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General Information:

NMR spectra were recorded on Bruker-400 (400 MHz for *H; 100 MHz for 13C
and 376 MHz for °F {*H decoupled}) instruments internally referenced to SiMes
signal. High resolution mass spectra were recorded on P-SIMS-Gly of Bruker Dal-
tonics Inc. using ESI-TOF (electrospray ionization-time of flight) or Micromass GCT
using EI (electron impact). Ru(bpy)sCl.* was were prepared according to the literature
procedures and recrystallized from hot water. K;HPO4 were purchased from Alfa and
used as received. NaOAc were purchased from Sinopharm and used as received.
DABCO were purchased from Aladdin and used as received. CHCI3 was distilled
from CaH before use. Irradiation of visible light was performed with two 26 w com-

pact fluorescent light bulbs, showed as below.
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Tables of the Optimization of Reaction Conditions:
Table S1. Solvent Screening:?
Ru(bpy)sCl,*6H,0 (1 mol%)
N ohso.CE. 2HPO4 (2.0 equiv) R xR
2¥720 3solvent (0.5 mL), 40 °C +
26 W light bulb
1a R=SO,Ph 2a 3a

entry solvent yield (2a:3a) (%)P entry solvent yield (2a:3a) (%)°

1 DMF trace/- 6 DCM 351
2 DMSO trace/- 7 CHCl, 42/0
3 Acetone 12/0 8 CIl,CHCHCI, 34/1
4 MeCN trace/- 9 MeOH 0/-

5 EtOAc 12/0 10 THF 25/0

@1a (0.3 mmol, 1.5 equiv), PhSO,CF,l (0.2 mmol, 1.0 equiv), Ny, 24 h. ° Yield determined
by "9F NMR yield

Table S2. Base Screening: ?

Ru(bpy)3Cly*6H,0 (1 mol%) '

N Base (2.0 equiv) R xR
+ PhSO,CF,l - .\
CHCI, (0.5 mL), 40 °C

1a 26 W gt bulo 2 3a
entry base yield(2a:3a) (%) entry base yield(2a:3a) (%)
1 Na,CO3 40/1 8 DABCO 0/92
2 Cs,CO; 0/- 9 none 31/2
3 NaOAc 52/0 10 K3PO4 33/3
4 AgOAc trace/- 11 TsNa 45/4
5 KHCO; 35/1 12 CF3COONa tracel/-
6 NaHCO4 43/3 13 NaOH 0/-
7 NEts 027

@1a (0.3 mmol, 1.5 equiv), PhSO,CF,l (0.2 mmol, 1.0 equiv), N, 24 h. ® Yield determinec
by '°F NMR yield
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Table S3. Concentration Screening:?
Ru(bpy)sCly*6H,0 (1 mol%) '
X NaOAc (2.0 equiv) R xR
+ PhSO,CF,l .
CHCI5 (x mL), 40 °C
26 W light bulb
R=SO,Ph 2a 3a

1a

entry CHCI; (mL) vield (2a:3a) (%)°  entry  CHCIl3(mL) yield (2a:3a) (%)°

0.2 311 3 2 46/0
2 1 48/0 4 4 86/1

21a (0.3 mmol, 1.5 equiv), PhSO,CF,l (0.2 mmol, 1.0 equiv), Ny, 24 h. ° Yield determined by
19F NMR yield
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Preparation of Substrates:

All the styrene derivatives 1b-s were prepared according to the literature.? 4a
was purchased from Energy Chemistry and used as received. 4b, 4e and 4f was were
prepared according to the literature.® 4c was prepared according to the literature.* 4d
was prepared according to the literature.® PhSO.CFI was prepared according to the
literature.®
General Procedure of ATRA Reaction of Styrene:

Ru(bpy)sCl2 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO.CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). Styrene 1a (31.2
mg, 0.3 mmol) and CHCIz (4.0 mL) were added via syringe. The tube was sealed with
a Teflon lined cap and the reaction mixture was placed into a preheated oil bath at
40 <€ with two 26 W compact fluorescent light bulbs (one on either side of the vial
approximately 5 cm away) for 24 h. The mixture was then cooled to room tempera-
ture, filtered through a plug of silica and washed with EtOAc. The filtrate was con-
centrated under vacuum and purified by preparatory thin layer chromatography
(PE:EA = 30:1) to give product 2a as a white solid (70.0 mg, 83%). (Note: All of the
reactions were very sensitive to the size of the catalyst and powdery c atalyst was

needed to obtain reproducible results).

| 2a:'H NMR (400 MHz, CDCl3) § 7.93 (d, J = 7.6 Hz,

©)\/CF2SOZPh 2H), 7.74 (t, J = 7.2 Hz, 1H), 7.61-7.57 (m, 2H), 7.42 (d,
J =172 Hz, 2H), 7.31-7.22 (m, 3H), 5.47 (dd, J = 9.2, 5.6

2a

Hz, 1H), 3.62-3.40 (m, 2H). *C NMR (101 MHz, CDCls) § 142.6, 135.7, 131.6,
130.9, 129.4, 128.9, 128.6, 126.9, 122.9 (t, J = 287.2 Hz), 40.6 (t, J = 18.6 Hz), 17.1 (t,
J = 2.3 Hz). 1F NMR (376 MHz, CDCls) & -101.4 (d, J = 227.8 Hz), -104.4 (d, J =
227.8 Hz). HRMS ESI (m/z): [M+Na]* calcd. for CisH1302F2SINa: 444.9547, found:
444.9558.

| 2b: *H NMR (400 MHz, CDCls) § 7.92 (d, J = 7.6 Hz,

CF,SO,Ph
2H), 7.75 (tt, J = 7.6, 1.2 Hz, 1H), 7.61-7.57 (m, 2H),
Cl

2b
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7.37-7.34 (m, 2H), 7.28-7.25 (m, 2H), 5.45-5.42 (m, 1H), 3.59-3.39 (m,2H). 3C NMR
(101 MHz, CDCls) 6 141.2, 135.7, 134.2, 131.5, 130.9, 129.5, 129.1, 128.3, 122.8 (t,
288.7 Hz), 40.7 (t, J = 18.8 Hz), 15.7 (t, J = 2.3 Hz). °F NMR (376 MHz, CDCl3) &
-100.8 (d, J = 228.8 Hz), -104.4 (d, J = 228.8 Hz). HRMS ESI (m/z): [M+Na]* calcd.
for C15H1202F,SICINa: 478.9157, found: 478.9156.

| 2¢: H NMR (400 MHz, CDCls) § 7.92 (d, J = 7.6 Hz,

CF,S0O,Ph
/©)V 2vee 2H), 7.74 (tt, J = 7.6, 1.2 Hz, 1H), 7.60-7.56 (m, 2H),
F

2¢ 7.42-7.39 (m, 2H), 6.99-6.95 (m, 2H), 5.47-5.45 (m,

1H), 3.59-3.39 (m, 2H). 13C NMR (101 MHz, CDCls) & 162.3 (d, J = 247.3 Hz),
138.6 (d, J = 3.4 Hz), 135.7, 131.5, 130.9, 129.5, 128.7 (d, J = 8.4 Hz), 1229 (t, J =
288.8 Hz), 115.9 (d, J = 21.9 Hz), 40.9 (t, J = 18.7 Hz), 16.0 (t, J = 2.0 Hz). 1°F NMR
(376 MHz, CDCl3) & -101.0 (d, J = 228.6 Hz), -104.4 (d, J = 228.6 Hz), -112.4.
HRMS ESI (m/z): [M+Na]" calcd. for C1sH1202F3SINa: 462.9452, found: 462.9451.

I 2d: 'H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 7.7 Hz,

CF,SO,Ph
/©)V 2272 2H), 7.75 (t, 3 = 7.2 Hz, 1H), 7.62-7.56 (m, 2H),
Br

2d 7.43-7.41 (m, 2H), 7.33-7.27 (m, 2H), 5.44-5.40 (m,

1H), 3.58-3.38 (m, 2H). *C NMR (101 MHz, CDCls) & 141.7, 135.8, 132.1, 131.5,
131.0, 129.5, 128.6, 122.8 (t, J = 288.4 Hz), 122.4, 40.7 (t, J = 18.6 Hz), 15.7 (t, J =
2.2 Hz). 1%F NMR (376 MHz, CDCls3) § -100.7 (d, J = 228.8 Hz), -104.3 (d, J = 228.8
Hz). HRMS ESI (m/z): [M+Na]* calcd. for CisH1202F>SBrINa: 522.8652, found:
522.8661.

| 2¢: 'H NMR (400 MHz, CDCls) § 7.93 (d, J = 7.6 Hz,
CFaSOPh 1 ol 7.75 (i, J = 7.2, 1.2 Hz, 1H), 7.61-7.57 (m, 2H),

2e 7.55 (t, J = 2.0 Hz, 1H), 7.38-7.34 (m, 2H), 7.17 (t, J =
Br

8.0 Hz, 1H), 5.40-5.36 (m, 1H), 3.57-3.38 (m, 2H). 13C
NMR (101 MHz, CDCls) 6 144.8, 135.8, 131.7, 131.5, 131.0, 130.4, 130.0, 129.5,
125.7, 122.8 (t, J = 288.8 Hz), 122.6, 40.6 (t, J = 18.8 Hz), 15.0 (t, J = 2.3 Hz). %F
NMR (376 MHz, CDCls) § -101.0 (d, J = 228.7 Hz), -104.3 (d, J = 228.8 Hz). HRMS
ESI (m/z): [M+Na]" calcd. for C15sH1202F2SBrINa: 522.8652, found: 522.8653.
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, 2f: 'H NMR (400 MHz, CDCls) & 7.93 (d, J = 7.6 Hz,

CF,S0,Ph 2H), 7.75 (tt, J = 7.6, 1.2 Hz, 1H), 7.61-7.57 (m, 2H),

of 7.30-7.23 (m, 1H), 7.19 (dt, J = 7.6, 1.2 Hz, 1H), 7.12 (dt,

J=09.6, 2.0 Hz, 1H), 6.94 (tdd, J = 8.4, 2.4, 1.2 Hz, 1H),
5.44-5.40 (m, 1H), 3.58-3.37 (m, 2H). 3C NMR (101 MHz, CDCls) 5 162.6 (d, J =
245.9 Hz), 144.9 (d, J = 7.4 Hz), 135.8, 131.6, 131.0, 130.5 (d, J = 8.3 Hz), 129.5,
122.8 (t, J = 288.7 Hz ), 122.6 (d, J = 2.8 Hz ), 115.7 (d, J = 21.2 Hz), 114.1 (d, J =
22.5 Hz). 40.5 (t, J = 18.8 Hz), 15.3 (g, J = 2.3 Hz). °F NMR (376 MHz, CDCls) &
-101.1 (d, J = 228.2 Hz), -104.4 (d, J = 228.6 Hz), -111.8. HRMS ESI (m/z): [M+Na]*
calcd. for C1sH1202F3ISNa: 462.9452, found: 462.9460.

: 29: *H NMR (400 MHz, CDCl3) & 7.86 (d, J = 7.6 Hz,

dVCFstZPh OH), 7.66 (t, J = 7.6 Hz, 1H), 7.52-7.48 (m, 3H),
cl 7.21-7.17 (m, 2H), 7.12-7.08 (m, 1H), 5.85-5.82 (m, 1H),

2g

3.64-3.33 (M, 2H). 3C NMR (101 MHz, CDCl3) & 139.6,
135.7, 131.7, 131.7, 131.5, 131.0, 130.2, 129.6, 129.5, 128.8, 127.7, 1229 (t, J =
288.0 Hz), 39.2 (t, J = 18.8 Hz), 11.6. 1%F NMR (376 MHz, CDCl3) 5 -102.6 (d, J =
227.5 Hz), -104.0 (d, J = 228.9 Hz). HRMS ESI (m/z): [M+Na]* calcd. for
C1sH1202F2ICISNa: 478.9157, found: 478.9135.

, 2h: 'H NMR (400 MHz, CDCls) & 7.93 (d, J = 7.8 Hz,

dVCFzsozph 2H), 7.74 (tt, J = 7.6, 1.2 Hz, 1H), 7.61-7.57 (m, 2H),
F 7.43 (td, J = 7.6, 1.6 Hz, 1H), 7.29-7.22 (m, 1H), 7.11 (td,

2h

J =176, 1.0 Hz, 1H), 7.01-6.96 (m, 1H), 5.67 (dd, J =
10.0, 5.3 Hz, 1H), 3.70-3.39 (m, 2H). *C NMR (101 MHz, CDCls) § 159.2 (d, J =
248.5 Hz), 135.7, 131.6, 131.0, 130.3 (d, J = 8.6 Hz,), 129.8 (d, J = 12.5 Hz), 129.5,
128.8 (d, J = 2.5 Hz), 124.7 (d, J = 3.6 Hz), 123.0 (t, J = 290.2 Hz), 116.3 (d, J = 21.7
Hz), 39.5 (td, J = 19.0, 2.2 Hz), 7.7 (g, J = 2.9 Hz). °F NMR (376 MHz, CDCl3) 5
-102.4 (d, J = 228.2 Hz), -104.7 (d, J = 228.2 Hz), -115.1. HRMS ESI (m/z): [M+Na]*
calcd. for C1sH1202F3SINa: 462.9452, found: 462.9449.
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| 2i: 'H NMR (400 MHz, CDCls) & 7.94 (d, J = 7.6 Hz,

Br\(:ﬁvCFzSOzPh 2H), 7.76 (tt, J = 7.6, 1.2 Hz, 1H), 7.62-7.58 (m, 2H),
F 7.53 (dd, J = 6.8, 2.4 Hz, 1H), 7.35 (ddd, J = 8.8, 4.4,

2i

2.8 Hz, 1H), 6.89 (dd, J = 10.0, 8.8 Hz, 1H), 5.56 (dd,

J=10.0, 5.2 Hz, 1H), 3.64-3.36 (m, 2H). 13C NMR (101 MHz, CDCl3) § 158.4 (d, J =
249.2 Hz), 135.8, 133.2 (d, J = 8.6 Hz), 131.9 (d, J = 13.8 Hz), 131.6 (d, J = 2.8 Hz),
131.5,131.0, 129.5, 122.8 (t, J = 288.2 Hz ), 118.1 (d, J = 23.4 Hz), 116.9 (d, J = 3.5
Hz), 39.4 (td, J = 18.8, 2.2 Hz), 6.0 (g, J = 2.5 Hz). °F NMR (376 MHz, CDCl3) 5
-102.0 (d, J = 229.1 Hz), -104.7 (d, J = 229.0 Hz), -116.8. HRMS ESI (m/z): [M+Na]*
calcd. for C1sH1102F3SBrINa: 540.8558, found: 540.8560.

| 2j: 'H NMR (400 MHz, CDCls) § 7.92 (d, J = 8.0 Hz,

/@)VCFzSOzPh 2H), 7.74 (t, J = 7.6 Hz, 1H), 7.60-7.56 (m, 2H), 7.31
Me (d, J = 8.1 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 5.47 (dd,

2j

J=9.6, 5.6 Hz, 1H), 3.62-3.39 (M, 2H), 2.29 (s, 3H).

