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General information:
'H NMR (TMS as the internal standard) and **F NMR spectra (CFCl; as the outside standard and

low field is positive) were recorded on a Bruker AM300 or Bruker AM400 spectrometer. **C
NMR was recorded on a Bruker AM400 spectrometer. Chemical shifts (8) are reported in ppm,
and coupling constants (J) are in Hertz (Hz). The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, g =quartet, m = multiplet, br = broad. Substrates
were purchased from commercial sources (Aldrich, Alfa and Chemical Reagent Companies of
China) and used as received. Reactions were performed under an atmosphere of nitrogen using
glassware that was flame-dried under vacuum. Benzyl alcohols and allylic alcohols were obtained
commercially. Propargylic alcohols 1-phenylhex-4-yn-3-ol [1], 1-phenylnon-4-yn-3-ol [2] and
5-phenyl-1-(trimethylsilyl)pent-1-yn-3-ol [3] were prepared according to literature procedures.
Compounds 2a [4], 2b [5], 2d [5], 2e [6], 2f [7], 2h [8], 2i-2j [7] and 20 [9] have been published

previously.

Preparation of substrates:

General procedure for the preparation of benzyl, allylic and propargylic methanesulfonates:

2 I AN OH MsCl, Et3N X OMs
o

% DCM, Z

To a stirred solution of benzyl alcohol (5.0 mmol) and triethylamine (10 mmol) in DCM (20 mL)
under N, atmosphere at —20 °C was added methanesulfonyl chloride (7.5 mmol) dropwise. The
reaction was stirred for 1 hour (monitored by TLC). The mixture was then allowed to warm to
room temperature and washed with water, 2 M HCI and brine, dried over sodium sulfate. The

solvent was removed to give the crude product, which was used without purification.

©/\OMS

Benzyl methanesulfonate (1a): Colorless oil; yield 91%. '"H NMR (300 MHz, CDCl3) & ppm

7.41 (m, 5H), 5.24 (s, 2H), 2.90 (s, 3H).
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Ph

Biphenyl-4-ylmethyl methanesulfonate (1b): White solid; yield 83%. 'H NMR (300 MHz,

CDCl) & ppm 7.38-7.65 (m, 9H), 5.29 (s, 2H), 2.95 (s, 3H).

/©/\OMS
F

4-Fluorobenzyl methanesulfonate (1c): Colorless oil; yield 91%. *H NMR (300 MHz, CDCl3) &

ppm 7.39-7.41 (m, 2H), 7.10-7.13 (m, 2H), 5.13 (s, 2H), 2.93 (s, 3H). °F NMR (282 MHz, CDCl5)

Cl
\©/\OMS
Cl

3,5-Dichlorobenzyl methanesulfonate (1d): White solid; yield 100%. *H NMR (300 MHz,

& ppm -111.5 (m, 1F).

CDCls) 5 ppm 7.39 (s, 1H), 7.31 (s, 2H), 5.17 (s, 2H), 3.04 (s, 3H).

/©/\OMS
Br

4-Bomobenzyl methanesulfonate (1e): White solid; yield 98%. *H NMR (300 MHz, CDCl;) &

ppm 7.55 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 5.19 (s, 2H), 2.95 (s, 3H).

/©/\OMS
O,N

4-Nitrobenzyl methanesulfonate (1f): White solid; yield 97%. '"H NMR (300 MHz, CDCls) &

ppm 8.29 (d, J = 8.4 Hz, 2H), 7.74 (M, J = 8.4 Hz, 2H), 5.46 (s, 2H), 3.34 (s, 3H).

NC
\©/\OMS

3-Cyanobenzyl methanesulfonate (1g): White solid; yield 95%. *H NMR (300 MHz, CDCls) &

ppm 7.52-7.72 (m, 4H), 5.26 (s, 2H), 3.05 (s, 3H).
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/©/\OMS
F.C

4-(Trifluoromethyl)benzyl methanesulfonate (1h): Colorless oil; yield 100%. 'H NMR (300
MHz, CDCl3) 6 ppm 7.68 (d, J = 7.2 Hz, 2H), 7.54 (m, J = 7.2 Hz, 2H), 5.29 (s, 2H), 3.01 (s, 3H).

F NMR (282 MHz, CDCl3) & ppm —62.8 (s, 3F).

/©/\OMS
MeOZC

Methyl 4-((methylsulfonyloxy)methyl)benzoate (1i): White solid; yield 98%. 'H NMR (300
MHz, CDCl;) & ppm 8.08 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 5.29 (s, 2H), 2.94 (s, 3H),

2.98 (s, 3H).

Naphthalen-2-ylmethyl methanesulfonate (1j): White solid; yield 93%. *H NMR (300 MHz,

CDCl) & ppm 7.85-7.91 (m, 4H), 7.50-7.55 (m, 3H), 5.41 (s, 2H), 2.91 (s, 3H).

