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General information

Unless otherwise noted, all reactions were performed under an argon atmosphere using
flame-dried glassware. Toluene, hexanes and CH,Cl, were distilled over CaH,. THF and
Et,O were distilled over sodium/benzophenone ketyl. All reagents were commercially
available and used without further purification unless indicated otherwise. Thin layer
chromatography (TLC) was performed on Silica Gel 60 F254 plates and was visualized
with UV light and KMnOj, stain. Preparative thin layer chromatography was performed
with Merck silica gel 60-F254 coated 0.50 mm plates. Flash chromatography was
performed with Sorbent Tech. silica gel 60. Yields reported are for isolated,
spectroscopically pure compounds. NMR spectra were recorded on 300, 400 or 500 MHz
instruments. The residual solvent protons (‘H) or the solvent carbons (>C) were used as
internal standards. 'H NMR data are presented as follows: chemical shift in ppm
downfield from tetramethylsilane (multiplicity, coupling constant, integration). The
following abbreviations are used in reporting NMR data: s, singlet; br s, broad singlet; d,
doublet; t, triplet; q, quartet; qt, quartet of triplets; dd, doublet of doublets; dt, doublet of
triplets; AB, AB quartet; m, multiplet. High-resolution mass spectra were recorded by
the Columbia University Mass Spectrometry Core facility on a JEOL HXI110
spectrometer. Infrared spectra were taken on an Perkin-Elmer 1600 FT-IR spectrometer

using thin neat film deposition on NaCl plates.

Preparation of enone 22, 25, 28.

These ketones were prepared according to a reported procedure. '
@]
\/\Ej\
Enone 28: 'H NMR (400 MHz, CDCl3) 8 6.81-6.55 (m, 1H), 5.98-5.59 (m, 1H), 5.03
(ddd, J=12.7,2.8, 1.6 Hz, 2H), 2.94 (ddd, /= 3.2, 1.9, 0.9 Hz, 2H), 2.55-2.47 (m, 1H),
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2.46-2.37 (m, 1H), 2.24-1.98 (m, 3H), 1.05 (d, J= 6.3 Hz, 3H); °C NMR (100 MHz,
CDCl3) & 199.1, 144.9, 137.6, 135.8, 116.1, 46.5, 34.33, 33.2, 30.5, 21.1; IR (neat): cm*
2959, 2929, 1717, 1680, 1370, 1154; HRMS (EI, m/z) calcd for CoH;40 [M]" 150.1045,
found 150.1035.

o)

.,

Enone 25: "H NMR (400 MHz, CDCl3) § 7.34-7.21 (m, 4H), 6.78-6.76 (m, 1H), 3.33-
3.26 (m, 1H), 2.74-2.1.84 (m, 4H), 1.84 (s, 3H); °C NMR (100 MHz, CDCl;) & 198.8,
1442, 143.2, 135.4, 128.4, 126.6, 126.4, 44.7, 41.1, 33.7, 15.5; IR (neat): cm™ 2930,
1715, 1660, 1148; HRMS (EL, m/z) calcd for C13H;40 [M]" 186.1045, found 186.1038.

Enone 19: Enone 19 was prepared from commercial available enone (5s)-carvone hydrate
(98%) by MOM ether protection."H NMR (400 MHz, CDCls) & 6.80-6.57 (m, 1H), 4.68
(s, 2H), 3.33 (s, 3H), 2.58 (ddd, J=16.1, 3.4, 1.4 Hz, 1H), 2.40 (dtd, J=18.2,4.7, 1.4
Hz, 1H), 2.31-2.18 (m, 2H), 2.13-2.03 (m, 1H), 1.74 (s, 3H), 1.19 (s, 3H), 1.18(s, 3H);
C NMR (101 MHz, CDCls) 8 200.3, 145.0, 135.1, 90.8, 76.5, 55.2, 45.7, 39.4, 27.1,
23.6,23.6, 15.5; IR (neat): cm™ 2980, 2892, 1728, 1673, 1143, 1038; HRMS (EI, m/z)
caled for C1oH, 03 [M+H]" 213.1491, found 213.1487.



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

Enone 44: At room temperature, to a mixture of ethyl vinyl ketone (1.14 mL, 11 mmol)
and isovaleraldehyde (0.81 mL 7.5 mmol) was added 2-(methoxydiphenylmethyl)
pyrrolidine (50 mg, 0.19 mmol) and ethyl 3, 4-dihydroxy benzoate (136 mg, 0.75 mmol).
The reaction mixture was stirred at room temperature for 3 days and diluted with 100 mL
of ether. The ether solution was washed with water and transferred to a 250 mL flash. To
this ether solution was added 20 mL of THF, 41 mL of KOH solution (0.1 N), and n-
Bu,NOH (1 mL). The reaction mixture was stirred at 42 °C for 24 h.> Upon cooling
down, the mixture was extracted with ether. The combined organic solvent was washed
with brine, dried with Na,SO4 and concentrated in vacuo. The residue was purified using
flash chromatography and yielded the enone 44 as a light yellow oil. (820 mg, 72%) 'H
NMR (400 MHz, CDCl3) 6 6.65 (dt, J=2.7, 1.4 Hz, 1H), 2.52 (dt, J = 16.5, 4.1 Hz, 1H),
2.38-2.19 (m, 2H), 1.96 (dqd, J = 13.4, 4.7, 1.6 Hz, 1H), 1.78 (dd, J = 2.4, 1.4 Hz, 3H),
1.77-1.66 (m, 2H), 0.96 (d, J = 6.9 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H); °C NMR (101
MHz, CDCls) 6 200.4, 149.5, 135.4, 77.3, 77.0, 76.7, 42.8, 37.6, 31.7, 25.6, 19.7, 19.4,
16.2. IR (neat): cm™ 2985, 1725, 1676, 1050; HRMS (EL m/z) calcd for CioH,70 [M+H]"
153.1297, found 153.1292.

General Experimental Procedure for the Diels-Alder/Isomerization/Oxidation Sequence:

Diels-Alder reaction between silyloxy dienes and enones: To a stirred solution of enone(1
mmol) in anhydrous DCM (5 mL) was added EtAICIL, (IM in hexane, 0.5 mL). The
mixture was stirred at 0 °C for 3 min and 2-silyloxy diene (2 mmol) was added. The
resultant reaction mixture was slowly warmed up to room temperature, stirred for
additional 2 h (or until TLC indicated disappearance of enone), and quenched with
saturated sodium bicarbonate at -78 °C. After the ice melted, the mixture was extracted
with diethyl ether. The organic extracts were dried over MgSO4, filtered and
concentrated. The residue was purified using flash chromatograph. Compound 11, 32, 34

were obtained directly after column purification.
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Silica gel-catalyzed isomerization of DA adducts: To a stirred solution of DA adduct (0.5
mmol) in anhydrous toluene (20 mL) was added oven-activated silica gel (200-300 mesh,
500 mg). The resultant mixture was stirred at 110 °C for 20 h. After cooled down to room
temperature, the silica gel was filtered and the toluene was removed under reduced
pressure and the residue was used without further purification. Compound 15, 16 were

purified using flash chromatography.

Saegusa Oxidation(Method A): To a stirred solution of isomerized silyl enol ether (0.5
mmol) in anhydrous CH;CN (5 mL) was added Pd(OAc), (0.55 mmol) at room
temperature. The reaction was stirred at room temperature until TLC indicated
disappearance of starting material. The reaction mixture was then filtered through a pad

of Celite and concentrated. The residue was purified using flash chromatography.

Saegusa Oxidation(Method B): To a stirred solution of isomerized sily enol ether (0.5
mmol) in anhydrous acetonitrile was added 2, 6-di-tert-butyl- 4-methylpyridine (4 mmol)
and DDQ (2mmol).” The resultant mixture was stirred at room temperature for about 12
h. Then the mixture was quenched with saturated Na,S,0s3 and extracted with diethyl
ether. The extracts were washed with brine, dried over MgSQy, filtered, and concentrated.

The residue was purified using flash chromatography.

0]

TE : t
SO B

Silyl enol ether 11: Flash chromatography (hexanes) yielded a colorless oil (235 mg,
82%). '"H NMR (CDCls, 500 MHz): § 4.81 (d, J = 3.5 Hz, 1H), 2.52 (brs, 1H), 2.33-2.14
(m, 4H), 1.97-1.94 (m, 2H), 1.88-1.83 (m, 1H), 1.65-1.60 (m, 1H),; °C NMR (CDCl;,
125 MHz): § 222.9, 151.2, 106.3, 47.1, 43.2, 35.7, 28.1, 26.9, 26.5, 21.5, 6.7, 5.0; IR
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(neat): ecm™ 2956, 1708, 1674, 1192; HRMS (EI, m/z) caled for Ci6Has0,Si [M]
280.1859, found 280.1845.

0]

TE /E:Ei
SO H

Diels-Alder adduct: Flash chromatography (hexanes) yielded a colorless oil (256 mg,
88%). '"H NMR (CDCls, 400 MHz): & 4.76-4.74 (m, 1H), 2.64-2.50 (m, 2H), 2.33-2.24
(m, 2H), 2.03-1.97 (m, 1H), 1.80-1.58 (m, 6H), 1.10 (s, 3H), 0.99-0.95 (m, 9H), 0.68-
0.62 (m, 6H); °C NMR (CDCls, 100 MHz): § 215.3, 147.7, 99.5, 47.4, 42.3, 37.2, 32.8,
30.8, 28.1, 25.2, 19.9, 6.6, 5.0; IR (neat): cm™ 2954, 1705, 1675, 1195;HRMS (ESP)
calcd for C17H3,0,S1: 295.2093; found: 295.2102.

0

B /Q:Iij
SO H

Silyl enol ether 12: Flash chromatography (hexanes) yielded a colorless oil (226 mg,
90%). "H NMR (CDCls, 400 MHz): 8 4.60 (s, 1H), 2.47 (s, 1H), 2.45-2.33 (m, 1H), 2.26
(dd, J=15.5, 4.5 Hz, 1H), 2.22-2.11 (m, 2H), 2.04 (td, J = 13.6, 7.5 Hz, 1H), 1.92 (dd, J
=15.0, 6.2 Hz, 1H), 1.78 (dt, /= 8.7, 5.0 Hz, 2H), 1.64-1.44 (m, 2H), 1.37-1.21 (m, 1H),
1.16 (s, 3H), 0.90 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H); °C NMR (CDCls, 125 MHz): &
215.3, 151.8, 108.0, 46.8, 42.9, 38.6, 31.3, 28.2,27.2, 25.6, 24.3,22.9, 17.9, -4.3, -4.4; IR
(neat): cm™ 2954, 1705, 1675, 1195; HRMS (EL, m/z) caled for Ci7H30,Si [M+H]"
295.2093, found 295.2092.

TESO
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Diels-Alder adduct: Flash chromatography (hexanes) yielded a colorless oil (274 mg,
90%). '"H NMR (400 MHz, CDCl3) & 4.94-4.52 (m, 1H), 2.74 (td, J = 14.5, 6.6 Hz, 1H),
249 (d,J=16.7 Hz, 1H), 2.34-2.14 (m, 2H), 2.07 (d, /= 18.1 Hz, 1H), 2.01-1.93 (m,
1H), 1.88-1.76 (m, 1H), 1.77-1.58 (m, 1H), 1.36 (ddd, J=18.5, 12.6, 5.8 Hz, 2H), 1.11
(s, 3H), 0.98 (dd, J= 8.8, 7.2 Hz, 9H), 0.66 (q, J = 7.9 Hz, 6H); °C NMR (101 MHz,
CDCl) 6 215.5, 147.6, 99.6, 48.6, 46.9, 37.2,34.9, 31.5, 34.9, 31.5, 29.9, 28.8, 20.2,
19.8, 6.7, 5.0; IR (neat): cm™ 2955, 1707, 1675, 1185; HRMS (EI, m/z) calcd for
C1sH3,0,Si [M]" 308.2172, found 308.2161.

TESO

Silyl enol ether 15: Flash chromatography (hexanes) yielded a colorless oil (245 mg,
86%). '"H NMR (400 MHz, CDCl3) & 5.04 (d, J=4.2 Hz, 1H), 2.62-2.46 (m, 1H), 2.32
(ddd, J=14.8, 4.1, 3.2 Hz, 1H), 2.16-1.95 (m, 3H), 1.92-1.82 (m, 1H), 1.75-1.63 (m,
2H), 1.35 (ddd, J=18.5, 11.3, 5.2 Hz, 2H), 1.11 (s, 3H), 1.03 (d, /= 6.0 Hz, 3H), 0.99 (t,
J=17.9 Hz, 9H), 0.68 (q, J = 7.9 Hz, 6H); *C NMR (101 MHz, CDCl3) § 216.6, 149.1,
105.9, 50.0, 46.7, 38.2, 36.6, 33.7, 28.7, 26.4, 19.8, 19.6, 6.7, 5.1; IR (neat): cm™ 2953,
1705, 1674, 1183; HRMS (EI, m/z) calcd for C;sH3,0,Si [M]" 308.2172, found
308.2169.
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Enone 17a: Flash chromatography yielded a light yellow oil (65 mg, 68%). 'H NMR (400
MHz, CDCl3) 8 5.95 (s, 1H), 2.81 (dd, J=14.4, 7.0 Hz, 1H), 2.72 (ddd, J = 16.6, 7.0, 4.6
Hz, 1H), 2.57-2.44 (m, 2H), 2.40-2.28 (m, 1H), 2.18 (ddd, J = 13.9, 5.0, 2.6 Hz, 1H),
2.13-2.03 (m, 1H), 1.98 (td, J = 13.9, 5.6 Hz, 1H), 1.91-1.78 (m, 1H), 1.47 (s, 3H), 1.36
(d, J = 7.3 Hz, 3H); °C NMR (101 MHz, CDCl;) § 211.8, 198.5, 170.1, 127.1, 48.9,
36.2, 33.2, 31.5, 27.4, 24.1, 22.4; IR (neat): cm™' 2928, 1712, 1671, 1611; HRMS (EI,
m/z) caled for Cj,H70,[M+H]" 193.1229, found 193.1221.

TBSO
Ph

Silyl enol ether 16: Flash chromatography (hexanes) yielded a colorless oil (214 mg,
56%). '"H NMR (400 MHz, CDCl3)  7.44-6.89 (m, 5H), 4.85 (d, J = 4.9 Hz, 1H), 3.15
(dd, J =13.3, 3.5 Hz, 1H), 2.60-2.50 (m, 2H), 2.38-1.38 (m, 8H), 1.28 (dd, J=11.4, 4.9
Hz, 1H), 1.18 (s, 3H), 0.98 (s, 9H), 0.23 (s, 3H), 0.20 (s, 3H); °C NMR (101 MHz,
CDCl) o 215.4, 147.6, 140.1, 129.2, 128.3, 126.0, 100.1, 47.0, 46.9, 40.2, 36.8, 36.3,
31.4,31.1,28.7,25.8,25.7,20.0, 18.0, -4.1, -4.3; IR (neat): cm™ 2930, 1708, 1674, 1176;
HRMS (EI, m/z) calcd for C4H370,Si [M+H]" 385.2563, found 385.1535.

Ph

Enone 18: Flash chromatography yielded a light yellow oil (87 mg, 65%). '"H NMR (400
MHz, CDCl3) 6 7.42-6.90 (m, 5H), 5.92 (s, 1H), 3.04 (dd, J=11.8, 4.2 Hz, 1H), 2.99-



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

2.85 (m, 2H), 2.72 (ddd, J = 16.2, 7.7, 4.6 Hz, 1H), 2.60-2.41 (m, 2H), 2.37-2.26 (m, 1H),
2.20 (ddd, J = 13.9, 4.9, 2.7 Hz, 1H), 2.01 (dd, J = 13.8, 5.6 Hz, 1H), 1.97-1.77 (m, 2H),
1.48 (s, 3H); *C NMR (101 MHz, CDCL3)  211.6, 198.2, 167.4, 138.6, 129.0, 128.6,
128.1, 126.8, 48.9, 43.8, 42.7, 36.0, 33.2, 31.7, 24.6, 23.9; IR (neat): cm™ 2925, 1716,
1674, 1230; HRMS (EL m/z) caled for C1sHy0, [M+H]" 269.1542, found 269.1544.