13C NMR (101 MHz, CDCls) & 139.8, 138.6, 135.6, 131.6, 130.9, 129.6, 129.4 126.8,
123.0 (t, J = 289.0 Hz), 40.6 (t, J = 18.6 Hz), 21.3, 17.5 (t, J = 2.2 Hz). 1°F NMR (376
MHz, CDCls) & -101.39 (d, J = 228.0 Hz), -104.61 (d, J = 228.0 Hz). RMS ESI (m/2):
[M+Na]* calcd. for C16H1502F2SINa: 458.9703, found: 458.9687.

| 2k: 'H NMR (400 MHz, CDCl3) & 7.93 (d, J = 7.6 Hz,

CF,SO.Ph | 2H), 7.74 (t, J = 7.6 Hz, 1H), 7.60-7.56 (m, 2H), 7.21 (t,
- J =7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 6.94 (s, 1H),

OMe 6.78 (dd, J = 8.0, 2.0 Hz, 1H), 5.42 (dd, J = 9.6, 5.6 Hz,

1H), 3.80 (s, 3H), 3.61-3.40 (m, 2H). 3C NMR (101 MHz, CDCls) § 159.6, 144.1,
135.7, 131.6, 130.9, 129.9, 129.4, 122.9 (, J = 288.9 Hz), 119.2, 114.0, 112.7, 55.4,
405 (t, J = 18.6 Hz), 16.9 (t, J =2.1 Hz). 1°F NMR (376 MHz, CDCls) 5 -101.6 (1F, J
= 227.8 Hz), -104.5 (1F, J = 227.8 Hz). HRMS ESI (m/z): [M+Na]* calcd. for
CisH1503F2SINa: 474.9652, found: 474.9654.

| 21: *H NMR (400 MHz, CDCls) § 7.92 (d, J = 7.8 Hz,

/©)VCF2802Ph 2H), 7.75 (tt, J = 7.6, 1.2 Hz, 1H), 7.61-7.52 (m, 6H),
FaC
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5.49-5.45 (m, 1H), 3.62-3.40 (m, 2H). *C NMR (101 MHz, CDCls) § 146.5, 135.8,
131.5, 131.0, 130.6 (q, J = 32.5 Hz), 129.5, 127.4, 125.9 (q, J = 3.7 Hz), 123.8 (g, J =
270.6 Hz), 122.8 (t, J = 288.6 Hz ), 40.6 (t, J = 18.9 Hz), 14.9 (t, J = 2.2 Hz). %°F
NMR (376 MHz, CDCls) & -62.7, -100.72 (d, J = 229.1 Hz), -104.33 (d, J = 229.0 Hz).
HRMS ESI (m/z): [M+Na]* calcd. for C16H1,0,FsSINa: 512.9421, found: 512.9426.

, 2m: 'H NMR (400 MHz, CDCls) § 7.92 (d, J = 7.6 Hz,

CF,SO,Ph 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.64-7.56 (m, 4H), 7.50 (d,

2m J =76 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 5.48 (dd, J =
CF,

9.2, 6.0 Hz, 1H), 3.62-3.41 (m, 2H). 3C NMR (101 MHz,
CDCls) 6 143.7, 135.8, 131.5, 131.3 (q, J = 32.4 Hz ) 130.9, 130.4, 129.6, 129.5,
125.4 (q, J = 3.7 Hz), 123.7 (q, J = 270.9 Hz), 123.7 (g, J = 3.6 Hz), 122.8 (t, 288.4
Hz), 40.7 (t, J = 18.9 Hz), 14.9 (t, J = 2.3 Hz). 1%F NMR (376 MHz, CDCls) 5 -62.73,
-100.8 (d, J = 229.3 Hz), -104.2 (d, J = 229.2 Hz). HRMS ESI (m/z): [M+Na]* calcd.
for C16H1202FsSINa: 512.9421, found: 512.9418.

, 2n: 'H NMR (400 MHz, CDCls) & 7.92 (d, J = 8.0 Hz,

@fyCBSOzPh 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.74 (t, J = 7.6 Hz, 1H),
CFs 7.60-7.56 (m, 3H), 7.53 (d, J = 8.0 Hz, 1H), 7.35 (t, J =
n

7.6 Hz, 1H), 5.78 (dd, J = 9.6, 5.2 Hz, 1H), 3.75-3.40 (m,
2H). 3C NMR (101 MHz, CDCl3) § 141.5, 135.7, 132.8, 131.4, 131.0, 130.4, 129.5,
128.4,125.9 (g, J = 5.8 Hz), 125.5 (g, J = 30.6 Hz), 124.0 (g, J = 272.5 Hz), 122.9 t,
J =288.6 Hz), 40.4 (t, J = 18.7 Hz), 9.3. °F NMR (376 MHz, CDCls) § -59.7, -103.7
(d, J = 227.4 Hz), 104.6 (dg, J = 227.4, 4.8 Hz). HRMS ESI (m/z): [M+Na]* calcd. for
CisH1202FsSINa: 512.9421, found: 512.9427.

| 20: 'H NMR (400 MHz, CDCl3) § 7.91 (d, J = 7.7 Hz,

/@)\/05302% 2H), 7.76 (tt, J = 7.6, 1.2 Hz, 1H), 7.61-7.56 (m, 4H),
NC 7.53-7.50 (m, 2H), 5.46-5.43 (m, 1H), 3.60-3.38 (m,

20

2H). 3C NMR (101 MHz, CDCls) § 147.6, 135.9,

132.7, 131.4, 130.9, 129.5, 127.8, 122.7 (t, J = 288.3 Hz), 118.3, 112.3, 40.4 (t, J =
19.0 Hz), 14.4 (d, J = 2.5 Hz). °F NMR (376 MHz, CDCls) § -100.43 (d, J = 229.5
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Hz), -104.19 (d, J = 2295 Hz). HRMS ESI (m/z): [M+Na]® calcd. for
C16H12NO2F2SINa: 469.9499, found: 469.9501.

| 2p: H NMR (400 MHz, CDCls) & 7.96 (d, J =

/Q)VC%OZP“ 8.4 Hz, 2H), 7.91 (d, J = 8.0 Hz, 2H), 7.74 (t, J =
MeOOC 7.6 Hz, 1H), 7.59-7.55 m, 2H), 7.48 (d, J = 8.4

2p

Hz, 2H), 5.47 (dd, J = 9.6, 5.6 Hz, 1H), 3.89 (s,
3H), 3.62-3.40 (m, 2H). 3C NMR (101 MHz, CDCl3) § 166.4, 147.4, 135.7, 131.5,
130.9, 130.2, 129.5, 127.0, 122.8 (t, J = 288.6 Hz), 52.3, 40.4 (t, J = 18.8 Hz), 15.4 (t,
J = 2.2 Hz). 9F NMR (376 MHz, CDCls) & -100.8 (d, J = 228.9 Hz), -104.3 (d, J =
228.9 Hz). HRMS ESI (m/z): [M+Na]" calcd. for C17H1504F2SINa: 502.9601, found:
502.9604.

| 2q: *H NMR (400 MHz, CDCl3) § 7.91 (d, J =

/@)\/CFzsozph 7.6 Hz, 2H), 7.89-7.86 (m, 2H), 7.76 (tt, J = 7.6,
MeO,S 1.2 Hz), 7.63-7.58 (m, 4H), 5.50-5.46 (m, 1H),

2q

3.62-3.42 (m, 2H), 3.06 (s, 3H). *C NMR (101

MHz, CDCls) & 148.5, 140.4, 135.9, 131.3, 130.9, 129.5, 128.1, 128.0, 122.7 (t, J =
288.2 Hz), 44.5, 40.5 (t, J = 18.9 Hz), 14.2 (t, 2.5 Hz). °F NMR (376 MHz, CDCl3) 3
-100.3 (d, J = 228.9 Hz), -104.1 (d, J = 229.3 Hz). HRMS ESI (m/z): [M+Na]* calcd.
for C1sH1504F2S;INa: 522.9322, found: 522.9319.

| 2r: 'H NMR (400 MHz, CDCls) § 8.57 (ddd, J = 4.8, 1.6,

X CF2S02Ph | 0.8 Hz, 1H), 7.92 (d, J = 7.6 Hz, 2H), 7.73 (td, J = 7.6,
N

|
or 1.2 Hz, 1H), 7.63-7.55 (m, 3H), 7.31 (dt, J = 7.8, 0.8 Hz,

1H), 7.14 (ddd, J = 7.6, 4.8, 1.2 Hz, 1H), 5.54 (dd, J = 10.0, 4.4 Hz, 1H), 4.00-3.86
(m, 1H), 3.47-3.33 (m, 1H). C NMR (101 MHz, CDCls) & 160.0, 149.7, 136.9,
135.5, 131.8, 130.8, 129.3, 123.0, 123.0 (t, J = 289.7 Hz), 120.9, 38.7 (t, J = 19.0 Hz),
17.5 (t, J = 9.6 Hz). 9F NMR (376 MHz, CDCl3) § -101.23 (d, J = 229.6 Hz), -103.79
(d, J =229.6 Hz). HRMS ESI (m/z): [M+Na]* calcd. for C14H12NO2F>SINa: 445.9499,
found: 445.9498.

General Procedure of ATRA Reaction of Aliphatic Alkene:

Ru(bpy)sCl, 6H20 (1.5mg, 0.002 mmol), KoCO3z (55.2 mg, 0.4 mmol) and
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PhSO2CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). 1-Octene 4a (33.6
mg, 0.3 mmol) and CHCI3 (0.5 mL) were added via syringe. The tube was sealed with
a Teflon lined cap and the reaction mixture was placed into a preheated oil bath at
40 <C with two 26 W compact fluorescent light bulbs (one on either side of the vial
approximately 5 cm away) for 24 h. The mixture was then cooled to room tempera-
ture, filtered through a plug of silica and washed with EtOAc. The filtrate was con-
centrated under vacuum and purified by preparatory thin layer chromatography

(PE:EA = 30:1) to give product 5a as a pale yellow oil (75.6 mg, 88%).

| 5a: 'H NMR (400 MHz, CDCls) & 7.98 (d, J = 7.6 Hz,
CF,S0,Ph _

CeHis 2H), 7.77 (td, J = 7.6, 1.2 Hz, 1H), 7.64-7.60 (m, 2H),

5a 4.38-4.31 (m, 1H), 3.23-2.99 (m, 2H), 1.87-1.70 (m, 2H),

1.58-1.47 (m, 1H), 1.46-1.35 (m, 1H), 1.33-1.22 (m, 6H), 0.87 (t, J = 7.2 Hz). 3C

NMR (101 MHz, CDClz) 6 135.7, 131.8, 130.9, 129.5, 123.5 (t, J = 287.4 Hz), 40.3,
39.8 (t, J = 18.9 Hz,), 31.6, 29.4, 28.2, 22.6, 21.4 (t, J = 7.2 Hz), 14.1. °F NMR (376
MHz, CDCls) & -101.6 (d, J = 227.4 Hz), -103.2 (d, J = 227.1 Hz). HRMS ESI (m/2):
[M+Na]" calcd. for C1sH2102F-SINa: 453.0173, found: 453.0171.

5b: 'H NMR (400 MHz, CDCl3) & 8.03-8.01

(0]
(m, 2H), 7.95 (d, J = 7.6 Hz, 2H), 7.76 (tt, J =
o) CF,S0,Ph
©)J\ /\/\r\
5b

7.6, 0.8 Hz, 1H), 7.62-7.58 (m, 2H), 7.54 (tt, J

= 7.2 Hz, 1.2 Hz, 1H), 7.43-7.39 (m, 2H),
4.47-4.40 (m, 1H), 4.35 (t, J = 6.0 Hz, 2H), 3.29-3.02 (M, 2H), 2.09-1.86 (m, 4H). :*C
NMR (101 MHz, CDCl3) 6 166.5, 135.7, 133.0, 131.7, 130.9, 130.1, 129.6, 129.5,
128.4, 123.3 (t, J = 289.2 Hz), 63.6, 39.9 (t, J = 19.1 Hz), 36.8, 28.9, 20.1. *F NMR
(376 MHz, CDCls) & -101.1 (d, J = 228.4 Hz), -103.1 (d, J = 228.4 Hz). HRMS ESI
(m/z): [M+Na]" calcd. for C19H1904F2SINa: 530.9914, found: 530.9909.

