

0Ls—

B

X

HO

CF,CO,Et

e T

E90'E

Ee

o

Foo

B0z
Lo

S0l

0.0

=
=
"
B
=
P
"
~
=)
e
"
=)
-
-+
g
g <
S& (2]
" %)
=]
=
-
-
=
=
=
o
s
=
o
=

10.0



El—

St E9—

BE04
o0 Ld
o hn.\v

_ocm_./.

S9FT1

PO'STI
szl
9561~

£6 TS
801
Nmﬁ_\‘

RI'RE]

8I'581—

st Na_./.

08291
L4 mmu_\

HO

CF,CO,Et

==

30 10

30 70 60 50

%90

100
£L (ppm)

PO Le—

190 180 170 160 150 140 130 120 110

200

HO

CF,CO,Et

-20 -30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
£l (ppm)

-10

S35



oz
44
5T

~

PET—

oE
Lo'E
Gi'E
10'f

Br

CF,CO,Et

3k

g

e

Faoe

ool

EE
S50

00

20

2.5

3.0

80

90

10.0

£l (ppm)

rel—

reol—

11'89—

2 mum/.

00 £
wi

09 L01—
060 11—
12rH—
1S'521

IRST1
81921
99Tl

OLREL
££8T1
SEREL
SRGEL
1Z0e]
qLeel
l6'zel
SOEE]
GLeel
ceoL]
o0 _u_./

P IO
£8 mu_.\v

Br

CF,CO,Et

3k

10

30

40

100 90 80 70 60
£1 (ppm)

110

130

170 160 140

130

200

S36



5586~
BE LG
1#'96~
PPSE"

=k

3

Br

CF,CO,Et

3k

P

88

-40 -30 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
£l (ppm)

-30

a9z _./

61—

_m_\

't
[N
£l
I
91
L'
E1R
al'y

9
L G
/9=
) CL\

9L

I14 L
2 1
8T L
az i
g ¢
1€ ¢
1€ 4
¢ ]
5814
e L
set]
6 ]
65
o ¢}
2 1]
2 i
o]

Br

Cl

X

CF,CO,Et

3l

o't

Froe

0.0

10

20

i

4.0

50
£l (ppm)
S37

55

6.0

920

10.0



ELET—

T —

2 un/

o0 Li
o hnl\r

L0
SL01T—

i
9921
[
05421
1€'621~8
89621
06621
6671
SE6L1
06081

1zl
PIEEl
pssEld

Br

Cl

CF,CO,Et

3l

u

=

5

&

ES

2

=

2

-

e

°

8

°

H
g -
g £6'86

£ 16 S./

k= 06 46"

S

]

&

2

-

S

2

&

e

e

=

o

=

g

200

Br

Cl

X

CF,CO,Et

3l

90 100 -110 -120 130 140 150 160 170 180 -190  -200
£l (ppm)

-80

-40

-30

S38



€0
9z
E14

~

£ mu/

99—

§d
(AN
PE hw
SE'L

9 Tﬂ
S

5L

29 hL_.
151
o]
']
WL
e
w6
6L
S6'L
S6'L
S6'L

1Zol—

CHO Br

CF,CO,Et

3m

[N

l

=Tl'¢

Fea'l

ool

=100
Fooe

= 6'0

0.0

0.5

10

20

)
=]

30

40

55 50 45
£l (ppm)

6.0

5 100 9.5 2.0

1.0

ELE1I—

s E9—

BEOL
o0 RW
[ S

P~
GO9T1
SELT1
TL LTl
[
o871
rOatl
al'agl
Geatl
6l
6Ll
rTOL]

90'681—

CHO Br

CF,CO,Et

3m

A

=

10

30

60 40

100 %0 20
£1 (ppm)

110

130

140

190 180 170

200

S39



CHO Br

CF,CO,Et

3m

70 -50 90 100 110 1200 130 -140 150 160 170 -180  -190 200
£1 (ppm)

