Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

Electronic Supplementary Information
Synthesis of  2-Fluoroalkylbenzimidazoles via

Copper(I)-catalyzed Tandem Reactions

Jiangtao zhu®, Haibo Xie®, Zixian Chen™’, Shan Li*, and Yongming Wu®*

a: Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic
Chemistry, Chinese Academy of Sciences, 354 Fenglin Road, Shanghai 200032,
China

b: Department of Chemistry, Huazhong University of Science and Technology, Wuhan,
Hubei 430074, China

Table of contents

General information S2
General procedure for benzimidazoles synthesis. S2
Characterization data for compounds 3a-3u S3-S11

NMR spectra for compounds 3a-3u S12-S30



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

General:

Melting points were measured on a Melt-Temp apparatus andw uncorrected. 'H NMR
spectra were recorded in CDCIl; on a Bruker AM-300 spectrometer (300 MHz) with
TMS as internal standard. '°’F NMR spectra were taken on a Bruker AM-300 (282
MHz) spectrometer using CFCl; as external standard. >C NMR spectra were taken on
a Bruker AM-400 (100 MHz) spectrometer. IR spectra were obtained with a Nicolet
AV-360 spectrophotometer. Solvents and reagents were purchased from commercial
sources and used as received. DMF was distilled from calcium hydride. All reactions
were carried out under a nitrogen atmosphere in a Schlenk tube, with a stir bar and
capes with a Teflon screw-cap. TLC analysis was performed on silica gel plates,
column chromatography over silica gel (mesh 200-300) and petroleum ether/ethyl
acetate combination was used as the eluent. The imidoyl chloride was synthesized

according to the literature.'

General procedure for benzimidazoles synthesis.

Method A: A Schlenk tube was charged with Cul (8 mg, 0.04mmol), and K,CO;
(220 mg, 1.6mmol), evacuated and backfilled with nitrogen. Amine (0.5mmol), DMF
(2ml) and imidoyl chloride (0.4mmol) was successively added. Then the reaction
mixture was stirred at 60°C for 3h. The mixture was partitioned between ethyl acetate
and water, the organic layer was washed with brine, dried over MgSQO,, and
concentrated in vacuo. The residue was purified by column chromatography on silica

gel to provide the desired product.

Method B: A Schlenk tube was charged with Cul (8 mg, 0.04mmol), and K3PO4 (339
mg, 1.6mmol), evacuated and backfilled with nitrogen. Amine (0.5mmol), DMF (2ml)
and imidoyl chloride (0.4mmol) was successively added. Then the reaction mixture
was stirred at 60°C for 3h. the mixture was partitioned between ethyl acetate and

water, the organic layer was washed with brine, dried over MgSOj, and concentrated
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in vacuo. The residue was purified by column chromatography on silica gel to provide

the desired product.
2-(bromodifluoromethyl)-1-butyl-1H-benzo[d]imidazole (3a)

N
©: H—CFBr
N

Bu

'H NMR (300 MHz, CDCls): & 7.79 (d, J = 7.9 Hz, 1H), 7.22-7.35 (m, 3H), 4.20-4.28
(m, 2H), 1.72-1.86 (m, 2H), 1.28-1.45 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H); ’F NMR
(282 MHz, CDCLs): & -46.10 (s); >°C NMR (100 MHz, CDCl3): § 144.8 (t, J = 28.3
Hz), 140.9, 135.5, 125.0, 123.4, 121.5, 111.7 (t, J=299,8 Hz), 110.5, 45.1, 31.6, 20.0,
13.5; IR (film): 3059, 2962, 2935, 1615, 1589, 1501, 1457, 1455, 1253, 1177, 1141,
1082, 910 cm™; MS: m/z (%): 302 (10.60) [M'], 181 (100.00); Anal. Cacld. For
CioH3BrFoNs: C, 47.54; H, 4.32; N, 9.24; Found: C, 47.68; H, 4.61; N, 9.30.

