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All reagents were of analytical grade, and obtained from commercial suppliers and used without further
purification. THF and dioxane were dried by standard method prior to use and degassed. The purity of purchased
argon is 99.6%. Melting points were measured in an open capillary using Biichi melting point B-540 apparatus
and are uncorrected. "H NMR and *C NMR spectra were recorded on a Bruker AM-400 spectrometer (400 MHz
and 100 MHz, respectively) using TMS as internal standard, The '°’F NMR spectra were obtained using a Bruker
AM-400 spectrometer (376 MHz). CDCI; was used as the NMR solvent in all cases. Gas chromatography-mass
spectra (GC-MS) were recorded on HP 5973 MSD with 6890 GC. High resolution mass spectra (HRMS) were
recorded under electron impact conditions using a MicroMass GCT CA 055 instrument and recorded on a
MicroMass LCTTM spectrometer.

We have evaluated the influences of solvents and bases on the model reaction using the Ni(acac), as the
catalyst (Table A). The results revealed that K;PO, and THF can be used as the most suitable base and solvent,
respectively (entry 8). In the absence of a base, the reactivity was attenuated significantly and the starting
materials were almost quantitatively recovered (entry 1).

Table A Effects of the solvents and bases on the reaction in an argon atmosphere using the Ni(acac), as the

catalyst
Entry Base Solvent Yield of 3a (%) *
1 None THF None °
2 EN THF None °
3 K,CO3 Dioxane 47
4 K,CO; THF 54
5 CsCO; Dioxane 25
6 CsCOs THF 40
7 CsF THF 68
8 K5PO,4 Toluene 50
9 K5PO, Dioxane 92
10 K;PO, THF 92

*Yield determined by GC analysis. ® The starting materials were recovered.

In order to elucidate details of this cross-coupling reaction, octafluorotoluene la was allowed to react with 1
equiv phenol in THF under argon for 12 h at reflux temperature with or without Ni(acac),. It was found that this
SNAr reaction proceeded smoothly and afforded the biaryl ether 3a in good yields (Scheme A). The results
revealed that in the second step of cross-coupling reaction, the Ni(acac), exhibited no apparent catalytic activity

for SyAr reaction.
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Scheme A SyAr reactions of 1a with 1 equiv of phenol

For the purpose of comparison, the same reactions were also carried out by treating phenylboronic acid 2a
with 1-fluoro-2-nitrobenzene, 1-chloro-2-nitrobenzene, 4-bromo-2,6-difluorobenzonitrile and
1-iodo-2-nitrobenzene, respectively (Scheme B). It was found that the reactivity of fluorine is much higher than
those of chlorine, bromine and iodide, where only fluoro-containing benzenes gave the oxygen insertion products.
These results demonstrated that the highly electron-deficient fluorinated aromatic compounds could be used as

efficient trapping agents of phenoxide intermediate.
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Scheme B Reaction of aryl halides with phenylboronic acid in the presence of Ni(acac),.

We also made our efforts to elucidate the source of oxygen in the biaryl ether and phenol. Firstly, '*O-labeled
phenylboronic acid was synthesized by the reaction of potassium benzyltrifluoroborate with H,'*O for the first
time.'* But no isotope was incorporated into the biaryl ether when '*O-labeled phenyl boroxine was treated with
octafluorotoluene 1a and the normal biaryl ether was obtained in good yield (90%) (Scheme C). It is proved that
the oxygen atom of 3a did not derive from phenylboronic acid.

R F FRF

5 mal % Ni(acac),
F4C F + (PhB'€0), F4C ¢}
K3POy4, THF, argon

FF FF
1a 3a
Scheme C Reaction of 1a with *®O-labeled phenyl boroxine

We carried out the Ni-catalyzed reaction of 1a with phenylboronic acid 2a in the presence of 0.1mL of '*O
water, but unfortunately no isotope incorporation was observed and the yield of homocoupling product 4a
increased. It is suggested that the oxygen atom of 3a did not derive from water (Scheme D).

F F F F
5 mol % Ni(acac),
FaC F + PhB(OH), FaC O—Ph + Ph-Ph
K;PO,, THF, H,'¢Q
F F argon F F
1a 2a 3a, 43% 4a, 56%

Scheme D Reaction of 1a with 2a in the presence of H,™0
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In order to further clarify the origin of oxygen in ether and intermediate phenol, two additional experiments
were performed. First, we replaced phenylboronic acid 2a with potassium benzyltrifluoroborate to undergo this
reaction under the same reaction conditions. As expected, the same biaryl ether was obtained in good yield (3a,
85%) (Scheme E). When the reaction was carried out by the addition of 0.1mL of H,'*0, the reaction did not
proceed smoothly and afforded the biaryl ether in lower yield (3a, 58%). These results further proved that the
oxygen atom of biaryl ether and phenol originated neither from water nor from phenylboronic acid.

R F R F

5 mol % Ni(acac),
FiC F + @BFgK FsC o)
KsPQOy4, THF, argon
F F F F
1a 3a (1) 85% (2) with 0.1mL of H,'€0, 58%

Scheme E Reaction of octafluorotoluene 1a with potassium benzyltrifluoroborate

According to the suggestion of reviewer, we performed an additional experiment. We carried out the reaction
in the presence of the mixture of 50% 1602 and 50% 1802. The result indicated that both '°O atom and '*0 atom
are incorporated into the biaryl ethers and the ratio of '°0 and '*O biaryl ether products is nearly 1: 1, which is the

same as the expected ratio.

R F R F R F
5 mol % Ni(acac)s
FaC F+ B(OH); FaC o] + FaC ®0
K3POs, THF, reflux
F F F F F F

with 50%'€0, and 50%'¢0,

1a 2a 3a 3a'
3a:3a'=1:1

Scheme F The reaction of 1a with 2a with the mixture of 50% °0, and 50% 20,
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General procedure for the preparation of 3a - p

To a dried round-bottom flask was added 1 (1 mmol), 2 (1 mmol), Ni(acac), (0.05mmol), K;PO4(2 mmol) and
THF (10 mL), the reaction mixture was reflux for 8 hours under argon atmosphere(TLC), The resulting
suspension was filtered and the filtrate was diluted with CH,Cl,, washed successively with H,O and brine, dried
over anhydrous MgSO,, concentrated under reduced pressure to leave the crude product. The resultant crude

residue was purified by chromatography to give the product 3 (eluent:hexane).