5¢: *H NMR (400 MHz, CDCls) § 7.97 (d, J =

|
©AOAM)2VCFzsozph 7.6 Hz, 2H), 7.76 (tt, J = 7.6, 1.2 Hz, 1H),
5¢c

7.63-7.59 (m, 2H), 7.35-7.24 (m, 5H), 4.48 (s,
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2H), 4.41-4.34 (m, 1H), 3.49 (t, J = 5.6 Hz, 2H), 3.25-3.00 (m, 2H), 1.97-1.82 (m,
3H), 1.71-1.66 (m, 1H). *C NMR (101 MHz, CDClz) & 138.4, 135.7, 131.7, 130.9,
129.5, 128.4, 127.7, 127.6, 123.4 (t, J = 287.5 Hz), 73.0, 68.9, 39.8 (t, J = 19.0 Hz),
37.3,29.8, 20.9 (t, J = 1.8 Hz). **F NMR (376 MHz, CDCls) & -101.6 (d, J = 227.4
Hz), -103.2 (d, J = 227.4 Hz). HRMS ESI (m/z): [M+Na]" calcd. for C19H2103F>SINa:
517.0122, found: 517.0125.

| 5d: *H NMR (400 MHz, CDCl3) § 7.97 (d, J = 7.6 Hz,

TsHN Ae/))?)VCFZ)SOZPh 2H), 7.79 (t, = 7.2 Hz, 1H), 7.75 (d, J = 8.4 Hz, 2H),

5d 7.66-7.62 (m, 2H), 7.30 (d, J = 8.0 Hz, 2H), 4.78 (t, J

= 6.0 Hz, 1H), 4.30-4.23 (m, 1H), 3.20-2.91 (m, 4H), 2.42 (s, 3H), 1.78-1.65 (m, 2H),
1.53-1.33 (m, 4H). °C NMR (101 MHz, CDClz) § 143.5, 136.9, 135.8, 131.7, 130.9,
129.8, 129.5, 127.2, 123.3 (t, J = 287.3 Hz), 42.9, 39.8 (t, J = 19.0 Hz), 39.5, 28.5,
26.5, 21.6, 20.6. 1%F NMR (376 MHz, CDCls) & -101.3 (d, J = 227.8 Hz), -103.0 (d, J
= 227.8 Hz). HRMS ESI (m/z): [M+Na]* calcd. for C20H24NO4F2S;2INa: 594.0057,
found: 594.0050.

5e: 'H NMR (400 MHz, CDCI3) & 7.97 (d, J = 7.6 Hz,
CF,S0,Ph

o |
E:ENJ_/ 2H), 7.79 (t, J = 7.6 Hz, 1H), 7.65-7.61 (m, 2H),
(0] 5e

4.71-4.64 (m, 1H), 3.99 (dd, J = 14.0, 8.0 Hz, 1H), 3.81

(dd, J = 13.6, 7.6 Hz, 1H), 3.23-3.04 (m, 2H), 2.76 (s,
4H). *C NMR (101 MHz, CDCls) § 176.7, 135.8, 131.5, 130.9, 129.5, 122.9 (t, J =
287.4 Hz), 46.3, 38.0 (t, J = 20.2 Hz), 28.2, 12.3 (t, J = 2.3 Hz). F NMR (376 MHz,
CDCl3) & -100.5 (d, J = 229.5 Hz), -103.7 (d, J = 229.5 Hz). HRMS ESI (m/z):
[M+H]" calcd. for C14H1sNO4lF.S: 457.9735, found: 457.9741.

5f: TH NMR (400 MHz, CDCI3) § 7.96 (d, J=7.9

O 0]
©/\Z | Hz, 2H), 7.81-7.76 (m, 2H), 7.64 (t, J = 7.2 Hz,

O~ _CF,80,Pn| 2H), 7.55 (t, J = 8.4 Hz, 1H), 7.32 (d, } = 8.1 Hz,
>f 1H), 7.25 (d, J = 8.8 Hz, 1H), 5.67 (s, 1H), 4.49

(s, 1H), 4.18 (s, 2H), 3.33-3.05 (m, 2H), 2.27-2.02 (m, 4H). *C NMR (101 MHz,
CDCI3) 3 165.5, 162.9, 153.4, 135.8, 132.5, 131.7, 130.9, 129.5, 124.0, 123.3 (t, J =

289.87 Hz), 123.1, 116.9, 115.7, 90.7, 68.2, 40.1 (t, J = 19.2 Hz), 36.7, 28.7, 19.8 (t, J
s13



= 2.2 Hz). F NMR (376 MHz, CDCl3) & -100.72 (d, J = 228.9 Hz), -102.88 (d, J =
228.9 Hz). HRMS ESI (m/z): [M+Na]" calcd. for C21H190sF2SINa: 570.9864, found:
570.9858.

General Procedure of Heck-type Reaction of Styrene:

Ru(bpy)zCl2 6H20 (1.5mg, 0.002 mmol), DABCO (44.8 mg, 0.4 mmol) and
PhSO.CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). Styrene 1a (31.2
mg, 0.3 mmol) and CHCIs (0.5 mL) were added via syringe. The tube was sealed with
a Teflon lined cap and the reaction mixture was placed into a preheated oil bath at
40 <€ with two 26 W compact fluorescent light bulbs (one on either side of the vial
approximately 5 cm away) for 24 h. The mixture was then cooled to room tempera-
ture, filtered through a plug of silica and washed with EtOAc. The filtrate was con-
centrated under vacuum and purified by preparatory thin layer chromatography

(PE:EA = 30:1) to give product 3a as a white solid (54.0 mg, 92%).

3a’: 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 7.6 Hz,

x_CF,S0,Ph
(j/V 2H), 7.76 (t, J = 7.6 Hz, 1H), 7.64-7.60 (m, 2H),

3a 7.50-7.47 (m, 2H), 7.40-7.38 (m, 3H), 7.19 (dt, J = 16.4

Hz, 2.0 Hz, 1H), 6.39 (dt, J = 16.0 Hz, 12.0 Hz, 1H). $*C NMR (101 MHz, CDCls) &
142.4 (t, J = 8.8 Hz), 135.4, 133.7, 133.1, 130.9, 130.5, 129.4, 129.0, 128.0, 121.6 (1,
J=281.7 Hz), 112.5 (t, J = 22.2 Hz). F NMR (376 MHz, CDCl3) § -101.2.

3b: 'H NMR (400 MHz, CDCl3) & 8.03 (d, J = 7.6 Hz,

. CF,S0O,Ph
/(>/V 2H), 7.76 (dt, J = 7.6, 1.2 Hz, 1H), 7.67 -7.60 (m, 2H),
F

3b 7.50-7.45 (m, 2H), 7.16 (dt, J = 16.4, 2.0 Hz, 1H),

7.11-7.05 (m, 2H), 6.31 (dt, J = 16.2, 11.8 Hz, 1H). *C NMR (101 MHz, CDCls) &
164.0 (d, J = 250.0 Hz), 141.1 (t, J = 8.9 Hz), 135.4, 133.0, 130.9, 129.9, 129.9, 129.4,
121.6 (t, J = 281.8 Hz), 116.2 (d, J = 22.0 Hz), 112.2 (td, J = 22.5, 2.3Hz ). 1°F NMR
(376 MHz, CDCls) & -101.1, -109.4. HRMS ESI (m/z): [M+H]* calcd. for
C1sH1202F3S: 313.0510, found: 313.0500.
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3c: 'H NMR (400 MHz, CDCls) & 8.02 (d, J = 7.6 Hz,

X _CF,S0,Ph
/(j/V 2H), 7.76 (tt, J = 7.2, 0.8 Hz, 1H), 7.65-7.61 (m, 2H),
Cl

3c 7.43-7.41 (m, 2H), 7.37-7.35 (m, 2H), 7.15 (dt, J = 16.0,

2.0 Hz, 1H), 6.36 (dt, J = 16.4, 11.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) § 141.1 (t,
J=8.9 Hz), 136.5, 135.4, 133.0, 132.2, 130.9, 129.4, 129.3, 129.2, 121.5 (t, J = 281.9
Hz), 113.2 (t, J = 22.4 Hz). 9F NMR (376 MHz, CDCls) & -101.3. HRMS ESI (m/z):
[M+Na]" calcd. for C1sH1102F>SCINa: 351.0034, found: 351.0028.

3d: 'H NMR (400 MHz, CDCl3) § 8.02 (d, J = 7.2 Hz,

X CF,SO,Ph
/©/\/ 2H), 1.77 (tt, J=17.6, 1.2 Hz, lH), 7.66-7.61 (m, 2H),
Br

3d 7.56-7.52 (m, 2H), 7.38-7.34 (m, 2H), 7.14 (dt, J = 16.0,
2.2 Hz, 1H), 6.39 (dt, J = 16.4, 11.6 Hz, 1H). 13C NMR (101 MHz, CDCls) 5 141.2 (t,

J=8.9 Hz), 135.5, 133.0, 132.6, 132.3, 130.9, 129.4, 129.4, 124.8, 121.5 (t, J = 281.9
Hz), 113.3 (t, J = 22.4 Hz). *°F NMR (376 MHz, CDCl3) & -101.3. HRMS ESI (m/2):
[M+Na]* calcd. for C15H1102F2SBrNa: 394.9529, found: 394.9527.

3e: 'H NMR (400 MHz, CDCls) & 8.03 (d, J = 7.7 Hz,
X CF,SO,Ph

Q/\/ 2H), 7.78 (tt, J = 7.6 Hz, 1H), 7.65-7.61 (m, 2H),
L 3e 7.40-7.34 (m, 1H), 7.27 (d, J = 8.0 Hz, 1H), 7.20-7.14 (m,
2H), 7.10 (td, J = 8.4, 2.0 Hz, 1H), 6.40 (dt, J = 16.0, 11.6 Hz, 1H). **C NMR (101

MHz, CDCls) § 163.1 (d, J = 245.7 Hz), 141.1 (td, J = 8.9, 2.6 Hz), 135.8 (d, J = 7.7
Hz), 135.5, 132.9, 130.9, 130.6 (d, J = 8.3 Hz), 129.4, 123.9 (d, J = 2.7 Hz), 121.4 (t,
J=281.9 Hz), 117.4 (d, J = 21.3 Hz), 114.4 (d, J = 22.0 Hz), 114.1 (t, J = 22.4 Hz).
19F NMR (376 MHz, CDCls) § -101.5, -112.2. HRMS ESI (m/z): [M+H]* calcd. for
C1sH1202F3S: 313.0510, found: 313.0527.

3f7 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 7.6 Hz,

x_CF,S0,Ph
©/v oH), 7.78 (tt, J = 7.6, 0.8 Hz, 1H), 7.65-7.61 (m, 2H),
. 7.48 (s, 1H), 7.39-7.31 (m, 3H), 7.14 (dt, J = 16.2, 2.1 Hz,
1H), 6.41 (dt, J = 16.2, 11.8 Hz, 1H). *C NMR (101 MHz, CDCls) 5 140.9 (t, J = 8.9

Hz), 135.5, 135.4, 135.1, 132.9, 130.9, 130.4, 130.3, 129.4, 127.8, 126.1, 121.3 (t, J =
282.0 Hz), 114.2 (t, J = 22.5 Hz). 1°F NMR (376 MHz, CDCls) 5 -101.5.
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3g: 'H NMR (400 MHz, CDCls) & 8.03 (d, J = 7.7 Hz,

o CF,S0,Ph
©/v 2H), 7.77 (tt, J = 7.6, 0.8 Hz, 1H), 7.67 -7.60 (m, 3H),
3g 7.52 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 7.8 Hz, 1H), 7.27 (¢,

Br
J=8.0 Hz, 1H), 7.12 (tt, J = 16.0, 2.0 Hz, 1H), 6.40 (dt, J
= 16.0, 11.8 Hz, 1H). 13C NMR (101 MHz, CDCls) 6 140.8 (t, J = 8.9 Hz), 135.7,

135.5, 133.3, 132.9, 130.9, 130.7, 130.5, 129.4, 126.6, 123.1, 119.9 (t, J = 281.9 Hz),
114.2 (t, J = 22.5 Hz). F NMR (376 MHz, CDCls) & -101.6. HRMS ESI (m/2):
[M+H]" calcd. for C15sH1202F2SBr: 372.9709, found: 372.9699.

3h: 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 7.6 Hz,

x_CF,S0,Ph
@V 2H), 7.77 (t, 3 = 7.6 Hz, 1H), 7.65-7.61 (m, 2H), 7.51 (t, J
F
3h = 8.4 Hz, 1H), 7.40-7.35 (m, 1H), 7.32 (dt, J = 16.4, 2.2

Hz, 1H), 7.18 (td, J = 7.6, 1.2 Hz, 1H), 7.13-7.08 (m, 1H), 6.52 (dt, J = 16.4, 11.8 Hz,
1H). 3C NMR (101 MHz, CDCl3) 5 161.2 (d, J = 252.3 Hz), 135.4, 135.2 (td, J = 9.3,
3.1 Hz), 133.0, 132.0 (d, J = 8.8 Hz), 130.9, 129.4, 129.1, 124.6 (d, J = 3.6 Hz), 121.7
(d, J = 11.5 Hz), 121.4 (d, J = 281.8 Hz), 116.3 (d, J = 21.8 Hz), 115.2 (td, J = 22.3,
7.1 Hz). F NMR (376 MHz, CDCl3) & -101.7, -114.8. HRMS ESI (m/2): [M+H]*
calcd. for C15H1202F3S: 313.0510, found: 313.0519.
3i: IH NMR (400 MHz, CDCls) & 8.04 (d, J = 7.6 Hz,
@\VCFZSOM 2H), 7.77 (t J = 7.6 Hz, 1H), 7.65-7.56 (m, 4H),
Cl g 7.42-7.40 (m, 1H), 7.35-7.28 (m, 2H), 6.41 (dt, J = 16.2,
11.8 Hz, 1H). *C NMR (101 MHz, CDCl3) 5 138.4 (t, J =

9.1 Hz), 135.5, 134.6, 132.9, 131.93, 131.3, 130.9, 130.2, 129.4, 127.8, 127.3, 121.3
(t, J = 283.8 Hz), 115.3 (t, J = 22.4 Hz). °F NMR (376 MHz, CDCl3) & -101.7.
HRMS ESI (m/z): [M+Na]" calcd. for C1sH1:02F2SCINa: 351.0034, found: 351.0036.