TBSO PN

Diels-Alder adduct: Flash chromatography yielded a colorless oil (376 mg, 95%). 'H
NMR (400 MHz, CDCls) 6 4.75 (dd, J = 4.3, 3.4 Hz, 1H), 4.70 (d, J= 0.8 Hz, 2H), 3.35
(s, 3H), 2.66-2.45 (m, 2H), 2.41-2.30 (m, 1H), 2.26-2.19 (m, 1H), 2.12-1.97 (m, 3H),
1.91-1.80 (m, 1H), 1.73 (ddd, J=17.0, 5.2, 2.7 Hz, 1H), 1.68-1.58 (m, 1H), 1.24 (s, 3H),
1.21 (s, 6H), 0.90 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H); >C NMR (100 MHz, CDCl5) &
215.1, 147.6, 101.6, 91.0, 77.4, 55.3, 46.1, 43.7, 39.0, 38.0, 32.3, 31.1, 26.0, 25.7, 24.2,
24.2,24.0,17.9, -4.4, -4.5; IR (neat): cm™ 2954, 2931, 1708, 1194, 1040; HRMS (EI,
m/z) caled for CooH3004Si [M+H]" 395.2618, found 395.2625.

TBSO PN

Silyl enol ether 20: Flash chromatography yielded a colorless oil (356 mg, 96%). 'H
NMR (400 MHz, CDCls) 6 4.84-4.64 (m, 2H), 4.53 (s, 1H), 3.35 (s, 3H), 2.60 (d, /= 2.9
Hz, 1H), 2.35 (dd, J= 6.2, 4.6 Hz, 1H), 2.25-2.15 (m, 2H), 2.04-1.83 (m, 4H), 1.67 (d, J
=10.6 Hz, 1H), 1.28 (ddd, /= 18.8, 9.9, 6.2 Hz, 1H), 1.21 (s, 3H), 1.20 (s, 3H), 1.16 (s,
3H), 0.89 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H); °C NMR (100 MHz, CDCl;) § 215.3, 152.3,
108.3,90.8, 76.9, 55.2,45.9, 44.2,41.7,39.7,31.8, 28.2, 27.2, 25.6, 25.5, 24.1, 23.9,
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17.9,-4.2, -4.4; IR (neat): cm’! 2931, 2857, 1704, 1196, 1041; HRMS (EI, m/z) calcd for
C1H3004Si [M+H]" 395.2618, found 395.2612.

Enone 21: Flash chromatography (hexanes) yielded a colorless oil (224 mg, 80%).

'H NMR (400 MHz, CDCl3) § 5.90 (d, J = 1.6 Hz, 1H), 4.76-4.69 (m, 2H), 3.37 (s, 3H),
2.75-2.53 (m, 4H), 2.49-2.42 (m, 2H), 2.14-2.07 (m, 2H), 1.85 (tt, /= 12.4, 4.4 Hz, 1H),
1.44 (s, 3H), 1.28 (s, 3H), 1.25 (s, 3H); °C NMR (101 MHz, CDCl3) 8 211.5, 198.3,
165.4,126.4,91.1,76.4, 55.4,49.8, 45.5, 39.1, 33.6, 32.9,29.7, 24.1, 23.8, 23.2; IR
(neat): cm™ 2927, 1712, 1673, 1037; HRMS (EI, m/z) caled for C16H2404 [M]" C16H24Os4:
280.1675; found: 280.1683.

)

TESO/Q:Ej\/

H

Silyl enol ether 23: Flash chromatography yielded a colorless oil (272 mg, 85%). 'H
NMR (400 MHz, CDCls) 6 4.55 (s, 1H), 2.55 (d, J= 1.4 Hz, 1H), 2.38-2.14 (m, 3H), 2.07
(dd, J=15.1,12.0 Hz, 1H), 1.93-1.81 (m, 1H), 1.83-1.69 (m, 2H), 1.44-1.21 (m, 4H),
0.94 (t, J= 7.9 Hz, 9H), 0.89 (t, J= 7.4 Hz, 3H), 0.61 (q, J = 7.8 Hz, 6H); >’C NMR (101
MHz, CDCls) 6 214.8, 151.8, 108.0, 46.1, 44.7, 42.0, 36.1, 34.0, 31.8, 29.3, 27.1, 25.3,
11.2, 6.6, 5.0; IR (neat): em’™! 2952, 1707, 1195; HRMS (EI, m/z) calcd for C;9H340,Si
[M]" 322.2328, found 322.2325.

S$10
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0]

JOL

Enone 24: Flash chromatography yielded a colorless oil (80 mg, 77%). 'H NMR (500
MHz, CDCls) d 5.86 (s, 1H), 2.63-2.35 (m, 6H), 2.20-2.03 (m, 2H), 1.70 (m, 1H), 1.55-
1.45 (m, 2H), 1.43 (s, 3H), 0.96 (t, J = 7.4 Hz, 3H); *C NMR (75 MHz, CDCl;) d 210.8,
198.5, 165.1, 125.9, 50.0, 43.8, 38.4, 37.3, 33.6, 29.6, 29.5, 23.3, 10.9; IR (neat): cm™'
2950, 1710, 1192; HRMS (EI, m/z) caled for C13H,90, [M+H]" 207.1385, found
207.1399.

O

TESO : % Ph

Diels-Alder adduct: Flash chromatography yielded a colorless oil (334 mg, 90%). 'H
NMR (CDCls, 400 MHz): & 7.54-6.89 (m, 5H), 4.80 (s, 1H), 3.47 (dd, J = 12.0, 6.1 Hz,
1H), 2.78 (dd, J = 6.4, 3.1 Hz, 2H), 2.64 (d, J = 16.2 Hz, 1H), 2.37-1.95 (m, 4H), 1.82
(dd, J = 28.5, 10.4 Hz, 2H), 1.24 (s, 3H), 0.98 (t, J = 7.9 Hz, 9H), 0.66 (q, J = 7.9 Hz,
6H); °C NMR (CDCl;, 100 MHz): & 214.5, 147.7, 144.6, 128.5, 127.1, 126.4, 100.3,

47.0,42.0,39.7,37.6,34.2,32.4,31.2,22.2, 6.7, 5.0; IR (neat): cm™ 2968, 1709, 1650;
HRMS (EI, m/z) caled for C23H340,Si [M]" 370.2328, found 370.2356.

O

TESO : % Ph

Silyl enol ether 26 : Flash chromatography (hexanes) yielded a colorless oil (305 mg,
92%). '"H NMR (CDCl3, 400 MHz): § 7.36-7.32 (m, 2H), 7.24-7.21 (m, 3H), 4.65 (br s,

S11
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1H), 3.13 (dddd, J = 12.8, 12.8, 3.6, 3.6 Hz, 1H), 2.69 (br s, 1H), 2.64 (dd, J=15.3, 13.2,
1H), 2.46 (ddd, J = 15.2, 4, 2 Hz, 1H), 2.36-2.25 (m, 3H), 1.96-1.91 (m, 1H), 1.82-1.78
(m, 1H), 1.40-1.32 (m, 1H), 1.27 (s, 3H), 0.98 (t, J = 8 Hz, 9H), 0.68 (q, J = 8 Hz, 6H);
BC NMR (CDCls, 100 MHz): & 213.7, 152.6, 144.6, 128.7, 126.6, 107.5, 46.0, 45.7,
42.3,40.0,35.1, 31.9, 27.2, 25.6, 6.6, 5.1; IR (neat): cm™ 2954, 1705, 1640;

HRMS (EI, m/z) caled for C,3H350,Si [M+H]" 371.2406, found 371.2388.

of : % Ph

Enone 27: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil (90 mg,
72%). '"H NMR (CDCls, 400 MHz): § 7.39-7.36 (m, 2H), 7.30-7.24 (m, 3H), 5.92 (s, 1H),
3.00-2.95 (m, 3H), 2.73-2.70 (m, 2H), 2.53-2.48 (m, 2H), 2.20-2.18 (m, 2H), 1.54 (s,
3H); °C NMR (CDCl;, 100 MHz): & 209.9, 198.2, 164.1, 142.2, 129.0, 127.4, 126.5,
126.4, 49.9, 45.1, 41.1, 39.8, 33.6, 29.6, 23.4; IR (neat): cm™ 2953, 1713, 1670, 1620,
1167; HRMS (EI, m/z) calcd for C17H;90, [M+H]" 255.1385, found 255.1383.

TBSO

Diels-Alder adduct: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil
(267 mg, 79%). 'H NMR (400 MHz, CDCl3) 8 5.69 (dddd, J = 16.8, 10.1, 8.1, 6.6 Hz,
1H), 5.12-4.95 (m, 2H), 4.76 (dd, J = 4.6, 3.2 Hz, 1H), 2.56 (dd, J = 14.6, 5.8 Hz, 2H),
2.46-2.39 (m, 2H), 2.34-2.23 (m, 2H), 2.15 (dd, J = 14.1, 7.2 Hz, 2H), 1.89-1.58 (m, 4H),
1.01 (d, J = 6.8 Hz, 3H), 0.91 (s, 9H), 0.12 (s, 3H), 0.12 (s, 3H); °C NMR (101 MHz,
CDCl;) 8 213.8, 147.8, 133.9, 117.6, 100.7, 50.2, 45.0, 39.8, 34.9, 33.7, 31.9, 29.5, 29.3,
25.6,21.2,17.9, -4.3, -4.4; IR (neat): cm™' 2955, 2929, 2857, 1707, 1193; HRMS (EI,
m/z) caled for Co0H350,Si [M+H]" 335.2406, found 335.2390.
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TBSO

Silyl enol ether 29 : Flash chromatography (hexanes) yielded a colorless oil (240 mg,
90%). '"H NMR (400 MHz, CDCl3) § 5.63 (ddt, J=17.6, 10.4, 7.4 Hz, 1H), 5.09-4.93 (m,
2H), 4.55 (s, 1H), 2.65 (br s, 2H), 2.45 (dd, J = 14.0, 7.2 Hz, 2H), 2.27-1.39 (m, 8H),

1.00 (d, J = 6.2 Hz, 3H), 0.89 (s, 9H), 0.07 (s, 6H); °C NMR (101 MHz, CDCl;) 8

213.1, 151.8, 132.8, 118.1, 108.2, 49.3, 47.4, 41.6, 40.0, 36.0, 29.4, 28.4, 26.9, 25.7, 25.6,
22.1,-4.3, -4.4; IR (neat): cm’! 2954, 1707, 1194; HRMS (EL, m/z) calcd for CyoH350,Si1
[M+H]" 335.2406, found 335.2390.

Enone 27: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil (77 mg,
71%). '"H NMR (400 MHz, CDCl;) & 5.89 (s, 1H), 5.58 (ddt, J=17.5, 10.5, 7.4 Hz, 1H),
5.22-5.02 (m, 2H), 2.64 (dd, J = 14.9, 6.5 Hz, 1H), 2.57-2.36 (m, 7H), 2.24 (dt, J = 14.5,
4.4 Hz, 1H), 2.03 (dt, J = 14.5, 9.8 Hz, 1H), 1.91 (ddt, J=19.6, 13.1, 6.6 Hz, 1H), 1.13
(d, J= 6.4 Hz, 3H); >C NMR (101 MHz, CDCls) 6 208.9, 198.3, 164.0, 131.5, 126.5,
119.4,53.5,46.7, 40.6, 39.8, 33.3, 31.3,29.7, 26.0, 22.0; IR (neat): cm™ 2925, 1710,
1675; HRMS (EI, m/z) calcd for C14H;30, [M]" 218.1307, found 218.1299.
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B
SO H

Silyl enol ether 32: Flash chromatography (hexanes) yielded a colorless oil (262 mg,
85%). '"H NMR (400 MHz, CDCl3) § 2.43-2.29 (m, 2H), 2.16-1.93 (m, 5H), 1.87-1.72
(m, 1H), 1.69-1.61 (m, 2H), 1.26 (dt, J= 6.8, 3.8 Hz, 1H), 1.12 (s, 3H), 0.93 (s, 9H), 0.09
(s, 3H); ”C NMR (101 MHz, CDCls) § 215.9, 143.6, 113.1, 48.5, 47.7, 38.4,29.5, 27.1,
26.8,25.8,23.6,21.8,18.1, 14.7,-3.8, -3.8; IR (neat): cm™ 2932, 2858, 1703, 1682,
1173; HRMS (EI, m/z) caled for C15H3,0,Si [M]" 308.2172, found 308.2176.

0)

Enone 33: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil (77 mg,
82%). '"H NMR (400 MHz, CDCls) 6 2.87 (dt, J = 16.0, 4.8 Hz, 1H), 2.67 (ddd, J = 16.1,
10.4, 6.0 Hz, 1H), 2.57-2.37 (m, 4H), 2.20-2.01 (m, 3H), 1.80 (d, J = 1.0 Hz, 3H), 1.79-
1.70 (m, 1H), 1.41 (s, 3H); >C NMR (101 MHz, CDCl;)  212.1, 197.6, 158.1, 130.8,
50.6,37.3, 33.3,29.6,27.2,23.3, 21.5, 11.3; IR (neat): cm™ 2951, 1710, 1666, 1611;
HRMS (EL, m/z) calcd for C12H 60, [M]™ 192.1150, found 192.1156.

TBSO PN

Silyl enol ether 34: Flash chromatography (hexanes) yielded a colorless oil (385 mg,
94%). 'H NMR (400 MHz, CDCl;) § 4.68 (s, 2H), 3.35 (s, 3H), 2.45 (s, 1H), 2.35 (d, J =
8.8 Hz, 2H), 2.26-2.09 (m, 2H), 1.99 (dd, J=13.9, 3.7 Hz, 1H), 1.94-1.80 (m, 2H), 1.68-

S14



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

1.60 (m, 1H), 1.57 (s, 3H), 1.32-1.23 (m, 1H), 1.21 (s, 3H), 1.21 (s, 2H), 1.16 (s, 3H),
0.92 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H). °C NMR (101 MHz, CDCl;) 8 215.5, 145.9,
112.3,90.8, 76.8, 55.1, 46.7, 45.9, 43.2, 39.7, 31.2, 27.7, 25.9, 25.8, 24.9, 23.8,23.7,
18.2, 13.4, -3.8, -4.0; IR (neat): cm’! 2932, 1704, 1196, 1042; HRMS (EI, m/z) calcd for
Ca3H404Si [M]" 410.2852, found 410.2846.

O o 0"

Enone 35: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil (117 mg,
79%). '"H NMR (400 MHz, CDCl3) § 4.73 (d, J = 1.5 Hz, 2H), 3.38 (s, 3H), 3.05 (ddd, J
=14.1, 3.5, 2.0 Hz, 1H), 2.65 (dd, J=15.1, 11.5 Hz, 1H), 2.59-2.45 (m, 3H), 2.30 (t,J =
13.5 Hz, 1H), 2.13-1.98 (m, 2H), 1.84 (s, 3H), 1.83-1.76 (m, 1H), 1.41 (s, 3H), 1.29 (s,
3H), 1.27 (s, 3H). °C NMR (101 MHz, CDCl3) 8 212.4, 197.7, 157.9, 130.8, 91.0, 76.8,
55.4,50.5,44.9, 38.8, 33.4,29.6, 28.3, 23.9, 23.6, 23.1, 11.3; IR (neat): cm™ 2973, 1710,
1664, 1140; HRMS (EI, m/z) calcd for C17H,704 [M+H]" 295.1909, found 295.1898.

Silyl enol ether 36: Flash chromatography (hexanes) yielded a colorless oil (318 mg,
81%). '"H NMR (400 MHz, CDCl3) & 7.31 (dd, J = 14.0, 6.4 Hz, 2H), 7.22 (t, J= 7.3 Hz,
1H), 7.16 (d, J=7.3 Hz, 2H), 3.17 (dd, /= 12.9, 3.7 Hz, 1H), 2.43 (ddd, /= 15.2, 12.9,
6.3 Hz, 1H), 2.32-2.12 (m, 5H), 2.08-1.96 (m, 1H), 1.85 (d, /=9.7 Hz, 1H), 1.79 (s, 3H),
1.73 (ddd, J=13.3, 6.4, 3.3 Hz, 1H), 1.41 (dd, J=10.8, 6.8 Hz, 1H), 1.27 (ddd, J = 24.6,
13.0, 5.0 Hz, 1H), 1.14 (s, 3H), 1.01 (s, 9H), 0.22 (s, 3H), 0.20 (s, 3H).
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: BCNMR (101 MHz, CDCl3) § 216.2, 144.2, 141.0, 129.0, 128.3, 125.9, 113.4, 55.2,
48.343.6,41.1,37.1,29.2, 28.9, 26.8, 25.9, 19.9, 19.6, 18.3, -3.6, -3.7.; IR (neat): cm”’
2955, 1708, 1672, 1176; HRMS (EL m/z) calcd for C1sH3,0,Si [M]' 308.2172, found
308.2176.