1,2,4,5-tetrafluoro-3-phenoxy-6-(trifluoromethyl)benzene (3a)

R F
o)
FF

Colorless oil, '"H NMR: § 7.42 — 7.38 (m, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.05 — 7.03 (m, 2H); °C NMR: & 156.6,
130.6, 124.5, 116.0; "’F NMR: & -55.8 (t, J = 21.8 Hz, 3F), -140.2 - -140.5 (m, 2F), -151.9 (dt, J; = 7.4 Hz, J, =
13.5 Hz, 2F); HRMS(EI): calc. for C;3HsF,0: 310.0229, found: 310.0233.

1,2,4,5-tetrafluoro-3-(3-nitrophenoxy)-6-(trifluoromethyl)benzene (3b)
R F

el o)

F F NO,
White solid, mp: 80.9 — 81.1°C; 'H NMR: & 8.10 (d, J = 8.23 Hz, 1H), 7.85 (s, 1H), 7.61 (t, J = 8.26 Hz, 1H),
7.41(d, J = 8.24 Hz, 1H); °C NMR: 5 156.6, 149.3, 130.9, 122.1, 119.6, 111.2; "’F NMR: § -55.9 (t, J = 21.9 Hz,

3F), -138.8- -139.0 (m, 2F), -151.3 (dt, J; = 7.0 Hz, J, = 13.5 Hz, 2F); HRMS(EI): calc. for C;3H4F;NOs:
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355.0079, found: 355.0072.

1,2,4,5-tetrafluoro-3-(p-tolyloxy)-6-(trifluoromethyl)benzene (3c)
F F

FGCAQOOCHB

F F

White solid, mp: 33.0 — 33.4°C; "H NMR: § 7.18 — 6.92 (m, 4H), 2.37 (s, 3H); BC NMR: § 154.6, 134.2, 130.4,
115.9, 20.6; 'F NMR: § -55.9 (t, J=21.8 Hz,3F), -140.4 - -140.7 (m, 2F), -152.1 - - 152.2 (m, 2F); HRMS(EI):
calc. for C14H-F-;0: 324.0385, found: 324.0386.

1,2,4,5-tetrafluoro-3-(4-methoxyphenoxy)-6-(trifluoromethyl)benzene (3d)
F F

F F
White solid, mp: 42.2 — 42.6°C, 'H NMR: 5 7.01 — 6.88 (m, 4H), 3.82 (s, 3H); *C NMR: 5 156.5, 150.6, 117.5,
114.9, 55.7; '°F NMR: & -55.8 (t, J = 21.8 Hz, 3F), -140.4 - -140.7 (m, 2F), -152.5 (dt, J; = 7.3 Hz, J, = 13.3 Hz,
2F); HRMS(EI): calc. for Ci,H7F;0,: 340.0334, found :340.0332.

1,2,3,4,5-pentafluoro-6-phenoxybenzene (3e)

<O
F F
Colorless oil, 'H NMR: § 7.39 — 7.35 (m, 2H), 7.16 (t, J = 7.4 Hz, 1H), 6.98 (d, J = 8.3 Hz, 2H); °C NMR: &

157.1, 129.9, 123.9, 115.4; ’F NMR: & -153.9 - -154.0 (m, 2F), -160.0 (t, J = 21.8 Hz, 1F), -160.0 - -162.2 (m,
2F); HRMS(EI): calc. for C;,HsF50: 260.0261, found: 260.0257.

1,2,3,4,5-pentafluoro-6-(4-methoxyphenoxy)benzene (3f)
R F

F F

White solid, mp: 45.6 — 46.0 °C, "H NMR: § 6.96 — 6.86 (m, 4H), 3.81 (s, 3H); BC NMR: § 156.1, 151.3, 116.8,
114.8, 55.7; "/F NMR: & -154.3 - -154.4 (m, 2F), -160.6 (t, J = 21.8 Hz, 1F), -162.3 - -162.4 (m. 2F); HRMS(EI):
calc. for C3H7F50, :290.0366, found: 290.0363.

3-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenoxy)thiophene (3g)

FF
S
F F

Colorless oil, "H NMR: § 7.31 — 7.30 (m, 1H), 6.94 — 6.92 (m, 1H), 6.61 — 6.60 (m, 1H); *C NMR: § 153.5, 126.0,
118.7, 105.2; "F NMR: § -55.9 (t, J = 21.8, 3F), -140.0 - -140.2 (m, 2F), -152.2 (dt, J; = 7.5, J, = 13.5, 2F);
HRMS(EI): calc. for C;H3F;0S: 315.9793, found: 315.9791.
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1,2,4,5-tetrafluoro-3-(4-methoxyphenoxy)benzene (3h)
F F

QOOOCW,

F F

White solid, mp: 47.2 — 47.7 °C, '"H NMR: § 6.98 — 6.86 (m, SH), 3.81 (s, 3H), °C NMR: § 156.0, 151.3, 117.0,
114.8, 101.5 (t, J = 23.1 Hz), 55.7; "°F NMR: & -138.9 - -139.0 (m, 2F), -154.5 (td, J; = 16.7 Hz, J, = 9.3 Hz, 2F);
HRMS(EI): calc. for Ci3HgF405: 272.0460, found: 272.0462.

2,3,5,6-tetrafluoro-4-phenoxybenzonitrile (3i)

R F
F F

White solid, mp :57.5 — 57.8 °C, '"H NMR: § 7.42 — 7.38 (m, 2H), 7.23 (t, J = 7.4 Hz, 1H), 7.04 (d, J = 8.3 Hz,
2H); °C NMR: § 156.4, 130.1, 124.9, 116.1, 107.2; ’F NMR: § -132.1 (dt, J; = 13.6 Hz, J, = 8.1 Hz, 2F),
-150.5(dt, J; = 13.8 Hz, J, = 7.6 Hz, 2F); HRMS(EI): calc. for C;3HsF4NO :267.0307, found; 267.0308.

2,3,5,6-tetrafluoro-4-(p-tolyloxy)benzonitrile (3j)
F F

NC OOCH3

FF
White solid, mp: 94.1 — 94.5 °C, "H NMR: & 7.18 (d, J = 8.38 Hz, 2H), 6.92 (d, J = 8.51 Hz, 2H), 2.37 (s, 3H); "°C
NMR: § 154.4, 134.7, 130.5, 116.1, 107.3, 20.7; "°F NMR:  -132.3 (dt, J; = 13.8 Hz, J, = 7.7 Hz, 2F), -150.7 (dt,
J1=13.6 Hz, J, = 7.9 Hz, 2F); HRMS(EI): calc. for C14H,F4NO: 281.0464, found:281.0465.