1-allyl-2-(bromodifluoromethyl)-1H-benzo[d]imidazole (3b)

N
©: H—CFBr
N

)

'H NMR (300 MHz, CDCls): § 7.84-7.91 (m, 1H), 7.31-7.43 (m, 3H), 5.88-6.05 (m,
1H), 5.27 (dt, J,= 10.2 Hz, J, =1.5 Hz, 1H), 5.13 (dt, J;= 17.3 Hz, J, = 1.5 Hz, 1H),
4.98 (d, J= 5.4 Hz, 2H); "’F NMR (282 MHz, CDCl3): & -46.09 (s); '>*C NMR (100
MHz, CDCl3): & 144.9 (t, J = 22.8 Hz), 140.8, 135.5, 130.8, 125.2, 123.6, 121.5,
118.4, 111.5 (t, J = 239.9 Hz), 110.8, 47.4; IR (film): 3087, 3068, 2928, 1647, 1615,
1589, 1503, 1464, 1412, 1254, 1171, 1141, 929cm™; MS (ESI): m/z: 287 [M + H'];
HRMS Calcd for C11HoN,BrF;: 285.9917, Found: 285.9920.

2-(2-(bromodifluoromethyl)-1 H-benzo[d]imidazol-1-yl)ethanol (3¢)
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©::\>—CFZBr
\\\

OH
White solid, mp 84-85°C; "H NMR (300 MHz, CDCls): & 7.22-7.71 (m, 4H), 4.43 (m,
2H), 3.97 (m, 2H); ’F NMR (282 MHz, CDCls): & -46.46 (s); °C NMR (100 MHz,
CDCl): & 144.7 (t, J = 28.9 Hz), 140.2, 136.0, 125.2, 123.6, 120.7, 111.4, 111.3 (t, J
=299.9 Hz), 60.7 ,47.3; IR (film): 3298, 3059, 2896, 1612, 1590, 1501, 1475, 1255,
1166, 1141, 1055, 921; MS: m/z (%): 290 (19.54) [M "], 145(100); HRMS Calcd for
C10HoN,OBrF,: 289.9866, Found: 289.9863.

2-(bromodifluoromethyl)-1-cyclohexyl-1H-benzo[d]imidazole (3d)
N
D—CFBr
N

White solid, mp 91-93 °C; '"H NMR (300 MHz, CDCls): & 7.74-7.81 (m, 1H),
7.52-7.61 (m, 1H), 7.16-7.31 (m, 2H), 4.40-4.65 (m, 1H), 1.09-2.31 (m, 10H); °F
NMR (282MHz, CDCls): & -46.30 (s);°C NMR (100 MHz, CDCls): & 144.7, 141.5,
134.0, 124.5, 123.0, 121.9, 113.5, 111.3 (t, J = 240.3 Hz), 57.8, 30.7, 25.8, 25.1; IR
(KBr): 3062, 2932, 2860, 1604, 1585, 1502, 1455, 1413, 1252, 1176, 1143, 1086, 927,
MS (ESI): m/z: 329 [M + H+]; Anal. Cacld. For Ci4H;5BrF,;N»: C, 51.08; H, 4.59; N,
8.51; Found: C, 51.17; H, 4.70; N, 8.52.

1-Benzyl-2-(bromodifluoromethyl)-1H-benzo[d]imidazole (3e)

©::\>—CFZBr
O

White solid, mp 65-66 °C; "H NMR (300 MHz, CDCl): § 7.79 (d, J = 7.1 Hz, 1H),
6.94-7.28 (m, 8H), 5.48 (s, 2H); "’F NMR (282 MHz, CDCl;): § -45.77 (s); *C NMR
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(100 MHz, CDCl3): & 145.2, 140.8, 135.7, 134.7, 128.7, 127.9, 126.1, 125.3, 123.6,
121.5, 111.5, 111.0 (t, J = 301.8 Hz), 48.5; IR (KBr): 3088, 3062, 1614,1589, 1498,
1451, 1260, 1167 ,1135 ,919; MS (ESI): m/z: 337 [M + H']; Anal. Cacld. For
CisH14BrF,Ny: C, 53.43, H, 3.29, N, 8.31; Found: C, 53.52, H, 3.60, N, 8.22.

2-(bromodifluoromethyl)-1-(4-chlorophenyl)-1H-benzo[d]imidazole (3g)

N
©: S>—CF,Br
N

Cl
"H NMR (300 MHz, CDCls): 8 7.92 (d, J = 7.8 Hz, 1H), 7.59-7.10 (m, 7H); "’F NMR

(282 MHz, CDCl;): & -44.45 (s); *C NMR (100 MHz , CDCls): § 145.2 (t, J = 22.7
Hz), 140.5, 137.4, 136.1, 133.3, 129.9, 129.4, 125.9, 124.2, 121.5, 111.3 (t, J = 240.5
Hz), 110.9; IR (KBr): 3089, 3057, 1612, 1589, 1501, 1451, 1406, 1261, 1199, 1144,
1092, 991; MS (ESI): m/z: 357 [M + H']; HRMS Calcd for C;4HgN,CIBrF,: 355.9527,
Found: 355.9529.