-60

-40

-30

-10

£R0
98 QV

B c\

LN—

Br

SUR
208
048
[PAS
43
£
£L8

X

CF,CO,Et

3n

Faat

Foo'l
Fa60

560

90

Fooe

=
=
"
=
=
-
=
P
"
I
=
e
et
=
=
-+
8
o o
4 3
=]
=
<
"
“
=
o
"
=
=
o
o
=
=
=



STEl=

aR'I0—

/0L
o0 R..V

i hn\

L0
PO 111
60111
#EHl
82_%
£z
68921
1Zezl
£eLTl
ISzl
szl

L9TO1

Br

CF,CO,Et

3n

10

30

40

130 120 110 100 90 80 70
f1 (ppm)

140

180 170 160

190

5546
s co.w
e

o w5/

Br

CF,CO,Et

3n

80 90 100 -110  -120 130 -140  -150 160 170 -130 190 200
£l (ppm)

-70

-50

-40

-30

S41



14
£T
F34

37

LI
al'y
4
LA

CF,CO,Et

NN
_N

30

=IlE

Fot

ool

EFel'l

Faoe

00

1.0

3.0

5 5.0 5 40
£1 (ppm)

6.0

9.0 30

100

al'el—

&' (9

ES un./

o0l
wid

BLROI—

be TI—
PR
51 qm_/
66 421

oqm:%
788z1-%
[£Toat

L0 LEl—

P ipl—
[ A B

B0'C9 _./.

£ LO1—F
20 Nmu_\‘

Br

CF,CO,Et

XN
N

30

10

30

100 90 80 70 60
£1 (ppm)

110

130

140

180 170 160

190

S42



Br

XX

3o

—-94 85
—-O840

T T

T T
-10 20 30 -40 50 -60 -70 80 90 100 110 -120 -130 -140 150 -160 -170  -180  -190  -200
£l (ppm)
Ot - =
0T au3
= < <t —_———
e ~
Br
N/ CF,CO,Et
|
F [
| |'
| : , |
. ; (
| { / |
‘ I / |
J R f I
i
] |
1]
! sl
||| \‘- i‘l La | ?‘\ >II
5 5 8 g g %
= OB = I -
T T T T T T T T T T T T T T
100 95 20 85 8.0 15 65 55 50 45 40 35 30 25 20 15 10 03 00 -0f
£l (ppm)

S43



Br

NN

7

CF,CO,Et
3p

7742
F7.00
76.58

L
N

63,49

—13.69

00 190 180 170 160 150 140 e 90 80 10
£1 (ppm)
=
L=}
wy
@
|
Br
i~ CF,CO,Et
3p ;
0 -10 20 -30 -40 =50 -60 =70 -30 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200

£1 (ppm)

s44



Ll _./

Gl 1=

44 _kﬁ

A
90
20
Ol

£
9 wV.

g’ .a\

L
0 ww
S
0 hg\
9T L
[STAYA
gL
gL
8L
LA
(A
(A

CF,CO,Et

S

X

3q

Fs0T

Fool

A0
SO0

660

03

0.0

03

10

6.0 55 5.0 45 40 35 3.0 v
£l (ppm)

6.5

9.5 9.0 83 8.0

100

9WET—

LLo—

£ un/.

00 Li—F
il hnn\

0 hm_uf
l6aTl
L90€1
[FA
SL0E1

LRREl—

08191
58 NQ_W
(S|

Br

CF,CO,Et

S

X

3q

=y

10

140 130 120 110 100 90 80 70 60 50 40 30
£l (ppm)

150

190 130 170

200

S45



LEiG—
46—

Br

CF,CO,Et

S

S

3q

-80 -50 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200

-70

-60

-40

-30

44
e
LT

~

PoT—

(83
€66
96y
B6'C

£1 (ppm)

O £
el
8L
EEL
9¢'L
9¢ L
LEL
L0
BEL
BEL
BEL

Br

CF,CO,Et

3r

Fo0e

ER6'T

Eris

D
:
:
:
;
(]
)
.
:
"
:
.
:
’
-+
g
B (o}
=5 3
=]
+
:
:
:
-
)
:
.
:
;
:
.
-
:



e & Z282ssEas [~E-%-1 ] o =1
n £a ca - R = FEy e
S8E o SosassszDo s 2 szoe
7 T =717 RN | N
Br
CF,CO,Et
3r
i
I
i I I [
| | J
' ]
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10
£l (ppm)
o
=
<
@
|
Br
CF,CO,Et
3r
L
T T T T T T T T T T T T T T T T T T T T
-10 -20 =30 -40 -30 -60 -70 -80 =20 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£l (ppm)

S47



ozl
144 _W
5T 11—
1Pl

L _%
o9 |

S
)
& w/

Shb-g
B w%
05"

L

Br

CO,Me

CF,CO,Et

3s

Ewo

Feev

Foog

0.0

j 2Ll
< 18°E1

20

9L
fis) va

25

3.0

It &9
=) %V.