W/OMS
5

(E)-dec-2-enyl methanesulfonate (1k): Colorless oil; yield 100%. *H NMR (300 MHz, CDCl,) &
ppm 5.88-5.97 (m, 1H), 5.56-5.66 (m, 1H), 4.69 (d, J = 6.6 Hz, 2H), 3.01 (s, 3H), 2.06-2.12 (m,
2H), 1.27-1.41 (m, 10H), 0.88 (t, J = 6.9 Hz, 3H).

A

OMs
Dec-1-en-3-yl methanesulfonate (11): Colorless oil; yield 100%. 'H NMR (300 MHz, CDCls) &

ppm 5.80-5.92 (m, 1H), 5.32-5.44 (m, 2H), 4.97-5.04 (m, 1H), 2.98 (s, 1H), 1.28-1.82 (m, 12H),

0.88 (t, J = 6.6 Hz, 3H).

OMs
\M/\)/
4
(Z)-non-2-enyl methanesulfonate (1m): Colorless oil; yield 100%. *H NMR (300 MHz, CDCl5)

& ppm 5.76-5.85 (m, 1H), 5.55-5.63 (m, 1H), 4.80 (d, J = 6.9 Hz, 2H), 3.01 (s, 3H), 2.10-2.17 (m,
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2H), 1.28-1.39 (m, 8H), 0.88 (t, J = 6.6 Hz, 3H).

%OMS
6

Dec-2-ynyl methanesulfonate (1n): Colorless oil; yield 100%. 'H NMR (300 MHz, CDCls) &
ppm 4.86 (m, 2H), 3.11 (s, 3H), 2.25 (t, J = 6.9 Hz, 2H), 1.28-1.58 (m, 10H), 0.89 (t, J = 6.9 Hz,

3H).

: OMs

3-Phenylprop-2-ynyl methanesulfonate (10): Yellow oil; yield 97%. *H NMR (300 MHz, CDCl5)

5 ppm 7.35-7.48 (m, 5H), 5.09 (s, 2H), 3.17 (s, 3H).

OMs

Ph \\
Me

1-Phenylhex-4-yn-3-yl methanesulfonate (1p): Colorless oil; yield 83%. '*H NMR (300 MHz,
CDCl3) 6 ppm 7.19-7.32 (m, 5H), 5.12-5.17 (m, 1H), 3.11 (s, 3H), 2.78-2.84 (m, 2H), 2.12-2.22

(m, 2H), 1.91 (d, J = 1.8 Hz, 3H).

OMs

Phw\

Bu
1-Phenylnon-4-yn-3-yl methanesulfonate (1q): Colorless oil; yield 93%. '"H NMR (300 MHz,
CDCl3) 6 ppm 7.19-7.32 (m, 5H), 5.16 (t, J = 6.6 Hz, 1H), 3.11 (s, 1H), 2.81-2.82 (m, 2H),

2.18-2.29 (m, 4H), 1.42-1.52 (m, 4H), 0.92 (t, J = 6.9 Hz, 3H).

OMs

Ph/\)\

TMS
5-Phenyl-1-(trimethylsilyl)pent-1-yn-3-yl methanesulfonate (1r): Colorless oil; yield 100%. 'H
NMR (300 MHz, CDCl3) 6 ppm 7.19-7.32 (m, 5H), 5.13 (t, J = 6.6 Hz, 1H), 3.14 (s, 3H),

2.78-2.85 (m, 2H), 2.14-2.25 (m, 2H), 0.20 (s, 9H).
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General procedure for the Cu-mediated trifluoromethylation of benzyl
methanesulfonates:

Into a Schlenk tube equipped with a magnetic stir bar were added Cul (2.2 mmol) and KF (4.0
mmol) under Ar atmosphere. DMF (5.0 mL) and Me;3SiCF3 (2.0 equiv) were added. After stirring
for 20 minutes, the mixture was heated to 60 °C and then the benzyl methanesulfonate (2.0 mmol)
was added under N, atmosphere. The reaction mixture was kept at 60 °C for 4 hours and then
allowed to cool down to room temperature. The resulting mixture was diluted with diethyl ether,
washed with water and brine, dried over sodium sulfate, and concentrated. The crude products

were purified by column chromatography on silica gel to give the products.

(jﬂcn:3

(2,2,2-Trifluoroethyl)benzene (2a): Colorless liquid; yield 76% after distillation on 10 mmol
scale. 'H NMR (300 MHz, CDCl,) & ppm 7.27-7.32 (m, 5H), 3.31 (q, J = 10.8 Hz, 2H).°F NMR
(282 MHz, CDCls) 6 ppm -66.0 (t, J = 11.6 Hz, 3F). **C NMR (100 MHz, CDCl3) § ppm 130.2,
128.7, 128.1, 125.9 (q, J = 275.5 Hz), 40.2 (q, J = 29.6 Hz). HRMS (El) Calculated for

CgH-F3:160.0500; Found: 160.0502.