2-(bromodifluoromethyl)-1-(4-methoxyphenyl)-1 H-benzo[d]imidazole (3h)

N
©: D—CFBr
N

OCH;
White solid, mp 94-96 °C; '"H NMR (300 MHz, CDCls): & 7.89-7.95 (m, 1H),

7.32-7.43 (m, 4H), 7.03-7.11 (m, 3H), 3.91(s, 3H); '’F NMR (282 MHz, CDCls): &
-44.50(s); “C NMR (100 MHz, CDCly): & 160.4, 145.6, 140.4, 137.9, 129.3,
127.1,125.6 ,123.9, 121.3, 114.7, 111.3 (t, J = 301.4 Hz), 111.2, 55.6; IR (KBr): 2958,
2933, 1610, 1587, 1514, 1441, 1253, 1141, 1109, 989; MS: m/z (%):352 (14.11) [M'],
273 (100); Anal. Cacld. For CsH;;BrF;N,O: C, 51.01; H, 3.14, N, 7.93; Found: C,
50.94; H, 3.42; N, 7.86.
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2-(bromodifluoromethyl)-1-(4-nitrophenyl)- 1 H-benzo[d]imidazole (3i)

N
©: D—CF,Br
N

NO,

Yellow solid, mp 133-134°C; "H NMR (300 MHz, CDCls): & 8.49 (d, J = 8.8 Hz, 2H),
7.96 (d, J= 6.8 Hz, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.42-7.46 (m, 2H), 7.10 (d, J= 7.1
Hz, 1H); ""F NMR (282 MHz, CDCl3):  -44.3 (s); °C NMR (100 MHz, CDCl5):
148.4, 144.9 (t, J = 28.9 Hz), 140.5, 140.3, 136.9, 129.2, 126.4, 125.3, 124.7, 124.0,
111.1 (t, J=300.8 Hz), 110.6; IR (KBr): 3111, 3084, 1610, 1595, 1525, 1407, 1353,
754; MS: m/z (%):367 (8.58) [M+], 242 (100); Anal. Cacld. For C14HgBrF;N3O;: C,
45.68; H, 2.19; N, 11.41; Found: C, 45.96; H, 2.34; N, 11.42.

1-butyl-2-(trifluoromethyl)-1 H-benzo[d]imidazole (3j)

N
Ly
N

Bu
'H NMR (300 MHz, CDCl5): § 7.83 (d, J = 8.0 Hz, 1H), 7.28-7.41 (m, 3H), 4.21-4.29
(m, 2H), 1.75-1.87 (m, 2H), 1.32-1.46 (m, 2H), 0.94 (t, J= 7.5 Hz, 3H); °’F NMR
(282 MHz, CDCls):  -62.49 (s); *C NMR (100 MHz, CDCls): $135.9, 135.2 (q, J =
38.0 Hz), 130.2, 119.9, 118.2, 114.0 (q, J = 270.3 Hz), 116.3, 105.3, 39.7, 26.7, 14.8,
8.3; IR (film): 3050, 2964, 2938, 2876, 1583, 1521, 1479, 1456, 1268, 1198, 746; MS:
m/z (%): 242 (70.78) [M'], 199 (100); HRMS Calcd for C1,H 3N,F3: 242.1031,
Found: 242.1034.

1-allyl-2-(trifluoromethyl)-1 H-benzo[d]imidazole (3k)*
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N
CLye
N

A

'H NMR (300 MHz, CDCls): & 7.34-7.89 (m, 4H), 5.88-6.03 (m, 1H), 5.27 (d, J =
11.0 Hz, 1H), 5.11 (d, J = 17.4 Hz, 1H), 4.93 (d, J= 5.0 Hz, 2H); "°’F NMR (282 MHz,
CDCls): § -62.53 (s); MS(ESI): m/z: 227.1 [M+H'].