)

AL

Enone 36: Flash chromatography (20% EtOAc/Hexane) yielded a colorless oil (80 mg,
57%). '"H NMR (400 MHz, CDCl3) § 7.34 (m, 3H), 7.23 (d, J= 7.2 Hz, 2H), 3.34-3.23
(m, 1H), 3.05 (dd, J = 13.6, 3.7 Hz, 1H), 2.70 (dd, /= 13.4, 11.4 Hz, 1H), 2.66-2.50 (m,
3H), 2.26 (ddd, J=15.5, 11.1, 4.6 Hz, 1H), 2.19-2.12 (m, 1H), 1.98 (s, 3H), 1.96-1.92
(m, 1H), 1.91-1.84 (m, 1H), 1.82-1.70 (m, 1H), 1.50 (s, 3H). >C NMR (101 MHz,
CDCl3) 8 212.8, 198.0, 160.7, 139.7, 133.3, 128.8, 128.7, 126.8, 49.3, 40.9, 40.7, 36.2,
33.1,31.4,24.5,23.9,11.7. IR (neat): cm’! 2926, 1712, 1674; HRMS (EI, m/z) calcd for
C1oH20, [M]" 282.1620, found 282.1619.

OH

Enone 39: To a solution of enone 35 (52 mg, 0.18 mmol) in ethanol (5 mL) at 0 °C was
added NaBH4 (3.8 mg, 0.1 mmol). 1 hour later, the reaction was quenched with saturated
NH4CI solution and extracted with ether. The combined organic solution was dried over
MgSO, and concentrated. The residue was purified using flash chromatography (20%
EtOAc/Hexane) and yielded a colorless oil (49 mg, 95%). 'H NMR (400 MHz, CDCl;) §
4.72 (d, J=1.5 Hz, 2H), 3.45-3.41 (m, 1H), 3.38 (s, 3H), 2.81 (dd, /= 14.1, 2.8 Hz, 1H),
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2.46-2.42 (m, 2H), 2.12 (ddd, J= 13.2, 13.2, 4.4 Hz, 1H), 1.98-1.92 (m, 2H), 1.80 (s,
3H), 1.84-1.76 (m, 1H), 1.60-1.54 (m, 2H), 1.26 (s, 3H), 1.25 (s, 3H), 1.16 (s, 3H)."’C
NMR (101 MHz, CDCl3) § 198.8, 160.3, 130.5, 90.8, 78.4, 55.2, 44.6, 41.4, 33.4, 33.3,
31.1,27.9, 24.0,23.4,15.7, 11.3; IR (neat): cm™ 3437, 2948, 1654, 1610, 1369, 1144,
1039; HRMS (EI, m/z) caled for C17H200,4 [M+H]" 297.2066, found 297.2061.

Compound 40: To a solution of enone 39 (10 mg, 0.03 mmol) in dichloroethane (3 mL)
was added TCDI (32 mg, 0.18 mmol) and DMAP (3mg, 0.03mmol). The reaction
mixture was stirred at 50 °C for 4 h and cooled down to room temperature. Then
dichloroethane was removed under reduced pressure. To this residue was added
anhydrous toluene (3 mL), tributyltin hydride (10 mL) and AIBN (1 mg) under argon.
The reaction mixture was stirred at 90 °C for 3 h and cooled down to room temperature.
The mixture was purified using flash chromatography directly and yielded a colorless oil.
(6 mg, 65%)

'H NMR (400 MHz, CDCl3) & 4.82-4.54 (m, 2H), 3.38 (s, 3H), 2.86 (d, J = 14.4 Hz,

1H), 2.60-2.45 (m, 1H), 2.44-2.32 (m, 1H), 1.92 (t, /=13 Hz, 1H), 1.78 (s, 3H), 1.77-
1.65 (m, 4H), 1.48-1.32 (m, 4H), 1.25 (s, 3H), 1.24 (s, 3H), 1.20 (s, 3H); °C NMR (101
MHz, CDCls) 6 199.1, 162.9, 128.8, 90.8, 77.8, 55.2, 48.7, 42.0, 37.4, 35.9, 33.8, 29.7,
28.6,24.1,23.3,22.5, 10.9; IR (neat): cm™ 2924, 1662, 1461, 1141, 1040; HRMS (EL
m/z) caled for Ci7H;003 [M+H]" 281.2117, found 281.2110.
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(+)-carissone 41: To a solution of compound 40 (6 mg, 0.02 mmol) in anhydrous
dichloromethane (2 mL) at -78 °C was added Me,;BBr (2 mL). 5 mins later, the reaction
mixture was quenched with saturated NaHCO;. Upon warming up to room temperature,
the mixture was extracted with ether, dried over MgSQO4 and concentrated in vacuo. The
residue was purified using flash chromatography and yielded a colorless oil. (4.3 mg,
90%) 'H NMR (400 MHz, CDCl3) 8 2.90-2.82 (m, 1H), 2.52 (ddd, J = 16.9, 12.9, 6.8
Hz, 1H), 2.39 (dt, J=16.9, 4.2 Hz, 1H), 1.90 (t,J = 13.5 Hz, 1H), 1.78 (d, /= 1.1 Hz,
3H), 1.78-1.68 (m, 4H), 1.54-1.33 (m, 4H), 1.26 (s, 3H), 1.25 (s, 3H), 1.20 (s, 3H).

C NMR (101 MHz, CDCl3) § 199.1, 162.6, 128.9, 72.5, 49.6, 41.9, 37.4, 35.8, 33.8,
28.7,27.5,26.8,22.6,22.5,10.9; IR (neat): cm™' 3408, 2928, 1652, 1607, 1378, 1148;
HRMS (EL m/z) caled for C1sHasO, [M+H]" 237.1855, found 237.1865; [a]p?>=+ 89 °
(c 0.00075 CHCI3).

OH

Procedure was the same as the preparation of compound 39.

'H NMR (400 MHz, CDCl3) & 5.83 (s, 1H), 3.44 (d, J= 11.8 Hz, 1H), 2.69-2.57 (m,
1H), 2.57-2.47 (m, 1H), 2.42 (d, /= 17.5 Hz, 1H), 2.29-2.13 (m, 1H), 2.00-1.87 (m, 1H),
1.86-1.62 (m, 3H), 1.51 (d, J= 7.9 Hz, 1H), 1.29 (s, 3H), 1.24 (d, J = 7.6 Hz, 3H); °C
NMR (101 MHz, CDCls) 6 199.8, 173.2, 126.5, 78.7, 41.2, 37.4, 36.5, 33.9, 28.8, 25.9,
22.5,17.8; IR (neat): cm™ 3401, 2937, 1659, 1606, 1455, 1076; HRMS (EI, m/z) calcd
for C1,H190o[M+H]" 195.1385, found 195.1378.

OH

L0
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to a solution of compound in DCM (2 mL) was added HCIO4 (0.2 mL). the mixture was
stirred at room temperature for 12 h and quenched with water. The mixture was extracted
with DCM and dried over MgSO4. The solution was concentrated in vacuo and purified
using chromatography.

'H NMR (400 MHz, CDCl3) & 5.83 (d,J= 1.7 Hz, 1H), 3.45 (dd, J=11.5, 4.4 Hz, 1H),
2.60-2.33 (m, 3H), 2.17 (dt, J = 13.5, 4.7 Hz, 1H), 1.93-1.67 (m, 4H), 1.21 (s, 3H), 1.08
(d, J= 6.5 Hz, 3H); >C NMR (101 MHz, CDCl3) & 199.7, 171.1, 123.2, 78.2, 41.7, 34.5,
33.5,33.4,32.1,30.3, 17.7, 16.3; IR (neat): cm™' 3402, 2920, 1659, 1610, 1458, 1054;
HRMS (EI, m/z) caled for C1,H,90,[M+H]™ 195.1385, found 195.1393.

TESO

'H NMR (400 MHz, CDCls) d 4.82-4.61 (m, 1H), 2.65 (ddd, J=14.8, 13.7, 6.4 Hz, 1H),
2.48 (d,J=17.1 Hz, 1H), 2.31 (ddd, J = 15.0, 4.5, 3.3 Hz, 1H), 2.19-2.08 (m, 2H), 2.01
(dtd, J=13.8, 6.9, 3.4 Hz, 1H), 1.92 (ddt, J=13.2, 6.5, 3.3 Hz, 1H), 1.79-1.66 (m, 2H),
1.61 (dd, J=11.4, 4.2 Hz, 1H), 1.35 (ddd, J=25.1, 13.4, 4.8 Hz, 1H), 1.13 (s, 4H), 0.97
(t,J=7.9 Hz, 11H), 0.72 (d, J = 6.9 Hz, 3H), 0.66 (q, J = 7.9 Hz, 6H).

; B*CNMR (101 MHz, CDCl3) d 215.6, 147.7,99.7, 46.9, 44.1, 39.1, 37.2, 31.5, 27.6,
27.4,24.2,21.5,20.2, 14.5, 6.7, 5.0; IR (neat): cm™ 2954, 1707, 1674, 1183; HRMS (EI,
m/z) caled for Co0H360,Si [M]" 336.2485, found 336.2486.

TESO
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'"H NMR (400 MHz, CDCl3) d 4.99 (d, J = 5.6 Hz, 1H), 2.68-2.27 (m, 4H), 2.22-1.92 (m,
4H), 1.91-1.78 (m, 1H), 1.69 -1.50 (m, 1H), 1.36 (dt, J=9.5, 6.3 Hz, 1H), 1.12 (s, 3H),
1.04-0.90 (m, 11H), 0.79 (d, J = 6.9 Hz, 3H), 0.67 (q, /= 7.9 Hz, 6H); °C NMR (101
MHz, CDCL) d 216.7, 149.3, 105.5, 46.7, 46.6, 45.1, 37.9, 28.5, 27.2, 26.3, 23.4, 21.7,
20.0, 15.2, 6.6, 5.0; IR (neat): cm’™ 2952, 1706, 1675, 1184; HRMS (EL m/z) calcd for
Ca0H360,Si [M]" 336.2485, found 336.2489.

OMe

TE
SO H

Compound 50: To a solution of diisopropylamine (84 mL, 0.62 mmol) in anhydrous THF
(5 mL) at 0 °C was added n-BuLi (1M in hexane, 240 mL). The solution was stirred for 5
mins and cooled down to -78 °C. To this reaction mixture was injected a solution of
compound 47 (40 mg, 0.12 mL) in anhydrous THF (1 mL). The reaction reacture was
stirred at -78 °C for 40 mins and was then treated with HMPA (300 mL). 5 min later,
dimethylsulfate (70 mL) was injected slowly into the reaction mixture. While stirring, the
reaction mixture was slowly warmed up to 0 °C in 30 min, quenched with satuated
NHA4CI solution and extracted with ether. The combined organic solution was dried over
MgSO04, concentrated in vacuo and the residue was purified using flash chromatography.
(33 mg, 80%)

'H NMR (400 MHz, CDCl3) d 4.92 (dd, J = 5.5, 1.4 Hz, 1H), 4.55 (dd, J = 6.2, 1.9 Hz,
1H), 3.46 (s, 3H), 2.15-1.97 (m, 2H), 1.95-1.87 (m, 2H), 1.85-1.73 (m, 3H), 1.69-1.58
(m, 1H), 1.49-1.29 (m, 1H), 1.08 (s, 3H), 1.04-0.94 (m, 9H), 0.91 (d, J = 7.0 Hz, 3H),
0.79 (d, /= 6.9 Hz, 3H), 0.67 (dt, J = 8.1, 6.8 Hz, 6H);

C NMR (101 MHz, CDCl3) d 161.4, 149.9, 105.2, 91.3, 54.2, 43.8, 43.1, 36.8, 28.9,
26.9,22.0,21.6, 14.9, 6.7, 5.1; IR (neat): cm™ 2956, 2926, 1670, 1199; HRMS (EI, m/z)
caled for C;H330,Si [M]" 350.2641, found 350.2632.

S§20



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

M
eOQC H

To a solution of compound 50 (33 mg, 0.09 mmol) in anhydrous THF (2 mL) at 0 °C was
injected slowly n-BuLi (1M in hexane, 100 mL). The reaction mixture was stirred under
argon for additional 30 mins and then treated with Comin’s reagent (60 mg, 0.1 mmol). 2
hour later the reaction was quenched with water, extracted with ether and dried over
MgSO,. After filtration, the solution was concentrated in vacuo. To the residue was
added Pd(OAc)2 (3.4 mg 0.015 mmol), PPh3 (8 mg, 0.03 mmol), triethylamine (21 mL,
0.15 mmol), anhydrous DMF (1.5 mL) and anhydrous MeOH (0.5 mL). The reaction
mixture was then degassed with CO and stirred for additional 12 h at room temperature
under a balloon pressure of CO. The reaction was cooled down to 0 °C and 1N HCI
solution (2 mL) and THF (1 mL) were added to the reaction mixture. The mixture was
then stirred at 0 °C for 6 hour, extracted with ether and dried over MgSO4. The solution
was concentrated in vacuo and the residue was purified using flash chromatography. (16
mg, 65% yield)

'H NMR (400 MHz, CDCl3) d 7.08 (dd, J = 3.5, 1.8 Hz, 1H), 3.76 (s, 3H), 2.53-2.38 (m,
2H), 2.33-2.13 (m, 1H), 2.11-1.87 (m, 3H), 1.54 (m, 5H), 1.04 (s, 3H), 0.98 (d, /= 6.9
Hz, 3H), 0.89 (d, /= 6.9 Hz, 3H).

; C NMR (101 MHz, CDCl3) d 215.6, 140.4, 128.8, 51.7, 46.2, 45.9, 37.8, 29.7, 27.7,
27.5,23.7,21.6,21.2,20.2, 15.6; IR (neat): cm™ 2922, 1711, 1650, 1259; HRMS (EI,
m/z) caled for Ci6HasO3 [M+H]" 265.1804, found 265.1815.

HO,C

To a solution of compound 53 (16 mg, 0.06 mmol) in 1 mL of THF was added 1 ml of

LiOH aqueous solution (0.2 M). The reaction mixture was stirred at room temperature for
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12 h and extracted with ethyl acetate. The combined solution was dried over MgSO4 and

concentrated in vacuo. The residue was purified using flash chromatography. (14.3 mg,

90%)

'H NMR (400 MHz, CDCl3) 8 7.20 (d, J = 5.3 Hz, 1H), 2.58-2.36 (m, 2H), 2.22 (dd, J =
10.1, 6.5 Hz, 1H), 2.12-1.87 (m, 3H), 1.78-1.38 (m, 5H), 1.05 (s, 3H), 0.99 (d, /= 6.9
Hz, 3H), 0.90 (d, J= 6.9 Hz, 3H); *C NMR (101 MHz, CDCl;) § 215.4, 169.9, 142.9,
128.0, 46.2, 46.1, 46.0, 37.8, 27.6, 27.5, 23.7, 21.5, 20.9, 20.3, 15.6; IR (neat): cm™' 2925,
1708, 1692, 1650, 1275; HRMS (EL, m/z) calcd for C;sH»30; [M+H]" 251.1647, found

251.1644.