2,3,5,6-tetrafluoro-4-(p-tolyloxy)pyridine (3Kk)

= F

o

F F

White solid, mp: 28.1 — 28.4 °C, 'H NMR: § 7.44 — 7.40 (m, 2H), 7.25 (t, J = 7.43 Hz, 1H), 7.09 (d, J = 8.2 Hz,
2H); *C NMR: § 155.8, 130.1, 125.2, 116.7; "’F NMR: & -88.7 (dt, J; = 29.5 Hz, J, = 15.0 Hz, 2F), -154.3 (dt, J,

=29.4 Hz, J, = 14.9 Hz, 2F); HRMS(EI): calc. for C;;HsF4,NO: 243.0307, found: 243.0305.

2,3,5,6-tetrafluoro-4-(p-tolyloxy)pyridine (31)

R F
Ny o~®—cm3
F F

Colorless oil, '"H NMR: § 7.21 — 6.97 (m, 4H), 2.38 (s, 3H); °C NMR: § 153.8, 134.9, 130.4, 116.6, 20.7; "°F
NMR: § -88.9 (dt, J; = 29.7 Hz, J, = 15.0 Hz, 2F), -154.6 (dt, J; = 29,5 Hz, J, = 14.9 Hz, 2F); HRMS(EI): calc.
for C1,H,F4NO: 257.0464, found: 257.0467.
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2,2',3,3',4,5,5',6,6'-nonafluoro-4'-phenoxy-1,1'-biphenyl (3m)
F FFR F
0 o4
F FF F
White solid, mp: 113.0 — 113.5°C, "H NMR: & 7.42 — 7.07 (m, 5H); >C NMR: & 156.9, 129.9, 124.2, 115.9; "°F

NMR: § -137.3 - -137.4 (m, 2F), -138.1 - -138.2 (m, 2F), -150.2 (t, J = 20.8 Hz, 1F), -152.8 (dt, J, = 11.7 Hz, J, =
4.7 Hz, 2F), -160.4 - -160.6 (m, 2F); HRMS(EI): calc. for C;sHsF40: 408.0197, found: 408.0199.

2,2',3,3',4,5,5",6,6'-nonafluoro-4'-(p-tolyloxy)-1,1'-biphenyl (3n)
F FFR F

e

F FF F

White solid, mp: 102.2 — 102.4°C, "H NMR: § 7.20 — 6.96 (m, 4H), 2.37 (s,3H); °C NMR: § 154.9, 133.8, 130.3,
115.8, 20.6; "°F NMR: & -137.3 - -137.4 (m, 2F), -138.3 - -138.4 (m, 2F), -150.3 (t, J = 21.0 Hz, 1F), -153.0 (dt, J;
=11.9 Hz, J, = 4.9 Hz, 2F), -160.5 - -160.6 (m, 2F); HRMS(EI): calc. for C;oH;FoO: 422.0353, found: 422.0352.

1-nitro-2-phenoxybenzene (30)

o

NO,

Colorless oil, 'H NMR: & 7.96 — 7.94 (m, 1H), 7.54 — 7.38 (m, 3H), 7.23 — 7.02 (m, SH), *C NMR: § 155.9, 150.7,
141.4, 1342, 130.1, 125.7, 124.6, 123.2, 120.5, 119.2; HRMS(ED): calc. for C;,HyNO;: 215.0582, found:
215.0581.

1-(4-fluorophenoxy)-2-nitrobenzene (3p)

o
NO,
Colorless oil, '"H NMR: & 7.96 — 7.94 (m,1H), 7.54 — 7.50 (m, 1H), 7.24 — 6.98 (m, 6H); °C NMR: § 159.5 (d, J =

243.5 Hz), 151.6 (d, J = 2.4 Hz), 150.9, 141.3, 134.1, 125.7, 123.2, 120.8 (d, J = 8.5 Hz), 119.9, 116.7 (d, J = 23.7
Hz); "’F NMR: & -118.1 - -118.2 (m, 1F); HRMS(EI): calc. for C;,HgFNO5: 233.0488, found: 233.0490.
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HRMS (EI) spectra of (PhB**0);
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GC-MS of 3a in reaction of 1a with '*O-labeled phenylboronic acid (PhB'*0),
FF FF

5 mol % Ni(acac
FyC F + (PhB'€0), b Nitacac, FsC o@
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HRMS (EI) spectra of 3a’ in the reaction of 1a with 2a in the presence of the mixture of 50% '°O, and 50% '*0,.

F F F F F F
5 mol % Ni(acac),
FsC F + B(CH), FsC 0 + FoC 180
KaPQy4, THF, reflux
F F F F F F

with 50%'60, and 50% 20,

1a 2a 3a 3a’
3a:3a'= 1:1
Zjos24 Micromass GCT
120830 167 (2101 Sm (1BT<{TOZ2+T16)) TOF MS El+
100 BUER. 7 90ed

T [I'.!Bq

With fo3 G ad 57 0,

F 216 5882
5 CER
282 0318
710498
47 LEF |
185 547
| 241 253
AR 2130050 [
x| TH 048 b e 1540782 10010 293 0230
V250747 ara 1530738, 1669535 1830259 iz 255 PR
' 120 0005 :
LR s e Tl ITT L1 T PIFIR SR SPGPAPPTENEN vt PRen || RPN FOVRPRRN U 0 PO PO I VSO0 11 VT NN | -1 R[St
40 &0 ifs] 103 120 t4q 180 1B0 406 220 240 280 280 300
Elemental Composition Report Page 2
Multiple Mass Analysis: 38 mass|es) processed
Tolerance =650 mDa / DBE: min = -1.5, max = 50.0
Isatope cluster parameters: Separation = 1.0 Abundance = 1.0%
Moeroschopic Mass, Ddd and Even Eleciron lons
G2 tarmulale) evaluated with 40 resulls within kmits (up b 50 dosest resulls for sach mass)
Zpszd [ T
120830 187 2 I|:1:|I:.'rr| [RET-{TIR+ TG i TOF K& Ei+
- — 020, 7EeE
w 200352
A litE 255031 7 (615
PR 185 1T Fo- L b
s || [ 1185658 154 0700 1EA s 21A0MGL 3430010 83 0370
B A e L R SO ISP ' | MESENC | N S W] P _—
a0 B2 L) w00 1m 18 1680 180 I 221 T 1 0] i L1} 121
Ml namomm 1.0 -1
LEER b B L. 00 5.0 % .0 i
Haax B Cals. Mamm mla EFFH DEE S=are Formrola
292 0257 L. 9T z 12,6 3.0 | C1o HY lEd 180 F
FLF i.8 15, 5 9.0 F 130 [
293.0311  17.6% 288 2.4 8.2 i.e 1 Gt 23 Im %
303.0156 .89 105 3.6 1.8 .5 L £13 HE 160 7
310.8330 99,70 310 .1 '] H.0 1 SR LT =,
A11,026% 20, 3¢
312.0Z6% 100,00 312.0271 -0.3 -0.7 B.a | 013 ®™ o ET
13,02 13. 05