3j: 'H NMR (400 MHz, CDCls) § 8.03 (d, J = 7.9 Hz,

Br NN CF2802Ph
\(:(\/ 2H), 7.78 (t, J = 7.2 Hz, 1H), 7.65-7.61 (m, 3H),
F

3j 7.49-7.45 (m, 1H), 7.23 (d, J = 17.2 Hz), 7.01 (t, J =

9.2 Hz, 1H), 6.52 (dt, J = 16.3, 11.6 Hz, 1H). 13C NMR (101 MHz, CDCls) & 160.1 (d,
J = 252.9 Hz), 135.5, 134.6 (d, J = 8.7 Hz), 133.8 (td, J = 9.4, 2.9 Hz,), 132.8, 131.6

(d, J = 2.7 Hz), 131.0, 129.4, 123.6 (d, J = 13.0 Hz), 121.1 (t, J = 282.4 Hz), 118.1 (d,
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J=235Hz), 117.2 (d, J = 3.4 Hz), 116.8 (td, J = 22.5, 6.9 Hz). 1°F NMR (376 MHz,
CDCls) 6 -102.0, -116.9. HRMS ESI (m/z): [M+Na]* calcd. for C1sH1002F3SBrNa:
412.9435, found: 412.9430.

3k”: 'H NMR (400 MHz, CDCl3) & 8.02 (d, J = 8.0 Hz,

/(>/\VCFZSOZP'1 2H), 7.76 (t, J = 7.6 Hz, 1H), 7.64-7.60 (m, 2H), 7.38
Me (d, J = 8.0 Hz), 7.20 (d, J = 8.0 Hz), 7.15 (d, J = 16.0

3k

Hz, 1H), 6.32 (dt, J = 16.4, 11.6 Hz, 1H), 2.38 (s, 3H).
13C NMR (101 MHz, CDCl3) & 142.3 (t, J = 8.8 Hz), 140.9, 135.3, 133.2, 131.0, 130.9
129.7, 129.4, 128.0, 121.8 (t, J = 281.6 Hz), 111.2 (t, J = 22.3 Hz), 21.6. °F NMR
(376 MHz, CDCls) 5 -101.0.

3I: 'H NMR (400 MHz, CDCls) 5 8.02 (d, J = 8.0 Hz,

x_CF,SO,Ph
/(j/V 2H), 7.76 (t, J = 7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 2H),
MeO

3| 7.44 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 16.4 Hz, 1H),

6.91 (d, J = 8.4 Hz, 1H), 6.22 (dt, J = 16.4, 12.0 Hz, 1H), 3.84 (s, 3H). 3C NMR (101
MHz, CDClz) 6 161.5, 141.9 (t, J = 8.9 Hz), 135.3, 133.2, 130.9, 129.6, 129.3, 126.5,
122.0 (t, J = 281.5 Hz), 114.4, 109.6, 22.2, 55.5. °F NMR (376 MHz, CDCls) &
-100.7. HRMS ESI (m/z): [M+Na]" calcd. for CisH1403F2SNa: 347.0529, found:
347.0522.

3m: 'H NMR (400 MHz, CDCls) § 7.94 (d, J = 7.6 Hz,
x_CF,SO,Ph
Q/V 2H), 7.67 (t J = 7.2 Hz, 1H), 7.55-7.51 (m, 2H),
7.23-6.84 (M, 5H), 6.30 (dt, J = 15.6, 12.0 Hz, 1H), 3.74
OMe 3m
(s, 3H). 3C NMR (101 MHz, CDCl3) § 160.0, 142.3 (t, J
= 8.8 Hz), 135.4, 135.0, 133.0, 130.9, 130.0, 129.4, 121.6 (t, J = 281.8 Hz), 120.6,

116.4, 112.8, 112.7 (t, J = 22.2 Hz), 55.4. F NMR (376 MHz, CDCls) § -101.3.
HRMS ESI (m/z): [M+Na]" calcd. for C16H1403F2NaS: 347.0529, found: 347.0528.

3n: 'H NMR (400 MHz, CDCls) & 8.03 (d, J = 7.7 Hz,

x_CF,S0,Ph
©f\/ 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.62 (t, J = 7.8 Hz, 2H),
oM

e

3n 7.49-7.41 (m, 2H), 7.39-7.31 (m, 1H), 6.97 (t, J = 7.4 Hz,

1H), 6.92 (d, J = 8.3 Hz, 1H), 6.52 (dt, J = 16.3, 12.2 Hz, 1H), 3.88 (s, 3H). 3C NMR

(101 MHz, CDCls) 6 158.2, 137.9 (t, J = 9.4 Hz), 135.2, 133.3, 131.7, 130.9, 129.3,
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129.2, 122.6, 122.0 (t, J = 281.6 Hz), 120.8, 112.9 (t, J = 22.0 Hz), 111.2, 55.5. ¥F
NMR (376 MHz, CDCl3) & -101.1. HRMS ESI (m/z): [M+Na]® calcd. for
C16H1403F2SNa: 347.0529, found: 347.0514.

30: *H NMR (400 MHz, CDCl3) 5 8.03 (d, J = 7.8 Hz,

x._CF,S0,Ph
/©/\/ 2H), 7.79 (t, J = 7.5 Hz, 1H), 7.67-7.59 (m, 6H), 7.24
FaC

30 (d, J = 15.6 Hz, 2H), 6.49 (dt, J = 16.2, 11.7 Hz, 1H).
13C NMR (101 MHz, CDCls) § 140.8 (t, J = 8.9 Hz), 137.0, 135.6, 132.8, 132.1 (g, J

=32.8 Hz), 130.9, 129.5, 128.2, 126.0 (q, J = 3.8 Hz),123.8 (q, J = 270.6Hz ) 121.2 (t,
J = 282.6Hz), 115.4 (t, J = 22.5 Hz). F NMR (376 MHz, CDCls) & -62.8, -101.6.
HRMS ESI (m/z): [M+H]" calcd. for C16H1202FsS: 363.0478, found: 363.0488.
3p: *H NMR (400 MHz, CDCls) § 8.04 (d, J = 7.7 Hz,
X CF,S0,Ph
©/\/ 2H), 7.78 (t, J = 7.5 Hz, 1H), 7.73 (s, 1H), 7.69-7.62 (m,
4H), 7.54 (t, J = 8.0 Hz, 1H), 7.24 (dt, J = 16.4, 2.0 Hz,

CF3 3p

1H), 7.22 (s, OH), 6.48 (dt, J = 16.2, 11.7 Hz, 1H). 13C
NMR (101 MHz, CDCls) & 140.8 (t, J = 8.9 Hz), 135.5, 134.4, 132.8, 131.6 (q, J =
32.7 Hz), 131.0, 129.6, 129.51, 126.9 (q, J = 3.7 Hz), 124.7 (g, J = 3.7 Hz ), 123.8 (q,
J=270N Hz), 121.3 (t, J = 282.1 Hz), 114.8 (t, J = 22.5 Hz, 1H). 1°F NMR (376 MHz,
CDCls) & -62.9, -101.5 (d, J = 1.7 Hz), -101.5 (d, J = 1.7 Hz). HRMS ESI (m/2):
[M+H]* calcd. for C16H120:FsS: 363.0478, found: 363.0487.

3q: *H NMR (400 MHz, CDCls) & 8.03 (d, J = 8.0 Hz,

X _CF,S0,Ph
@(v 2H), 7.77 (tt, J = 7.6, 1.2 Hz, 1H), 7.70 (d, J = 8.0 Hz,
CF

3

3q 2H), 7.64-7.54 (m, 4H), 7.49 (t, J = 7.6 Hz, 1H), 6.40 (dt,
J =16.0, 11.6 Hz, 1H). 3C NMR (101 MHz, CDCls) & 138.2 (td, J = 9.0, 2.1 Hz),

135.6, 132.7, 132.5, 132.4, 130.9, 129.9, 129.4, 128.7 (g, J = 30.4 Hz), 128.2, 126.2
(0, J = 5.5 Hz), 123.9 (q, J = 272.4 Hz), 120.9 (t, J = 282.3 Hz), 117.2 (t, J = 22.2 Hz).
19F NMR (376 MHz, CDCl3) & -59.0, -102.2. HRMS ESI (m/z): [M+Na]* calcd. for
C1sH1102FsSNa: 385.0298, found: 385.0291.

3r: 'H NMR (400 MHz, CDCl3) 6 8.03 (d, J = 7.7 Hz,

x_CF,S0,Ph
/(j/V 2H), 7.79 (t, = 7.5 Hz, 1H), 7.72-7.57 (m, 6H), 7.22
NC

3r
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(dt, J = 16.4, 2.0 Hz, 1H), 6.51 (dt, J = 16.2, 11.6 Hz, 1H). *C NMR (101 MHz,
CDCls) 6 140.3 (t, J = 8.9 Hz), 137.8, 135.6, 132.8, 132.6, 130.9, 129.5, 128.4, 121.0
(t, J = 282.4 Hz), 118.3, 116.5 (t, J = 22.6 Hz), 113.7. 9F NMR (376 MHz, CDCls) 5
-101.7. HRMS ESI (m/z): [M+H]" calcd. for CisH12NO2F.S: 320.0557, found:
320.0550.

Mechanistic Investigation:

Competition Studies:

Ru(bpy)3Cly*6H,0 (1 mol%)
AN X NaOAc (2 equiv), 40 °C R R
+ CHCl; (4 mL) +

26 W Light bulb
OMe OMe

1a 1k 2a 2k

Ru(bpy)sCl2 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO,CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N> (repeated for 3 times). Styrene 1a (31.2
mg, 0.3 mmol), 1k (40.2 mg, 0.3 mmol) and CHCI3 (4.0 mL) were added via syringe.
The tube was sealed with a Teflon lined cap and the reaction mixture was placed into
a preheated oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on
either side of the vial approximately 5 cm away) for 24 h. The mixture was then
cooled to room temperature, filtered through a plug of silica and washed with EtOAc.
The filtrate was concentrated under vacuum and purified by preparatory thin layer
chromatography (PE:EA = 30:1) to give product 2a (20.2 mg, 24%) and 2k (25.3 mg,
28%).

| R

A
Ru(bpy)sCly*6H,0 (1 mol%)
N NaOAc (2 equiv), 40 °C R
+ CHCI, (4 mL) *
26 W Light bulb

CN CN
1a 10 2a 20

36% 29%
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Ru(bpy)sCl. 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO.CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). Styrene 1a (31.2
mg, 0.3 mmol), 10 (38.7 mg, 0.3 mmol) and CHCI3 (4.0 mL) were added via syringe.
The tube was sealed with a Teflon lined cap and the reaction mixture was placed into
a preheated oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on
either side of the vial approximately 5 cm away) for 24 h. The mixture was then
cooled to room temperature, filtered through a plug of silica and washed with EtOAc.
The filtrate was concentrated under vacuum and purified by preparatory thin layer
chromatography (PE:EA = 30:1) to give product 2a (30.4 mg, 36%) and 20 (25.9 mg,
29%).

Carbocation Trapping Experiment:

Ru(bpy)sClo+6H,0 (1 mol%) ' Br
N NaOAc (2 equiv), 40 °C R R
©/\ + PhSO,CFl LiBr (2.5 equiv) +
CHCl; (4 mL)
26 W Light bulb
1a 2a 2a’

Ru(bpy)zCl> 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol), LiBr
(43.4, 0.5 mmol) and PhSO.CF2l (63.6 mg, 0.2 mmol) were combined in an ov-
en-dried sealing tube. The vessel was evacuated and backfilled with N2 (repeated for 3
times). Styrene 1a (31.2 mg, 0.3 mmol) and CHCIs (4.0 mL) were added via syringe.
The tube was sealed with a Teflon lined cap and the reaction mixture was placed into
a preheated oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on
either side of the vial approximately 5 cm away) for 24 h. The mixture was then
cooled to room temperature, filtered through a plug of silica and washed with EtOAc.
The filtrate was concentrated under vacuum and PhCFs (29.2 mg, 0.2 mmol) was
added. None of 2a’ was detected by 'H NMR and **F NMR of the crude material. 2a

was obtained with a low yield (10%, °F yield).
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Ru(bpy)sCly*6H,0 (1 mol%)
N NaOAc (2 equiv), 40 °C R R
©/\ + PhSO,CFl KBr (2.5 equiv) +
CHCls (4 mL)

26 W Light bulb

1a 2a 2a'

Ru(bpy)zCl> 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol), KBr (59.5,
0.5 mmol) and PhSO2CF.l (63.6 mg, 0.2 mmol) were combined in an oven-dried
sealing tube. The vessel was evacuated and backfilled with N2 (repeated for 3 times).
Styrene 1a (31.2 mg, 0.3 mmol) and CHCI3 (4.0 mL) were added via syringe. The
tube was sealed with a Teflon lined cap and the reaction mixture was placed into a
preheated oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on
either side of the vial approximately 5 cm away) for 24 h. The mixture was then
cooled to room temperature, filtered through a plug of silica and washed with EtOAc.
The filtrate was concentrated under vacuum and PhCFs (29.2 mg, 0.2 mmol) was
added. None of 2a’ was detected by *H NMR and *°F NMR of the crude material. 2a
was obtained with a moderate yield (42%, '°F yield).