13 .
C comparison:

Isolated cosmosoic acid Synthetic cosmosoic acid
212.2 2154
171.0 169.9
151.4 142.9
132.9 128.0
59.4 46.2
55.8 46.1
52.8 46.0
394 37.8
34.9 27.6
32.8 27.5
27.0 23.7
25.0 21.5
22.6 20.9
21.9 20.3
19.8 15.6

S22



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

LB
Lo
1
F o
o
8€8°1
0v8 1 "
87" Z o
067" ¢
L6 T
£05°2 <
N 60S°F -
§ 915°¢
& gfzs'e n
O 625°F [ =
<t gg6g
o S¥S° T o G800 ¢
O 655°¢Z -
& ogag-g o
O tLse
O, £85°¢ [0
509°¢ ™ 8077
9719°2
£29°¢ o
L59°¢2 =
169°7 ”
69T - 9660
ZOLE [ n
S0L"T ™
ZELT
GEL'T o
ZVLE C o
SPL°T [
192" € -
£LE € L
LBZ € Lo
00E°€
90g£°€ o
6TIE"€ C
£EETE
i n
o
o)
o
99L°9 ©
69L°9
£LL"9 [ w0
9LL" 9 0
08L°9 ~000°1T
£8L°9 s
9TZ L -7
9eC 4 — G0 ¢
8FEZ L o __SEO0°E
90E" L m“% i G A
ETE" L | e
TEEL
0FE L o
FHETL o~ o
"
- uwh
¢ IS
E N
Hm'g L=
= S
100
985
[@ X ] wn
o

S§23




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

0€5°5T
o
% . }
769 €L
=
o)
Q SL0TTF ——— 3
O
© 989°FF
0
1897 9L
000" LL % e
6TE " LL i
]
90%° 97T 3
G09°9ZT ]
PP 8ET — !
09€°SET —-E
E0Z €FT ——r -}

MD-VIIT-275-2

CDC13
100 MH=z

018 86T

e

S24

ppm

190 i80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

200




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

ucjead

07t od

0 gD

ZH 0270 g1

0 gs8s

WA Mam

ZHH L8O00ET " 00F 45
BOLZE Is
sasjsureied BurssasoId -~ 74
ZHW 6008ZLT " 00¥ 1048
M LZ6L8TT6°92 MTId
qae 007 ¥- T1d
0SB0 058 1d
HT To0nN
saprammammon HM THANNYH,) ========
T 04

D35 00000000° T 1a
q £°8ad HL
098N (§°9 fclal
38T Q0 €8 Ma
[43 24

028 LLVESCL T ov
ZH 66ELBT 0 SHEMdTd
ZH ST2°6009 HMS

0 5Q

(44 SN
ETOaTD LNHEATOS
89L2¢C aL

oebz 20ddT0d

-dg 0dgv¥d wur g AHLOdA
1oads WOMLSNT
80T SWTI
0TZTI010Z Ta3jeq
sI9JSURIR UCTITSTNDOY - g4
T ONDO¥d

T ONdXH
60T-III-d4d HITEN

sISjoueIrd ©IRd JUDIIND



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

wdd T 434 433 08 06 00T 01T 0CT 0€T oFT 08T 09T oLT 08T 06T coeg
Leves | I T TN PP TN A | IPTTTRTT PATTTTTT FTTTTTTT FTTTTTTN A | IR FUUVUTUVI PTTTTTI PRI NI I | P
* 414 T L
_ _ !
|
I .
_ i 0%°'T od
| | (| 0 =t
H ZH DO°T =4
o} 9588
ic Mam
ZHW EFLLEZT9 00T Jas
89LEE IS
sisjauweed Sutsssdoig -~ zJd
ZHHW SQ09TET 0079 7048
M ZPTOSTLE O METId
M ZFTOGTLE QD METId
M LZ6L8T76°9T MZ1d
g0 09771 €114
gp 09 FT 1714
qap 00" ¥- Z1d
598N 00° 08 zadad
HT CINN
91Z3TeM [4a)-Cletie
z=mexnzss 2§ THNNMYHD s=======
ZHW 86Z8ZZ9°00T TOAS
M BOPEEEES 6F MId
gp 0T ¢ 114
o985N 05°8 1d
JET TONN
=== HM .Hm.Z.ZAMEU —=======
T 0aL
228 Q00000EQO 1Ta
095 66666663°0 1a
A £°862 q2L
PRS0 0579 aa
o@sn Q09" LT Ma
0E8T =d
D95 899L9L570 oY
ZH LLG998°C SHUYQTA
ZH Z60°60¥%8C HMS
0 sa
1324 SN
£T2a2 INEATOS
89LEE aL
0ghdBz o0dd1Nd
—dd Odg¥d um g aHgoud
Jo9ds HWOHILSNT
77 0T W],
0TZTOTOZ Ta3eq
AN AN o b e 72
DA W [ ~3 -1 - [ [ = T QNI0¥d
= 1O W (s [ QR I | [ ed W W (1= ooz ONdXH
P b L - ” oW > ook © 50T-III-add YN
NN ) oo N = oo o O szajsweIrd BB IUSIAND
) wn [LENE=] [N] (=X 0
-1 W o

S26



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

wdd T T 0" 5°¢ 0°¢ G- 0°§ §°g 0°9 S°'9 0L S L 0°8 S°8 0°6 56
- | P | | | 1 i [ 1 { | | L | | i
_ L L] T T T
\ | f
0% T ©od
0 a0
ZH 0Z°0 a7
0 ass
WH MM
ZHH 880COET 00F a5
89.L2¢ Is
ZHH 6Q08TET 00F TO4S
M LZGELBTVE 9C MI1d
gp 00" %-— Tr1d
298N 0576 1d
HT T2onN
======== ._”M .Hmzzm.mnu -7
T 0dlL
D88 00000000 T Ta
X £°862 AL
298N 06" 9 aa
o88N §0T g8 Md
e A od
I 098 LLFEQEL'T [o)-4
o 0 ZH 66E€E8T°0 SHYIIA
N ZE ST9°6009 HMS
0 sa
ZE SN
£TDaD INHEATOS
O 89LEE arL
cegbz Ho¥dINd
~gd 0dgvd ur ¢ JHIOWd
Joeds HOTLSNI
62°TC SUITL
90ZT0T0ZT “ejeq
T ONDO¥d
1 ONJd¥=E
uo30xd FOT-III-Add ARYN

S27



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

wdd 0T 4 0g 0¥ 0s 09 0L 08 06 00T OTT 0ZT O0ET OFT O0ST 09T OLT 08T 06T 00Z2 OIZ
IV PP . At fas | INTVTTITEN Livererass Loviveinss Liovine ] 1 Lasasanans [ PTTITITR | VPP [T |

;ti}!s}ifi%i
0% 1 od
0 a5
ZH 00T 2!
0 gass
hick Mam
ZHW €%LLEZTO 00T as
89L2¢ IS
ZHW SO009TET 00% zZods
M ZPTIOETLE D METEd
M TPIOETLE D MZTId
M LZELBITE 9T Mgd
{ - €gP 09°%T £Td
gp 09T Z213d
ap 00 - zid
D38 0008 zadod
HT ZONN
! 9TZITeM Zoddadn
EEE NM TENNYHD —S=-momeo
ZHH 86T8TZ9°00T 1045
M 89V6TEES 67 MId
gp 0Z° ¢ 11d
DBST 0G°§ 1d
JET ToNN
mo====== ._HM TENNYHD ========
T 0aL
o928 000000€0°0 11a
098 £68666669°0 Ta
M L'66E ki)
Q2880 0579 =HJ
088N D09 LT Ma
0Z8T o
025 B99LILGT O oY
ZH LL6998°0 SE¥AIA
ZH Z60°60¥8% HMS
0 sa
9TT SN
£T2d0 INIATOS
89LEE aL
ocbdbz 20¥dI0d
-gd 0g9vd W §  gHIONd
AV L A | S
S£ T2 SUITY,
ERRFEE e & o moad 3 5 B S 90ZT0TOZ ~e3eq
g pos  m oo b sage B A o1 oNooua
(=) [ [ QONdXd
@ wvouw N wowmo W 3 N © POT-III-Qdd HWYN

S28



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

udd L S L 0°8 S8 06 56

I | PR | Iy o 1 P o
T Jﬁ T

00°T od
0 as
ZH 0Z°¢ a1
0 gss
jnicH Mam
ZHH 6600076 66E as
89LEE I1s
ZHH S66GTT6 66€ 1048
M TP8OLLOZ ZT M11d
gp g0 0 Trid
028N 92 L ﬂ&
HT To0N
—======= .HM ANNYHD ========
T 0aL
298 00000000°T a
A ¥ v6eE L
DB 8T Dm.w =ta)
DBsT 007" €8 Ma
506 Far
DBS LLVESCLTE [0}
ZH 66££8T°0 SHEYATA
ZH G19°6009 HMS
0 54
ST SN
pelare] INEATOS
89LC€E aL
ocbz DoddINd
/HT Ig99vd uww § aHIOdd
Joads WNYLSNT
8791 SWT,L,
QeLOTTOZ Taleg
T CNDOYd
T ONdXH
2¥-19T-III-q4ad HAYN

S29



OOHOHHONHomHowHomﬁowHObHowHomHoomoHN
T TP v [IOVETT T Licoas l N P [P [IPTTUTIE T Liveviinns [

S69°TE —
£g9 L —
108" —

Electronic Supplementary Material (ESI) for Chemical Science
665797 —

This journal is © The Royal Society of Chemistry 2012

B9LEE I8

ZHW L66STZC6°66¢C 2048

M 000000000 MET™Id

M 08€8T6L0O0 MZT1d

M FF89LLOCCT MZrd

gp 00°0ZT £11d

gap 88°1¢ Z11d

gp 000 Zld

Desn 00706 zadnd

HI ZONN

9TZITEM Zoudadn

mmm====== gJ FHNNYH]) ========

ZHW 89¢0TL8° 00T TC4AS

M 6LLOTTOG6 F6 MTI&

ap (9 v- T4

S8t §0°PT 14

DE€T TONON

======== HM TANNYHD) ======—=—

T 0dL

028 0000C0E0°0 TTd

098 6666666970 Ta

M 9°F6E qL

o2En 0579 aa

298N 0097 LT ma

Pl o

D25 899/L8L4°0 ov

ZH LL6988°C SE¥JdT4

ZH £60°60%8BE Hms

0 sa

S¥9 SN

CTOAD LNHATOS

89LCE aL

pcbdbz 20ddINd

JHT Iddvd um g aHgodad

3oads HOALSNT

CE'9T BWTT,

; M 0ZLOTTOC Ta3eq

= . wol ONDOHd

b [ e ONdXH

. SZI-TST-III-a4d AN

e w P .

3% [9)] (%3]
[24] [38] L]

S30



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

wdd g'Q 0°T 0°¢ §°g 09 59 0L S L 0°8 §°8 06 "6
| PN B R P | | i P I | | 1 | IR | P -
! 1} [
00°T ; od
0 a9
ZH $Z°0 a1
4} 983
WA Mam
ZHH 9ZTOCET 006 ag
89T Ig
ZHW 900SZET"00S TO4S
g0 00" ¢ T4
Dosn 00 ¢ 1d
HT To0N
======== [J TANNYH] ========
T 0aL
o088 00000000°¢ Ta
A 0°00¢ 3L
D28t 8¢ H2d
R oBen 0Dz €8 Mma
T 9T o9
DaS LLPEQZL"T ov
H ZH 66££8T°0 SFYATA
083y ZH §19°6009 HMS
0 8a
zg SN
o £T0aD INAATOS
89LZE arL
Bz 204dd1ad
Z 0T IXL w g ardoyd
Joeds HOYLSNT
60T SWTL
LOE0600Z “e3eqg
T ONDOTA
T ONdXH
LE-III-adad AWM

S31



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

udd

220" S —_
9%9 "9 —

0¢

0g

869" 9L —

0y

GTe eV —

0§

FPLO LY —

09

oL

¥SL 9L

08

LOOTLL

T9Z LL

06

00T OTT 02T O€T OFT 0OST 09T OLT 08T OCe1T 00 0TZ 0OZT 0gc
Lissasssssbosssirlissn s bossmbua b b sssssdommdoosmsslassolcnoloaa b ioedocene o isccnneal ol o,

S¥Z 90T

66T TST

0 gas8
W4 Mam
906LLSLSTT 4g
89L€¢ Is
0G0CZET 008 z04s
0092 £171d
0092 Z11d
00" ¢ ) Zid
00786 gadod
HT 200N
9TEQTEM oddadn
=== N.H TINNYHD ========
0%9€0LL7 52T 1043
00" %~ T1d
0%°0T Td
JET TONN
======== TI TIHNNVHD ========
T oL
9666666570 ~ YLTEd
0o0000€0°0 TP
66666566970 Ta
0°00t . L
00" 9 qa
002 %1 Ma
BOLEZE oa
96869657 C o)+
909L€870 SdYd LA
0LZ°TTESE HMS
0 sa
LLEZ SN
£TOdD INHATOS
8L0C¥ : aL
0£Hdbz DO¥aTINg
2 Otl IXL ww g THICHEA
3oeds HO¥LSNI
T0°1TZ SUTL
LOE0800T “@jeq
T - ONDCHd
[4 CNdXH
LE-III-d4d& HIYN

1887 ECTT

S§32



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

ZH

oS

oasn
jel=l=341

nas
ZH
zH

00°T od
0 g9
0z 0 =
0 ds8s
WA Mam
60T00Z6°66€ as
B9LZE Is
S66SCC26°66€ Tcdas
0a°0 Tr1d
05" ¢ 1d
EHT Tonn
=== HM IINNYHD ========
T 0aL
00000000°T 1a
6662 . o6
00°83 dJa
00%°¢£8 Ma
T°0T o
TT062cL"° 2 [0)-4
656287170 SEIdIA
¥0Z° 59665 HMS
0 sd
(4 SN
oza LNHATCS
89LZE QL
bz DO¥dINg
TONUTITOHN W § aHEOdd
oeds HOMLSNT
6¥"Z¢ SWTL
1260600¢€ . Te3aeaq
T CNoCHd
T ONgXH
05-ITI-a4dd dNVIN

S33



- Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

wdd (T [} 4 o€ [0h74 0s 09 GL 08 [H3] 00T OTT O0ET OET OFT OST 09T OLT 08T 06T 00¢ OTEZ
0
WH
ZHH T896655° 00T
9¢5%9
ZHW L66GTZT6 66E
gp 00" €2
4P 00°£¢
gp 00°0
D9SN G796
HT
9TZITEAM
======== ZJ TTENNYHD
ZHW 0086699 00T
gp Q0 T-
Dasn 0§ LT
otT
======== MM TTHNNYHD
T
D35 9666666570
o338 000000070
OBS 6666666970
A 0700¢
Dasnt 00" 9
Dost (06761
78¢£971T
038 §666FT9° 0
ZH $LOET870
ZH £29°49Y¢1S¢
0
€12
UOISOY
Z060E
pebdbez
TPNUTITOR Ut g
NN AN |
£S° €T
=~ brmavat & H33 ° e N 12606002
[¥o e P T . . . ) C._H
o0 B W R~ R e OO b wm . .
= Wik oUW NOY® w O b W o2 IS4
OO P WWWWw n = ¥ r7ou _U_omIHHHlmrmm

S34



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

wdd ! ¥ G 9 L 8 6 ol Ll
e b v v b vy e b e N AT AT I A E AT AT AT AN T R e e oo v v b e vy e v v v by v v g e | T |
: {j 00°1 5d
0 g9
ZH 0¢€°0 {=AE ]
0 gs5s
WH Mdm
ZHW 00000£T"00& AS
9¢€8499 Is
siajawered BUTSSOI0Id - 74
ZHW G9880€ET 004 1045
M L€000T6L°TT TmId
o28n 00°8 Td
HT TOON
=_======= ._”M THNNVHD ========
228 000000067 T Ta
A 07862 4
298N 0579 H€a
PDOETL Q0¥ " 87 ma
‘ £ETT L
D98 EC66TLT L oY
ZH ZE£9LST0 SEIJIA
ZH 8LS 0ELE0T HMS
o 0 sd
T £Z SN
H ETOUD LINHATOS
osdl 9£559 amn
0ebz 50¥d1Nd
JHT IXIV¥Vd w g aHd0odad
o 3oads WNYISNI
TZ2°0T SUWTL
8ZTTTTO0Z Te3eg
sI9joueled UOTATSTNDOVY - z4
T ONDCHd
T ONdXH
8L-111-ddd HINY N

sIDloweIed BIBg JUSIIn)



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

wdd 0o (174 or 09 08 00 O02Z: ObL 091 O08L 00C 02

| . | . ] . | . i . | . I L | . i . | . l : |

D9S8 (Q00000QEQ"0 T1d
098 6666666970 Ta
M T°86¢ AL
oesn 0§°9 qa
o8sn 000" %I Ma
_ GG €L 53
DS9S QPSGLT6 0 0):4
ZH LS67FS0 SHNAIL
ZH G8Z ¥TLSE HMS