10



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HRMS (EI) spectra of 3a in the reaction of 1a with 2a in the presence of H,'*0
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HRMS (EI) spectra of 3a’ in the reaction of 1a with 2a in the presence of '*0,
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"H NMR spectra of 3a
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"H NMR spectra of 3b
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Date:

28 Dec 2011
Document’s Title:
r

Spectrum Title:
Mone

F Fraguency (MHz):
{f1)400.130

F 0] Original Peints Count:
{f1) 32788
Actual Foints Count:
F3C F {f1) 3278

F Acquisition Time (sec):
(f1) 3 6345

Spectral Width (ppm):

{f1) 20.553

Pulse Program:

Unknown

7.187
TAGT
6,939
6919

2365

7.281

| b |

ég.
e

T T T T T T T T T T T T T T T T T T T T
150 100 50 0.0
ppm (t1)

F NMR spectra of 3¢

e
SE8
......... & &N Dater
o e
........... \:H 28 Dec 2011
) o Document's Title:
ir

\ Spectrum Title:
\©\ \ None
Freguency (MHz):
FaC F (F1) 378.408
Original Points Count:
F (f1) 85538
Actual Foints Count:
(f1) 85638
Acquisition Time (sec):
(F1)0.7240
Spectral Width (ppm):
(f1)237.148
Pulse Program-
Unknown

55.866
55.923

.,.,
-
o
55808

0oe —

T T T
0 -50 -100 -150 -200
ppm (t1)

18



3C NMR spectra of 3¢

154.598

134.219
130,369
115,868

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

20.605

Date:

28 Dec 2011
Dogument's Title:
r

Spectrum Title:

Neone

Frequency (MHz):

if1) 100,813

Original Points Count:
if1) 22768

Actual Points Count:
if1) 22788
Acquisition Time (sec):
if1) 1.36831

Spectral Width (ppm):
if1) 238.821

Pulse Program:
Unknown

T T T T T T T T
200 150
pom (1)

HRMS (EI) spectra of 3¢
zjo2-5

111231 2 (0.034) Cm (2-119)

100

%

e |52 0587
B3.0242 | 89039117

40 B0 B0 100

116.9966

120

140

154 6623

160

Micromass GCT

180 200 220 240

19

TOF MS El+
3240386  3.03ed|

3230297 325.0430
305.0354

303.0238
326.0480

T M2

. 2%300 i .3.20 5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3d

83388 3 &
HRSge & ;
F .
RO
FaC F OCH,
F
I !
f |
e bt
B 2
T | T T T | T T | T T T
150 100 50
pom (t1)
1
F NMR spectra of 3d
BOALE
FiC OCH3
[ bt
T ‘ T T | T T | T T T |
] -50 -100 -150
pom (t1)

20

Date:

28 Dec 2011
Document’s Title:
r

Spectrum Title:
Mons

Freguency (MHz):
{f1)400.120

Original Points Count:
{f1) 32768

Actual Points Count:
{f1) 32v7a8

Acquisition Time (sec):
(f1) 3 5348

Spectral Width (ppm):
{f1) 20,553

Pulse Program:
Unknown

Date:

28 Dec 2011
Document’s Title:
ir

Spectrum Title:
None

Freguency (MHz):

(F1) 276,438

Original Points Count:
{F1) 65538

Actual Paints Count:
{F1) 85538

Acquisition Time (sec):
{F1) 0.7340

Spectral Width (ppm)-
{F1) 237 148

Pulse Program:
Unknawn




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13
C NMR spectra of 3d
3 2 212 o
i ow = o =] Date:
83 =2 28 Dec 2011
l“ l“ - g Document’s Title:
ir
Spectrum Title:
Hone
Freguency (MHz):
F (f1)100.613
Original Points Count:
F 0 (f1) 32788
Actual Points Count:
(f1) 32788
FiC F OCH;4 Acquisition Time (sec):
F {f1)1.3621
Spectral Width (ppm):
{f1)238.921
Puise Program:
Unknown
Jw 4 L
T | T T T | T T | T T T | T T T |
200 150 100 50 0
ppm {t1)
HRMS (EI) spectra of 3d
2j02-6 .
Microma
111232 31 (0.501) Cm (31-{55+58)) ss GCT
100+ TOF MS El+
| 3400332  1.34e4
|
|
250117 |
. |
297.0182 |
200.0259 3240384 341.0368
" 123.0457 | 321.0376
G 91.0561 I
. ! | 7 7 ||
S SRR TN T | | 14798aat500853 97921 oigomas 2480180 pypopeg |20 0197 | 342.0425
40 __60 80 100 120 140 160 180 200 = 230 240 ko o g Mol iz

280 300 320 | 340 | 3g0

21



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3e

59
7 141
5,984
5.974

-
=
"]

7.387
7.388
7.347

£ 7288

7.178

7.

Date:

28 Dec 2011
Document's Titla:
r

Spectrum Title:
Hona

Freguency (MHz):
(f1)400.120

Original Points Count:
({f1) 32788

Actual Points Count:
{f1) 32768

Acquisition Time (sec):
(f1)3.0845

Spectral Width (ppm):
(f1)20.563

Pulse Program-
Unknown

I
150

ppm (t1)

"F NMR spectra of 3e

163.884
163.893
153.941
-153.950
150.923
159.981
160.039

—

Date:

28 Dec 2011
Document's Title:
ir

Spectrum Title:
None

Frequency (MHz):

if1) 375483

Original Points Count:
(1) 65536

Actual Points Count:
if1) 86538

Acquisition Time {sec):
1) 0.7340

Spectral Width (ppm):
if1) 237,142

Pulse Program:
Unknown

22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C NMR spectra of 3e

Date:
28 Dec 2011
Document's Title:

F ir

157.130
120883
123.906
115401
77.328
77.011
76,693

Spectrum Title:
MNone
Frequency (MHz):
(f1) 100.813

Original Peints Count:
F (f1) 32768
Actual Points Count:
(f1) 22788
Acquisition Time (sec):
(1) 1.3831
Spectral Width (ppm).
(f1)238.921
Pulse Pragram:
Unknown

200 100 50 a
ppm (1)