/@Ach
Ph

4-(2,2,2-Trifluoroethyl)biphenyl (2b): White solid; yield 79%; mp 81-82 °C. *H NMR (300 MHz,
CDCls) & ppm 7.36-7.60 (m, 9H), 3.41 (g, J = 10.5 Hz, 2H). "*F NMR (282 MHz, CDCl3) & ppm
-65.8 (t, J = 11.3 Hz, 3F). B¢ NMR (100 MHz, CDCl3) 8 ppm 141.1, 140.5, 130.6, 129.2, 128.9,
127.6, 127.4, 127.1, 125.9 (g, J = 275.6 Hz), 39.9 (q, J = 29.6 Hz). Anal. Calcd. for C14H;F3: C,

71.18; H, 4.69. Found: C, 71.17; H, 4.69.

F

1-Fluoro-4-(2,2,2-trifluoroethyl)benzene (2c): Colorless liquid; yield 75% after distillation on 10
mmol scale. 'H NMR (300 MHz, CDCl3) § ppm 7.22-7.27 (m, 2H), 7.00-7.05 (m, 2H), 3.32 (q, J

= 10.8 Hz, 2H). "*F NMR (282 MHz, CDCl3) & ppm -66.4 (t, J = 11.3 Hz, 3F), -114.2 (s, 1F). *C

S6



NMR (100 MHz, CDCl3) & ppm 162.9 (d, J = 245.9 Hz), 132.0 (d, J = 8.4 Hz),126.1, 125.8 (q, J =
275.5 Hz), 115.8 (d, J = 22.0 Hz), 39.6 (q, J = 29.6 Hz). HRMS (EI) Calculated for CgHgFs:

178.0406; Found: 178.0403.

Cl
CF3

Cl
1,3-Dichloro-5-(2,2,2-trifluoroethyl)benzene (2d): White solid; yield 72%; mp 46-47 °C. 'H
NMR (300 MHz, CDCls) & ppm 7.36 (s, 1H), 7.20 (s, 2H), 3.33 (g, J = 10.5 Hz, 2H). *F NMR
(282 MHz, CDCls) 8 ppm -65.7 (t, J = 10.0 Hz, 3F). **C NMR (100 MHz, CDCls) & ppm 135.1,
133.3,128.8, 128.7, 125.3 (g, J = 276.1 Hz), 39.7 (q, J = 30.0 Hz). Anal. Calcd. for CgHsCl,F5: C,

49.95; H, 2.20. Found: C, 41.89; H, 2.21.

/@Ach
Br

1-Bromo-4-(2,2,2-trifluoroethyl)benzene (2e): White solid; yield 78%; mp 55-57 °C. 'H NMR
(300 MHz, CDCl;) & ppm 7.48 (d, J = 6.6 Hz, 2H), 7.15 (d, J = 7.8 Hz, 2H), 3.30 (q, J = 10.5 Hz,
2H).*F NMR (282 MHz, CDCl3) 8 ppm -66.0 (t, J = 10.2 Hz, 3F). *C NMR (100 MHz, CDCl5)
& ppm 132.0, 131.9, 129.2, 125.6 (q, J = 274.8 Hz), 39.8 (q, J = 29.6 Hz). HRMS (EI) Calculated

for CgHgBrF;: 237.9605; Found: 237.9607.

O,N

1-Nitro-4-(2,2,2-trifluoroethyl)benzene (2f): White solid; yield 40%; mp 65-66 °C. 'H NMR
(300 MHz, CDCl5) 5 ppm 8.24 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 3.50 (q, J = 10.4 Hz,
2H). " F NMR (282 MHz, CDCl3) 8 ppm -65.5 (t, J = 10.9 Hz, 3F). *C NMR (100 MHz, CDCl5)
§ ppm 148.1, 137.4, 131.3, 125.2 (q, J = 276.6 Hz), 124.0, 40.1 (q, J = 30.6 Hz). HRMS (EIl)

Calculated for CgHgF3sNO,: 205.0351; Found: 205.0347.

NC
\©/\CF3

3-(2,2,2-Trifluoroethyl)benzonitrile (2g): White solid; yield 81%; mp 65-67 °C. *H NMR (300
S7



MHz, CDCls) & ppm 7.47-7.66 (m, 4H), 3.43 (q, J = 10.8 Hz, 2H).°F NMR (282 MHz, CDCl5) 6
ppm -65.9 (t, J = 10.2 Hz, 3F). *C NMR (100 MHz, CDCl3) & ppm 134.6, 133.6, 131.8, 125.2 (q,
J = 275.5 Hz), 118.2, 113.0, 39.7 (q, J = 30.4 Hz). HRMS (EI) Calculated for CoHgFsN: 185.0452;

Found: 185.0452.