2-(2-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)ethanol (31)*

@N\%Ca
—

OH
'"H NMR (300 MHz, CDCLy): & 7.15-7.85 (m, 4H), 4.43 (t, J =5.5 Hz, 2H), 3.98(t, J

=5.5 Hz, 2H); '°F NMR (282 MHz, CDCl3): & -61.89 (s); MS (ESI): m/z: 231.1 [M" +
HJ.

1-cyclohexyl-2-(trifluoromethyl)- 1 H-benzo[d]imidazole (3m)>

E:E:\%ca
O

"H NMR (300 MHz, CDCls): & 7.88 (d, J = 7.3 Hz, 1H), 7.68 (d, J= 7.3 Hz, 1H),
4.33-4.53 (m, 1H), 1.22-2.48 (m, 10H); "’F NMR (282 MHz, CDCl;): & -62.06 (s);
MS (ESI): m/z: 269.2 [M" + H].

1-p-tolyl-2-(trifluoromethyl)- 1 H-benzo[d]imidazole (3n)

N
CLye
N

CHj
White solid, mp 56-58 °C; "H NMR (300 MHz, CDCls): § 7.82 (d, J = 6.6 Hz, 1H),
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7.00-7.32 (m, 7TH), 2.36 (s, 3H); ’F NMR (CDCls): & -60.54(s); *C NMR (100 MHz,
CDCls): & 135.7 (q, J = 38.2 Hz), 135.4, 134.9, 132.1, 126.5, 125.1, 121.9, 120.5,
113.7 (g, J = 207.6 Hz), 118.7, 116.1, 106.0, 16.0; IR (KBr): 3064, 2927, 1609, 1589,
1514, 1453, 1264, 753;

MS (ESI): m/z: 277.1 [M" + H]. HRMS Calcd for C;sH;N,F3: 276.0874, Found:
276.0877.

1-(4-methoxyphenyl)-2-(trifluoromethyl)-1H-benzo[d]imidazole (30)

N
CLye
N

OCHs
White solid, mp 83-84°C; "H NMR (300 MHz, CDCls): & 7.79-7.87 (m, 1H),

6.92-7.34 (m, TH), 3.81 (s, 3H);
F NMR (282 MHz, CDCl): & -60.59 (s); °C NMR (100 MHz, CDCls): 8160.4,
141.0 (q, J = 37.3 Hz), 140.5, 137.5, 128.5, 126.7, 125.6, 123.8, 120.2, 118.9 (q, J =
270.3 Hz), 114.8, 111.1, 55.5; IR (KBr): 3064, 3016, 2968, 1612, 1514, 1456, 1417,
755; MS (ESI): m/z: 293.1[M" + H]; Anal. Cacld. For C;sH,,FsN,: C, 61.64, H, 3.60,
N, 9.59; Found: C, 61.63, H, 3.60, N, 9.57.

1-(4-chlorophenyl)-2-(trifluoromethyl)- 1 H-benzo[d]imidazole (3p)

N
Ly
N

Cl

White solid, mp 80-81°C; 'H NMR (300 MHz, CDCls): § 8.04 — 7.87 (m, 1H), 7.57 (d,
J=8.7,2H), 7.47 — 7.31 (m, 4H), 7.22 — 7.06 (m, 1H); '°F NMR (282 MHz, CDCl5):
8 -60.63 (s); °C NMR (100 MHz, CDCls): 140.6, 140.5 (q, J = 38.4 Hz ), 136.9,
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136.0, 132.8, 130.0, 128.7, 125.9, 124.1, 121.4, 118.7 (q, J = 270.6 Hz ), 110.8; IR
(KBr): 3091, 3058, 1592, 1528, 1497, 1451, 1263, 746; MS: m/z (%): 296 (100) [M];
Cacld. For Ci4HgF3Ns0O,: C, 56.68; H, 2.72; N, 9.44; Found: C, 56.94; H, 2.95; N,
9.51.

1-(4-nitrophenyl)-2-(trifluoromethyl)-1H-benzo[d]imidazole (3q)

N
CLyo
N

NO,
White solid, mp 146-148 °C; "H NMR (300 MHz, CDCls): 6 8.49 (d, J= 8.8 Hz, 2H),

7.96 (m, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.58 — 7.35 (m, 2H), 7.22 (m, 1H); '°F NMR
(282 MHz, CDCLs): & -60.23 (s); *C NMR (100 MHz, CDCls): 148.3, 140.7, 140.2 (q,
J=38.5Hz),139.8, 136.4, 128.4, 126.5, 125.2, 124.6, 121.7, 118.6 (q, J = 270.7 Hz ),
110.6; IR (KBr): 3118, 3084, 1612, 1597, 1526, 1502, 1355, 1205, 757; MS: m/z (%):
307 (100) [M']; Cacld. For Cy4HsFsN;0,: C, 54.73; H, 2.62; N, 13.68; Found: C,
54.74; H, 2.58; N, 13.68.