HRMS (EI) spectra of 3e

6f-260
111866 71 (1.170) Cm (71-(115+116)) TOF MS El+
100 260.0257  1.04e4

Micromass GCT

¥7.0358

232.0354

51.0249

57.0726
50.0168

A 50

78.0449

85.1045 116 6082 145

80 100 120

1047

140

261.0354
241.0328

2589.0212
2420365

260

213.03c0
3 182.0398
1891227 193.0308 214.0327

2620389
180 200 20

il Lyl
160

y: miz
240

23



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3f

B BBELH 2
o] ;) 000 0 @D
~ W OO o«
F
F. O\Q
F F OCH,
F
| I
L] |
> wr
B 8

T T T T T T T T
150 100
nom (t1)

"F NMR spectra of 3f

Date:

28 Dec 2011
Document’s Title:
ir

Spectrum Title:

Mone

Fraguency (MHz):
(f1)400.120

Original Points Count:
(f1) 3278

Actual Points Count:
(f1) 32758

Acquisition Time (sec).
(f1) 3.6848

Spectral Width (ppm)-
(f1) 20,583

Puise Program:
Unknown

Date:

28 Dec 2011
Document’s Title:
r

Spectrum Title:
Mons

Fraguency (MHz):

(f1) 376.428

Original Points Count:
{f1) 855638

Actual Points Count:
{f1) 85539

Acquisition Time (sec):
{f1)0.7340

Spectral Width (ppm):
{f1) 237.148

Pulse Program:
Unknawn

F
F F OCH3
F
(]
e
T | T T T T | T T | T T | T T ‘
0 -50 -100 -150 -200

ppm (1)

24



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13
C NMR spectra of 3f
I~ - 0
&5 3 & 2 Date:
85 e = 28 Dec 2011
= - o Document's Title:
ir
Spectrum Title:
Mone
Frequancy (MHz):
= (1) 100.813
Original Points Count:
F 8] (1) 32768
Actual Points Count:
\©\ (71) 32768
F F OCH4 Acquisition Time (sec):
(1) 1.2821
F Spectral Width (ppm):
(1) 228.021
Pulse Program:
Unknoiwn
W NS ditel
T | T T T | T T T | T T T T | T T T | T
200 150 100 50 ]

ppm (t1)

HRMS (EI) spectra of 3f

|zj02-9 Micromass GCT
[111286-1 61 (1.017) Cm (B1-(115+117)) TOF MS El
+
10 290.0363 1.54e4
|
|
|
|
[
|
[
. 2750142
[
3 [
47
168.0284 . 2910412
=
1230462
920273 |
4 1169953 | —
520325 64.0319 1240465 1BB.9983 | o 005 2000259 500 00 cs 248.0239 ||292 0450
40 60 80 100 120 140 160 180 200 220 240 260 280 a0 ™"

25



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

"H NMR spectra of 3g

oNEg TEEE 28 © —1500C
LR EER Y 5
[ S S R R e - L
F =
F O s =
|
\ S L
F3C F
F —1000C
—5000C
L L Lo
Pyl |
ags
T | T T T T | T T T T | T T T T | T T T T
15.0 10.0 5.0 0.0

ppm (t1)

"F NMR spectra of 3g

ONOoOMUDMNO ~O~ W = s e s ]
a I~ PO~ D~NT OO0 0 I~ 3 0§ 0D
%%é‘n MO0 O0O0O "= v N
b BBLS9999IES HHHHYY
F 0] s L J
) f —— -
\___é ! = é‘—g¢
FiC F I
F
—5000c
1 —0
| ! |
w ro N
=} o -}
= s @ L
T | T T T T | T T T T ‘ T T T T | T T T | T
0 -50 -100 -150 -200
ppm (t1)

26

Date:

28 Dec 2011
Document's Title:
ir

Spectrum Title:
MNene

Frequency (MHz):
(f1y400.130

Original Points Count:
(f1) 32768

Actual Points Count:
(f1) 22788

Acquisition Time (sec):
(1) 2.9848

Spectral Width (ppm):
(f1) 20.553

Pulse Program:
Unknown

Date:

28 Dec 2011
Document's Title:
ir

Spectrum Title:

Mone

Fraquency (MHz):
if1)376.488

Original Points Count:
if1) 55538

Actual Paints Count:
(f1) 55538

Acquisition Time (sec):
if1)0.7340

Spectral Width (npm):
(f1)237.148

Pulse Program:
Unknowr




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C NMR spectra of 3g

@ o o
S aa = r Date:
@ qe 8 [8000C | 15 pac 2011
! y N L Document's Title:
B i
F B
- |—7000C | Spectrum Titte:
P S ONCY C i
| 3 r Frequency (MHz):
P - r (1) 100.8613
FaC F C 50000 | Griginal Paints Count:
F L (1) 32788
- Actual Points Count:
- (1) 32788
- Acquisition Time {sec):
—35000C ) 13831
B Spectral Width {ppm):
C (1) 238.821
C Pulse Program:
—40000 | Ynknown
[ 30000
—2000C
— 1000C
—0
—-10000
T ‘ T T T | T T T T | T T T ‘ T T T | T
200 150 100 50 o
ppm (t1)
HRMS (EI) spectra of 3g
8f Micromass GCT )
111835 382 (6.358) Cm (382-(282+327)) TOE MS El+
3159791 4.04e3
100
;
=
268 9904
260.9624
296 BEZH a5a o
98.8930 P 316.9889
317 8806
82 0964 1169876 145.0258 318 0864
40 &0 20 100 120 140 160 280 300 320

27



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3h

8 o g
(3] w wy
[ g ] -
F
F O@\
F OCH4
F
I | h
" 1
® 8
T | T T T T | T T T T | T T T T |
15.0 100 5.0 0o
pom (t1)
1
F NMR spectra of 3h
SHE8T 83398y
TROOC TTTTITW
BRARA IEI333
F
F. O\©\ |
F OCH3
F
!
r m
8
T | T T T T ‘ T T T | T T T T ‘ T T T |
0 -50 -100 -150 -200

ppm {t1)

28

Data-

28 Dec 2011
Document's Title:
ir

Spectrum Title:
Mons

Frequency (MHz):
(f1)400.120

Original Points Count:
{f1) 32788

Actual Points Count:
{f1) 32768

Acquisition Time (sec):
(f1) 3 0846

Spectral Width (ppm):
(f1)20.553

Pulse Program:
Unknown

Date-

28 Dec 20M
Document’s Title:
ir

Spectrum Title:
MNaone

Fraquency (MHz):