FsC

1-(2,2,2-Trifluoroethyl)-4-(trifluoromethyl)benzene (2h): Colorless liquid; yield 80%. *H NMR
(300 MHz, CDClg) § ppm 7.63 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 3.44 (g, J = 10.5 Hz,
2H).*F NMR (282 MHz, CDCl;) & ppm -62.7 (s, 3F), -65.7 (t, J = 11.3 Hz, 3F). **C NMR (100
MHz, CDCls) & ppm 134.3, 130.7, 129.0, 125.8 (q, J = 4.2 Hz), 125.6 (g, J = 275.3 Hz), 124.2 (q,
J = 270.8 Hz), 40.2 (q, J = 30.1 Hz). HRMS (EIl) Calculated for CoHgFs: 228.0374; Found:

228.0375.

M602C

Methyl 4-(2,2,2-trifluoroethyl)benzoate (2i): White solid; yield 68%; mp 54-55 °C. *H NMR
(300 MHz, CDCl5) 5 ppm 8.03 (d, J = 8.7 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 3.92 (s, 2H), 3.43 (q,
J = 10.5 Hz, 2H). "*F NMR (282 MHz, CDCl;) & ppm -65.6 (t, J = 10.7 Hz, 3F). **C NMR (100
MHz, CDCl3) & ppm 166.7, 135.2, 130.3, 130.2, 130.0, 125.6 (q, J = 275.7 Hz), 52.2, 40.2 (q, J =

29.3 Hz).

2-(2,2,2-Trifluoroethyl)naphthalene (2j): White solid; yield 78%; mp 54-55 °C. "H NMR (300
MHz, CDCl3) & ppm 7.39-7.85 (m, 7H), 3.53 (g, J = 11.1 Hz, 2H).°F NMR (282 MHz, CDCl;) 5
ppm -65.6 (t, J = 11.3 Hz, 3F). **C NMR (100 MHz, CDCl5) & ppm 133.4, 133.0, 129.6, 128.5,
127.9, 127.8, 127.7, 126.5, 126.4, 126.1 (q, J = 275.6 Hz), 40.4 (q, J = 29.8 Hz). Anal. Calcd. for

CoHgF3: C, 68.57; H, 4.32. Found: C, 68.57; H, 4.36.

MCF:;
5
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(E)-1,1,1-Trifluoroundec-3-ene (2k): Colorless liquid; yield 78% from 1k, 80% from 1l. ‘H
NMR (300 MHz, CDCl3) & ppm 5.65-5.73 (m, 1H), 5.33-5.40 (m, 1H), 2.70-2.79 (m, 2H),
2.02-2.07 (m, 2H), 1.28-1.39 (m, 10H), 0.88 (t, J = 6.8 Hz, 3H). °F NMR (282 MHz, CDCls) &
ppm -67.0 (t, J = 9.4 Hz, 3F). °C NMR (100 MHz, CDCls) & ppm 138.7, 126.3 (q, J = 274.9 Hz),
117.7 (9, J = 4.3 Hz), 37.6 (q, J = 29.0 Hz), 32.7, 32.1, 29.4, 29.3, 29.2, 22.9, 14.2. HRMS (EI)

Calculated for C11H1gF3: 208.1439; Found: 208.1438.

NI NI
4
(E)-1,1,1-Trifluorodec-3-ene (2m): Colorless liquid; yield 87%. *H NMR (300 MHz, CDCl5) &
ppm 5.66-5.73 (m, 1H), 5.33-5.40 (m, 1H), 2.71-2.81 (m, 2H), 2.02-2.07 (m, 2H), 1.28-1.39 (m,
8H), 0.88 (t, J = 4.8 Hz, 3H).*F NMR (282 MHz, CDCl;) & ppm -66.8 (t, J = 8.2 Hz, 3F). **C
NMR (100 MHz, CDCls) & ppm 138.7, 126.3 (q, J = 275.0 Hz), 117.7 (g, J = 3.6 Hz), 37.6 (q, J =
28.6 Hz), 32.7, 31.9, 29.1, 28.9, 22.8, 14.2. IR (neat) 2960, 2930, 1367, 1253, 1138 cm™. HRMS

(EI) Calculated for CygH17F3: 194.1282; Found: 194.1279.

\M/\/\CFS
4

1,1,1-Trifluoroundec-3-yne (2n): Colorless liquid; yield 64%. '*H NMR (300 MHz, CDCls) &
ppm 2.98 (g, J = 7.5 Hz, 2H), 2.16 (t, J = 5.4 Hz, 2H), 1.28-1.54 (m, 10H), 0.88 (t, J = 5.1 Hz, 3H).
F NMR (282 MHz, CDCl3) & ppm -67.3 (t, J = 9.8 Hz, 3F). *C NMR (100 MHz, CDCl3) & ppm
124.7 (q, J = 274.2 Hz), 85.2, 68.3 (q, J = 4.8 Hz), 31.9, 28.94, 28.89, 28.6, 26.3 (q, J = 33.7 Hz),
22.8,18.7, 14.2. IR (neat) 2933, 2859, 2245, 1366, 1258, 1113 cm™. Anal. Calcd. for C;H17F5: C,

64.06; H, 8.31. Found: C, 64.09; H, 8.32.