Propagation Experiments:

In Stephenson’s investigation,® ethyl bromoacetate which was inert to ATRA re-
action with the optimized reaction conditions can undergo ATRA reaction when an-
other atom transfer agent (ethyl bromomalonate or ethyl bromofluoroacetate) known
to undergo ATRA reaction efficiently was added. It meaned that a propagation mech-
anism was operative. Here in we applied the same strategy to investigate the propaga-
tion mechanism. In our standard conditions PhSO.CF2l was a good substrate for the
ATRA reaction while ethyl bromodifluoroacetate can not achieve the transformation
at all. We mixed them in the same reaction to test if ethyl bromodifluoroacetate can be

initiated to undergo ATRA reaction.
Br

Ru(bpy)sCly*6H,0 (1 mol%
( EﬁéAi (2: i(v) " CF2CO,EL

™ .+ EtOOCCF,Br quiv)

CHCl; (0.5 mL), 40 °C

26 W Light bulb
1a 1a', 0%
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Ru(bpy)zCl2 6H20 (1.5 mg, 0.002 mmol) and NaOAc (33 mg, 0.4 mmol) were
combined in an oven-dried sealing tube. The vessel was evacuated and backfilled with
N2 (repeated for 3 times). Styrene 1a (31.2 mg, 0.3 mmol), EtOOCCF.Br (40.6 mg,
0.2 mmol) and CHCIz (4.0 mL) were added via syringe. The tube was sealed with a
Teflon lined cap and the reaction mixture was placed into a preheated oil bath at 40 <C
with two 26 W compact fluorescent light bulbs (one on either side of the vial ap-

proximately 5 cm away) for 24 h. None of the product 1a’ was detected by °F NMR.
Ru(bpy)3Cly*6H,0 (1 mol%) Br
NaOAc (2 equiv) CF2COzEL
™ 4 EtOOCCF,Br auv)_,.
PhSO,CF,l (1 equiv)
CHCI3 (0.5 mL), 40 °C
1a 26 W Light bulb 1a’, 0%

Ru(bpy)sCl, 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO2CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N> (repeated for 3 times). Styrene 1a (31.2
mg, 0.3 mmol), EtOOCCF.Br (81.2 mg, 0.4 mmol) and CHClI3 (4.0 mL) were added
via syringe. The tube was sealed with a Teflon lined cap and the reaction mixture was
placed into a preheated oil bath at 40 <C with two 26 W compact fluorescent light
bulbs (one on either side of the vial approximately 5 cm away) for 24 h. None of the
product 1a’ was detected by *°F NMR and 2a was obtained with good yield (83%,
isolated yield). This result revealed that a propagation mechanism may not be opera-

tive.

General Procedure for Transformation of 2a to 3a:

|
Ru(bpy)sClp*6H,0 (1 mol%)
CF2S0Ph pABCO (2 equiv) X CF2S0Ph
CHCl, (0.5 mL), 40 °C ©/\/

26 W Light bulb
2a 3a, 93%

Ru(bpy)sCl2 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and 2a
(84.4 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The vessel was
evacuated and backfilled with N2 (repeated for 3 times). The tube was sealed with a
Teflon lined cap and the reaction mixture was placed into a preheated oil bath at

40 <C with two 26 W compact fluorescent light bulbs (one on either side of the vial
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approximately 5 cm away) for 24 h. The mixture was then cooled to room tempera-
ture, filtered through a plug of silica and washed with EtOAc. The filtrate was con-
centrated under vacuum and purified by preparatory thin layer chromatography
(PE:EA = 30:1) to give product 3a as a white solid (54.7 mg, 93%).

Capature of Intermediate (2a and 2m’):

Ru(bpy)3Cly*6H,0 (1 mol%)
X DABCO (2 equiv), 40 °C
PhSO,CFsl (1 equiv)
CHCI3 (4 mL)

1a 26 W Light bulb
time 2a 3a
4h 0 20%
8 h 0 73%
Ru(bpy)3Cly*6H,0 (1 mol%)
X NaOAc (2 equiv), 40 °C /O/\/
PhSO,CF,l (1 equiv)
MeO CHCI, (4 mL)
3a 26 W Light buIb
time 2m' 2m
4h 0 30%
8h 0 66%

General Procedure for Transformation of 2s to 3s:

Ru(bpy)3Cl>*6H,0 (1 mol%)
X NaOAc (2 equiv), 40 °C
+ PhSOzCle
CHCI3 (4 mL)

OMe 26 W Light bulb
1s
time 2s 3s
24 h 60% 23%
48 h 45% 43%

Ru(bpy)sCl. 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO2CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). 2-Methoxystyrene
1s (40.2 mg, 0.3 mmol) and CHCI3 (4.0 mL) were added via syringe. The tube was
sealed with a Teflon lined cap and the reaction mixture was placed into a preheated

oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on either side of
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the vial approximately 5 cm away) for 24 h. The mixture was then cooled to room
temperature, filtered through a plug of silica and washed with EtOAc. The filtrate was
concentrated under vacuum and purified by preparatory thin layer chromatography
(PE:EA = 30:1) to give product 2s (54.2 mg, 60%) and 3s (14.9 mg, 23%).
Ru(bpy)sCl. 6H20 (1.5 mg, 0.002 mmol), NaOAc (33 mg, 0.4 mmol) and
PhSO.CF2l (63.6 mg, 0.2 mmol) were combined in an oven-dried sealing tube. The
vessel was evacuated and backfilled with N2 (repeated for 3 times). 2-Methoxystyrene
1s (40.2 mg, 0.3 mmol) and CHCIs (4.0 mL) were added via syringe. The tube was
sealed with a Teflon lined cap and the reaction mixture was placed into a preheated
oil bath at 40 <C with two 26 W compact fluorescent light bulbs (one on either side of
the vial approximately 5 cm away) for 48 h. The mixture was then cooled to room
temperature, filtered through a plug of silica and washed with EtOAc. The filtrate was
concentrated under vacuum and purified by preparatory thin layer chromatography
(PE:EA = 30:1) to give product 2s (40.7 mg, 45%) and 3s (27.8 mg, 43%). This re-
vealed that the heck-type product can be obtained from the ATRA product in the reac-

tion.

| 2s: 'H NMR (400 MHz, CDCl3) & 7.93 (d, J = 7.6 Hz,

@05802”‘ 2H), 7.73 (dt, J = 7.6, 1.2 Hz, 1H), 7.60-7.56 (m, 2H),
OMe 7.36 (dd, J = 7.6, 1.2 Hz, 1H), 7.27-7.23 (m, 1H), 6.90

2s

(td, J = 7.6, 0.8 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.81
(dd, J = 9.6, 5.2 Hz, 1H), 3.90 (s, 3H), 3.78-3.36 (m, 2H). *C NMR (101 MHz,
CDCIs) 6 156.2, 135.6, 131.8, 130.9, 130.4, 129.9, 129.4, 128.0, 123.3 (t, J = 288.3
Hz), 120.8, 115.4, 55.7, 38.8 (t, J = 18.6 Hz), 11.8. °F NMR (376 MHz, CDCl3) &
-102.9 (d, J = 227.1 Hz, 1F), -104.6 (d, J = 227.1 Hz, 1F). HRMS ESI (m/z): [M+Na]*
calcd. for C16H1503F2SINa: 474.9652, found: 474.9659.

General Procedure for Derivatization of Product:

Gram-scale reaction:
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|
(T o BB A oo
NaOAc, CHCl,, 40 °C
1a, 4.5mmol 2a, 78%, 1.47g
Ru(bpy)sCl. 6H20 (22.5 mg, 0.030 mmol), NaOAc (495 mg, 6 mmol) and

PhSO.CF2l (954 mg, 3 mmol) were combined in an oven-dried sealing tube. The ves-
sel was evacuated and backfilled with N2 (repeated for 3 times). Styrene 1a (468 mg,
4.5 mmol) and CHCI3z (60 mL) were added via syringe. The tube was sealed with a
Teflon lined cap and the reaction mixture was placed into a preheated oil bath at 40 <C
with two 26 W compact fluorescent light bulbs (one on either side of the vial ap-
proximately 5 cm away) for 24 h. The mixture was then cooled to room temperature,
filtered through a plug of silica and washed with EtOAc. The filtrate was concentrated
under vacuum and purified by preparatory thin layer chromatography (PE:EA = 30:1)
to give product 2a as a white solid (1.47 g, 78%).

Reaction of 2a with NaNs:

| N
CF,S0O,Ph ALCH, CF,SO,Ph
+ NaN3
MeCN, 70 °C
2a 6, 74%

2a (21 mg, 0.05 mmol), NaN3z (10 mg, 0.15 mmol) and AICIz (3.5 mg, 0.025
mmol) were combined in a 5 mL oven-dried sealing tube. The vessel was evacuated
and backfilled with N> (repeated for 3 times). MeCN (0.5 mL) were added via syringe.
The tube was sealed with a Teflon lined cap and the reaction mixture was placed into
a preheated oil bath at 70 <C for 16 h. The mixture was then cooled to room tempera-
ture, filtered through a plug of silica and washed with EtOAc. The filtrate was con-
centrated under vacuum and purified by preparatory thin layer chromatography
(PE:EA = 30:1) to give product 6 as a colorless oil (12.5 mg, 74%).

N3 6: 'H NMR (400 MHz, CDCls) & 7.98 (d, J = 7.6 Hz, 2H),

O/\/C&SO?Ph 777 (tt, J = 7.2, 1.2 Hz, 1H), 7.64-7.60 (m, 2H),

6 7.44-7.34 (m, 5H), 4.97-4.94 (m, 1H), 2.94-2.73 (m, 2H).

S25




13C NMR (101 MHz, CDCls) 6 138.1, 135.7, 131.8, 131.0, 129.5, 129.3, 129.1, 126.8,
123.0 (t, J = 286.6 Hz), 59.6 (t, J = 2.4 Hz), 35.9 (t, J = 19.0 Hz). %F NMR (376 MHz,
CDCl3) & -101.4 (d, J = 229.7 Hz), -103.3 (d, J = 229.7 Hz). HRMS ESI (m/z):
[M+Na]" calcd. for C1sH1sN3O2F2SNa: 360.0594, found: 360.0590.

Reductive De-iodination of 2a:
|

CF,S0O,Ph
©)\/ 2902 AIBN, BusSnH . CF,SO,Ph
Toluene, 90 °C

2a 7, quant

2a (21 mg, 0.05 mmol) and AIBN (24.6 mg, 0.15 mmol) were combined in a 5
mL oven-dried sealing tube. The vessel was evacuated and backfilled with N2 (re-
peated for 3 times). Toluene (0.5 mL) and 'BusSnH (43.6 mg, 0.15 mmol) were added
via syringe. The tube was sealed with a Teflon lined cap and the reaction mixture was
placed into a preheated oil bath at 90 <C for 3 h. The mixture was then cooled to room
temperature, concentrated under vacuum and purified by preparatory thin layer chro-
matography (PE:EA = 30:1) to give product 7 as a colorless oil (quant yield was ob-

tained).

7: IH NMR (400 MHz, CDCls) § 8.00 (d, J = 7.6 Hz, 2H),

CF,S0,Ph
(>/V 7.76 (t, J = 7.6 Hz, 1H), 7.64-7.60 (m, 2H), 7.31 (t, J =

; 7.6 Hz, 2H), 7.24-7.20 (m, 3H), 2.97-2.93 (m, 2H),

2.72-2.58 (m, 2H). 139.2, 135.4, 132.5, 130.9, 129.4, 128.8, 128.4, 126.8, 124.2 (t, J
= 284.5 Hz), 31.3 (t, J = 20.0 Hz), 27.2 (t, J = 3.7 Hz). %F NMR (376 MHz, CDCl3) &
-103.7. HRMS ESI (m/z): [M+Na]" calcd. for CisH1402F2SNa: 319.0580, found:
319.0568.

Reductive Desulfonylation:

CF,SO,Ph
/@/\/ 2502 Mg/NaOAG/HOAC /@/\/CFzH
MeO DMF, 50 °C MeO

3l 8

Into a 10 mL flask containing compound 3l (32.4 mg, 0.1 mmol) in DMF (1 mL)

at room temperature was added HOAc/NaOAc (1:1) buffer solution (8 mol/L, 1 mL).
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Magnesium turnings (36 mg, 1.5 mmol) were added in portions. The reaction was
stirred at 50 <C until the material was consumed as determined by TLC and quenched
with water. The mixture was extracted with Et2O, and the combined organic layer was
washed with water and brine, dried over NaxSOg, filtrated and concentrated under
vacuum. The residue was purified by flash column chromatography on silica gel

(PE:EA =10:1) to give product 8 as a white solid (16.6 mg, 90%).