0 s

68¢ SN
€TOaD INZATOS
9€£GS9 aL
0¢hdbz H0AEdINd

JHT IXIVd U g aHaOPd
109ds WOMILSNI
¥2°0T DUWTL
8ZTTTITOZ “e3eq

srajswered UCT3TSINDOV - 74

>
\
7
7
>

_ T ONDO¥d
I ] PRI DN B W W NG [ pos ] ONAXH
B <IN U1 -1 00 o a ~d =~ o E ﬂ z

. P A o0 _ _

BWOWOWNGOR R N U o . 8L—-II1-(dd ARYN
BN oW 10000 = O, o N %) SIDFDWRIEI BIABO JIUSDIIND
WO o U N 00 W o 0 R o 2 WO w

= o

S36



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

udd 0°T §°9 oL '8 S'8 0°6 6 0°0T
] ] || L ] 1 ] hia
) [

00°T od

0 g0

ZH 02°0 g1

0 €58

HWE Mam

ZHH 60T00C6°66¢€ as

89LEZ¢ Is

ZHW S66SZ26766€ To4s

e 0070 11d

De8sn 0§°Z 1d

HT TOoNN

======== HM TANNTHD wmm=—======

T alanth

o258 00000000°T Ta

A 1T°00¢€ HL

Y o25TL 0079 Hd

0AL DeST 007 €8 na

T1°01T o4

095 TTCGZEL™Z [0)-4

ZH 696C8T 0 SHYaI

ZH ¥#0C §66% HMS

0 sa

o (A% SN

oza INEATOS

89LZ¢ aL

bz DouaINd

TONUTITRH W § UHEOUA

3oads WOEILSNT

SE°0 SWTL

2606002 Te3eg

T ONDO¥d

T ONdXE

LG-IITI-ddd TN

S37



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

wdd 9T 0¢ ©0¢ 0% 05 ©9 0L 08 06 00T OTT 0ZI OfT GPT OST 09T OLT 08T Q6T 00T OIT
Livesesins Livivienns Livveanins Lewsvvnnns L 1 T PP Lovvnniies yvivinese Livenncias 1. | FTITI FTTT Boornnnons NPT Liveesanns Livennnias Livica | [T TN [P |
0
WA
ZHW £L96655700T
9£4499
ZHW L66STZ6 66¢
g 00°¢2
g€P 00 €€
g 0070
wesn G794
HT
9TZaTeM
======== ZJ TTHNNVHD
ZHW 0086895 00T
gp 007 1-
L88n 09t LT
O¢T
======== TJI TAINNTHD
T
D8 9666666570
2°5 000000€£0°C
D95 6666666970
X 0°00¢€
=2RSn Q07§
025N 006761
P8Lot
P88 B8666¥PT9°0
ZH PLOLTB O
ZH 6€9°57TGY
0
A
uo20Y
2060%
ocbdbz
TONUTITNR WL g
aoads
0%"0
N AV AN |
N~ AR W W W B I 0 [y o T
+ WO WP k] G 0 oy ~1 1 [le] 1=y =z
DU - ooEwl o oo W o > ' LS-TTI-a44
O GOy =1 OO0 i DD O = ook ) [«2} wm

INHATOS
aL
2094104
aHIO0dd
HOUILSNI
AWt
T93eg
ONDOUS
CNJIXH
HWYN

S38



Electronic Supplementary Material (ESI) for Chésiical Science
This journal is © The Royal Society of Chemistry 2012 i

. . . ) (wdd) 14
00 S0 0T S1 02 3 0'€ 3 0y S¥ 0's 5 09 c9 0Z <L 08 S'g 06 &6

S39

005 : _ ¢ m S — |

000TH - e .

00ST b

OOO¢! . [P A m O s mim et s e

Oom.wl I : - e T S

OOOMI- BN - s e




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

o o] (=] < o (] [=] o (o] (=]
o [ (] [ (= (=] < .2 < (=) [}
w L [=] w i= [Ta] =] LS (=] [=] T2
Ly < 5 o on [ I ™~ ~ — [T i
N ] 1 | 1 1 | L 1 i N - L | 1 |
PO's
pom
699
g w = s %
CERGIbeos
—————— N
=EIDGD .;"}}-/
E
96501 — :
i i
T T 1
: 1 .
806k L=

TR

]
;
; 19912 | :
Ha'l H H i H
ik : -
™ i 4 i i

-20

-10

21¢ 200 1% - 180 170 160 150 140 130 120 11?1( 10)0 90 80 70 60 50 40 30 20 10
ppm

220




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

6 0T
M T B R B NN N T S P N |
™ - T #t - .
00°T od
0 g0
ZH 0Z°0 =i
0 €SS
W= Mam
ZHW STS6LT6 66€ 48
B9LEE IS
ZHA S66S5CC6°66¢ TC4S
gP 00°0 114
298N 05" E Td
HT TonN
======== TJ TANNVH) ========
T 0aL
595 00000000° T Ta
A 0°00€ 2L
p2sn 009 Ha
o@sn 000" 8¥% Ma
o 0T od
T — 0@s QFT6ZLS°T oY
ZH T68LTIE O SHIdId
O ZH L99°9TPOT HMS
0 sd
Z¢€ SN
oza ILNIATCS
0 89LEC QL
Bz 20¥dINd
TONUTYITNRH umI § aHEOo¥d
Joeds HOYLSNT
€7 ST SWT L
¥Z60600¢ To13eq
T ONDOHd
T ONdXH
ZI-65-1II-Qdd HITYN

S41



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

wdd pT o0z 0€ 0¥ 05 09 0L 08 06 OOT OTT 02T OE€T OPT O0ST 03T OLT 08T 06T 00Z 0TZ 0%T¢

%, m i ., ! L ¢
I* Y 1" 1 1 L ; n1% _

0 4358
Jic Mam
ZHR $0SLLIV SL g8
9€859 Is
ZHH S00CTET 00 2048
dF 08°%Z €T1d
gp 08°%<Z 2114
gp 007 € 27d
23sn 007001 eadod
HT Zo0N
91Z3TEM £oddado
======== ZJI TAINNVHD ========
ZHW BLEEILY SL 1048
gp 00°S T1d
oesn ZT°0T Td
OET TOoNN
======== T3JI TINNVH). ========
1 . 0aL
095 9666666570 YITIa
o288 000000€0°0 TIP
P2F 6666666970 Ta
q 77968 ) i
PEsTL Q07 TC 3a
o8sn Q00°TZ Mma
¥8E9T od
095 0661885°0 ov
ZH 6099¢gL°0 SHYATA
ZH £249°608¢t¢C HMS
0 5a
GLZ6E SN
£Toas LNIATOS
89LZ¢C aL
pgbdbz DO¥A INA
TONUTITNH UM § aHIOHd
AT /N A oo
MNopwlw 1% ~1 ~J -] = = = :8] 10761 |®E._H,H_
e o o =3~ M M % U LT60600C a@3eg
LRt Y] o LR= . T ONDO¥d
S WOk &, ~1 O N o o m jes] T ONdXH

~1 00 W O o [o el N n > o w
= o o 1 NPOId-7Y-65-III-add. HWVN

S42



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

udd g 59 ST L4 0°g 58 06 ‘6
P M 2L M 1. P | N 1 M |
™y \« ¥
07" 1 od
0 g0
ZH 0Z° 0 a1
0 ass
WA Mam
ZHH 00000£T 00F s
89LZE Is
ZHW §008TET Q0P TO4S
M LZGLBTIFE"OC MT1d
gp 00 §- T1d
Q88T 0576 Td
HT TOON
======== TJ TANNYED s=======
/fw numuwwn T 0L
298 00000000°T Ta
M £°662 e
Lesn 0579 #2a
D9ST (0T €8 Ma
Z¢e o9
D88 LLVEYTL T lok:4
ZH 66EEBT 0 SHNAIA
ZH ST9°600¢9 HMS
0 sa
(A% SN
£T2aD INEATOS
89LZE arL
0cbz Ho¥dInd
-gg oggvd umr § gugodd
Joads WOELENT
07" 1C 2WTy
9ZTOTTOZ —e3eq
T ON20dd
T ONAXE
SZT-III-add N

S$43



Electronic Supplementary Material (ES1) for Chemical Science
This journal is © The Royal Society of Chemistry 2012

wdd 0 0z 0¥ 09 08 00T 0ZT 0%t 09T 0871 002 0zZ2
| . | X N i 1 N

|
0F"T od
0 a9
ZH Q0°T a7
| 0 ass
_ ey Mam
ZHW LTLLZTO9 00T g5
89LEE Is
ZHW S009TET 00F cOds
M ZFPTOETLE O METId
M ZFPTI06TLE D MZTId
M LT6LBTV¥6 9T METd
dap 09 %1 €114
_ g0 09° 71 AR
g2 007 ¥%- c1d
Dasn ¢gO- 08 cadod
BT [4alnivy
GTZ3Tem eodgadn
======== NM THNNYHO —========
ZHW 86Z28CC9° 00T TCAS
M 89F6CZEES 6T MTId
ap 02 ¢ 114
nLen 068 14
oFT TN
======== T3 THNNVYHD ========
T 0dL
298 (00000E0"° 0 TTa
295 6666666970 Ta
a1 07962 2L
D8s8N Qg 9 q2a
Q2380 Q097 LT Ma
0Z8T od
OBE 899L9LST 0 oY
_ ZH £L699870 SHYAI
_ ) ZH Z60°'60¥38¢ BMS
o] 8a
[4744 SN
£T2aD LDNIATOS
89LEE an
0ehdbz Rlerifls
—~gd QHHYd v § JHIOUd
NOAANYS AN L N S
11 2O N W W W W s s SR I [ PR R ) Gr-tz gt
F N COUORPAGC G-I & - o MR B e [y 9ZTOTT0Z 231eg
o CONuHERNDN OO anow > oEwe = oo T CNOOAd
st SHERILRRESEE B8 & 2k & 3 B g o
[§] T T S Y = SCT-III-ddd HINTN

S44



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

wdd 0% 0" "9 0L 08 S8 06 S8
L | PN PR . | P | | | 1 . .
m A ™
0p°T o4
0 a5
ZH QZ°0 g7
0 €55
W MM
ZHH 06000€T" 00 Aas
894LZE I8
ZHH 6008Z£T 007 TO4S
M LTELBTF6°9CZ MTTd
e 00°7- 114
oesn 05°6 Td
HI TonN
_a._Q =_======= ._”M .H..NZEU =_=======
T 0dL
O D38 Q0000000 T 1a
A 8°'BEE i
o8N 06°9 F:{a
OSSN Q0Z €8 Ma
ZE o5
0B8 LLFE9TL T fok:4
ZH 66EE8T O SHEAIA
ZH $19°6009 HMS
0 sa
Zg SN
£T2GD INIATOS
89LTE Gl
pebz 5094104
-gd oddv¥d uwur §  JHAOoud
soeds HOESLSNT
PO°ET BWTL
8ZT0TT0Z Teaeq
T ONDOMA
T ONAXH
uojoxd 9gT-III-Ciq HITY

S45



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

udd 0T 0 o0 oF 0% 08 00T OTT 0TI O0ET OFT 0ST 09T OLT 08T 06T 00T OTZ
e | [T Lovieianns Livvererns Livevariss Licosunns | 13 M IO | FPSTITIT LTI Levearinns Livsvrnins Lisavionns [T LTI Liveiosans | PP I |
|
(N
[ t! 07T
_ 0
ZH 00°T
0
- WA
ZHW S69.L2T19° 00T
89.L2¢
ZHW SOCSTET 00F
M ZFTO6TLE'Q
M ZTPTO6TLE'Q
M LT6LBTIFE 9C
e 09° %1
ap 09° 7T
ap 00°9%-
oesn 00°0f
HT
9TzaTeM
mm====== NM TANNTHD
ZHW 86282297 00T
M 89%6CLEG 6F
gap 02 €
oes5n 05°'8
SET
—======= HM THNNYHD
T
298 000000€0°0
088 6666666%°0
dA £°86¢C
098N 059
9881 009 LT
DZ8T
P95 B99LILST0
ZH L1699870
ZH Z60°60%82
0
SS0Y
£10add
89.L2¢E
pebhdbz
—-g9 Og9¥d wu ¢
AW / N | ] e
N B LW s s e e BESREN | PR ERP e [ = [} SE- 71
WoE W N o i MR W )} v = 8ZTOTT0EZ
2R3IRREES 388 b o A Y o
R oW o 1 [ o
B ~10O bW b [ e Mwwm m r..w. ﬂ % 97 T-IIT-Cdd

ZONN

LNEATOS
an
20¥dINd
aHE0¥d
WOALSNT
SWIT I,
Te3eg
ONDQEd
ONdXH
AN

S46



- Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

wdd

00°T o4

0 g9

ZH 0Z'0 a1

0 ass

24| Mam

ZHW T6Q00ET 00T JAs
89L2E Is

ZHH 6Q08ZET 00% 1048
M LETELBITE 9T MI1d
ae 00°F- T4
DS 0576 Td
HT Tony
m=====s== ._”M THNNYH.) ========
T 0aL

028 00000000°T 1a
M Z°G6T aL
o@sn 05" 9 a2a
D@8t Qe ER Ma
ZE oy

P98 LLTEIELTE ov
o 0 H ZH 66EEST 0 SHEUATA
I osdl ZH $T9° 6009 HMS
0 sa

zE SN
£IoaD ILNEATOS

O B9LTE alL
ochbz £0¥dINd

-gd Ogdyd um g qHagodd
Joads HAYLENT
212 [WTL
9zZTOTT0E ~o3eq

T ONDOUd

T ONdXH
ZU-TTT-III-Qdd TN

S47



0ce
|

¥89 9L

TO0 LL

8TE LL

88E°LL

566706 —
669 TOT -

Electronic Supplementary Matérial (ESI) for Chemical Science
8E9 LV

This journal is © The Royal Society of Chemistry 2012

ZH

ZHKW

£€60°91C

or-T

0

00T

0

WH

ETLLIT® 00T
BOLZE
S008TET COF
CFPTO6TLE O
CVTO06ILE O
LT6LBIVE 9T
[E= A

09 9T

00" ¥-

0008

HT

eTZITRM

ZF TTENNYHD

B6E8EZZ9 00T
8976TELE 6T
0zt
0s 8

00C000ED"Q
6666666970
0"g6¢

0879

008" LT
0T8T
89S8L9LS70
L16998°0
260" 60%8C
0

TE?