2-(bromodifluoromethyl)-1-butyl-6-chloro-1H-benzo[d]imidazole (3r)

N
/O: D—CFBr
cl N\\L

White solid, mp 45-46 °C; 'H NMR (300 MHz, CDCls): § 7.71 (d, J = 8.7 Hz, 1H),
7.37-7.24 (m, 5H), 4.23 (m, 2H), 1.98 — 1.69 (m, 2H), 1.51 — 1.30 (m, 2H), 0.96 (d, J
= 7.3 Hz, 3H);. ’F NMR (282 MHz, CDCl5): -45.72 (s); °C NMR (100 MHz,
CDCls): 145.9, 139.7, 136.3, 131.3, 124.7, 122.8, 111.6 (t, J = 300 Hz ), 110.8, 45.7,
31.8,20.3, 13.8; IR (film): 2965, 2934, 2877, 1612, 1579, 1498, 1483, 1417, 1131,
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772; MS: m/z (%): 336 (12.04) [M ], 257 (100); Cacld. For C,H,BrCIF,N,: C, 42.69;
H, 3.58; N, 8.30; Found: C, 42.66; H,3.54; N, 8.38.

2-(bromodifluoromethyl)-1-butyl-6-methyl-1H-benzo[d]imidazole (3s)

/@::\)—Canr
e

White solid, mp 39-40 °C; 'H NMR (300 MHz, CDCl;): & 8.28 (d, J = 8.3 Hz, 1H),
7.87 —7.63 (m, 2H), 4.94 — 4.73 (m, 2H), 3.07 (s, 3H), 2.41 (m, 2H), 2.01 (m, 2H),
1.55 (t,J= 7.3 Hz, 3H).

F NMR (282 MHz, CDCl3): & -44.98 (s); °C NMR (100 MHz, CDCls): 144.6 (t, J =
38.2 Hz), 139.3, 136.0, 135.7, 125.6, 121.2, 112.1 (t,J = 300 Hz ), 110.4, 45.3, 31.9,
22.2, 20.3, 13.8; IR (film):3034, 2962, 2935, 2874, 1624, 1585, 1505, 1476, 1233,
1177; MS: m/z (%): 316 (10.45) [M'], 237 (100); Cacld. For C;3H;sBrF,Na: C, 49.23;
H, 4.77; N, 8.83; Found: C, 48.94; H, 4.80; N, 8.93.

2-(bromodifluoromethyl)-1-butyl-6-nitro-1 H-benzo[d]imidazole (3t)

N
/@: D—CFBr
N N\\L

White solid, mp 90-91 °C; 'H NMR (300 MHz, CDCl;): & 8.41 (s, 1H), 8.28 (d, J =

Oz

9.0 Hz, 1H), 7.96 (d, J=9.0

hz, 1H), 4.42 (m, 2H), 2.02 — 1.82 (m, 2H), 1.60 — 1.40 (m, 2H), 1.03 (t, J= 7.3 Hz,
3H); '°F NMR (282 MHz, CDCl;): -46.99 (s); °C NMR (100 MHz, CDCl5): 149.1 (t,
J=29.0Hz), 145.2, 144.8, 122.0, 119.0, 110.9 (t, J = 301.5 Hz ), 107.7, 45.9, 31.8,
20.0, 13.5; IR (KBr): 3086, 2960, 2874, 1617, 1597, 1521, 1350, 1186, 1138, 735;
MS (ESI): m/z: 347.8 [M" + H]; Cacld. For C;,H,,BrFsN;0,: C, 41.40; H, 3.47; N,
12.07; Found: C, 41.41; H, 3.63; N, 11.98.
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2-(bromodifluoromethyl)-1-butyl-5-nitro- 1 H-benzo[d]imidazole (3u)