43

50
£l (ppm)

5.5

T

1Z8T1
FUETI
LTETI
HERTI

JQJN_
) cﬁ_

LI0E]
09 gLl
0LEE1
OR'EL]
) £L9¢€1

6.0

6.5

7.0

8.0

€L wa_

i 08 M.a_

95 9.0

10.0

Br

COzMe

CF,CO,Et

3s

10

50 40 30

60

100 90 20
£l (ppm)

110

180 170 160 150

190

S48



166

SlEe—

Br

CO,Me

CF,CO,Et

3s

-140 -150 -160 -170 -180 -190 -200

0

70 80 90 -100 110 -120
£l (ppm)

-60

=20 =30 -40

-10

LN
a1l
al'l

3P

9E'E
[
(%3
EGE

68t
68 L9
e
e
L
St't
or't
tr' e
el

Br

CF,CO,Et

3t

E pog

Eoooe

Fsoot

00

1.0

20

)
=]

40 30

45

5.0
£1 (ppm)

6.0

9.0 8.0

10.0

S49



&El—

L' T—

S cn./

o fi—F
o hnn\

PTR01—

ct
EL
£e8T1
eozl
o8zl
S5l
16821

056zl
el
[FAAN

£LSE]
9<9E]
BeOL]
0991
Ei MM_.;
T Na_/

Eaarl b

m_v._.\ﬁ

Br

CF,CO,Et

3t

10

100 90 80 70 60 50 10 30
£1 (ppm)

110

180 170 160 b] 140 130

190

596 —
1e—

Br

CF,CO,Et

3t

2100 <110 120 -130 140 150 160 170 -180 190 200
£l (ppm)

-90

-70

-60

-40

-30

S50



L
oz
44

N

L6
Sa'E
B6'E
00

299
thw
9L
BlAA
8L L
€L
TeL
EE L
e L
9L

X

CF,CO,Et

3u

Fsog

oot

Fws

00

05

10

20

)
(=]

30

30

10.0

£1 (ppm)

98'86—
BUPe—

I
X

CF,CO,Et

3u

-40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£1 (ppm)

-30

S51



C4Fg

3v

Foot

Esos

0.0

20

=]

30

40

90

100

£l (ppm)

£ un./.

Shn‘
il hn.\

Gl
LTI _v
98°TI1

C4Fo

3v

=]

=
=
~

5
e
-
=
=

g
E]

=
g
2
s

T ~
="
2t 3
=

-
2
B
g
-
2
-
<
&
s
g
=
E
o



06801~

C4Fg

3v

=00
==o'e

=9a1'0
=8

=G6'T

90 100 110 120 130 -140 150 160  -170 180  -190  -200
f1 (ppm)

-80

-20 -30 40

-10

CeF13

3w

Fors

y
-

30

40

45

5.0
£l (ppm)

S53



L9501~

£{e 18—

CeF13

3w

2 S0'T
A
a0z

—11g
-8

-80 -50 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200

-70

-60

-20 -30 -40

-10

£1 (ppm)

550
o
oo
9z L
e
sTL
6TL
ogL
6L
[
[
6L
pEL
PEL
Sl
SEL
95 L
el

CgF17

3x

oot

Fars

00

10

50 40 30

£1 (ppm)

6.0

2.0 80

100

S54



85 un/

o0 Li
o hnn\z

711
ird mm_w.