[ Relate]
g89LZE
ocbdbz

—dg Ogdv¥d w §
aoads

e 12
9ZTI0TTI0C

T

Z
CI-TTT-III-Q4dd

ZONN

LNHIATOS
4L
o0¥dIng
audodd
HOHLSNT
SWTT
Teoawrg
ONDOHd
ONdXd
HHYN

S48



~Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

wad ¢ G g 8 6 0T
1 L L = = _
T [

00°T od

0 = 03]

ZH 020 €1

0 gss

WH Mam

ZHH FTT00Z6 66¢%¢ d5

89LEZE I8

ZHW S665776° 66E 1045

M 7¥8OLLOT CTT MTId

dp 00°0 T1a

Dasn 67t L 1d

HT TONN

———m==== ._“N .Hmzzgnu e -

1 oar

098 000C0000°T G

q T°00¢ L

o I D®sn 065 Cred

— T oesn 007 €8 Ma

5'8¢ wm

0 o) DaEg LLPE9CLZ k4

g osgl ZH 66E£E8T 0 ' SEEQIA

ZH ST19°6009 HMS

4} 5d

57 SN

O £Toado LNANATOS

89LEE aL

oebz 20494a1Ng -

JHT Igddydg umt ¢ aHa0ad

aoods HOYLSNT

ETFT SWTL

LZTOTIOZ “e3eq

T ONDOHd

T ONdXH

ZY-TTT-III-d4d N

S49



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

021 0%1 0ot 08T ooz 0ce
1 i a | x b L ] L

OEY " ¥-
65T 7-
€897 94
788794
Q00" LL
LTE LL
9LL" 06—

ZH

ZHHR

65¢ 80T —
1627 ¢ST

N'

0% T

0

00°T

0

jtcs

ZTLLZTS 00T
89LCE
SO09TET 00F
ZTPTIDETLE O
CFTO6TLE’ D

LZ6LBTYE 9T
09" 7T

09" %T

00" v-

00708

HT

9Tz3TeA

=== 73 TEANNYED

86€8€C9°00T
8976CEES 67
0z €
05°8

00oDC0oOED" O
66666669°0
9°96¢

059

009" LT
0Z8T
893L9L57°0
LL6998°0
6060782
0

1001

£T0ado
89LZ¢E
pebdbz
—gd Oggv¥d unu g
aqoads
99°9T
LTTOYTOZ

T

Z
CI-TTT-III-a4dd

ZONN

S50



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

wo||w [ aad b [N L %)
1o ou Bl ele e .
= |loo =l wl||lo [N =
oo |w Sy I co)|n b =
g0 0°T ST 0°¢ S°C 0 € g€ 0°'% [ 0 ‘9 8 0°6 S°6 0°0T
] N ] L] L ! ] ] ! - | . i N
i
ﬂ_
00°T od
¢} a5
0Z°0 g1
0 g58
juic) jlilary)
Z6000€T " 00F G
89LZE I3
6008ZET 00% TCdS
LTELBT¥6°9T MTId
“““““““ . 00" 7~ 114
0Ss°6 1d
HT TonN
======== TJ TENNVYHD ========
o T 0ar
0cQ00000°T 1a
2°86¢ q2L
0§°9 g2a
0ge-¢8 Ma
(A o4
LL%E9CZL T [o)-4
G66EEBT 0 5dd9a14d
ST2°6009 HMS
0 sa
(A SN
£Todo SNIATOS
89LZE aL
Qcbz Do¥d1nd
—~dg 0gd¥d umr § aHIO¥d
30ads HOMISNT
| N\
62Z101T0¢T “TeaeQg
PREPEPIDPPPNRENNODONNNRNNEREMNNNDODNDN e - I ONLOYEd
PRS- ri el vl i ol AR iR RS U AR RN e o K oNaxs
EOZG_VBEQGOT%HEISGISZBQOQJOOISG.V_VL S LTT-III-04d HWEN

S51



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

wdd

c8

0

6

0CT OTT 02T 0tT OFPT OST 09T O0LT 08T 06T 00T O0T%
YT .

QZc

[::9
]
(T3]
w
b

1
o]
o0
F
(=)

=]
in
v

=9
o
o

BEV 9L

189794

666°9L

STE LL

L0 T6—

6%£ 92T

0ET"S9T

8827861 —

697 1TT——

zH

ZHW

0F "t

9

Q0"1

Q

WE

Q0LLTT9 00T
89LTE
SO009TET 00F
CVTO6TLE O
ZPTO06TLE™D

LZ6LETFE 9T
09° %1

09" 7T

00" 9~

0008

HT

9TZATEeM

ZT TENNVHD

86¢82Z9°00T
8976ZEES 6
0g'¢
0g'8

0000Q0€0°0
66666669°0
¥ 86C

0s°9

009° LT
0DZ8T
899.L9L970
LLES98Q
260°60%8C
o]

cQes

£T2adD
89LT¢
peHdsz

—dd Ooddv¥d umr ¢
a10ads

€0 7T
6Z2ZT0T0C

T

4
LTT~IIT-Cdd

ZONN

LNIATOS
ah
20d411nd
aEgodd
HOALSNT
SWTL
~ajeqg
QNI d
ONdXd
HWYN

S§562



- Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

wdd 0 ¢ 0°9 9 0 0°8 5°8 06 56
| P 1 . P | I " i i . .
Rl
07" T od
0 g9
ZH 0270 a1
0 ass
nicH Mam
ZHH T6000ET 00% as
B89LZE Is
ZHH G600BZET 00F TOJS
M LZ6LBTT6° 9T MTTd
gp 00" p- 114
2980 0576 Td
HT TONN
=_======= HM THNNYHD ========
....... . T 0aL
D9S8 (Q0000000°T Ta
H dq 7862 a5
0ssgl Dasn 059 q2a
Desn 00z €8 Mg
49 o
098 LLFESZTL'T ov
ZH G6EEBT O SHYAIA
0 ZH ST9° 6009 HMS
0 s5a
zg SN
[ felure] INIATOS
BILTE Al
ochbz 90¥dInd
~gq OggYd W § augoud
aoads HOMLSNT
IP°12 SWTL,
ZOICTTIOE Te3eQ
T ONDOMd
T CNAXH
uciroxd €TT-III-0dd TN

S53



09T 08T 0oz 0<c

666 9L

LTIE LL
BFLT 00T —
LY9 " LTT —
986 EET ——

Electronic Supplementary Material (ESI) for Chemical Science
T89°9L

This journal is © The Royal Society of Chemistry 2012

ZH

ZHH

\ @@._I mw

888 LYT —
SG8 ETC

O0LLZT9 00T
SO00STET 00F
CYTO6TLEOD

CVTO06TLE O
LZ6LBTTE 9C

¢3 TANNYHD

B6TBZZ2 00T
BOP6TELS T 6F

000000c0°0

66666669°0

—-dd CHev¥d Ul g

EIT~-III-gdd

CO0N

Doudind
dHHO¥d
HOMLSNI
J[WT L,
~e3eQg
ONDOYd
CNdXH
HAYN

S54



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

wdd o'z = S 0 S L g 5 8 06 S 0" 0T
| | N L | N 1 P | |
;j " I
00°1T od
0 a9
ZH 0Z° 0 a1
0 ass
WA MeM
ZHR 06000€T°00F As
80LTE I5
ZHW 6008ZEI°00F 1048
M LZ6LBTIT6 9T MTTId
gp 00" 7- 11d
Q9sn 067§ Td
HT TONN
=_======= ._”M THNNVH) ========
I 0d%
D98 Q0000000°T 1a
osal I 7862 Y
oosn 0579 =20
DOST 007" €8 Ma
zE od
D98 LLFEQEL"T Ov
ZH 66EEBT 0 SHYAT L
ZH ST9 6009 HMS
0 5a
4% SN
£T2aD INAATOS
89LZE aL
oebz 20¥dINd
-g9 odgvd uww § dHIoud
aoads WOMLSNT
8£°0Z SUITL
SO0TOTTOZ —o3eq
T ONOO¥d
T ONJdXE
uosoxd ZU-¢TI-II1I-a4ad HITEN

S55



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

wdd 0 02 o7 09 08 00T et 0%1 09T 081 ooz 0Z¢

i i
| I I 1]
' _
0%' T o8
0 a9
ZH 00°% g1
0 gass
jick Mam
ZHW §69LZT9°00T ds
89LZE Is
ZHW S009TET 0O0F Zods
M ZFTOG6TLE O METTA
M ZFPTOBTLE O MZT1d
M LZ6LBTF6 9 MzT1d
ap 49 FT £T1d
gp 59°FT ZT1d
9P 00" ¥- Z1d
o@sn (008 zadond
HT ZONN
gTZITeM zoMdadn
BT NM HANNYHD =======z=
ZHW B6EZBZZI 00T T04as
M BITEEZLES 67 MTId
dpP 0z°¢ 114
ossn 05 g 1d
DET TONN
—======= HH ARNNYHD} ======c==
1 0dL
000000€0°0 11
666666690 Ta
£°86¢C o i
059 2a
009" LT Ma
0Z8T oy
899L9LG"0 ov
LLE6S9B 0 SHYQIZ
Z60°60¥8E HMS
Q sa
LBET SN
I elate] INIATCS
B9LEZE arL
Qebdbz D0ddInd
-84 0dE¥d WM §  JHIOHd
A ZINLNN AN R e
¥V 02 swTy
S SRR S Ao 5 & " & & S0TOTTOZ Te3eq
W RPOLRROD 0 WW oo W > ® o . i ONoOoud
58 SNNBEELTRY gek 5 5 @ 2 5 O
2 pod o 2 g¥-£IT-III-Gad AHEN

S56



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

INAN
GET”
L90”"
0LD”
Lo
61T

622"
¥veT

T
T
[4
[4
[
4
(4
Z
Z
4
4
[
[
4
v ¢
€057 2
ZIs ¢
0gs ¢
£245°¢C
6€9° T
659°¢
9T19°¢
819°C
€E9 T
S€9°¢
269 ¢
#88°¢
69972
€L9°¢
0TT"S
FIT S
EETS
€6T°S
85179
8gs°g
LFS°S
S69°S
§98°¢
gLS’ S
685°G
969759
908°g
$19°8
[AN-
068°¢

IV ” S

1
L

20110105
0

6009.615 Hz

0.183399 H=z
1
1H

32
6.50 usec
298.1 K

zg30
1.00000000 sec

spect
5 min PABBO BB-
32768
CDC13

19.10
32
83.200 usec

2.7263477 sec

PFD-III-118

NAME
EXPNO
PROCNC
Date_
Time
INSTRUM
PROBHD
PULPROG

26.94187927 W
400.1328009 MHz
32768
400.1300090 MH=
EM
0
0.20 Hz
0
1.00

JJLI

ppm

8.0

LR

e AL

9L0°T
— BET'T
LB8T T
£66° L
franar o enemapenguny

920" T

e~

—_—

S7T T

e

s 6060

=pboo"'T

T

S57




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

_ om DW om 07 0s 09 oL 08 06 00T OTT 02T 0¢T OFPT O0ST 09T OLT 0BT 06T 002 012 0Z2
wlevinnviialinan e by N | N [ L I Loreiiin Loverenens Lovearien, ] 1 NP PPN Leviirians [ Lives | | PP Leverinrn, Liviien, Leves
i
| 0" 1
g _ 0
| | ZH 00" 1T
I 0
Wd
ZHW 66SLCT9° 00T
89L2¢
ZHW S009TET Q0¥
M ZPTIOBTLE'D
M ZFPT06TLE'Q
M LZ6LBTVE 9T
g 09 9T
ap 09° 91T
ae 00" ¥-
D881 00" 08
HT
9TZATReM
======== 73 "ENNYHD
ZHH 862ZBTZ9 00T
M B9P6TEES 67
gp 0Z2°¢
DEsSn 098
JET
=m====== TF THNNYHD
T
238 000000€0Q°0
098 6666666970
dA €£'852
Dasn gt 9
038N (3097 LT
0281
D9S8 H99L9LST0
ZH LLE998°0
2H CT60°60¥8T
0
TPETE
£T2aD
89LEC¢
ocbhdbz
-g49 QO"HIVd umr g
TAAT /N || || e
N ST &T
PaSSes s O 553 : B E 2 e g sotetree
22u8383 ¥ agk A S A
= oo o W v Z
CUuoc oy b © MY o ® @ e s et S 8TI-III-Qdd

ZONN

LNAATOS
aon
D0YdINd
qHICHd
RWOELSNT
SUIT T,
Teied
ONOCYd
ONdXd
HWYN

S58



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

wdd g0 0°T 5°g 09 ] 0" L S L 0°8 5' 8 06 56 0°0T
| S N | | | { | | P | 13 |
00°T od

0 gn

ZH 020 a1

0 gs58

W= Mam

ZHH 00000Z6°66% as

89LTE Is

ZHH S66%92¢6°66¢ T04S

dap 00°0 T1d

PeEn (057 Td

HT TonN

z======= [J THNNYHD ========

I 0QL

D28 000000007 T Ta

e e d0°00¢€ 4L
Dasn 00’9 it

Ud 0S3l ossn QOF° €8 Mma
T°0T oY

P98 TT06ZEL T OV

ZH 65628170 SEYAIA

‘0 ZH $0Z 6665 Mg

, ] sa

143 SN

oza INEATOS

89LZE aL

Bz o0daINg

TONUTITOH W § aHaodd

Jneds HOMLSNI

T0°TT SWTL

6Z£0600T ~o3ea

T ONDOHd

4 ONdXE

ZP-TII-aad TN

S59



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

wdd Q1 0g (13 0% 0§ 09 aL 08 06 OOT OTIT 0¢1T OtT O¥%¥T 0ST 08T QLT 08T 06T 00Z O0TZ O0E¢
vl TP P el

0 a5

W= Mam

ZHH 96966557007 s

9€9S8 Is

ZHW L66STZ6 66E 048

g 007 €< £TId

gP 00°¢t¢ ZT1d

gap 0070 z1a

D98N §Z 946 . gadoé

HT ZONN

9Tz3Tem 208aado

mmmoommoms Nm .HMHZEEU Sormmo o

ZHH 0086695 00T TCas

gp 00°1- T1d

D98N G LT Td

0ET To0N

======== ._”m” TANNTHD ========

T 0aL

D98 9666666570 YILTIa

298 0000002070 TP

P98 6666666970 Ta

i 0°00¢ can

98T (09 e

2asn G0T76T Ma

F8E9T ol

PS8 Z8LZ06G70 [0} 4

ZH Q€TILF8 0 SHIATA

ZH QT0°8LTSZ HMS

0 Sa

8Z¢C SN

ucl=0vY LNEATOS

2060€ aL

pebdbz DOddINd

TONUI3TNH wr g aqHIOUd

joads HOELSNT

L0°TT SUT.L

N AN /N . AN

= oy PO L Gt L 0 W -1~ ~J i e [N po T ONDO¥d

. (RS C S RV [ ] o NSNS N =T ONaXH

® o b whoaoo R oW e ao® &~ & zp-TIT-024 HATYN
S o =GR oo R o wouwum o =1 n
(RTINS N RV V) [Wrgav. ] %) Doy o P ¥
¥ N O w -l =

S60



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

S°8 06 g

& 0°0T

ZH

=iy

T Do23n
Do EN

Dos
ZH
ZH

00°T

0

0z"0

Q

Wi
60T00Z6"66¢E
89LEC
S669C76766¢
000

000000007 T
0°00¢

009

oov- g8
T°0T
T1106CEL €
696E€8T°0
P02 56665

0

43

cTodo
89LTE

Bz
ToNUTITNR W g
aoads

307 EC
0££0600C

T

1
£P-ITI-aqaa

od
oY
SHUAIA

LNIATOS
aL
Douda'Ind
aHA0dd
HWOALSNT
BWTT
—a3ed
ONOOHUd
QNJXH
HITEN

S61



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

wdd 0T 0¢ ot (074 4371 09 0L 08 00T OTT 0ZT 0T 0PT 06T 09T 0OLT 081 oma omm Oﬂm omm
Ll NN Lo, ) N L. Levovrinns bons ovvviier bevriiies ] wleviiiene Liiesss biicerss Liveriercs [TV AVPTI FITTOTI wlons
0
wd
oy ___ ! ZHW £L96655°00T
9¢£5959
ZHH L66STC6°66¢
gp 00°¢¢
gap 00" €€
ap 6070
oesn £ZT96
HT
9T23Term
======== 7J TENNVHO>
ZHH (0086695°00T
ap 00°1-
D@8n (0§ LT
DET
—======= HM FINNYHD
| T
| P28 9666666570
o025 000000€0°0
D8 6666666570
A 0°00¢€
Dasn 009
{ oasn 0087 L1
TBEST
o285 960108570
ZH 66680670
ZH LB8 6808C
0
719
uoqa0y
Z060¢E
p¢Bdbz
TonNUTITNH WU g
Joads
N AN /N | N
N
o o BNREEEES 233 5 S5 R G D 9e€06008
-® (0 s 0 N I o > oW > > e 7
ae dealamaoa Gon & S ® g A ¢£p-III-a4d
S o= o [V} -

LNHEATOS
AL
Do¥dINd
GHAOHEd
WOYILSNI
SDWTJ,
“=3eQ
ONDO¥Ed
ONdXH
RN

S62



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

wrdd 0°'1 G T o“m m.m oﬂm g _

L. L. . ] P b P
i e j

00T od
0 a0
ZH 0Z2°0 qd71
0 da88
jaich Mam
ZHW TTTO0Z6 66€ S
89LZE I8
ZHW S669226°66¢% 1045
gF 0070 1d
pasn (0§°¢ 1d
HT TONN
—======= HH THNNYH D ========
T 0aL
238 (00C0000°T Ta
M 0°0G€E qJL
oasn 0" S aa
oasn (0% €8 Ma
T°CT od
oas TTQ6ZEL T oY
ZH £%6Z81°0 SHYAIA
ZH $0Z°S66S HMS
0 sa
ZE SN
czZa LNEATOS
89LeE L
Bz DoEdINd
TONUTITNR umr g aHEOdd
1oeds WOdLSNT
TT°ST SWTL
T0¥0600T &3ed
T ONDCHA
T ONdXHE
PP-III-ddd HINN