O2N N
\©: D—CFBr
N

White solid, mp 69-71 °C; '"H NMR (300 MHz, CDCl;): § 8.78 (d, J= 2.1, 1H), 8.34
(dd, J=9.1,2.1 Hz, 1H), 7.54 (d, J = 9.0, 1H), 4.63 — 4.20 (m, 2H), 2.15 — 1.75 (m,
2H), 1.60 — 1.30 (m, 2H), 1.02 (t, J= 7.4 Hz, 3H); "’F NMR (282 MHz, CDCl5):
-44.65 (s); C NMR (100 MHz, CDCls): 148.3 (t,J =29.0 Hz ), 144.5, 140.1, 139.3,
120.5, 118.3, 110.9 (t, J = 300.7 Hz), 45.9, 31.7, 20.0, 13.5; IR (KBr): 3105, 2967,
2873, 1698, 1618, 1528, 1518, 1335, 738; MS (ESI): m/z: 347.9 [M" + H]; Cacld. For
CioH1,BrFoNsO,: C, 41.40; H, 3.47; N, 12.07; Found: C, 41.13; H, 3.85; N, 12.07.

Reference:

1. Tamura, K.; Mizukami, H.; Maeda, K.; Watanabe, H.;Uneyama, K. J. Org. Chem.
1993, 58, 32-35.
2. Zou, B.; Yuan, Q.; Ma, D. Angew. Chem., Int. Ed. 2007, 46, 2598-2601



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

Lo~
£88°0
ELBD
9g6'0
FFEL
B9E°L
SBEL
A
29471
8947t
£8471
GELTL
08t
el

VS

N

9Ty
SSTY
18TF

Sals
15772
9zr’s
AL
B3I/
LBTL
SIES
BTEL
BEEL
SREL

SiLL
1if:

Bu

)—CF.Br

N

Ba

1.86

290

0.66

PEM

PES

9g0

FG8

680
BEE

€1

0z

40

B0

100

140

160

180



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

9i6°%
¥BE'F
0oLre
5SS
BSTE
EBLS
S06°S
ELBS
BER'G
156G
86'%
086°%
1BB'S
e
eng

s

TiTE
0ggs
FFEL
FEEL
09e's
19874
gt
FLEL
¥8EL
LBEL
GEEL
FOF'L
L0FL
EL¥L

19877
8998°L
£89°L
112
GRA'L

TN N

Z.26)(2.05

1.00

PEM

T
4

M

w2k L — cis <

£9°9¢
k207 4L L.W...
82 L

8EF 601
898 .u_:unyh

G PEE= Sies
CEB EFF— —
==L | S— _ E 3
186 12—

199° gt —— =

R =
896" 065 —— 3
G2GCEE E 3

(71—
Siebpl &

o
2r5 _QHW. - g
0¢15vE s

T

40

T T T
B0




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

I =
o
|D|
=+
846°C = Mﬂv
2 L _ |
i o, |
T w
L =] =) _ m
\l |
LEFY
mmq.w|\| [
| = /.,./.rN
852 1€ -
™ 96k 9¢
r S
age "L
o 82,09 —— 5
96994 -
L0 4L W/\|
_ F EEE L/ &
99z m_ ™
g8zL &) ,_,.m
22% \_/ / I
LpEL T |
i ovTEE j .
[f Zp—— o r E g
Legs
:m.hl\l I FIE BOT ~_
Lo ZIETIT -
62r TIT v
r TIEpi —"
- 28L 021 ——
5697 €21 -
I 652 Gel—
Fo 620°9€T—
| 292 0%l —
BOS phi—~_
Lo 6L PEE




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

A
¥8T°L
q0e°t
SEETL
B9E°L
08l
63571
LIl
LIF' L
ZEF L
Tk
971
G481
LTEL
¥iBL
BLIT
B¥LT
09Lr'e
061°Z
I0z'T

LBF'F
BEGY
LGEF
£als
1BLL
[LirAv3
0zz’s
STTL
LETL
ERTL
15772
£9T°L
89774
887°1
FO5°L
151
g8g%°s
GBS S
194°L
B9.°L
¥8LL
0622
LBLL

e e E

)—CF.Br
N

Gd

oo

il

i

PEM

10

BED G2 —
EE9 G2 —
9447 0E
185 -

99 9¢
1200t Wn
GleLL

8i6 80F—.__
EBE FEI—

SIS Eb ———
aacen—"
026 12— _
180 B2l —

028 vl —"