8: 'H NMR (400 MHz, CDCl3) & 7.38 (d, J = 8.8 Hz,

Xx_CF>H
/©/\/ 2H), 6.91-6.87 (m, 2H), 6.84-6.78 (m, 1H), 6.22 (td, J =
MeO

8 56.0, 6.0 Hz, 1H), 6.17-6.07 (m, 1H), 3.83 (s, 3H). *C

NMR (101 MHz, CDCls) 6 160.73, 136.8 (t, J = 12.2 Hz), 128.8, 127.2, 118.8 (t, J =
23.8 Hz), 115.9 (t, J = 231.7 Hz), 114.3, 55.4. 1%F NMR (376 MHz, CDCls). HRMS
ESI (m/z): [M+Na]" calcd. for C1o0H100F2Na: 207.0597, found: 207.0597.
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Copies of 'H, *C and *F NMR Spectra

000~
L0077

Pre
Sp'e
oF'e
LPe
ap'e
L5'€
Z5't
€8¢
Pse
55'¢
LS
LSC
65'¢

PF'S
o m%
LP'S
ar's

T
vzl
9z'1
8z'1
0% 24
VLT
G2
b
e L]
1649
IR
Loy
TL L
vl
9111
261
64

S — T

CF,S0,Ph

2a

o

.ﬂhm Love

-_— 0

— - -

e —F 60T
' sz
——— 150

=00¢
]

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

zh'Ll
mv.tw
LVLL

ﬁq.ow
mm DWW
8.0F

P8'9L
mv.n.\.W
mv.._K

600Z1
LBEZ)
58'5Z1
ve'9Zl
e
£6'8Z1
ar'ezl
L6'0¢)
ﬁm._,m_‘V
LLSEL—

89'erl—

CF,SO,Ph

2a

AL

180

190

200

S28



hh.qo_.
Ll wo_.f/
SLLOV--F
m:‘ov.\

CF,S0,Ph

2a

-80 80 100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
|
|
I}
I |
[ Cl 2b

-70

30 40 50 60

-20

-10

000~
L0007

65
or'e
WE
v e
bl €1
bl €1
Sb e
9k €1
s
8p ¢}
6t £
05 €4
05¢
LG e
z5 ¢
ege!

s
ep's
ol 1=
I A
SP'G

LAY
9Tl
FXAYS
peL

gL

16 [
8% L
65 L4
65 /1
L9 2
19 L]
£l
s ]
vl
§1L
L
L

CF,SO,Ph

LLL
164

ke

Farz

Teol

TTT
102
=507
g0
=00z

10 05 00

1.5

25 20

30

95 680 85 80 75 70 65 60 55 50 45 40

10.0

1 (ppm)

S29



eLGl
SL m_.W
LLGL

hmov
m.\. DWW
Pe'0F

P9l
wF.RW
YLl

66 611
18221
506Z)
veezl
al'ezl
€564
6608}
L5LEL
IEAIEN
8LGEL—

STlpl—

|
CF,S0,Ph
Cl 2b

20

10

180 170

190

LLw0L-
L0L-
ZLL0L
L5001

A

7

CF,SO0,Ph

2b

Cl

-200

-180

-180

-110

-70

-30

S30



000—

6E'C
Lre
Zr'e
e
Sp'e
ar'e
iPe
ap'e
0s'e
L€
Z5'c
£€5°¢
5S¢
5S¢
65'¢

|
|
CF,S0,Ph

2c

ES

Friz

=0l

=661

=661
Ea '
=901
=00'¢

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

Logl
mo.mvv

mhov
nm DVW
al'ly

8ol
w_‘.._KW
mv.._K

Nmm:
AN
Lo0zZ—
LUSTh
PEaZI~
1608k~

LESEL—
£9'8cl
99'gel

LB~
85'cal—

CF,SO,Ph

2c

Ll

10

20

70

80

190 180 170 160 150 140 130 120 10 100

200

S31



rTh-—
8L 001

m,..w.DTV
CCL0bF
ZL oor.%

CF,SO,Ph

2c

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

-100

-3 -4 50 60 70 -80

-20

000-—

BE'Ey
62 €9
ov €1
%
Iy

PP ey
o TH
LPeE

6t £
05 ¢4
=
G €
95 ¢
8s ¢!

or's
PG
£p's

I

9zt
9zt
9z'L
67 L
gL o

Ll
114
ol 43

LG4 e

651
1oL
gL'l
SLL
FYAYS
L6 L
£€6'L

|
CF,SO,Ph
Br 2d

LJL_F_MM_._LL_W

A Feze

B0l

e

\% w66l

—= Rl
— oz

10 05 00

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S32



- = SWLOOS S
~ @ WHOITdH O ©w© @ o oy 0o~
-~ w0 owadNg O ~N =@ @© M~ 1o [ N
T 0 NNNN= — o oo o 0w w
- = e =x = R TITT ==
T TS 5 S 3=
|
CF,SO,Ph
Br 2d

B N L

200 19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

CF,S0,Ph

Br 2d

0 -0 20 30 -4 50 €0 -0 -8 -9 -100 -10 -120 -130 -140 150 160 -170 -180 -190 -200

S33



000—

2e

Br

JL,_)lg s

Loz

=o'l

=201
£02C
00}
w@o.m
90

0wz

10 05 00

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

mom_.
wo EW
oLsl

mvov
_wo DVW
caor

Paal
al RW
mv.t

96’611
€9 ww_./
se¢cl
LAGEL—
&

LEGEL—

£8Pl —

CF,SO,Ph
2e

Br

70 60 50 40 30 20 10

80

180 180 170 160 150 140 130 120 10 100

200

S34



CF,SO,Ph

2e

Br

-1200 130 -140 150  -160 170 180 -190 -20(

-110

-100

-40 -5 80 70 80

-30

-20

000—

8E'E,
BEE
or'e
e
ere
o
arey
ar'e

s
mWM)w
Ble]

05¢
Lge
z6'e
zsed

mm.m_

0F's
Zr's
eF's
'S

189
£6'9
56'9
bd
Pl

szs/
181
mmnkﬁ
652

Lo
192
I
€01
i
5011
5011
ar i
i
Lt

7R

CF,SO,Ph

2f

I

A

3.5

Loz

= 0l

—== /B0

= =il
B—

— 500

25 20 15 10 05 00

3.0

90 85 80 75 70 65 60 55 50 45 40
S35

9.5

10.0



9¢'Gl
S m_‘wr

Z50p
:..DVW
69'0p

[
El RW
mv.._K

90 #LL
ac vl
19 m_‘_‘w.

28 5lL
66'6H—
89°¢Z1—

¥S6Zl—
08’5l —

66"l
90 mw_.v.

o' L9~
98'esl—

CF,SO,Ph

2f

70

80

180 170 160 150 140 130 120 110 100

180

L LLL-—
pLvOL-

Pl vov.V
6P LOL=-7
a8 oo_‘.\

-

CF,S0,Ph

2f

% 60 -70 -8 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

30 40

-20

-10

S36



800~ \_ .
000" — =
£9 LL—
w
Mo
e
A, =
] - 01'6E
J mu.mmw
e | o 858
o~
5E°E]
8e' e | o
6¢ €1 i
Lt 2
€ £ =
b €1 o
9 &n 1 :
8 & - M Lzlhe peoL
67 € i “ 9l RW
z5 & - 8y Ll
€5 ¢4 -3
95 ¢
85 ¢ 5
09'¢ M
rae! .
. 80021
F o 16TT)
58671
|0 L
28’5 w z8'8zl
ve'g — Toou[ o L5621
85 LS v9'621
98'5 vz 0el
- 00'LEL
Mo
804 8258 —
0bL '
FANa L e LOBEL—
— b 660 N
8L~ _ M‘Hu 0Lz
Pl —— — —_— ulwo”m\m
05 4 —_— |.|Hu =660
4= —_— —_— 0E| o
b9 L o
992
89 L | o
§8'L ©
98,
(=]
o
w
Mo
(=]
=

10

20

CF,S0,Ph

Cl
2g

70

80

100
S37

10

120

130

180 170 160 150 140

190

200



LEPOL-
QL0
S6'C0L-
weeol-

CF,S0,Ph

Cl

2g

20 -3 -4 50 60 -0 80 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

-10

000—

or'ey
Lred
Zred
Sreq
b e
Spe
9k e
e
B
05 €
L5E
z5¢4
£5¢
55°¢
hmm¢
85¢

Nm.m_

59'S
99'S
89'G
69'S

L6'9
66'9
66'9
LOTL-F

60724
0L'L
zLi
£Z 4
ve i
5T4
5T 41
9241
874
Wi
SF i
SPi
1G4
652
ziid

R——

-

7ead

.l

o

I

8Lec

=001

10 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

S38



o w W TNWO NO
no MO e o @ o T ) — 0@ O
28 % f3geg A P e P NE3E
L0 e [ . ISR R R R ] P P P P
Vo | ~ s i
|
CF,S0,Ph
F
2h
Ll L | ) 1 I
200 190 180 170 160 150 140 130 120 MO 100 80 70 50 40 30 20 10 0
O OO
RS9 =
ss3d @
S T
|
CF,S0,Ph
F
2h
|
0 -0 20 -30 -40 50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

S39



00—

0ee
9ee
8ee
b
or ey
or'
Lb e
b e
£F €
£F €
b €
G ¢
9p e
1P
8r ¢

95 L

755
§5'5
95’

85'g

L8'9
68'9
68'9
69—~

97 i~
6z o1
£8 L)
e L
9g L
184
g /7
G 1]
85 .1
092
€9
CEN
tan
N
8L

[

CF,SO,Ph

Br

2i

=00

=860

/50L
sl
~80T

oLk
ooz

10 05 00 -05

1.5

25 20

30

95 90 85 80 75 70 65 60 55 50 45 40

10.0

1 (ppm)

509
80 mv.

87'6¢
0£'6e
LPBE
6762
9962
8962

8ol
9LLL
9g'LL

BYLL

SE'alL
86'aLL
[A0R=113
rZ 8Ll
LO0ZE~C
68CTI~
LESZI—
95'6Z1—
PSLel
PEN
Le'lel
ogeel

9L LG~
99'651—

CF,S0,Ph

2i

Br

10

20

70

80

180 170 160 150 140 130 120 110 100

190

S40



18'9L-—

meoT
mv.wo_.w
8e'e0l--F
hn._,o_‘.\

CF,S0,Ph

Br

2i

-0 -3 -4 50 60 -70 80 -9 -100 -10 -120 -130 -140 -150 -160 -170 -180 -190 -200

-10

000—

oge—

6E'C
epe
eF'e
e
Sp'e
ap'e
ar'e
0s'e
0s'e

Z5'c

SP'S
9F's
LP'S
ar's

604
b
9T'L
gL
28—

954
mm.\.w
094
L'l
pLi
9L'L
Z6'L
€6'4

~—

F;
/

f

|

CF,SOLPh

/

2j

—— gl
——
— Fi6 L
= Ep0L
"I”Lplfm_‘

1.0 05 00 -05

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S41



95'LL
85 .CW
09°LL
pele—

[4d'ls
mm.ovw
L8'0F

8ol
El .‘..\.W
By LL

ZL'ozl
Loezl
8e'szl
0g'9zl
ar'ecl
LO9'6Z1
L6'0¢)
89 _‘m_.W
L9GEL—
29'8el-7
ﬁm.mmv\

CF,S0,Ph

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

ﬁm.we.
ﬁm.WDF.V
89 L0L-—7
mo._.o_.\

CF,S0,Ph

2j

-0 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

-70

-50

30 40

-20

-10

S42



000~
800

or'e
Zre

Zre

Fre

fa>

9p'e

PE

BF'E

BrE

05t .

[ e

0gE— - —

or'g
v =
EP'S

'S

LL9
LL9
6.9
6L'9 —

vE9— —
Vzis
95 L5 _
854 —
092 _—
TiL
vl
9L
Z6°4
6L

CF,S0,Ph
2k

OMe

Feiz

=gL'e

=&0L

0ok
u{:
501
=104

=80T
=501
=00¢

10 05 00

15

85 80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

9.0

95

069l
Nm.w_‘w
Pe'al

mmow
vm.oww
eLop

LG5 —

[
9LLL
9LLL

By LL

NI
L0Ph =

€T B —
96'¢Zl—

8recl—
ZLSE—

0Ll —

99651 —

CF,S0,Ph

2k

OMe

1.

10

20

70

190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

200

S43



T
-200

000 —

T T
-180  -190

T
-170
.

Zre
P
PpE
9pET
LPE
8P ET
BbE
LSE
LS e
Z5eN
€5 m\w
pge
5 e
g5°¢ -
sge] _

T
-160

T T
-140 -150

T
-130
!

_CF,S0,Ph

/]
—_
[=]
—
o

2|

T
-120

T
-110

omqov.
3 ﬁ.qo_.W
S6'L0L--F -
5€ _,o_‘.\

65 m_

-100
1 (ppm)

9r's m
e ]
8r's S ELOL

ar's
0SS

%0
FsC

CF,SO,Ph
& 70 0

2k

9z Li— IJL
5L .
5 4 — g
ss . f - — ) e
oy
Oy
[=9) 5
BG 41
VgL
£L 4
gL
(IR
SLL
LE L
Ll
L4
1gid

T
-50
|
f
|
|
|
|
"
=
©

OMe
2 40

T
-20

-10

1.0 05 00

1.5

9.0 85 8.0 75 70 65 6.0 55 5.0 45 4.0 3.5 3.0 25 20
s44

9.5

10.0



— W O~OINTN O
[re] 0 OwNWwToOaNn® @ w0 T o= —
2] 5] —O M6 LW0Ww N g R o @ 0@
= @ OO NN — I~ I~ © coo <~ <
- P R [y TIT -
| et e 35 v
|
CF,SO,Ph
Fs;C
2]
J n At ‘ L |\
190 180 170 160 150 140 130 1200 10 100 90 80 70 60 50 40 30 20 10 0
— NS
© =Rl
L (=R
o cocoo
o T
~
|
CF,S0O,Ph
F3C
2]
-0 20 30 40 50 € 7O -8 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20C

S45



000—

CF,S0O,Ph
2m

CF;

JE N

A

Friz

95 90 685 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

mmw_.
mm EW
00sl

50k
N.\..DWW
L6'0F

PaaL
QF.RW
By LL

0L'6LL
LPegl
L9eCl
vLeCl
LL'SZL
LPSZl
SP'SZl
=t

B6'0EL
S8'5El—

Liepl—

CF,S0O,Ph
2m

CF3

-

10

20

70

80

180 170 160 150 140 130 120 110 100

180

S46



09'p0L-

66'¢0 ,\V
BLLOL-—F
8500 ,.l\.