2L9T1
18921
FEOT1

G0'9T1
G hm_ﬁ
LT6T1

18 1pl—

CgF17

3x

30 20 10

40

150 140 130 120 110 100 90 20 70 60
£l (ppm)

160

180

190

AT
LT vm_‘w

TPzl
weel-

chmc_‘vy

CgF17

3x

-80 90 100 110 120 -130  -140  -150 160 170 -180 190 200
£L (ppm)

-0

40

=30

S55



CgF17

3y

ool

s

0.0

"
=]

30

40

50

5
£1 (ppm)

6.0

8.0

20

10.0

8G9
o RV

o hn.\v

L
7%
GO'RT1
S8GII—

STLEL
TELEl
OF LET

85 LE1

CgF17

3y

30 20 10

40

100 90 80 70 60
£l (ppm)

130 110

140

170

180

S56



9Tl

29<01 .Wv

ST I8
44 _WW‘
8118~

Br

CgF17

3y

nxocm

Lﬁ:v
e

=T

-40 =30 -60 =70 -80 -%0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =201
£1 (ppm)

-30

-10

SI'f
aI'f
L'
E1R
|1k
0L
0L
12
£L
£T P
PP
ST
9T

Br

CF,PO(OEt),

3z

-

Fory

Foo

0L
Eong

20

)
]

30

100

£l (ppm)

S57



oL
ol

"

Br

CF,PO(OEt),

3z

30 20 10

40

190 180 170 160 5 140 130 120 110 100 90 80 0
£1 (ppm)

200

L8P0 1"
prPO1—
0TPO 1"~

CF,PO(OEt),

3z

-106.0

-103.0
£1 (ppm)

-1040

-40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£1 (ppm)

-30

S58



59
(S

CF3

3aa

oot

il
=pE0

05 0.0

10

40

5 50 45
£1 (ppm)

6.0

6.5

100

LP9T1
S6'9T1
BILTI
0T 4T1
ZI'8T1
FURTI
TS'8T1
ER'BT1
aratll
cwom_w
SL6EL

m_cm_.\

=

i ——

990k 1~
P P17

CF3

3aa

10

30

150 140 130 120 110 100 90 80 70
£l (ppm)

160

180

190

S59



09—
Lois—

CF3

3aa

T
-190

=

T T T T T T
-60 -0 -30 %0 100 110 -120  -130  -140  -150
f1 (ppm)

-30 =50

-10

CFzBr

Br
X
3ab

699
HE
9vL
LEL
A ==

[STArA
OF 4
OF' £
P&
b L
LA
P L
b L

pegleea

ool

E s

00

40

pm)

0
@
S60

80

90

100



. TA
o0 .R;V\
thn

I hm:
00'8T1

0871
S1'8T1
ESRTI
LEBTI
06Tl
SRGTI
PPl
1S71€1
[
PTLEL

CFzBr

3ab

10

30

40

%90 80 70 60

100
£1 (ppm)

110

130

140

190 180

00

P Op—

CFzBr

3ab

-70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1%0 -200
f1 (ppm)

-60

-40

-30

-10

S61



9B
GE0
GR
060

Al
ge'l
£el
el
el
9t |
%'l
€51

95T
g’ NV

19 NL..u

G
e

Sevl

SE
G DV
t w\

|
CeH13)\

CF,CO,Et

3ac

Free

e

Eroz

o

00

03

6851
101

8'2e

i
0 mmk"
e SEHEL
s 6

17 1€
5 1E

- oL0r—

10

0L 9 —

3.0

12769
£ muv

£ un./.

00 Li—F
il hn.\

43 40

5.0
£l (ppm)

81801
111
LB
sl
mc.o__w.
6611
9421
9081~k

9p'szl,
0%0E1
CIRT

) s el

5.5

6.0

6.5

8.0

LETOT
€T mu_W
89'£91

9:5 90 83

10.0

CGH13)\|

CF,CO,Et

3ac

==

30 10

100 90 80 70 60 50
£l (ppm)

110

140 130

150

170

180

S62



PR L6
1L L6~

>

X

CeH13

CF,CO,Et

3ac

-170 -180 -190 -200

-160

-80 90 -0 110 -120 130 -140
£l (ppm)

-70

A
160
G0
SO0
1€'1
£E'1
98l
81
OF' |
£F 1
1
91
il

1571

LEt
0L
e
e

x-CsqHg

C4Hg

CF,CO,Et

3ad

0.0

10

20

(=]