Ph———\
CF3

(4,4,4-Trifluorobut-1-ynyl)benzene (20): Yellow liquid; yield 50%. ‘H NMR (300 MHz, CDCly)
8 ppm 7.46-7.31 (m, 5H), 3.27 (q, J = 9.6 Hz, 2H). *°F NMR (282 MHz, CDCls) 5 ppm -66.0 (t, J
= 11.6 Hz, 3F). *C NMR (100 MHz, CDCl3) & ppm 131.0, 128.9, 128.5, 124.4 (q, J = 275.1 Hz),
122.3, 84.5, 77.5 (q, J = 4.1 Hz), 26.9 (q, J = 35.1 Hz). HRMS (EI) Calculated for CyoH-Fs:

184.0500; Found: 184.0498.
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H
Ph/\/&-YcF:;
Me .
(6,6,6-Trifluoro-5-methylhexa-3,4-dienyl)benzene (2p): Colorless liquid; yield 89%. *H NMR
(300 MHz, CDCls) & ppm 7.17-7.31 (m, 5H), 5.56 (m, 1H), 2.74 (t, J = 7.5 Hz, 2H), 2.37-2.44 (m,
2H), 1.73 (d, J = 2.7 Hz, 3H). *F NMR (282 MHz, CDCl5) & ppm -65.8 (d, J = 4.2 Hz, 3F). **C
NMR (100 MHz, CDCls3) 6 ppm 202.7, 141.1, 128.6, 128.5, 126.2, 124.1 (q, J = 271.9 Hz), 96.5,
94.3 (g, J = 34.3 Hz), 34.9, 29.7, 13.0. IR (neat) 3065, 3029, 2932, 1981, 1455, 1307, 1118 cm™.

Anal. Calcd. for C13H13F5: C, 69.02; H,5.79. Found: C, 69.00; H, 5.72.

H
F>h/\/§-\(CF3

Bu
(5-(Trifluoromethyl)nona-3,4-dienyl)benzene (2q): Colorless liquid; yield 93%. '*H NMR (300
MHz, CDCl3) 6 ppm 7.17-7.31 (m, 5H), 5.60-5.65 (m, 1H), 2.74 (t, J = 7.8 Hz, 2H), 2.37-2.46 (m,
2H), 2.05 (m, 2H), 1.31-1.34 (m, 4H), 0.89 (t, J = 7.2 Hz, 3H). °F NMR (282 MHz, CDCl5) &
ppm -64.3 (d, J = 3.1 Hz, 3F). *C NMR (100 MHz, CDCls) & ppm 202.4, 141.1, 128.6, 128.5,
126.2, 124.2 (g, J = 273.2 Hz), 99.5 (q, J = 34.3 Hz), 97.9, 35.1, 29.9, 29.5, 26.0, 22.2, 13.9. IR
(neat) 3066, 2959, 2864, 1976, 1455, 1298, 1118 cm™. HRMS (El) Calculated for CygH:oFs:

268.1439; Found: 268.1440.

Ph/\/g- CF
Y 3

TMS
Trimethyl(1,1,1-trifluoro-6-phenylhexa-2,3-dien-2-yl)silane (2r): Colorless liquid; yield 70%.
'H NMR (300 MHz, CDCl3) & ppm 7.18-7.32 (m, 5H), 5.34-5.38 (m, 1H), 2.73 (t, J = 7.8 Hz, 2H),
2.36-2.43 (m, 2H), 0.16 (s, 9H). °F NMR (282 MHz, CDCl;) & ppm -55.8 (d, J = 4.2 Hz, 3F). **C
NMR (100 MHz, CDClI3) & ppm 208.7, 141.2, 128.63, 128.58, 126.3, 125.2 (q, J = 271.6 Hz), 94.4
(g, J =34.7 Hz), 90.9, 35.5, 29.2, -1.2. IR (neat) 3066, 2960, 1956, 1269, 1113 cm™. Anal. Calcd.

for C15H19F3Si: C, 63.35; H, 6.73. Found: C, 62.98; H, 6.82.

510



References

1. Akai, S.; Hanada, R.; Fujiwara, N.; Kita, Y.; Egi, M. Org. Lett. 2010, 12, 4900-4903.

N

. Shibuya, G. M.; Kanady, J. S.; Vanderwal, C. D. J. Am. Chem. Soc. 2008, 130, 12514-12518.