€LY —

CF,S0,Ph

2m

CFj3

-0 120 130 -140 150 160 170 180 190 -20¢

-100

-20 230 40 -850 60 70 80

-10

000~
BO0-"

Zr'ey
TR
e
e
ar'e
e
ar'ey
b€
03¢
05 €
L5
zsed
BEDY
pe]
55 ¢
95°¢
JELE

wm.L

9.'g
LLG
mh.mw
08's

9Tt
geL

GCL

L8

=g

vm.b
95 L
854
09 44
£9L

5941
zl i
Pl
9.0
g i
0844
1641
g6 L]

CF,S0,Ph

CF3
2n

,__Q_L,,JL,JLQ i UL

H

%NN Z

Lol

10 05 0.0

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

95

S47



e 0k
wv..ov.v
09°0p

Paal
at RW
By Ll

[4sR+11"
6800zt
EENAA
LBECL
805z
8e'sz1
89'5Z1
58621
08'5Z1

CF,S0,Ph

CF,

2n

70 60 50 40 30 20 10

80

180 180 170 160 150 140 130 120 110 100

200

vE'v0L-
Z6'70L-
PEVOL-
£EV0L-
Ze'vol-
0E'v0L-
Z0'v0lL-
Z0vol-
LPE0l-

9,65 —

CF,S0,Ph

CF3

2n

70 80 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

30 40 50 60

-20

-10

S48



00'0-—

pe
er'e
b e
shed
v e
8b ¢
B €1
08¢
L5 ey
L5 en
|
z5 e
£5 ¢
75 &
pe e

95 L

£p's
[
SF'G
Sp's
iP5

9T L—

LG L
25 L7
£5 2]
€6 L
85 /-
85 /1
85 4]
B85 L
09L
09L
09 L
=
19
z9 L

A

Fsoe

=001

96 L

ool
o8

1.0 05 00

1.5

95 90 85 80 75 70 65 60 565 50 45 40 35 30 25 20

10.0

mvi
mvw_.w
Sl

82°0F
hw.owv
99'0F

P9l
El .‘..\.W
YLl

Szl —

cegll—
SaELL

Q.NN@
Lgszhr
Nm.hﬁ\
%.@N%
82781

P ibl—

CF,SO,Ph

NC

20

10

20

70

80

190 180 170 160 150 140 130 120 10 100

200

S49



B8P0l

mm.moTV
L0007
ZL oor.\

CF,S0,Ph

NC

20

-110 120 130 -140 150 160 -170 180 190 -20C

-100

-f0 80

-60

-30 40 50

-20

000~
L0077

re
ar'e
P
are
0s'e
Zg'e
£5'¢e
vs'e
95'¢e
95'e

68'e—

SP's
PG
ar's

6P G

T

SO,Ph

|
2

CF

MeOOC

2p

__J'uk__________i__,\__

i .

Foe

=l0e

=660

6L
Io0z
i
=pEL
‘ooz

10 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S50



o o~ O O S NS N 0
s s M~ N NWOoO M~ 0 ® WO o ~ O~ O @ O
© ~ WO OGN ION g N @ €2 © o 0N
o s D) N OO — M~ I~ o o™ o oo w uw w
- - PLpE L L N CEEES -
| | = S~ | - S~
p
|
CF,SO,Ph
MeOOC
2p
A
ol _ l I. L L
200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
F~
w0~ ow
S
S S hs
o
|
CF,S0,Ph
MeOOC
2p
A J
-10 200 30 -40 50 -60 70 -8 -8 -100 -10 -120 -130 -140 150 160 170 180 190 -200

S51



00'0-—

90e—
or'e
ar'e
ar'e
6p'e
0s'e
L5'e
L5'e
€8¢

PG
ar's
6P G
6p 5
L5'5

LT L=

65 L -

85 L
Lo
€9 4
G
S L
st
i
8L
6L
6L
=N
8g L

[2le] L

J

—

e

—

=00¢

Feze

Faol

el
wmoe

LG L
MNDN

10 05 00

15

25 20

30

95 90 85 80 75 70 65 60 55 50 45 40
f1 (ppm)

10.0

rcel
._N.EW
ST

SE0p
vm.oww
eL0p
PSpr—

Pa'9L
m_‘.n\.W
By LL

6Ll
zizel
0952}
F08Z)
£1'8z)
65621
L6508}
EOtA:
£6GEL—

SPorl—

85'8rl—

CF,S0,Ph

MGOZS

2q

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

S52



LEPOL-

mm.mo_ﬁV
Po00L-—=
mD.DDT\

CF,S0,Ph

MeOZS

2q

-0 1200 130 140 150 160 -170 -180 -190 -20C

-100

-3 -40 50 60 -70  -80

-20

LO0m—

£€e'e
pee
9g'e
iee
ae'e
62'E
or'e
or'e
e
e
ere
g
68 m/r
L6'E
£€6'¢e

;

I
/

C F2302Ph

/

2r

Foot

Lot

=001

1.0 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S53



wm.‘.v
wm .‘._.W
L5LL

5582
m.\..mmw
a8t

Lol
mo.nnW
9g'LL

910zl
26 Dw;#
90'€Z)

a.mﬁ/
9e'6zl

z8 DSW
0g'lel—

pesEl—
ve 9t

9L'epl—

2008k —

CF,S0,Ph

2r

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

oL'voL-
Bpeol-
P LOL-
6001~

A
7

CF,S0,Ph

2r

-110 -1200 130 -140 -150 -160 170 180 190 -200

-100

-30 40 50 60 -70 80

-20

S54



e
PE b
e
9e'p
LEP
ae'r

9z L=

09 L
L9 LF
z9 2]
9 L]
YR
Gl
9t
it 1]
64L
6L
6L
161
66'L

5a

+E0'¢
209
FLOL
TeoL
60

~ooe

=660

=e0'¢
=860
=00¢

1.0 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

Shph—
iz
sriz L
6782—
57527
99'Le

€968
2e'6e
LOOF

620p

PaaL
9l il
By LL

Lo0T
PSET)

Nwmw_/
g6zl

66 DSW
PELEL—
bUSEL—

CF,SO5Ph
C6H13)\/ 2 2

5a

Il

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

S55



CF,SO,Ph
C6H13)\/ 2 2

-1200 -130 -140 150 160 -170  -180 -190 -200

-110

-100

5a
60 70 -80

-50

40

-30

-20

LO0m~
800"

98’}
8l
08'L
L&'}
£€6'1
96"

a5’
ooz
€02

c0'e
mom%
Le
Sle—
LL'E

oZ'e

sEE
Er

£ep
e
9e't
oF'
1 ds
vy
£p b
St
SP'p
LPP

9zt
op' L
ov' L
oV L
L
b Lt
25 if
e L
€5 4]
55 ¢
95
95 ¢
25 ]
65 L
65 L
LoL
£9L
vt
SLL

i

A

660
~loe

Fioz

1.0 05 00

1.5

90 85 680 v5 70 65 60 55 50 45 40 35 30 25 20
S56

9.5

10.0



050zt
LEECL
A
ezl
LE6Z1
0g'ezl
EN
sLoct
6.'0¢t
Z60ct
Zrel
voeet
ZL5¢el

€599 —

CF,SO,Ph

5b

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 10 100

190

PEeoL-
€8 eol-
BFLOL-
28’001~

A\
7

CF,SO,Ph

5b

-110 1200 130 140 -150 160 170 180 -190  -200

-100

200 -3 -4 50 80 70 -80

-10

S57



000~
800"

89l
LEL
(7"
L L
SLL
78—
98’
681

i

Zl'e
Sl'e
0z’ e—

ar'e
05'¢
Lg'e

e
9e'r
9e'
8e'y
ae'
621
LP P
ar v

LAY
FXAYS
8g' L
0g's
PPA
el

09 1
09 L
29
o
§L L
gL
52 4
L]
8Ll
6L L
8L L
95 L
85'L

CF,SO}

Ph

~ooe

=00'¢

= 660

3 oo

1.0 05 00

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

£6'02
5602
L6'0Z
L86E—
ELLE
mm.mm;/
mw.mmw.
L00F

L6'89—
LoeL—

[
9LLL
9e'LL

By LL

85021
spezl
€89Z1
BY LTI
biZ
erszl
L5621
86°0IE

LLSEL—
Pl

CF,S0,Ph

5¢c

20

180

190

200

S58



LSE0L-

,.m.mor.%
6101
,.m._.o_.L\

CF,SO,Ph

5¢c

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

-100

-3 40 50 60 70 80

-20

LTl
gl
[

Z94LF
oL
99'L
Ll
9Ll
LL L
FYAY]
6LL
L84
96'L
85"l

CF,S0,Ph

1.0 05 00

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S59



0902
zg RV
65'9Z—
858z

1588
8958
B8'5E
90 0 %

96'Ck

PaaL
gl il
9E'LL

YLl

L50Z1
aeezl
529z
0Z'LC)
95’6zl
LBGT)
96'0cl
Dh._‘mFV
08'sel—

95'Erl—

CF,S0,Ph

TsHN

5d

10

20

70

80

190 180 170 160 150 140 130 120 110 100
‘TSHN

200

90l
SL wo_..).k
LOLOL-
90'L0L-

CF,S0,Ph

5d

70 80 -0 -100 -10 -120 -130 -140 -150 -160 -170 -180 -190 -200

=30 40 50 60

-20

-10

S60



000~
L0077

AV

29 LF
9L
99
LLL
64
L84
96'L
86’4

JIL,JLM..,;ﬁ

CF,SO,Ph

5e

WA

A

=66'¢

leoz

Ay
[e]
=]
—

=01

GOl

10 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

zeel
pezl
5€Z1

9eCl

0z'ez—
59°LE
50 mmw
rzec
8L°9P—

Pa9L
al'LL
98°LL

By LL

90021~
PE'CTI~
LB'seL—
85'6Z1—

98'5EL—

LEQLL—

CF,S0,Ph

5e

o

10

20

70

80

180 170 160 150 140 130 120 110 100

180

S61



mo.w.or.
S mo_..W
8007
NN.DDT\

CF,S0,Ph

S

5e

-110 1200 130 -140 150 160 -170 180 -190 -200

-100

-3 -40 50 60 -7O 80

-20

00'0-—

202
moNW -

v
Nmmw
Ze
s0€
aLE
pLE
IR
0z E

0g'e
al'r—

L9G—

veL
9T L
LeL

€8 L~
€5 L5
G54
L5 L
9L
9Ll
ogs
S6'L
164
L1682

—

P

—_—

CF,SO,Ph

5f

L

Frvy

Fave

Feoe
FLO0

80k

JE0L
S
Tl
esL
wB.N

00z

10 05 00

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

S62



5861
28 m_.w
06'61
8.8e—
Llog
L6 mm./
El ovw
SE0F

Pl'89—

e
9LLL
9e'LL

By LL

5.06—

TG
Z6' 9l =
05'0Zh—
oLegh
R.MN%
FOTZ
5291
65621
66°0EL

ap'egl—

26291~
LG8

CF,SO,Ph

5f

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

aL'eol-

LS No_..V
ZoLoL--f
Nv.oo_ﬁ%

CF,S0,Ph

5f

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

-100

50 60 70 -80

40

S63



100~
600

ve'9
1€9
8¢9
or'9
L9
vr'9
8L'L
stM
Wi~
67 L
voLs
z087
voa/

y T E—

X CF>S0,Ph
3a

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.0

95

P9l
w_..t_.v
8yLL

Le'zhl
mm,m_._.w.
SLZLL
agall—
[N AN
SO'6Zh~
oF'Sel—
9e'Zhl
ww.mw_.w
mm.mvr

S64

10

130

il |

150

X CF>S0,Ph
3a

170

180

210




000~
800

-160 -170 -180 -190 -200

-150

-120 -130 -140

x_CF,S0,Ph

-110

3b

SZL0L-— L

-100

00

-80
» O
N~
0 O
e
F

-70
©
©
©

N%N T === Fe0}

661
coL

L wvﬂ\.l T m ook
b= — &
=002

x_CF,S0,Ph

50 60
i

i

\

|

/|

',

]

3a

30 40
S

[e0]

N

\

|

I

\

|

20

-10

40 35 30 25 20 15 10 05 00

45

5.0
S65

90 85 80 75 70 65 60 55
1 (ppm)

9.5




oy @O 3D o WD e W o0y - D

@@ o DTLO DA NOOS W 0 T

88  TET¥ 3% ggggpgn P

W] ] N = -
X _CF,S0,Ph

F 3b

L Hl an } J J "

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

—-101.18
—-109.44

x_CF,S0,Ph

F 3b

-0 20 30 -4 -0 €0 70 -8 -9 -100 -10 -120 -130 -140 -150 -160 -170 -180 -190 -20C

S66



000~
600

N DWW
Ao ke e ke Ke Xyl

X CF>SO,Ph
3c

L

|

N T

Frorl

=E0l
EEfz

EQLe
0L

=00

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

95

1.0

Paal
al RW
mv.t

66 CTH
34 m:W.
P el

Ligl—
PEN AT

Nwmﬁ
svezt/
it
:.:u@
0z Ll

X CF»S0,Ph
3c

L

70 60 50 40 30 20 10

80

180 180 170 160 150 140 130 120 10 100

200

S67



2E h0b—

X _CF,S0,Ph

3c

L

-110 120 130 140 -150 160 170 -180  -190 -20C

-100

40 -0 60 70 -80

-30

vee
169
8e'g
oF'g
E.QN
)
Zhi—
S84~
554

0gi—

Log
B.mw
€08
€08

X _CF,SO,Ph

3d

| S |

—
J

I

Foby

=)
=002
T
=86F

=002

1.0 05

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

S68



RS aS e nae 2oy
TTT 98 d@ eooe .
—_—— - T o [ S
N I L
X _CF,S0,Ph
Br 3d

UL l .A

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

—-101.28

x_CF,S0,Ph

Br 3d

-0 -20 -30 40 50 € -0 -8 -9 -0 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20(