30

40

45

50
£l (ppm)
S63

6.0

80

2.0

10



136,84
136,54
136,24

{ 98% a QQESSSES EREIR
S WO IR U
|
X _-C4Hg
C4Hg

CF,CO,Et

3ad
1
]
|
| ]
] 1
| 1l
L J
!C‘H] I;D léﬂ 1;4] l;ﬂ 1;0 1-‘“] 13‘0 l;l} liD HI}D 9‘0 SID TID 6‘4] j‘D -J-‘D S‘D !ID 1ID o
£l (ppm)
(%
|
x> _-CsHg
CF,CO,Et
3ad
—l‘D -!ID —3ID —l‘D -iID —6‘4] -;D —SID -9‘0 -1‘1}0 —l;D —IIED -l‘il} -1‘40 -iIiD —l‘ﬁD -l:-D —‘1‘30 —1‘90 -2:}0

£1 (ppm)

S64



ST
o

£ cw. Secee—
FEO

P9
8E0—
ol
9T

i~
s

X

TMS

CeF13

3ae

U0
hooe

3]

Fsol

40

43

£l (ppm)

)
e

6.0

6.5

70

10.0

681~
oc._./

iy

0L
o R../
e Ll

Lo LEL
S0'HT1
SIREL

2L0L]
) _m_W
OF 1e]

99 RE]
hm,wm_w
Blael

X

TMS

CeF13

3ae

-10

30 20 10

40

130 120 110 100 90 80 70 60
£1 (ppm)

140

180

190

S65



FLOTL-
GI9T1-

Nwmm_.%.
BIECI-
rIrect-
GrLLl-
J

L6601
6601

£ 18
U’ 18

X

TMS

CeF13

3ae

>80T
60
00T

=ar'0
|

=00

-20 -30 -40 -30 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
£1 (ppm)

-10

L5719
6Ll
181
[
€81
L
Ll
S8
981
o8l
881
_hm./.

P

A NL\

H

CF3

3af (E)

HO

Es0l

Fil'e

oo

00

40

£1 (ppm)

80

10.0

S66



o E—

7 Lg—

ES cn./

o fi—F
o hn.\v

1ozl
poezl-"

BT LLI
6L8L1
STGLI
aL6el
arogd

CF3

3af (E)

HO

30 20 10

40

130 120 110 100 90 80 70 60
£1 (ppm)

140

190 180 170 160

200

op'8s—

CF3

3af (E)

HO

-20 =30 -40 -30 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£l (ppm)

-10

S67



1£'1
51
081
81
(&
L
81
e
981
98 _N
ot
£LT
£LT
SLT
SLT
sLT
LET

L
50 mW
e

HO

3af (2)

ES0'T

ool

00

20

)
=]

30

10.0

£l (ppm)

80 16— -—
-
=
=)
-+
0 [E— e — - =]
"=
2K
=N
&
. =1
e s —
0L |
0§ (9— - g
30
10 £8
T Lt
=N
161
26¥11
oSl T w
09R11 =]
oroziy e an -
~ 961 2 -
sliceles ool E =
G6ETI-E k- ..u._
SIszl =
6E'sTl 3
st E =
98521 09811— -3
E
=X
W=
opoel— % &
T 1"
O 61Z81— ——3 g
\ ml 3
~~— oo i 4 =
— 33239 e
© ot =
(yr] ag'stTl -——
.2 m— °
s

HO

10

30

40

170 160 150 140 130 120 110 100 20 30 70 60

180

£l (ppm)

S68



0909—

~CF3

HO

3af (2)

-20 -30 -40 -50 -60 -70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -130 -190 -200
£1 (ppm)

-10

el
LE _W
GE' |
<" _\1

L
)

98T

omﬂﬁ
oL
h_m%
a'e
ogy
G
cme
_mw%

£EP
SE
LEY

90 L
[SFA
EVLF

il

CF,CO,Et

3ag

Me

i

e

et

w007
Sz

L]

1.0

"
[

30

40

5.0

6.0

8.0

920

00

£l (ppm)

S69



£E B8 RIlg SEE & 2403 28523
o oo of wivi = - o :
B S SHdEven [ s ] 233G SHEm D
VOWONYY Sk l = A
CF,CO,Et
|
I
M I
€ 3ag
I‘
1
I
1
1 1
I
]
! |
] 1
i L1 ;
120 180 170 160 150 140 130 120 110 100 90 30 T0 60 50 40 30 20 10 0
£l (ppm)
CF,CO,Et
M I
e 3ag
I
|
g
(===
e
-10 -20 -30 40 -50 -60 =70 -80 -390 -100 -110 -120 -130 -140 -150 -160 -1“-0 -130 -190 2
£l (ppm)