{f1) 376.428

Original Points Count:
{f1) 65528

Actual Points Count:
{f1) 85528

Acquisition Time (sec):
(f1) 07240

Spectral Width (ppm):
{f1) 237.148

Pulse Program:
Unkncwn



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13
C NMR spectra of 3h
~ © N mmY
55 & RBEE 8 Date:
85 £ I 555 e 28 Dec 2011
- N ey o Document's Title:
ir
Spectrum Title:
Mone
Frequency (MHz):
(f1) 100.613
F Original Points Count:
if1) 32768
F. 9] Actual Points Count:
(f1) 32708
Acquisition Time (sec):
F OCH if1) 136831
3 Spectral Width (ppm):
F (1) 238,921
Pulse Program:
Unknown
T | T T T T T T | T T | T T T T
200 150 100 50 ]
ppm (1)
HRMS (EI) spectra of 3h
1zj02-10 Micromass GCT
111263 19 (0.301) Cm {19-(58+60)) TOF MS El+ |
100 2720462 2.51e4|
|
& 267.0218
i
151.,0369 229.0298 273.0613
123.0451
520319 640315 92.027299 gos7 148.0048 201.0371 5y ! .
5 ! i 1750251 1820352 213 ﬂ338i230.{i359 2740572
[ R e R L] el e PPLSRAAR RAR P | PO PRI TY PSP VIS | IS PRI FOURSY | FPINSNN |T00 P M | FRREY PRSI | Y | (Y el - miz
40 B0 80 100 120 140 160 180 200 220 240 260 280

29



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3i

Date:

28 Dec 2011
Dogument's Title:
r

Spectrum Title:

Neone

Frequency (MHz):

(1) 400,130

Original Points Count:
if1) 22788

Actual Points Count:
if1) 22788
Acquisition Time {sec):
if1) 3.0848

Spectral Width (ppm):
if1) 20.553

Pulse Program:
Unknown

15.0 10.0 50 0o
ppm (1)

"F NMR spectra of 3i

Date:

28 Dec 2011
Document's Titla:
r

Spectrum Title:
MNone

Frequency (MHz):

(1) 276,488

Original Points Count:
[F1) 85538

Actual Paints Count:
{f1) 85538

Acquisition Time (sec):
[F1} 0.7340

Spectral Width (ppm):
(F1) 237,148

Pulse Program:
Unknown

T T T T T T T T T T T T T T T T T T
0 -50 -100 -150
ppm (t1)

30



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13 .
C NMR spectra of 3i
g == 2 F
=t [=N-] - - Date:
& 28 £ B 28 Dec 2011
- R Document’s Title:
ir
Spectrum Title:
Hone
Frequency (MHz):
F (f1)100.813
Original Points Count.
F. o] (1) 32788
Actual Points Count:
(f1) 32768
NC F Acquisition Time (sec):
(f1)1.3821
F Spectral Width {ppm):
(f1)238.821
Pulse Program:
Unknown
L e L
T ‘ T T T T ‘ T T T T | T T T T ‘ T T T T | T
200 150 100 50 4]
ppm (1)
HRMS (EI) spectra of 3i
zj02-16 Micromass GCT
111293 47 (0.770) Cm (47-(78+79 TOF MS El+
' t it ) 267.0308 1.68e4
100
\
77.0388
238.0385
2680348
51.0229 248.0329
2200395 238.0289 i,
. TED42B 4050345 180 0817 266.0237 ||
50.0147 74,0146 1240002 1490056 1619977 189.0402  212,0220/221.0395 2700385
40 B0 BO 100 120 140 160 180 200 220 2440 260 280

31



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3j

0 Dare:
£ 28 Dec 2011
Document’s Title:

F q
F-. '

S O
| \@\ \\ qupScrrum Title:
NG N R N iy

Frequency (MHz):

{f1) 4D0.120

F Original Points Counz:
{f1) 32768

Actual Poines Count:
{f1) 32768

Acquisition Time {sec):
(f1) 3.9846

Spectral Widdh (ppm):
{f1) 20,653

Pulse Program:
Uniknowm

n
5,934
6913
2

7.

—— 7.285
19
7.169

T T T T T T T T T T T T T T T
15.0 10.0 50 0.0
ppm i)

"F NMR spectra of 3

Diate:

28 Dec 2011
Document's Tite:
ir

Spectrum Tide:

F J
F.. ’)\\ O = L \ = None
a® o
NG F NS oviini
F

Qriginal Points Coune:
(1) 85533

Actual Points Counz:
(1) 85533

Acqguisition Time (sec):
(1) 0.7340

Spectral Width (ppm):
() 237.148

Puise Program:
Unknown

0 -50 -100 -150 -200

32



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

13 i
C NMR spectra of 3j
o - -
3 g & 3&&§ 8 ot
3 S © 55 B 28 Dec 2011
w = - e R Document's Tide:
ir
Spectrum Tide:
None
Frequency (MHz):
F 1) 100.613
Original Points Count:
F. 0 1) 32762
Actual Points Count:
(f1) 32768
NG E Acquisition Time (sec):
(1) 1.3631
F Spegtral Width (ppm):
{f1) 238.821
Puise Program:
Unknown
L l L .
T | T T T T I T T T T | T T T T I T T T T | T
200 150 100 50 0
ppm i1}
HRMS (EI) spectra of 3j
2j02-2 ' Micromass GCT
| 111179 64 (1.056) Cm (B4-{96+100)) TOF MS EI
"
o 281.0485 2.58e4
|
|
|
|
|
= |
|
|
|
|
91.0547
|
122.0242 |
550389 215.0580 s
| 1 023453 0240 7.0391 H2.0045 139.0557 158'0623185 = .H}G-IDST5 : I
5 ; i : .
| i} I_ o KPR | TRN— ] (. 10711 | wam g 3830563
40 &0 80 100 120 140 160 180 B 2(]'0 o ZJD .étﬂ). 260 2&70 - 300 mE

33



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'"H NMR spectra of 3k

BrEH BT n o
Tw o NN 0o Ir:4
- | })
\ I.'
F\“)\\,o -~
N\l%': P
F
................................................................ — e, S _LJ.J_A_J_....
iy
e
T | T T T T | T T T T | T T T T
15.0 100 50 0.0
ppm (1)
19
F NMR spectra of 3k
Pel el R el
PP QENpSe
HNeRST PR EE
i e o w o
EEDDDD =EEees
F
F. | = 0] | =
N._ = F =
F
| =
_Iu -
£ g
T | T T T T | T T T T | T T T T | T T |
0 -50 100 150 200

ppm {t1)

34

Dare:

23 Dec 2011
Document’s Tite:
i

Spectrum Title:

None

Frequency (MHz)-

(1) 400.130

Original Points Count:
{f1) 32768

Actual Points Count:
{f1) 32768

Acquisition Time {sec):
{f1) 3.0846

Spectral Widdh (mpm):
{f1) 20.553

Pulse Program:
Unikniown

Dare:

28 Dec 2011
Document’s Title:
ir

Spectrum Tide:

None

Frequency (MHz)-

(1) 376.488

Original Foines Counz:
{f1) 65528

Actual Poines Coune:
{f1) 65528

Acquisition Time (sec):
{f1) 0.7340

Spectral Widzh {ppm).-
{f1) 237148

Pulse Program:
Unknown



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C NMR spectra of 3k

Diare:

22 Dec 2011
Document's Title:
ir

155.816
130,050

126172
116.678

0O Spectrum Tite:

F 3 Mone
| Frequency (MHz:
N. = F (f1) 100612

Oviginal Points Couni:
F {f1) 32788

Actual Poings Count:
{f1) 32788
Acquisition Time (sec):
{f1) 1.3831
Spectral Widzh (ppm):
{f1) 238021
Pulse Program:
Uniknzwan

T T T T T T T T T T T T T T T T T T T T T T T
200 150 100 50 0
ppm {t1)

HRMS (EI) spectra of 3k

zj02-15 Micromass GCT
111292-1 12 (0.189) Cm (12-(98+59))
| 100

TOF MS El+
2430305 1.42e4

Y

770388

224.0321
‘g 223.0240
1808.03'8 2440345

fi 91,0549
51,0230 g 3
0708 185.0383 214.0293 || 540 0281
38,0230 650383 |78.0426 1190874  137.9067 1ssoatn U0V 1760344 | [199.0358 295 0368 ||| 246.2357

40 50 80 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

=t I

35



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3l

28833 Eog Date
N N33 ] wy 28 Dec20M
P I~ I~ O o o~ Document's Title:
ir
F
E 0 _/ Spectrum Title:
| = AV None
Frequency (MHz):
N. = r (1) 400.130
Original Points Count:
F (f1) 32788
Actual Points Count:
(f1) 3278
Acquisition Time (sec):
(f1) 3 62345
Spectral Width (ppm):
(f1) 20,553
Pulse Program:
Unknown
i ‘ | ‘
iy !
Bt w
=5 3
T T T T T T T T T T T T T T T T T T
150 100 5.0 0.0
ppm (t1)
19
F NMR spectra of 3l
N m oo
=T R =N=1 wom Ao o
WY D 1) ) 40 1 0 Diate:
i ] b B A W 1 i
0o o e o o 1 W W 23 Dec 2011
@momE o —————

Document’s Title:
r

F .
ra
| Spectrum Tide:
N._ .= W Hone
F ~ Frequency (MHz:
=

)
e
@
w
i

(Fiy 378402

Oviginal Points Count:
{f1) 65528

Actual Poings Coune:
{f1) 65528

Acquisition Time {sec):
{F1)0.7340

Spectral Widdh (ppm):
(F1) 237.1428

Pulse Program:
Uninowimn

6

T T T T T T T T T T T T T T T T T T T T T T T
0 -50 -100 -150 -200
ppm {t1)

36



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2012

13
C NMR spectra of 3l
0 o @ -
b Ig ¢ i 2 Dec 2011
- - - ™ Document's Titla:
F ‘ "
F J\\/O . | Spectrum Tide:
| = ) | j / Mone
- Frequency (MHz):
M., //\F s {1} 100.613
Oviginal Points Count:
F (f1) 32763
Actual Poings Counc:
(f1) 32788
Acquisition Time {sec):
(f1) 1.3631
Spectral Widdh (ppm):
(f1) 238.821
Pulse Program:
Uniknowmn
T T T T T T T T T T T T T T T T T T T T
200 150 50 0
ppm {t1)
HRMS (EI) spectra of 3l
zj02-14 Micromass GCT .
111291 17 (0.267) Cm (17-(60+62)) TOF M5 El+
257 0467 2.08e4
100
21.0540
2560380
258.0508
65.038% e
2 0587 - ) 236.0325 242.0245
63,0235 77.0283 92 0587 Y 2140301 236 e
51.0227 137.9969 1840340 188.0333 223.0244 .
|) H+ - T TTTIRPREPRPTS [ s D ST S S .:.‘ mfz
130 140 150 160 170 180 180 200 260

40 50 80 YO 80 80 100 110 12

37



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3m

T W W N~ oo @ m 3
o - - -

mMANT—- oQ ) 28 Dec 2011

™~ - Document’s Tide:

r

Spectrum Title:
0 Mone
o W N Frequency (MFz):
(1) 4D0.1:3D

Oviginal Points Counz:

F FF F {f1) 32768
Aetual Poines Coune:
(f1) 32788
Acquisition Time |secl:
(f1) 2.0846
Spectral Widdh {ppm):
1) 20563
Pulse Program:
Unknowin

T | T T T T | T T T T | T T T T | T T T T
15.0 100 50 0.0
ppm (i1}

"F NMR spectra of 3m

7
2]
0

81

Dare:

28 Dec 2011
Document's Tide:
ir

137.285
137.362
138172
138.226
-138.247
150,145

T —— -150.2

N—
\%{:

-150.258
16277
162,791
2
-152.843
-152 882
160.586

-138.183
<15

-137.34
—— -180.573

/

[— -137.3

Spectrum Tide:

None

F F R F =
F O O 0 @ #) i
Original Points Count:
F F F F

(1) 65532

Actual Points Counz:
(f1) 65522

Acquisition Time [sec):
(1) 0.7340

Spectral Width (ppm)-
(1) 237148

Pulse Program:
Unkngwn

T | T T T T | T T T T | T T T T | T T T T | T
0 -50 -100 -150 -200
ppm it}

38



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C NMR spectra of 3m

Dare:

23 Dec 2011
Document’s Titde:
ir

156,909
129.926
124203
115.881

Spectrum Tide:

None

Frequency (MHz):

{f1) 100.612

Original Foines Counz:
{f1) 32768

R FFR F
o900
F O (f1) 32768
Acquisizion Time (sec):
F FF F

1) 1.3631

Spectral Widzh {ppm)-
1) 238.821

Pulse Program:
Uniknowm

ppm t1)

HRMS (EI) spectra of 3m

zj02-3
111180 72 (1.188) Cm (72-{103+108))

TOF MS El+
100 4080158 2.17ed

Micromass GCT

T7.0396 380.0245

4080267

379.0186
51.0234 7
. FE.0431 1409958 o o0 2029939 2529921, 2649882 3029871 341.0214 410,0322
40 60 80 100 120 140 160 180 200 220 240 280 280 300 320 340 35[&|” 3;30 | 400-~.;20 =