S63



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

wdd 01 0Z o€ oy 09 0% 0L 08 06 00T OTT 08T 0€T OPT O0GT 09T O0OLT 08T 06T 002 OTE

I 3 1 ' |
0 ) gs5s
W Mam
ZHW L996655°00T a8
SEess I8
ZHW L66STZ6 66E z04ds
ap §0°¢€¢ £T71d
dp 007 €¢ ¢11d
gap 0070 ¢1d
098 €796 . 2ddod
HT Zo0N
gTZ3TeM Zoddadn
EEEEE NM TINNVHD ========
ZHW Q0866957 00T 1045
ap 00°1- 114
BR8N 0§ LT 1d
0eT - o0
B HM THNNYHD ========
T 0dL
o098 0666666970 YLTHEA
025 000000£0°0 TP
P28 6666666970 Ta
i 07008 HL
oesT Do 9 joral
288N 0087 AT M
78¢£91 od
028 940TCSS 0 (o)1
ZH 66680670 SHEYATaS
ZH LBB"6808¢ HMS
0 sd
SE6T SN
U090y LNHATOS
Z060¢ aL
gchdbz D044 10d
TSNUTITNR Wil § AHIOdd
aoeds HMOELSNI
85761 WL
RIS AN | S
[o8] N W L e -1 ~1-] | ol e el Ll b P~ ZH ONDOH¥d
W WWwoRrO W oy =1 =l SRR SEN] e @ v} oz ONdXd
B oo dl o o now SoRe P e o Cyp-1I1-04d THYN
B ON WK O o0 o W= o o8] = [l (o) )
P N J T R WER - [T =1 =1 co ks It w 0 b
=] =1 G 3] [X=} b (o]

S64



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

wdd g°'g 0°9 S°9 0°L S L 08 5°8 0°6 "6
] 1 ] ] N I ] to ] R
T -
00°T od
0 a9
ZH QZ2°0 g7
0 as8s
W= mam
ZHW (000026 66¢% as
BOLZE Is
ZHW S66592C6°66¢€ 1088
ge 00°0 Tr1d
DRsEn 09°¢ Td
HT TN
—====== HW THNNYHD ========
T 0QL
O35 Q0000000 T Td
o H T '00€E a5
o@sn 0079 qa
H ocssn J0¥v s Ma
T°0T o9
0s3L 088 TT06ZEL"T (814
ZH 6S96€8T°0 SH¥AIA
ZH %07 496649 HMS
0 sd
© 6T SN
ozda ILNAATOS
89LZ¢ ann
Bz 2094 10d
TONUTITOH Wk § [arziz(er:esy
Joeds HWNFLENT
€T LT SUIT.L,
20506002 “e3eq
T ONDOYUd
T ONdXH
9%-III-ddd HIWYN

S65



08 06 00T OQTT 0CT OtT OFT O0ST 09T O0LT 08T 06T 00 O0TIC
....... | FPETTETIT FPRTPITT FOTTINETI FUUETUTTN | | i {INTUTTTETE PITRRTIRT] FETTRTIPT FRVPRTETN | 1 1 vaaal

99078 —
PP 09—

Electronic Supplementary Material (ESI) for Chemical Science
%" 1T —

This journal is © The Royal Society of Chemistry 2012

0 a58

WA Mam

ZHW [%966%5°00T a8

9€£4859 IS

ZHH L66STCH 66E 2043

dp 00 €T £TId

gp 007 €2 Z1'Id

g 0070 Zr1d

D9SN 7796 2adand

HT ZINN

gTziTem 72ddddo

======== NM szzmmu mmomo====

ZHW Q08669S°00T TO4AS

ap 00 T- T1d

038N 09T LT Td

DET TOAN .

======== TJF THNNVYHD ========

T 0dL

098 3666666570 h-rascial

eS8 G0C000E0°0 TP

098 666666970 Ta

a1 0'Q0¢ can

Desn 0079 jeta)

oesn §06°6T ma

FBEOST od

o988 8666FTS°0 [0)-4

ZH ¥LOET8' O SHYAIA

ZH 6297921572 HMs

0 sa

c9s SN

U038 IY INIATOS

c060¢ arL

grbdbz DOoYdTINg

TONUTITON W g AHECYd

\7 Joads WOELSNT
~d ]~ = = me.hﬁ WL
- o 0 = c0506002 23E8J
oo L @ = T ONOCHd
WWH % @ o2 CNdXH
b i K 9%-III-add TN

S66



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

urdd

"0

ZH

O nes

o9sEn
wasn

oas
ZH
ZH

00°T od
0 g9
0Z°0 g7
0 gs8s
WA MM
0000CET " COS as
F8EoT Is
90052€T°00S TO4S
00" ¢ Tid
00" € Td
HT ToNN
=== Hmﬂ TANNYH,) ===s=====
T 0arL
00000000 T 1Qa
0°00¢g dIL
08°9 qa
00Z°£8 Ma
9T od
LLPEDEL T [o)-4
66EEBT O SHEAEAT S
51976009 HMS
0 sa
ZT SN
£TOaD INIATOS
89LZ¢ Al
bz Do¥dINd
Z DJET IXL uI g audodd
1oeds HOYLSNI
21 9T SUTL
S0506002 Tejeg
T ONDOUd
T ONdXHT
L¥~-IIT-0Ad HWEN

S67



00T OTT 02T 0€T O0FT 0OST C9T OLT 08T 06T 002 OTZ O0Z¢
1 R

AP FUINUTIUEE FPRETRRTTY FITRTIT FPRTETTI PPN | FPIITIT I Levieiiens Livianiins Lovisiien faanssa 1

L6 67—

Electronic Supplementary Material (ESI) for Chemical Science
LS8 0T —

This journal is © The Royal Society of Chemistry 2012

0 55

WA MM

ZEW POSLLOT GL as

9¢£569 I8

ZHW G00ZTET 00€E zods

ap Sz ¥¢ £771d

gpP $%° ¢ Z11d

gp 00°¢€ zId

oesn Q0001 zadod

HT ZONN

5TZITEM ZOUdadD

=_======= NM AANNYHD) ========

ZHH BLBEOLP SL TOAS

g 00°§ T1d

o2sn Z1°0T 1d

oeT ToNN

=_======= ._”N THNNVHD ========x

T 0ax

D25 9666666570 YITEA

098 0Q0000€0°0 TP

D98 6666666970 1a

M 0°86¢2 I,

Dasn 00°IT 2

o9sn 000" IZ Ma

F8EST O

D25 066188970 ov

ZH 6D99ZL"0 SHEYIATS

ZH £ZS°608EC HEMS

0 sa

%32 SN

£T0aD LNAATOS

89LEE ar

pebdbz 20¥dINg

TANUTITNK W §  QHACHd

_ Joads LS

LO"ZZ PWTLL

5 = o PS050600T 27%d
u ul © =1 ONDOHd
@ " N ol ONdXH
pat et 3 NLT-TIT-a4d HEN

S68



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

B

5 wjlw| vf|l=] e =
o llolel el [© |e
s ~jo|w D=} |on o
0 sllofw o[t} oo =]
Em”m ow._” T 0°¢ gz 0" 4 S L 08 G§°8 0°6 $'6
. . L L | | | ] N | |
|
8 |
00°1 od
0 a2
ZH 0270 g1
0 a585
KHE Mam
ZHW 06C00€T " 00F g5
BOLEZE Is
ZHH 6008CLT 00% TOds
M LZBLBTF6°9C MT1d
ap 00" 7— T4
o98N 0876 1d
HT TONN
======== T3 THNNVH]D ========
T 0dL
295 000000007 T Ta
“““ — A 2860 HL
228N 0579 el
0say 028N 00CTE8 Ma
g°06 oy
095 LLPE9ZL'T )4
ZH 66EEBT 0 SHEAAIA
ZH ST9°6009 HMS
0 sa
Zg SN
£TOao LNEATCS
89LZE an
oebz 504N
-d9 Oggvd uw g JHACHd
3oads HNOI¥LSNT
AN
VIEQTTOZ Ta3eg
s oor PPN I OND0Ed
[=] oo U OO WWww T ONdXH
NS N S UBHIESIF ZPI-1II-0dd TR

S69



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

wdd 0 0¢ oy 09 08 00T 021 oPT 08T 08T 00¢ gec
L L 2 ] L 1 | L

oy e
_ Q7" 1T od
4 g0
ZH 00" T g1
o da585
W Mam
ZHHW QOLLEZTS 00T q4s
t ! 89LZ¢C Is
r ’ ZHH SO009TET 00% 204s
_ ! M ZPTO6TLE 0 METIE
_ M ZFTOETLE'Q MZTId
M LT6LBTTG 9T MZ1d
P 09° %1 £TId
ap 091 zi1d
gp 00 %~ 21d
o9sn (3708 zadond
HI CONN
9TZ3Tem coddado
smmmzosx g TANNYHD s=s======
ZHW 86T8ZC9 00T 1048
M BOFETEES 6T MTTd
gp Qg7 ¢ T1d
D9sn 058 1d
DET TonN
======== TJF ‘THINNVYH) ========
_ T 0dL
998 (0Q000EC"0 TTa
228 6666666970 Ta
q €°862 H€d
o@sn 0879 4c
o95N 009" LT Ma
0Z8T (311
088 B99LGLS 0D ov
ZH LL6998°0 SHYJIIA
ZH 7607 60¥8C HMS
0 sa
1¢6 SN
ETOao INHATOS
RN RA aL
oebdbz HOo¥4dINd
—-gg QddyYd w1 § aQHEQUd
AN N IS
11 PRONMDDNDD W & -1 -1~ — — . £1°8T1 , _ BuTL
W BoPRPWEoy-lWw o -] oo =3 = = = FTIEQOTTIOZ 23ed
WO WMo e ™o W bt w w7 ONDOUd
LY SANSRLIIERER S8 5 2 ° onaxa
o -] vl EPT~III~dEd dWTN

S70



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

%] L% LTS - Ot |
© o o | ol lo
= LeY ) o [ee] | |o
=N [ [F%) @l M| o

0°9 5°9 0L ST L 08 g 06

| | | | | | f
4_.\

00°T od

0 a0

ZH Q%" 0 47

0 gs58

HHE Mam

ZHH 88000FET 00F ag

89LEE Is

ZHW 6008TET 00F 1048

M LZELBTPE'9Z MTI1d

ap 00" ¥%- 11d

038N Q576 Td

HI TOON

mm====== H.u._.. THNNVYHD) ========

T 0CL

088 00000000°T 1a

A T°86% AL

09sn 05" 9 H2a

o98n )07 ¢8 Ma

L8Z oy

098 LLPEOZL' T o34

I ZH 6G6EEBT O SHYOIA

ZH ST9°6009 HMS

O 0 sa

ZE SN

£T2aD LNEATOS

89LCE arL

o oebz 20¥41nd

-g9 Qgdavd uwr g QHIOoHd

30ads HOULSNI

\X\%ﬁ%f% f1cor o100

£IE0TTOC Teleq

T ONDOYdE

T ONAXH

C9-TFT~III-qad AN

S71



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

wdd 0T 0Z 0€f OF 0SS 09 0L 08 06 00T OTT 02T OET OFPT OST 09T OLT 08T O6T 00 0OTZ 022
wl l.. i 1 ] { | | | | ] (| | i 1, | | 1 | I | | |
|
| I
0% T
0
ZH 00°T
0
KA
ZHH LTLLZT9'Q0T
89LTE
b ZHW SO0STET 00F
I i M ZTPIQETLE O
M ZFTOBTLE O
M LZELBTIV6 9T
ap 09° %1
ap 09° 71
gp Q0" 9-
23S JO° 08
HT
9TZaTeM
======== ¢TI TTHNNVYHD
ZHW 8678729 00T
M B9FETEES 6%
gp 0Z° ¢
o88n 88
OET
mEo====s ._“M .HH.Z..Zd..qH.HU
T
298 Q0O000E00
098 (6668666070
d £°862
fol=1=111 0S°"9
ossn Q09" LT
050%
288 BY9LILSTO
i ZH LL699870
ZH Z60°60¥%8¢2
0
066
£I0ao
89.LZE
pebdbz
-gd ogdvd uwm §
N /N =
€781
noRSNRuY 3 ol " n 5 N ET£0TTOZ
MW oW W » @ o w it © - NI
W O O~oWN ! = 0w o] = o ) C
N @urone = ERER- N i v o Ed-ZPI-ITI-0dd

LNAATOS
an
2044104
aHE0"d
HOILSNT
SUIT T,
R
ONOOEd
ONdXH
HIRVYN

S72



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

wdd 6°'p

0"

T

uojoxd

(R 2d

0 g0

ZH GZ°0 g7

0] 155

W= MaM

ZHW 00000ET Q0% E5
g9LEZE 15
sxsjsueaed Burtsssoord - Zd
ZHH 6008CET 00% 1048
M LTZ6LBTFE"9C MT1d
ap 00" ¥- 114
D98N (0576 14
HT TOoNN
======== HM TENNYHD m=m=m====
T 0aL

085 00000000° T Ta
d T 86T L
Dasn 0g'9 da
S8EN Q07 €8 Ma
g°TL [

098 LLFE9CL T ov
ZH B6EEST O SHEATA
ZH STS 6009 HMS

0 ) sa

(4 SN

- £TOAD LNIATOS
B9LCE aL

oebz 204d10d

-dg Codgvd wmu g aHugcdd
anads HOMISNT
a5°¢e ST
60%01TT0C “eaeg
sIsjauwereg UOTIITSINDIY - zZJ4
T ONDOYd

T ONdXE
THE-EPT-III-Addd HIEN

szajsueIed vled JUSIIND

S73



‘Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

wdd g 0T oz (35 0% 0s 09 oL 08 06 00T OTT OZT OET OFT OST 09T OLT 08T 06T 00T OTZ O0ZZ
1 L L. 1 R VP | Lovvenies Liveess b ] 1 A PR Lo, Loviuniie, [N N 1 | | | T Bovure, ol 1
<
~
w
| |

_ 0% 1T od

Q as

ZH 00°T a1

o] 455

o MM

| I ZHW STLLZT9 00T as

} I I | §OLZE Is

| sasqaumIed HBUTSSeL0Id - 724

ZHH S005TE€T 00% zods

M ZPICETLE O METId

M ZPT06TLE QO MZT1d

M LEZ6LBTPE 9T METd

H€P 09 FT €114

8P 09 %1 Z171d

gP 00 % Z1d

DRET (008 z2adsd

HT 7O

9TZITeM £od4add

====moan Nm._. TANNYHED ========

ZHW 86TB8EZZ9 00T 1048

| M BYFEZEES 6T MIg

| gp 07" ¢ 174

D9SN 05°§ Td

ofT TI0ON

======== HM AM%EU ========

T 0aL

D38 Qe0000L0T0 11Q

VS 6666666970 a

¥ 6 862 =25,

299Sh 059 qga

2350 0097 LT Ma

050% oY

D98 899L9L5°0 oy

ZH LL6998°0 SEHATA

ZH Z60°60¥8E HMS

I ¢ sa

CLT 5M

£I2a0 INAATCS

89LZE axn

oebdbz 804d10d

-g4 0ddv¥d umr g QHEOUd

3oads HOYLSNI

£0° €2 SUITY,

A AANN N
siajaueind UOTITSTnDOY - 724

oW bobuoabanhs & N S e O N i

v . e e v w Ul o0 o (S o I ONOOHA
33 Ba2esss8a3gk Y » b Lol o
B N AN O WY IREFWWW N _.w %HW WR ﬂ Ta-€PT-111-0dd TN
W o e & o s sIsjsuered 1w JUIIND