S70



= Gag]-
BPOL]-

(=]

—s0g

LB
S6'T

LIRARS
" GOSTT|
) LO'ST ™

GTP
1£Fy

Er

434 i g
5y =Y ¥ ool
Ser
9t 7
4 Y
e o&
]

|
-

40

9 L—

80

C4Fg
3ah

CeH13

LB

-140 -150 -160 -170 -130 -190 -200

-130

-120

|

|

-110

100
£l (ppm)
S71

-0

-80

-70

-60

-50

C4Fo

-30

3ah

-20

CeH13

-10




980
BE0-=

%97
1
o
A
vl

L'l
Lil
841

LLe
08T
18T
ERE
S8I-F
LBT
(=34
16T

STy
Le
Lr
8l'p
al't
et
e
ezt
pepd

A

CF3

C1oH21

3ai

Iy

0.0

30

50 5 40

£1 (ppm)

6.0

80

9.5 90

100

I pa-—

C10H21\H

(3]

-9 100 110 1200 130 140 2150 160 170 180 190 200
£1 (ppm)

-80

-60

-30

-40

-30

-10

S72



Tl
SO
591
(&
€81
EE
98|
FLT
QLT
R
SET
BWI—

508
96'T
2oL

BE—
0E'f
1€
e
L
e
S
9L
LET
aE'f

9vL—

CeF13

HO

3aj

00

(2]

40 35 30

3,

5.0

£l (ppm)

6.0

80

9.5 920

10.0

[FAZAR

ESvaks
L59T1
iRty
[ARAks/
[RRARS
LUPTT

T
sy
S9°TIT-
el

BO 11

0
0
4
LT
9z
14
€L
4
44

18-
[
18-

1=
18-
18-
[
18-

CeF13

HO

3aj

we
%N,N

u/mc 4

Es0]
0]

=00y

-50 %0  -100 110 -120 -130 140 150 160 170 -180  -190 200
£L (ppm)

70

-60

-30

=20

-10

S73



9T L—

Br

CF,CO,Et

3ak

Rerp
001
e
Fwo
Ewso
Esi'e

00

1.0

40 3.0

45

50

£l (ppm)

6.0

90 80

100

mcc__.W
0601~

LR80T v
[aail| ‘%

B el

Br

CF,CO,Et

3ak

-40 -30 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -130 -190 -200
£l (ppm)

-30

S74



SO
e
P
o

0LE~
=4

Br

CH2C02Me

3al

¥

00°g
1%
10g

e

e

Eorol
E 0

0.0

Lo

20

i

40 30

5

5.0

£l (ppm)

6.0

90 80

100

BRGE—
18 e

ME—

i) cn./

LA
it hn\u

rTET]
BRET]
[
£9°4T1
1Z8T1
LRI
SPRTI
cmwm_&‘
£6'8T1
SRLEI~
QuoLl="

TLOLI~,
[ARVAES

Br

CH2C02MG

3al

10

30

40

100 90 80 70 60
£l (ppm)

110

170 160 150

180

S75



LYE—
Gol'f

A
ey
£y
riv
STy
9T
v
ey

A
ars
[A WA
[A WA
LW
sre

CH2002M€

Br

3am

Dezory
L0l
Byoe
[rere

For

0.0

1.0

w0 e—

=) €12,
w6ze””

B G

)

2 15—
0p'95—

30

i} 204
o0 RV.

& R.L_ﬁ

40

£l (ppm)

6.0

16zl

prazi”
“ £6FE1~
i SPOg-

80

creL—

2.0

10.0

CH2C02Me

Br

3am

J\._.