3. Li, D.; Tanaka, T.; Ohmiya, H.; Sawamura, M. Org. Lett. 2010, 12, 3344-3347.

4. Liang, A.; Li, X.; Liu, D.; Li, J.; Zou, D.; Wu, Y.; Wu, Y. Chem. Commun. 2012, 48, 8273-8275.

5. Zhao, Y.; Hu, J. Angew. Chem. Int. Ed. 2012, 51, 1033-1036.

6. Zhu, L.; Li, Y.; Zhao, Y.; Hu, J. Tetrahedron Lett. 2010, 51, 6150-6152.

7. Kawai, H.; Furukawa, T.; Nomura, Y.; Tokunaga, E.; Shibata, N. Org. Lett. 2011, 13, 3596-3599.

8. Jeong, I. H.; Min, Y. K,; Kim, Y. S.; Kim, B. T.; Cho, K. Y. Bull. Korean Chem. Soc. 1994, 15, 519.

9. Zhao, T. S. N.; Szah6, K. J. Org. Lett. 2012, 14, 3966-3969.

S11



06T

3EZTG —

(503

WL

OMs

1a

|

FIIO

PPM

ooo'o-

veg'L

B8¥6'C

€626
87°L
Sle7L
66E°L
vev'L
BSY'L
SeyL
ELSL
185°L
909°L
azeL
£59°L

\
|

VR

OMs

1b

Ph

PPM

10

15

512



+00°0-

VEBT

Eles

WL —

f

OMs

1c

OMs

1c

PPM

-200

-150

-100

=]

513



0000 —

4=

1808 ——

S9TL ——__
WeL ———

8BEL —

02
J |L -

)

OMs

1d

Cl
Cl

Loo'o-

G5

ES6'T

¥BL'G ——

OMs

Br

1e

[ =
o
o
|
|.M =]
|k
i
JF
=
ey
8
EN |
-
<t
2 L
LE..,I]‘._
1
o
P J
Wﬂ\.\) =
E A
R ]
-0
[ ©

S14



03

O¥E'E

BS¥'S

2L L —
lBprL L —

/28 ——
|6z'8 —

OMs

1f

O,N

XDG

L
T

PPM

]

10

1000~

ole'l —

68526 ——

692°L

5L |/
6rS'L /
pigL — e

859, —=
53%
o

I

301
RN

OMs

19

NC

PPM

515



0000 ——

B00E

162G

90T L ——
2esL

oo
599, ————
B89°L -

OMs

FiC

1h

PPM

£€9L°29~—

OMs

FiC

1h

PPM

-200

-150

-100

516



1000~ —

BBLL ——— —

N
- [
]
0867 — o HJM
qAH g
566 ————— .
]
|
A.
]
o
88T ——— ff1|\A
|
898, —— - —
Uyl —— — ]
VoS L — N -
1908~ & | SR
5609 ——— = S =
=

MeO,C

PPM

10

oo

Logk —

[13-x4 —

RSl

OMs

00

PPM

10

15

517



000°0-
098°0

€880 v
Y080 ——
[

ElE
6L ———
o'l “
£l

5507

807 ——>=

i

2017 —
VLT =

LLoE

19 ——
ey

89g’L

1037

Ay

N

OMs
N

1k

=

0000
858°0
0880
2060 ——
SLeL
¥BE'L
B —
9E'L
059°} ——
gL —

B9L°L
6L
1181

VN

/

I/

W,

186°T

L6V
966°F
810G
s ——)

128G
95E°g Iypl
o

0086

9ze's l%
¥ee's — =
098G

€886

168's

L1166

89T°L

V

I

PPM
S18

Joo

OMs

11




1000
R0
W0 —
e

e —
/e —
95—
0LE

T

e ——=
1z

{

Hoe

BLY —_
308 ——
3¥5°G
pLG°G
509G
3695 —
1905 ——

v

8
=
I

=
¥B'S

392°L

L

UL

_Ju

F,DI
L \

"?Dl]

099
fo2

4

M

1m

L,_ J‘-; ——

598y —

bzl —

|
g —
T

| W

-
T
0

v

(S
T
2

OMs

1n

1

a

[ ‘\-.____4

|

—
T

e

S19



000" ——

SoLE

860G

St

e e —

WYL ——
9GpL N
el

OMs

10

01

L

-

|

1000

0657+
016'L
e’k
veLke
sz
ST
8617 —

veT ——
BT
68LT
08T ———
eeeT —
oLLe

e

)

I

W

LHS
9eLs
BELG —
v’ —
091G
918

v

(L1508
9Lz’L
690 L ——=

vz L —
8622 I\
vZE'L

4

N

1p

10

S20



e 000°0
2020 —

=t
|
_J
Q 0151
— L W'z /
- —_— LT
g 6612
Lo tEEZ
5 A ;
- — sz —\
_ L 817
b= ). 5082 %H
(S —— sz8T ‘lw

— SEL'E
4 58T

E{,BE
)

= 80L's — =
6EL'S
r [5:10}

PG ——7
091G
z81'g

06L°L LBLL
1L | 9ITL
Bzz’L o Jr ¥eTL
0972 ——3 = _ — 0922 —3)

0TL — = =
002 N Ryt
szeL

J;

6ee’L

Bu

OMs
1q

10

S21

ﬁf93

A

T™MS

OMs

1r




z5z'e
68ZE IV
ST —
5= %>

LTl

BEL ——
sl

CF3

2a

10

€60'99—-.
chog9
9/6'69—

CF3

2a

PPM

T
-1

S22



=
L
o
=
100'0-
L9268
BP0 0F ——— I Dge'L —
SE 0F
Zvo oF
o
[~
B0L9L —— e
020°LL |N —| faee
BEE'LL gev'e
vor'e
o
]
BLLIZL
12§ wﬁl/ L
787 171
v50 niW i
BL9BTL ——— L
BEO0E L — 7
061 D?\I
= ¥5Z'L
-0
2 o5e'L /
z8e'L
\zvL V//f
r L ——=
o (Y2 8 \l
L gL
[$) r 865
©
2 -
(=]
| ]
(3]