160 PER

BEG 1Ri-
GLL FPI——

e

T
“./J. J

wdd

20

P

60

100

140

160

ppm



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

SiF5
6969
5869
9669
LBO0°L
SLLE
0irs
SELE
CelL
0L
galrs
¥IOL
LETL
IFIL
0844

¥08°L
%:

U

)—CF,Br

3e

g

E0119 ——

2°E596
£'CHIE e
eae

[y pa—
1 £68251
§°96E5] /
88851
2" £o8G1——

2" S609E—7
o.mmGT\\u

H

20

40

80

80

100

160




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

TiL
£0L
0a0s
LB0°L
oLrs
LY
08g’s
Gags
OBE' S
FEEL
BEE'L
I
90F 'L
TIys
0zFs
85571
£95°4
025°%
cags
18574
LBE°L
44
LFEL
oreL
156°L

=

1

D—CFaBr

By

PEM

1a

12

>

0tL 9
¥e0 Lt ||v.. .
8lg Le

216 BOT
=

g

20

BO

100

pom



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

TIEE

L5072
a50°L
202
0a0s
SEDL
¥OLL
S0LL
09z’s
0ggs
FREL
ares
ESES
g99g7s
2874
08gs
LBE'L
SEEL
G06°L
g906°L
SlEL
BI6L
g9e6° L

.00

I

OCH3

J—CFBr

Bh

3.28

~fraq

PEM

RTTR

aiLt
LN
LN

rree
a3
T
]
“put
“1ET—
e,
SET—
teEr—
“BET—
62T

S

£

L

BT

“LET
“ar1

§71

081

OCH;

20

40

60

&0

120

140

160



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

zooo-

G804
ZE0L
FLL'E
69774
0EF L
BEFL
8FFL
LS¥L
S9¥L
069°L
0Zi't
EGR'L
GAEL

GiFE
£0ge

L2

MO

OFFM

2

0%070-——
i

o

o o

= \ﬁ

= //N

SESTBL
08T LL—

IET'HOT

g\‘ - —
evo 6zt \

617627

TLE T

EpETOrT -

aaaiove . -

PERTPPT =

EZET YT —

TrEErT

zov-eve

Tpm

40

&0

80

100

=3
-
-

160



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

BST'F
96T'F
LR

G97°L
L¥EL
GGEL
sl
08gs
8g’s
LBEL
0ZF'L
ET¥L
GEFL
BEF'L
FREL
5984
g988°L
IB8'L

TNy

2.2?]712

W

srete

eeyr

rER YT
T

SELEE—

TatTL—,
6E6°TL
L9z T

0LETS0T—,
466 60T—*

€69 EIT,
N

86E°STT
LT

SELTOET
[IER S
ST SET—,
EOPSET
BLUSET
086°SET

g
W

20

40

60

80

100

120

140

1is0



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

LT
GATE

IF5E
0r9e
£29°E
aT8e
938'¢

[N

BLE¥
i
BLIE'F
oLs
FLOS
1F0°G
GA0E
90l'G
9ELE

1

|

W

19774
BBE'L
L0FL
ET¥L
arFL
Livs
LBF°L
LB¥L
6154
IFSL

Y

oies
o5es
1558

N

200

178

Bk

021

PEM

POBE ——
9eEE —

i

O/\\/

/>_CF3

=z

al

2.00

1.88

184

Joa a5

PEM

4.0

44

5.0

54

6.0

B4

70

74



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

£lE

are
95g

LBE
a9z¥

85
a9y
Bi¥’
o0g
LS
¥TE
¥18

5oe
33

G8EL
F¥O0T
8107
£I0T
1T0°T
0zr'e
52T
182°C
LBZ'T
L0ET

SEFF
L¥FF
09¥'%
B9T°L
90g's
are’d
LEE"L
EFEL
BREL
SSETL
B9E°L
FLEL
LBEL
B99°L
L1yL
¥E9'L
BEY'E
899874
¥i8'L
688°L
1B8'E

N

/>_CF3

I

Brm

PEM

10

T

12

¥OET

frais
LEDL
504
GG0L
850°L
£91L
LELL
TRTL
15772
BGTE
997's
HITE
£aTs
¥08'%
g908°L
978'L
£E8L