S69



TN N O® WANT OO 8
32 © &8 YNI0ad }
® © M~ P OO OOo Q
~ | N gt |
|
|
i
4 3l /
8 [
\ | ‘(N‘H "
|
[ NN CFstZPh
3e
F
o s T
O AR OOMO X
» omOb~oo o
= OO N«
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
wno O DO~ o~ O T OO MDY
0O - =0 DT D DHAWT O D 2oz
23 FIEs S spEzrig g
Vo e TN e S~
~_CF,SO,Ph
3e
F
‘l ‘ j [I J J.
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S70



gz Zh—

LEL0L—

X _CF>S0O,Ph
3e

-0 1200 130 140 150 160 170 180 -190 -20C

-100

230 40 50 60 -0 -80

-20

000-—

o9g'9
8¢g'9
ov.w%
4]
wv.wN
Sv'9

AN

il -

se 2/
81—
z08—
vog/

x_CF,SO0,Ph
3f

Cl

oot

=60'1
Fob'S
250
=80¢

=00¢C

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

8.0

95 90

10.0

S71



< W WO DWY P~ ™

oo ® DOO—N TN Qow
=K1 OO L«
TT T NN IIX I~ r~ o
- == F=F P P P

[
7
\
e
Y
L
\

X _CF,SO,Ph

3f
Cl

| I

200 190 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40 30 20 10 0

-101.52

x_CF,S0,Ph

3f
Cl

0 -0 -2 30 40 50 € -70 -80 -9 -100 -110 -120 -130 -140 150 60 170 -180 -190 -20C

S72



000—

ce'9
9
859
659
179
)
o
obi—
g2/
ovs—
bos—

087
mo.w\

X _CF,S0,Ph
39

Br

—

10 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

9L
@_‘..C.W
By il

Sv:
mm V:W
ar'vil
z5al—
8L'EZI~
LIozh~
1G0Ek~
5610847

@.‘.03
mm.ovvw
60kl

x_CF,S0,Ph

39

Br

ML

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100

180

S73



L9LOL—

x._CF,S0,Ph
39

Br

-110 1200 130 140 -150 -160 170 -180 -190  -200

-100

-30 40 50 60 70 -80

-20

000"~
800"

19
059
159
€59
v5'9
169
101~
0z L~
se L’

Ll
087
vo.m.\.

x_CF,SO,Ph
3h

35 30 25 20 15 10 05 00

4.0

95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

10.0

S74



Oy = ~ D) N~ <~ WD W ~— ) 0 —
o T N O @ NN T OONOO ggg
S8 8 385223 Lgowvsee Hrme
L O BNV R
\ CF2802Ph
F
3h
L UL ) "
190 180 170 160 150 140 130 120 10 100 a0 80 70 60 50 40 30 20 10
> w
~ [ve}
& Z
i i
\ CF2302Ph
F
3h
10 o0 10 20 -30 40 -5 €0 -70 -80 -80 -100 -120 -140 -160 -180 -200

S75



0oo0—

9e'9
629
o9
P9
Pl
9r'9
9z'L
[F RN
pi—
LoL—

€08
50 mm-

x_CF,S0,Ph
3i

Cl

ool

20T
=860
oy
=0bh
g6 L

10 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

gl
o_.._RW
eyl

LLGLL
62511
La5L
[3<-113
o
Sl
Zeicl
Dm.mw_.%
PP el
PE0CE~
ve'0ct
Lelel
°e'lel
0s'gel
89l
0g'5¢l
react
cpect
Zg'act

x_CF,S0,Ph
3i

Cl

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 M0 100

190

S76



-101.70

X _CF,S0,Ph

Cl
3i

-0 20 30 -4 50 80 70 -B0  -90

-100 -110 120 130 -140 -150 -160 -170 180 -190 -20C

g N N N O P~ M~ O M~ o
38 Y I FHBBHAT 3
w M~~~ © OO ooo o
~I Vo S e——" |
f
|
]
ol 7 f
L] )
s dh ! Br N CFstZPh
F
3j

=
C
:

J

A Gt -
O O~ I D o
o OO0 W ;O o
N ~NO @ o -
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

S77



O W [o7] — N — I OO M~
© @ 0 @M 00N NO Om M@ W O T
58 ¥ 24945382 nrregew See
V7 e R e R
Br N CFstZPh
F
3j
L ! | . .
200 190 180 170 160 150 140 130 120 100 90 80 70 60 50 40 30 20 10 0
(=] w
[=] @
o ©
‘ |‘
Br X CF,S0,Ph
F
3j
1 L
0 10 220 30 40 -50 -60 -70 -80 -100 o110 120 -130 140 150 160 170 -180 180 -20C

S78



000~
L0077

8¢'C—

x_CF,S0,Ph

3k

Me

Lellp )

=88'¢C

1.0 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

09'Le—

[T
IS

9¢ 4L
By il

Caginy
T EW
B I

a0 64—
6OZhA
LpBZL

IS
0zeel—

C8'0PE—
LeZhl
opFerl
aperl

X _CF,S0,Ph

3k

| rlh N

Me

70 60 50 40 30 20 10

80

190 180 170 160 130 140 130 120 10 100

200

S79



LOLOL—

X _CF,S0,Ph

3k

Me

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

-100

=20 -3 -4 50 60 -70  -80

-10

000-—

98 1 —

e e—

X CF,S0,Ph

j— Y

J

.

3l

MeO

»LLULJJJL b

=18C

ezl

=ELe
=01
=9T'e
=pee
=gl
=00'¢

10 05 00 -05

1.5

20

25

3.0

35

90 85 80 75 70 65 60 55 50 45 40

9.5

S80



o~ = WO W0 ONWLOD~— © OO0 Ww
[Ts] oMo MDOMON F OO ggg e
© $557 28382 233 o P
— —eT T T TT T v P~~~ s}
N N Y I I = PN
\ CFstZPh
MeO
3l
J ‘ ‘ALJL l A . .

200

180

180 170 160 150 140 130 120 110 100

80 70 60 50 40 30 20 10
L]
™~
o
L=
X CF>S0O,Ph
MeO
3l
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 -50 -60 -70 -80 -0 -100 110 -120 130 -140 -150 -160 -170 -180 -190 -200

1 (ppm)

S81



800~
000~

pie—

ST'9

829~
Le9T
ve'9

68'9—
00t~
0T L—
cSil—

€6'L—
pl'8—

PO N

A

i

T

F00¢

0.0

0.5

40 35 30 25 20 15 10

45
1 (ppm)

1 MI \

95 90 85 80 75 70 65 60 55 50

10.0

SPG5—

Pa9L
w_\.RW
mq.t_.

AT
0g8'ZLL
98 Z1L
0Ll

Nq,w_._.
mm,w_._.%
99°0Z1~y
PoLZLI—

LPegl—
SOEEl—

6Z'Zrl
hm.mw_\w
ap'erl

PO'09L—

X _CF,S0,Ph

3m

OMe

F O
e
- &
r 8
- g
-3
F 3
- R
-8
o]
E ~
g8 00
ez 1%}
=
(=]
LS
=
f=
e
[=]
L)
]
(=]
-
b
(=}
e
[=]
r©
©
o
re
[=]
= O
=)
(=}
e
(=1




0g'L0k-—

X CF,S0,Ph

3m

OMe

700 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 190 -200
1 (ppm)

=30 40 50 60

-20

-10

88'¢—

L9
05’9
1G9
€59
vS'9
18:9=
16'9—
wm.\.H
8¢g'L
\.v.n.\

No.wl
vo.m.\

{

CF,S0,Ph

!

=/8C

F00'L

160
Nwm.o
w.remo. L
296’ L
296}
=06}

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

10.0

S83



© TO——O D O NO®o
o NOROON ON — OO0 weox ®
B Nohoaa N2 20dc I~ © [Te]
- e e -= == F= [ [rs)
s N R N
e N
x_CF,S0O,Ph
OMe
3n
A\ J

| ‘.‘l.h. k | J

200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 0

1
X _CF>SO,Ph
OMe
3n

0 - 20 -3 40 50 60 -70 -80 -9 -100 -110 -120 -130 -140 -150 -160 -170 180 -190 -20i

S84



00'0-—

[ ]
P ww
ar'a
059
3= ww
¥s'a

[ 1A A

09L~ -

19
z0e—
rog/

X CF,S0,Ph

30

0,

I

-

JJ

8.0

aslog’

=65}
+Zh'9
AN
=002

10 05 00 -05

15

70 65 60 55 50 45 40 35 30 25 20

7.5

8.5

9.0

95

P89l
al .‘..\.W
mv.._K

SZGLL
0L'GLL
€861l
vsezl
SZ'5Z1
50921
ZL'9zl
228zl
66'0¢)
mm._‘mv%
B5°CEL—
09'5EL-"
rLOPL
€8 ow_.w
Nm.ovv

X CF,S0,Ph

3o

Fs;C

U Lw[uﬂ

10

20

70

80

180 170 160 150 140 130 120 110 100

190

S85



-62.88
—-101.68

X _CF,S0,Ph

F5C
30

0 -0 20 30 -4 50 € 7O -8 9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -20(

I3 88 § 283599 g
@Wm P P 000000 =]
SO T R [
1
|
\
|
[
[
/ {
N T
~_CF,S0,Ph
CF; 3p
) '\‘w ﬂ{ | _,JL o
i }.I}vril‘l \[H__‘ -‘\
e o5 a8

6.0 55 50 45 40 35 30 25 20 15 10 05 00

=]
-~
w
=
o
o
w

S86



[T
QF.RW
El s

09 #LL
SO'GLL
6611
0sezl
ZLvEl
A=t
LOAZL

LSBT
ooLel
Zg'kel

LLEEL—
B el

8.0
mm.ovrw.
LB0KL

X CF,S0,Ph
3p

CFj3

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100

180

85’10l
LELOL-
SSL0L-

S LOL-

L6'Z9-—

X CF,S0,Ph
3p

CF,

-110 1200 130 140 -150 -160 170 -180 190 -200

-100

-30 -4 50 60 70 80

-20

S87



000~
800"

9e'9
mm.mw
oF'9

9
P9
9r'9

9z i—
8y i
%..ﬁw
7514
[=-gR
552
85.

8541
=

194
BEYE
594
694
Ledd

znas

X _CF,S0,Ph
3q

CF3

.

rezol

a0t
%vo.q
Jioe
2601
=007

10 05 00

1.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

ol
El .‘..\.W
mw.._K

Z0 LU
52 LU

L L

5lgll

Ce'BLL

16021

55224

%_mﬁw
PRt §
0z'9Z1
9z'9z1
LE'8Z1
e |
1Z'8Z1 1
82'8Z 1
658211
688211
8162}
BFEZL1
86'6Z)
#6081
oF'Zel
L5281
8LZEH
65'5¢ 1
2Z8e L
62'9E 11
LEBE
or'seh

x_CF,S0,Ph
3q

CF;

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

S88



x_CF,S0,Ph
3q

CF;

0Z°2zol-—

068G

.

-0 -120 130 -140 150 160 170 -180 180 -200

-100

=30 40 50 60 -0 -80

-20

00'0-—

ir9
6p'9
LG9
=]
€59
95’9

cli—

S8 L= -

L9477

Noml
¥0 m.\

x_CF,S0,Ph

3r

NC

1

M‘M A

=00

=Lol

¥Lo9
501
EEL

10 05 00

15

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

9.5

S89



DFTWO =B O — 10~ OO
TONOOOOININT RO DN LW~ 2oy
COOoOMRWLNCNO®O o [ — 0
STTOOOOONN NneRooen mme

X CF,S0,Ph

NC
3r

190 180 1700 160 150 140 130 120 110 100 290 80

—-101.73

x_ CF,S0,Ph

NC
3r

[=]

10 -20 30 40 -5 60 -70 80 -9 -100 -10 -120 -130 -140 -150 -160 -170 -180 -190 -200

S90



000~
L0077

LT
LLZ
L8z
ol=
ez
i8¢
2e'c
e’z

e
9681
96’
96’
26’

9z L
Se'4
9e' L
684
op' L
144
L9
oL
9L L~
86’ L7
mm,h\

4

CF,S0,Ph

r

k Loz

== g0}

A

=pl'z
eV

H.l =002

95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10 05 00
1 (ppm)

10.0

pLGE
€658
Zh'9g

8565
B.mmw
£9'65

[N
w_\.RW
mv.t

Lozl
Loezl
LB'SZ)
€89zl
LlL'6Z1
0g'ezl
vS'ezl
vO'LEL
wm._‘m_\W
SLSEL—
GL'8EL"

CF,S0,Ph

Ll

100
1 (ppm)

110

140 120

180 170 160

190

S91



-200

000-—

-170 -180  -190

-160

L9'Z

£€9'Z

592

89'¢

0Lz -
Le— e
o' Z¢
96'C
a6’z

-150

Fovz
=002

-120

—1:‘30 —11‘10
[ ]
|
l‘ /
- __Jui%____mm_

CF,SO,Ph

-110

mw.mc_..
nc.mc_..W
8L L0L--F -
mf._‘o_.L_ﬁ

-100

1 (ppm)
7

-80

-80

L'l
€L
Szl
0g' s

-70

CF,S0,Ph

6
50

e
gg — FL0¢

09 L— —_—

-50

=88l
=e0l
=96k

i

30 40
[o3]
[o2]
[
|
i
|
|
\
.

-20

-10

40 35 30 25 20 15 10 05 00

45

f1 (ppm)
S92

90 85 80 75 70 65 B0 55 50

95

10.0



DN @O OND
N WNO)T 0T O M@ ©©© T oo oY —
D W IO G300 W M- O N ) = R — NN
R Es ISR A RS S RS =@ Rl
B R I Al [ €0 NN
[ 7 e S LN
CF,SO,Ph
7
| o J s
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
@®
[
3
=
CF,SO,Ph
7
T T T T T T T T T T T T 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

1 (ppm)

S93



000
B.ow.
Z00

£8'e—

809
60'9
609
0L'g
Lg
ZL'9
€19

vL'9
mw.mA
98'9~L
0L'i—F
Zl n\
9T'L
LEL
LEL

624
oF'4

=00'¢

8T L
=150
620

=00}
907

=e

10 05 00

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

10.0

Eld=l=

P9l
El .‘..\.W
YLl

PERNTS
SEPLL
SE'GLL

9z'8ll
85’81l
g8l

SO'6LL

9z iZl—
ogazL

:.mmv
mm mm_.w.
S6'9¢l

€L09—

x_CF,H

MeO

| H|

10

20

70

80

190 180 170 160 150 140 130 120 110 100

200

S94



—-108.69

x_CF,H

MeO

-0 -20 -30 40 -50 60 -7O0 -80 -9 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

S95