30 20 10

40

130 120 110 100 20 80 70 60

140

180

190

210

£L (ppm)

S76



44N
vl
a9zl

bt
Tt
e
£eT
or'ey

Lo
[
4

sIg
a1'¢
2I'€
2I'€
8%
6L€
18
8
b5
v
sip
S
91'p
L1
31
617
6l
orr
177
jaas
£TP
TP
sTp

804
'L
ars
e

1L
w_hK
9T L

CH(COyEt),

Br

3an

EvTe

Flow

0.0

1.0

20

]

50 40

£1 (ppm)

6.0

o0 80

10.0

Hrpl—

re—

trliE—

rsh"
2+ No LN
SPbE,

w9
i _ov.

i) un./

W Li—¢
it hn.\u

aragl
1Zatl
L9PE

CH(CO,E),

Br

3an

-

=

=

2

-

A

=

2

=

2

=

=

D~

=) ~
&
> 3
=]

=

=

=]

2

o

=

=

a

=

E

2

=

=

2

=



Lo
£30
TR0
SR
980
LR
£60)
S6'0
S0
260
Loy

el

951"

LT
202
arg
e
£re
rIe
ST

4% 4
v
oL
GE'

9T L=

Br

CF,CO,Et

00T

Fiso

-05

L]

)
=]

30

100

P8
6 m_/.

Ji |
%m_w
1Ls1

80—

GL'9L

12 LL

EIANIEN
6 11—
65117

81271
hmmm_w-
S5°TT1

SLEPT—

Br

CF,CO,Et

30 20 10

40

100 20 80 10 60

£L (ppm)

110

130

140

190 180

200

S78



LEie—

Br

CF,CO,Et

-60 =70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
£1 (ppm)

=30

-30

=20

-10

£l
SE _./

2 _N

192
fATiA
£

L9T
BT
o NHU

O &
4y mV

i m\

o'
P

PEE

L

[
5559
5’51
5§55+
955
155
55'5 ]
655
09’5
195
2954
o5
sog]
15y
695
5]
sesd

9y L=

e

Br

CF,CO,Et

l0e

Feae

e

Fa0'e

el

88

0.0

10

20

30

40

0
®
S79

6.0

8.0

2.0



20540

SeEE 3R ] ragd =
SeRE sra& g BRRR =
R VN | A [
Br
CF,CO,Et
1
\
]
]
| | 1L
l _J L L |
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)
5
=3
oy
Br
CF,CO,Et
10 -20 -30 -40 -50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 =200
fl (ppm)

S80



1.0

51
Ll
oz

W = -~ S0t

30

e
06'¢ T

[ Fwe |
s

1

5 40

5.0
£l (ppm)

arle—

PTo
xch /= Fw'l
159 &
Gl =
0z L
0T L
12s
44708
st
szt
9z 1
s
82
62 1 \
18 4]

1€ 4]
75 o i
€8 h“__
PEL
seed L
SEL
9g' L
et “
8E L =
8L

T
00T
655 || n

=iin.

CF,CO,Et

80

90

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

-100

£l (ppm)
S81

-80 -90

-70

CF,CO,Et

-30

-10




a1
g
£T

0 mk

S0'E
o'y

009
O oM(
209
sl9-f
£T9
86'94

b0 24

&l LP
oL

124
e
5T
oz ¢
9z ¢4
i
3z ¢
154
et i
9t ]
35
v ¢
or £
or' ]
o)

Ph

CF,CO,Et

it

ERe

e

0.0

)
(=]

30

80

100

£l (ppm)

€906 —

Ph

CF,CO,Et

-80 -90 -100  -110  -120  -130 -140 -150 -160 -170  -180 -190  -200 210 -220
£1 (ppm)

70

-40

-30

S82



SR
3L
068
o'

£
h_cV
_Nm_\‘

9z L
4 A
£ 4
£E L
rEL
SEL
SE L
9L
LEL
1A
8L

CF,CO,Et

X

CsH14

Fele

Fooe

Feso

ERS

00

20

5.0
£l (ppm)

55

6.0

90 80

100

WeEl—#
h@m_\\v
rol—
9r'E—

20'8E—
20 E—

a8

[AiTA
bl .RW
M Li—
E=sli)
16/ (8-

Aoy
6L S
1= movv
RS0

SLR01—
66 111—
rrEl—

s'szl
63521
Lol
LO8TI-E
08821
£5'821
95821
£6'5T1
81'pEl
1£PEl
StpEl
PIogl

Layall
oy v
el

20 10

30

40

L

70

L

80

90

100
£l (ppm)
S83

Lay

110

120

130

150

X
CF,CO,Et

170

180

190

100



CsHq4
I

X

CF,CO,Et

=97 06

-80

-%0

-100

T

-110

-120

T
-130

-140

-150

-160

-170

-180

-190

=20

f1 (ppm)

S84