Ll

2 —CF3

&n

PEM




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

Lyo-st

s ——————————

6L ———
TsEr T

PRETSET

140 iz0 100 80 60 40 20 Ppm

160

B08°E

astapel
0869
9869
TRDL
504
FLOL
9IiL
95T'L
B9C°L
9474
68774
il
BOE°L
FE:
(A0
a¥8'L

OCH3

2>——CFj

5o

2.00

u

mar

PEM




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

o
Ny

OCH,

/>7CF3

105758

weLpi—

01"
szr°

831"

a¥L
-sz1
PEST
"0rT—,
LEER
“TrT

LU

Lt —p=

wt

131
b

FTT—
“LTT /

0BT

rEr
z88"
“SET—

2T e

EE _m\
LT

ot/

99T

160 140 120 100 80 &0 40 20
53

180

LELE
FELL
iFLE
5d
8914
G9Es
FBEL
L0FL
8l¥L
¥IFL
955°L
BiG'E
G8%s
8LEL
LEGL
8ER'L
LPE°L
L¥BE

Cl
/>_CF3

Bp

PEM




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

o

}70&

EELUBL

TotLL— "
sse e

wEse
06E"

z6p"

PIT)
rorT—!
zet //;\ =
“vzT—
T

~orr—— - —

TOTT

A\

\

czET—
"9ET

144 .—W =
“opt \\
sE9°0pL—

wesroprr

20

40

60

80

100

120

140

160

981'L
g61L
LIz
8lTd
15%°L
T8¥'L
TiFL
T8¥'L
¥89°L
ELLL
SFEL
CSE'L
FO6°L
FLE'L

GiFE
G058

NO;

SN e

/%CFS

By

510

0.2

171

PEM




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

S
)

zoeae
i

ozo”
BEE”

Les

age”

TeL"
5P9°
ELE”!
25"
S6%°)

005"

28

roTE—

“E1E

rer

szt

ort

"RI-

SET -

BzI-

LTE—,

9ET—,
TEET-
£9L"

MO,

40 20

60

100

120

T
140

1860

Y —
85I
98TF

19772
19774
SiCL
¥8TL
0674
9674
oes
08e's
g98gs
STLL
LTS

N

Cl

B

29z

oy

PEM




cl

140

-145.905

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

—138.743

———136.354

131.315

;7T 621

—17.301

76981

45.709
—31.870

20.317
13.815

iz0 100

4.250
4.227

_ 4273
\_ _

i

40

2.478

7 3§ 2zi zzz

20

0 PR



This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

2

9587 5T

STET0Z—
gvEET—

806° 18

6SE°5Y

S80°EL—,
aLETLL—
ses Ll s

ZOT 60T
PIP-OTT
2077211
Z0T°5TT-

asE-IET

EPR°STT

PELIGET
LEO SET
LIE 6ET-

[ATEE

b

20

40

60

80

100

120

140

160

000

maf
B0 —==

£50°L

.
=
=7

BST°L
EFEL
1L
BST8
9978
g8r’e
96T°8
L
alye

W2

ON

Bt

0 PP




This journal is (c) The Royal Society of Chemistry 2009

Supplementary Material (ESI) for Chemical Communications

sw )
no

ors El

8L0°08

sLaTIE

68675Y

0TLTBL—
OEOTLL
ereLi—

BELTLOT—,
£58L0T—
005 0rT—
ST6ETT
PT0TETT
BAOTZTT

s68°ET

£aEprT
60Z°SHT
ZITEPT—
e

bl

O

PR

20

40

60

80

Leoo-
8560
E460
860
9660
007
Lzl
gyt
SSFL
9Ll
50571
¥09°L
958’1
L2871
88t
ZO0BL
L0671

FEEF
08y
L0F'F

N

A3
FOG'E
FEGL
GOE'R
Ties
SEE'R
LvEs
g5ig
£9.°8

HUES

Bu

felt=t]

—CF,Br

o,N

Bu

ool




Supplementary Material (ESI) for Chemical Communications

This journal is (c) The Royal Society of Chemistry 2009

2U

EESTET—

vg0°oL

TLTE—

ETE SR —

LTLT9L
_..mo.E.I./

esein—

DEETLOT
LEGTOTT
520" TTT—
wrererr—
sEc BIT—
szstogr—/

SEETEET—
orTTert J/
695 VI —y
S0 BPT—

9L 0PI —

seareri—

O

20

a0

100

120

140

160




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