523

200

S S—

o

CF,

2b

Ph




75 PPM

5¥'6E ———__
WLE — 7
r 250 0%
®EOF

N

r WL YL —
390°LL
FBELL

N

1ug'5e L
v 3[/\/ B
108'9~

n LI
e 3SveL
Wizl
3T LT
[ FEv L2Z)
38921 —
UBBTL ——
38162 —
20081
1901

P

(

r LESOFL
Ll il

CF;

2b

Ph

PPN
S24

0

CF,

2b

Ph




21669
920°L
¥80'L —
YTl —

£TL 7
1921 \

f//

CFsy

2c

ELT¥LL-

10v'99
0.£°99
oee99

1[0[]

347

CF4

2c

PPM

-200

-150

-100

S25



AN

LerEE —
17068 ——
lez0'0y =

B19°GLL
mmm.milyl
gL Lel

ote vzt —
e
lszz 1gh ——
€662}

266'LEL —
lol0ze ) -

If

T

a8 —
S:.mr\

CF,

2c

:
PPM

0

1000~

98LL ———

857 L — -

BseL —

!

AN

0.

|
]

i

CF3

Cl
2d

Cl

526



38969 —.__
e
3969

CF,

Cl

Cl

2d

SN N

PPN

09768
e N
65868 ——
691 0% \

9L ——
661 1L ——
8l il —

0zi1zh
LR ELL

MTEEL—
LoF'SEl \

Cl

CF;

PPM

0

m.wA il
T

Ak

Cl

2d

527



osze
98Te ——

17 ——
ee

Wl L ——
oL ——=
L
BOFL ——
06¥L -

CF3

Br

2e

50°09
2L0'sg
316'69~

CF3

Br

2e

-

PPM

|
-80

528



JLEBE

Po6E —
WUBBE — 2

292 0

3

WYL ———

QL —
3LyLL \\

%Y IZL
¥eS Nw_.l/
ZT el /

JL“IJ

CF3

Br

2e

T
PPM

o]

10070

28571

29%'C
/e
PIS'E %/
e —

29T°L
VYL ———
gL —

1228
weg —

CF3

2f

PPM

10

S29



| | EVO'6E
e 56 %HVI

| Ereor ———
tm.3|\|

{ LP89L —

09 1L ———
F sl —

185°69-—. T
1ree——— —_—

seyeg— 1T

| VRO'LZL
F OVRET) —

{ 59662 L ———

| 56592} ——

s BSEBEL —

{ veZ Ll —
- 79 LEL

9508k 1

CF3

2f
¢

PPM
S30

0

CF3

2f




Lece
e — 7
zore \

18¥E

(Y2 8
16¥L
s L
¥og'L
i~ —

809'L
889, \
£99'L

CF;
2g

NG

10

i88°69
8GO~

ngse—

CF3

29

NC

PPM

S31



26268 ——__

39586 ———F
258'6¢ \
%610F

L9 ——
350'4L |\"
3081

NOELE
NTBE
0 R_./
wmhmw_.l/
NGTL
308 624 —o
/G562 ——
o —
#RIEL
wﬁmmrx

USYEL

iad

b

CF3

2g

, _ {l . MJ . 0 T

NC

PPM

o]

0000

BSSL

8ge'E

gTre —
BrE ——
£6Y'e

00’2
BlvL
prL

Bl9L ——
woL—

200

PPM
S32

LU

183

_—

CF;

2h

12

FiC




SELGI—__

B69'GY
85969~

BrL 29~

—

CF3

FiC

2h

(10

PPM

T
-70

EVBOL
0gLiL
Lyl

ESL'BE
150°0%
C5E°0F
1590t

(453 oNvJ
B LTl
neeZzlL

\
90Z'¥Ch /
Bzl
BEL'STH
ove'szh
696'9CH

06T ¥EL

CF3

FiC

2h

UL

:
PPM

S33



1000~

oe's
ZIr'e %.’
e ——=
£er's
¥Z6'c

90€°L ———
EBEL —

1208 ——
BH'8 —

02

CF;