39



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H NMR spectra of 3n

8
7187
7.178
5,863

59

3

@ :
L] uy 28 Dec 2011

- Document’s Title:
r

\ / Specirum Tide:
\ None
F 0 ®_ Frequency (MHz):
{f1) 4D0.130
Oviginal Points Count:
E

F F F {F1) 32768

Actual Poirgs Count:
{f1) 32768

Acquisition Time {sec):
(f1) 3.9846

Spectral Widzh (ppm):
{f1) 20.553

Pulse Program:
Uniknizwan

5.954

T I T T T T T T T T T T T T T T T T T T T
15.0 10.0 50 0.0
ppm (i)

"F NMR spectra of 3n

137.285
=137.307
-137.323
-137.340
-137.362

138.347

—— -138.368
3
3

42

i
I
\
)
|

-150.229
-150.285
-150.341
-152.988

-153.001
el R0 e
Airh

g4

-138.4
-138.421
153.019
£3.05
5
5
\ o By
— -180.597

Dare:

28 Dec 2011
Document’s Title:
r

-160.488
0.5
_160.558

El
-1
-1

— -160,503
— =160,

f

Spectrum Title:

None

Frequency (MHz):

(f1) 378 402

Original Points Count:
{f1) 65528

Actual Poings Count:
{f1) 65528

Acquisition Time (sec):
{f1) 0.734D

Spectral Widzh (ppm):
{f1) 237.148

Pulse Program:
Uniknown

R FFR F
) o
F FF F

BEE
ik
I0E

ppm {t1)

40

Dare:



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C NMR spectra of 3n
g 35 3
E: g8 2

130318

Dare:

28 Dec 2011
Document's Tite:
ir

20821

Spectrum Title:

Nons

Freguency (MHz):
(1) 100.612
Oviginal Points Counz:
{f1) 32768

Actual Poinzs Counz:
{f1) 32768

Acquisizion Time {sec):
{f1) 1.3831

Spectral Widdh (ppm):
(1) 238.821

Pulse Program:
Unikniown

200 150 100 50
ppm (t1)
HRMS (EI) spectra of 3n
zj02-13 Micromass GCT
111296 76 (1.267) Cm (76-(117+119))
100
=
91.0541
b2 92.0585
63.0234 |77 1 (5= 1 264 9880
. Sk 0018 w5 osa?! 10180 22T
40 60 B0 100 120 140 160 180 200 220 240 260 280

41

TOF MS El+
422 0352 3.01ed

4230382

421.0291
3840433
302.9890 325.0044
355.0373
360 380

424.0408 |

T miz

300 320 340 400 420



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

"H NMR spectra of 30

EBI3

Diare:
3 28 Dec 2011
-~ Document’s Tide:
J .
Spectrum Tide:
Mone
Frequency (MHz):
(f1) 400130
Driginal Points Count:
(1) 32762
Actual Poimts Count:
(f1) 32768
Acquisition Time (sec):
(f1) 3.9846
Spectral Width (ppm)-
(f1) 20,553
Pulse Program:
Unknown

T | T T T T I
15.0
ppm {t1)

C NMR spectra of 30

134,183

NO,

Al

Dare:

23 Dec 2011
Document’s Title:
ir

Spectrum Title:

None

Frequency (MHz):

{f1) 100.613

Original Points Counz:
{f1) 327¢a

Actual Poines Count:
{f1) 327¢a

Acqguisition Time (sec):
{f1) 1.3831

Spectral Widzh (ppm)-
{f1) 238.021

Pulse Program:
Uniknown

ppm (1)

150

42



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HRMS (EI) spectra of 30

zj02-4
111177 122 (2.025) Cm (122-(160+162))

100

%

78.0356

510235 gs.0392
630238 75 0240

|
| #9.0402

50 100

106.0282 il

Micromass GCT
122.0237
115.0545 1390553
|
|
92 0266
1230286 | 1410898

154 0672

110 120 130 140 150

160

168 9594
|
|

190 200 210

TOF MS El+
1.9%e4
215.0581
198.0567 |
182.0614
1850840
( 199.0608

1880816 | 30,0679 l

T T T T T T T
15.0 10.0
ppm {t1)

43

L € A—— A d

Dare:

28 Dec 2011
Document's Tite:
ir

Spectrum Title:

None:

Frequency (MHz):

(1) 400.130

Oviginal Points Count:
{f1) 32788

Actua! Poines Coune:
(1) 32783

Acquisition Time {sec):
(1) 3.9846

Spectral Widzh (ppm):
(1) 20.553

Pulse Program:
Unikncasm




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

"F NMR spectra of 3p

=0 o W oo

g3gieg3e

prprprppp Date:
SoEeIoD 28 Dec 2011

Document’s Tide:
i

NO2

e -118.182

R

- Spectrum Tite:

SN / _\_ Nome
\\ ?—O .-\\ Vi F Frequency (MHz)-

, - 1) 378,488
Qriginal Points Counz:
{f1) 65528
Actual Poires Count:
{f1) 65538
Acquisition Time (sec):
{f1)0.7340
Spectral Width (ppm):
{f1) 237.148
Pulse Program:
Unknown

A

[

an’

0 -50 -100 -150 -200

*C NMR spectra of 3p

730
120.877
9

793

Dare:

28 Dec 2011
Document’s Tide:
r

0
158,308

151.574
151.551
8
125.742
123,183

18

12

1
V—— 116,813
—— 118.577

Specum Tite:

Nome:

Frequency (MHz):

{F1) 100.612

Oviginal Poimts Count:
{f1) 32788

Actual Poines Coune:
{f1) 32763

Acquisition Time {sec):
{f1)1.3831

Spectral Widdh (ppm):
(F1) 238.821

Pulse Program:
Unknoim

b

\
\

50.
Te——— 141,283

\

T T T T T T I T T T T I T T T T I T T T T I T
200 150 100 50 0

ppm {t1)

44



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

HRMS (EI) spectra of 3p
zjo2-11 Micromass GCT i
TOF +
111294 29 (0.483) Cm (29-(3+4
) A e 122.0241 2.46e4
100 [
|
[
| =
111.0244
233.0490
|
| :
2160470 |
| i 133.0454 |
186 0485
830205
157 0461
203.0761
780353 | sz02m2
94,0280
510233 63,0238 | e 1390556 | 1990024 l2170532 | 2340549
| i 108.0445 145.0549
39.0234 W ' : ; 168.0495
Qe e bl .'||.||.| ..-‘.......|.=..!_.|..____._.:_A..Jm....l..............:|..!._.__:__..... O [ 1 N T SNSS—TS | TI ST ME— TN, 7 ]
40 50 60 TO 80 90 100 110 120 130 140 150 160 170 210 220 230

45