2i

MeO,C

PPM

909'59
998 mm..J/\f
82550~

CF3

2i

MeO,C

PPM

T
75

S34



0¥8'9L —
09b°LL
08v'LL

RKYITL

mmr.vm_.
ovm.ow_.
nmwmm— /
LB66TL

ELLOEL ———==

zIE0EL —
6L GEL ——

€0L991

CF3

2i

MeO,C

‘
PPM

0

T
200

0000~

BYS' L ——

BiVE —
PISE
1SSE
885°¢

N

55¢°L
BBE°L
LiFL
LCLara
PoF'L
Byl —--
POS'L — >
915°L
B9L°L
Bze’L
Pe8°L

(2

CF;,

PPM

10

15

S35



oS

¥EI'SY
#5559~

i

\

CF3

2

L Z6L°9L
ShLLE
ZEV'LL

12668 — 7
50208

B 1050
#0B0F

o ZE6'LEL
3.9°%Ch

rey'ozL
L 18v'5z

sebLEL

ug Lz

3LLLTL

L 3|ELTL ——
397821 — -
18562 1

2BL0E

PIBTEL

L98°EE )

N

CF;5

2

.
PPM

S36



000°0 —
9980

¥B8'0 Hu\\/|
1060 —

BT ——
858 ——
gL I\
268l

0202

K07 —n
¥e0T ——7
00T

SEES
EVE'S
Leok
18e’s
BBE'S

£G9G —

0195 —
5895 7
80LG
szL's

(

CF3

G

2k

PPM

CF3

=

2k

374

100

)

.
PP

-72

S37



e
wu—7
3Ll

WwoLLL
YL

L 7
LSLLLL \

BLETL

w6 vi\l
wmohrx
et

‘mommrl\l

CF5

=

2k

T
PPM

T
200

000~

¥980
000 —
3680 ——
Lz

bt
gL —
ey
1551
30T~

N

f

1807 ——
3907
07
07

®LT IHU/
%017 —

51T \

3082

N

CFs

2m

(58

3T

S38



1899
118 3.|///
mrow—

3TE mw.,lflrl

36299

CF3

2m

JJL_M_.J L

PPM

B ———
0872

760°62
Lg'LE
.28
ELLE
1TWLE
0L 2 —
i00°8€

Nier

WEOL ———
WL LL—
UYLL

LNy
WL
189 E.V
L

P wmv\
L — T
YT

1Ty OEL

am.mm_.l\

=

2m

PPM

0

S39



000°0-

gzze
sope

wTe I\I
BIEE

ores—

L¥r'99

S40



UET—

L9 ———
‘.SHNH\
Wr'Lz

I¥8'9L
BLLL
24G°LL
PE9LL
UYL —
ZTLLL
BYEE ——

392021
MWETTH
220ETL ——

PLLGEL ——
U ———
35T
rSe'ezl
i68'IEL

4

N

CF3

20

‘
PPM

0

T
200

KL ——

2n

PPM

.

10

$41



74PPM

9Ll
20481
30ee
bSL'GT
F 36092
EP'9T

M zeee—3

w88
306'1E

LLL'Se —
[==]
<
|
Tob f— e |
szi— L
50T ——
o 162 €8 ——
;€09 ———
© veLesl —
<
) L

N B

2n

PPM
S42

0

2n

200




1000~ JRN— 2t

B ———

el WI
EL)

.u: a
ummwk o,
E&‘ z.\ J I
Wz — 3 T
LT —— e

weT
LT

Foo
_J u

)

WSS
189G
199G

2£8°69——

LG

1L
6L
e
WL

L
7hEL

¢
L

)

. CF3
T

2p

PPM
S43




Lol

BS96E ——

26T —
BO6¥E

BEROL —
09LLL——
8L¥°LL \|
528°¢6

0LL¥6

EIGHE — e
SB'Y6 “
80596

SLLZEL
mmv.nm_.lnllffff
1229k =

175821 ———
009 mmr\l

060°HF L

8LL20T

-y

'ﬁ/CFg

Me

2p

i ‘I\‘

‘
PPM

100°0-
9080
1680

f50 e
el
FEEL
Wl
0T
%02
ez
667
(45 -4r4
T
T ——
1wz
1557
LL°E
iz
LT

AN

3655

09§ —2
39S ——
529'

WS

159°G

Y]
BLL /
Pz HVW

358L —
zL =
3\TL

el

(AN [

lkl'-}|m —
T R
—_—

]

g

g ]

e

|

g

= —
e~

PPM

S44



QLT VY _
88T Y9 —

PPM

-200

-150

-100

waeL H\I
1L
168'26
B

PEBe— e
5'66 {‘1
11666

380024

BLTIL
189521 W

TOTL —
WwZezL ——

S8zl
agezt

LH b ——

W|E'20T

‘
PPM

545



0000

9.00

390

w0eT
uET —n

e ——=
fraad -

LT ———
KLT \
’[LE

IFES
PeE'S ——
€S
UES

[ A
202,
3L
./EL —

WL —F
BT°L
LeL

i

N

JG’BA

39168 ———
L6 —
F¥5GE

9L ——

L 7
28 LL #

PLB06 ——
368'E6

LIBETL

rBS 8t

5299z
JE6ZL

W0E9TL I/
38697, —

Ll

389802

'YCFg

TMS

--J—-———LL—A—JL-—M—‘-“

2r

T
PPM

0

546



25865 ——

LE8°GG—

'YTMS

2r

-100

547