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

wdd 0T 02 = 09 §'9 8 S8 0°6 §°6 00T
| | 1 P | M { | - 1 |
J ¥
0% 1T od
0 =)
ZH 02°0 a1
0 gss
WA Mam
ZHH 68000ET 0CF ds
39L2Z¢ s
srajsweIvd AUTssss0Id - gd
ZHW 6008ZET Q0¥ TO4S
M LZ6LBTV6 9E Mm11d
a2 00" 7~ T1d
DasN 056 14
HT TonN
—======= HN AUNNYHD ========
T 4L
D8s (0000000071 Ta
1 £°86¢C HL
Desn 05°9 qa
Dasn OOz £8 Ma
zog oy
D98 LLYEQTL'Z Oy
T ZH 66EE£8T°0 SHYATA
ZH ST9 6009 HMS
0 sa
4% SN
£12aD INAATOS
o 8oLz¢ aL
ocbz DO¥dINd
‘ ~-gd Qda¥d Wil §  JHAEOHdA
Joads HNMLSNI
(») ¥0°ZZ SUTL
TIFPOTICE Te3eg
gronsueIed UOTATSINDOY - Z4
1 ONDCUd
T ONdXE
TE~EPT-III-ddd ARYN
SIIJswexred viled JusIIn)
EQMOHQ

S75



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

udd ot oe o€ ov 0s 08 oL 0og 06 00T OTT 0T O0€T OFT O0ST 09T 0OLT 08T 06T 00T O0OTE

1 N FPITIN FPTTITIVE FTTTTTITY FITH | A IVETURTIT rvrerTr | | FPETTETIN PETTTTTT P | PRIV IFTTPITINE STRUTOTTN | A PRI IPRTRTT | T IVTTPITIT] FTTTTTTON |

i
|
b

0¥ T od
0 a2
ZH 00°T g7
c a358
2428 MM
ZHH 669LTTS 00T A8
B9LEE 1s
sIoqeueied BUTSSaD0Id - 2d
ZHW S008TeT 007 z04S
M ZPTD6TLE O METTd
M ZFTO06TLE O Mg11d
M LEZ6LBTPE 92 MZId
g0 09971 £T'1d
gp D9 FT ¢11d
ap 00" ¥- 214
o®sn 0008 2adand
HT ZONN
9TEZITEM ¢oddado
======== §g3I TANNVH]) ========
ZHH 86¢8ZE% 001 T0dS
M B89F6ZLES6F MTTd
dp 02°¢€ 113
osEn (58 Td
QET TN
======== [ THNNYHD ========
T 0as
o328 000000£0° 0 T1Q
oT8 6666666970 Ta
M Z°86F arL
o8sn 0§°9 I
28N Q09 LT mMa
0602 2=
028 899LILSO [0)-4
ZH £46998°0 SHIATd
ZH Z60'60%¥BZ HMS
0 sa
£ET9¢ SN
£T2dD INAATOS
BOLEE al
nebdBz 20UAINS
-g9 Oggvd wau § ayaoud
joads WNELSNI
FT £T BUTL
TTP0TTOZ Ta3eq
L A/IEN /NN | | e e -
= DN W W WD B b B IR RN R e e = = o T ONO0u4a
= Wk PWwh oo 6 9.{._!._ BB e W a W =z ONJXH
3 W E oMo D oo w D@ w0 e © N py-gy1-IIT-04d TN
w W0 N oW [ E= I T ™ o -1 gIsjsweied elRd JUDIIND

. Couhiko W (SR > W m e O -3 " "

NWSIWw G ~J W o

S76



Electronic Supplementary Material (ESI) for Chemical Science -
This jourtfal is © ThefRoyal Socigty of Chemfitry 2012 T .

i S]]
_1|

i
3 ST

23 @ : . ;g e
: —— — = E5 = — .{I:E +
i —r '-iL ! - =862
: . == %
. h=) .
\ Eﬂ }IG-V
. =5
: . = 1
: T =2 I—‘IZ'I
' Tolr
: e =0 Fs01
3 : 8y
M“\.‘_‘_._‘: ’é‘g I TR N} : I\'BZ'I
o=
B : T .
S @ Feot
I
O -
$
I - — - . J
o | H
' T 1
3
B 3
. O
—_— L 3 Foot
3
3
3
-
-
o
-
[=]
i S77
=c
T :

1.5

2.0

2.5 7"

3.0

3.5

4.0 -
f1 (ppm)

4.5

5.0

5.5

6.0

6.5

7.0

7.5




Electronic Supplementary Material (ESI) for Chemical Smence
ThlsTournar'ls © The,Rdyal SdT,‘lety dT'Cherﬁistry 2D12 AT A

: — 8t

=
1

6t

10

LLEl—

208

spze—~"
. §6'5T——
e

30

68 €€ =—
SPBE~_
9ELE—

40

CorTE—

50

60

70

LB

80

TG 90

4 T
100
f1 (ppm})

T
110

T
L1120

' p59E]—

T T
140 ©130

T
150

T
160

|
170

ST ELT

T
180

T
190

CA
&
T
200

5[—-— S A

PEDZHI-208-R1/2"

Carbon 13
10




Electronic Supplementary Matetal (ESI) for.Chemical Science e

-5t

This jownal is, © Th& Royal Society of Chenfistry 2012 T | i L .

——— i Fuee

3 2R
——— T =052

\ g [

B = o
. B4 7y

Lt

PFD-§Hl-203-R2

Proton

D (dt)
217

C(m)
2.42

B (dd)
3.45

OH

A(d)
5.83

I—ZG'I

I—OG‘I

-3.0 + 2.5 2.0 -1.5 1.0

35

4.0

4.5

5.0

5.5

6.0

f1 {(ppm)




“Electronic Supplementary Material (ESI) for Chemical Scienee@ - _ = s .t o
This @urnal is @ The Roy&l Society pf Chemisfry 2012 ™ ™ oo ~

TEQT ™
TLLL

'SZ:DE'\;

S0°TE~_
6E'EE
ﬁv’E‘é?

Sb’bEf

0L Ty ==

©TTRL—

ST ETT—

0TI

PFD-NI-203-R2

Carbon 13

30 20 10 &

4040

CT

110 1007 90 go:" " 707 60 50

f1 (ppm)

200 190 180 170 160 150 140 130 1207090

210




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

[5:4 wliwluv| [ ] e w [N}
n o|iole| lo|lw|o|ie|o o =
~3 (Nol B8] [N Wit ||WOio| - o 19
oo =] |~ = [S] (€= /-9 oy | S0 1 Lo i o (=
wdd g T 4 £ i g g L g 6 0T
| MR | | T | | | SN | | | M
e < \ <
00T od
0 a5
ZH G270 d1
Q ass
WH MM
ZHIW ZTTO0Z6 66¢C As
89LZE IS
ZHW S66G2Z6°66¢E TO4S
M FF89LLOZZT MT1d
gp 00°0 114
D9SN GET L Td
HT TOON
=—======= Hmw_. THNNYHD ====m===
T 0aL
025 QC000000°T 1a
d £°00¢€ e
pesn 059 eted
o98n (00Z7¢t8 ma
PTT 21
D95 LLFE9TLT o)
ZH 66EEBT 0 SHIATA
ZH §T9°6009 HMS
0 sa
LT SN
\ £TOED INIATOS
L v 89LTE L
e T T o 0ghz Do¥dINd
o H / \mHmHmmmm unr g QHEOUAd
O Joeds HWNILSNT
AU A o
QTZOTTOZ Ta3eq
[ ] (=N el b (%) 1.9 T QNDOYd
oo W BB Y INERES s o T ONdX™
2 LO2R o 525 oy ® 0 87T-III-Add HRYN

S81



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

urddd

oy

00T

0¢T
I

071

09T
!

08T
I

00¢
|

ozec

589794
Z00°LL
0Z€7LL
718706 —

oL T —

8Z6° ST

1€5°91¢€

ZH

ZHW

0v° 1

0

00" ¢

0

Wa

259966557 00T
89LZE
LE6STZ6 66E
000000000
0BEBTELO O
¥¥B9LLOCTCT
00°0CT
88°1Z

000

00°06

HT

9TZITEM

m=mmoo=== 73 THNNYHD

SSCOTLS 00T
6LLOTTI06 6
09°¥%-

00°¥%T

OET

000000200
6666666970
£ 00¢

089

009" LT

81
89GL9L5°0
LLEDYRO
Z60°6078¢C
0

86271

£TOaD
89.L7¢
ochdbz

JHT Ig9dvd ww g
aoads
FETE
0TZOTTOT

T

Z
8ZT-III-aad

S82



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

wdd g ¢ §°g 09 §'9 0L s g 0°6 S'6 0'0T
| 1 | { PR 1 PRI I | P
[ 4_ |

00°'T od

0 g0

ZH QZ°0 g1

0 ass

Wa Mam

ZHW L800QET " CGOF Ce

§OLZE is

ZHH 6008C¢tT 00F T04S

M LEZSLBI¥6 9T MI1d

ge 00" %- 114

O8SM 05" 6 Td

HT TONN

=_======= ._“M .H%HU =_=======

T 04L

098 0000000071 1a

d 2°00¢€ a5

DIEN (57 ¢ Hd

o@2s8n (Q0Z°t8 Ma

Z1s oY

T T T 098 LLPEYTL T o)

0 0 ZH 66EE8T0 SHAATd

TN ZH ST9°6009 HMS

0 sda

(4% SN

£TaD INAATOS

89LZC aL

0 oehz 50¥dINd

-gd ogdvd um § audoud

10ads WOMLSNT

LV 12 SWITT

£0F0TTCE T@3eq

T oNDCHd

1 ONdXH

6ZT-III-Cad IHEN

S83



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

wdd 0ot 0g o€ oV 05 09 oL 08 06 00T OTT 02T 0O¢T OFT 0OST ©9T OLT 08T 06T 002 01
o NIV FROPTT I PO [FPPPTITI FEPPPIITIN FRTTINOTN L, [ Lovieiiess 1 | Livaveasn 1 1

! [ 0% T aa
! b _ ! 0 a9
| ' ZH 00°T a1

] 58

HH Mam

ZHW T69LZT9 00T as
89LZ¢ IS

ZHH SQOD9TET Q0¥ zZ048
M ZFTO6TLEQ METTA

M ZPT06TLE"C MTTId

M LZ6LBTYE" 92 Mga
P 09" 7T €T1d
ap 09 %1 2114
gap 00" % Z14a
oesn 00708 Zadod
HT 20NN
9TZ3TeM 2oddadn
======== gIX THNNTHD) ====m=o==
ZHW 86787297 00T TOdS
M 89FEZEES 6V M11d
gp 0Z2°¢ T1d
o9sn 0§° 8 Td
OET TOON
z======== TJ TANNYHD) ========
T 0aL

o228 000000€0°0 11a
D38 6666666970 Ta
A T'00€E Hd
095N 059 HC
088N 0097 LT ma
0s0¢ o4

038 B9SGLGLS"0 [o)-4
ZH LL6998B°0 SENATA
ZH Z60°60%8C HMS

0 s

796 SN
£TOaD LNHATOS
LEFRAY L
0gbdbz Doudindg

-Hd Odev¥d ur g aHI0Yd

ANV A ||

ONNNMMDWW & UM PRI R w0 = P = Z«wm.._um gt

B WWWoLWwE &~ O 0 o\ Gy =] o w ul [ n £0FP0TTIO0EZ 21ed

b bhobihm ® a W Ll o ° - S BT oNDOoud

S REISBRI L 8H 2985 B § 2 i 5 o

phes o 0 8 erI-III-aad THYN

S84



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

udd S ¢ §°g 0°g §°9 0" L S L 5°6
| P { 3 PP | | 1 | 1 . | A

00°T od

0 a9

ZH (Z'0 a1

0 gss

KA Mam

ZHW LBODOET 00V ds

B89LZE Is

ZHW 6008ZET 00% TO4S

M LTBLSTVE 9T MTTId

gp 00 ¥- 114

228N (0576 Td

HT TOON

B ._”M THNNVYH D ========

T 00L

o088 00000000°T 1a

¥ Z2°00¢ HI

o8sn pgt9 Ha

o8sN QOB TP Ma

“““ S 21S 99

T 298 p9G089V T oV

O ZH B8&SOFE"O0 SHIALE

~ON0 ZH BTL 09TTT HMS

o 0 sa

g SN

£TaD INTATOS

89LZE an

HO ochz D0¥aTnd

-g99d Qgvd ul ¢ JHIOUd

Joeds HOYLSNT

LZ"0¢ SUITL

TOTOTIOZ “ajeq

T ONDOdd

z ONdXHE

0EI-III-Qad HRYN

S85



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

wdd o1 0% 0t 0w 0s 09 0L 08 06 00T ©OTT 0ZT 0T OFPT 08T 09T OLT 08T ¢6T 002 012
" . ol 1 ) N ! 1 N T L Levviainn, Lieeras 1 N PP |

| |
0" 1 od
0 a9
ZH Q0" 1T g7
_ | 0 dss
11 e Mam
oy | I | ZHW €0LLZTY GOT as
89LCE 15
ZHH S009TET 007% 2045
M EZ¥TO6TLE D : METId
M ZFTOD6TLE O MZT1d
M LTELBTPE 9T MEId
ap 09° 971 £T1d
g0 09791 Z11d
gr 00" ¥— 2'1d
2280 00708 2adod
HI ¢o0N
9Tz3Temn £0ddado
===szzzm= 73 TANNVH) =—===s====
ZHH 86287297 00T 10458
M 89V 6CEES 6T MTTd
gp 0Z°¢ Tid
D98 (0578 Td
2ET TON
Sommmmes 7Y THNNYH) Ss======
T 0dL
238 (00000£0° 0 1a
098 6666666970 Tad
A €862 L
DOST Q59 aa
0250 Q009" LT Ma
02871 28
D85 §99L9LS70 o) 4
ZH LL6998°0 SHYAIA
ZH 260°6078EC HMS
0 8a
EANAN SN
£TD2aoD IMIATOS
89LC¢ ad:
0gbdbz H0¥d'1Nd
-9 QHEYd uml g aHd04dd
LAINIL T AN T
PR NN WWW u [ I R w0 i = oy 6e° 2 _SWTL
U W Sl P W W R I oy =1 =1 oo o w o w YTZOTTOZ 23ed
w e mowRweBRe N ok & ° o ® 1 ONOO¥S
O B RSO M b0 -] [ =N o ul [ §] -1 T ONdXH
O O ~I~IWwW Wk aw 1N WSO~k [#] R % % OMH]HHHIn.mm THYN

S86



This jourfialis § TheRovaAl Society ofiChemistry 0127 . T . T

-1
g
-8t
—7t
-6f

Electronic.Sup%Iementary Material (ESI) for. Chemical Science

(s
78
H (m}
1.72
HF—

Te |
2.37

B{m
2.48
Frreed

e

_/./"

et L
2:86

IR T s

r‘
38
——-1

O/\o/

A {m)
4.73

5.0

PFD-11-£32-P/1

protan.




Electronic Supplementary Material (ESILfor Chemical Science'._*.

This jaurnal is © The Roval Society of

emistry 2Q12

-1

-5

B s TR

0£°ET—
807

1982~
L6

18'EE~—
967 5€ =~
BELE=—
0r—

LB —

[440 1 Sanny

5806 —

BLBIL— . ..

£6'Z9T—

=

GO

PFD-1i1-132-P-1

o 10

90 80 70 60 - < 50 40 30 207

SN 120 110 100 1:7
f1 (ppm)

200 150 180 170 160 150 140 14130

10




‘Electronic Supplementary Material (ESI) for Chemical Science

This journal is © The Royal Society of Chemistry 2012

uojoxd

| | ] ] a
001 od

0 g8

ZH 0270 =1

0 58

Wd Mam

ZHH 06000tT Q0% as
8OLZE is
sagjlaureaed Purssaocad - gd
ZH 6008BEZET 00% 1048
M LZ6LBTP679C MT1d
g2 00°%- 11d
088N 0576 1d
HT To0nM

= ._”M THNNYHD) ========
T 04

o298 0004000007 T Ta
d 8°vec 3L
238N (GG q
088N (0Z°E8 Ma
79¢ DY

D08 LLPEQZLZ oy
ZH 66EE£81T°0 SEEdIA
ZH ST9°6000 HMS

0 s5a

(4 SN
£TOCO LNEATOS
89LZE arn

0ebz o0¥udINd

—-gd 0gd¥d W g qHIOEd
3oads WOMLSNT
S0°te ST
TZCOTTO0E TejeQg
sI9lsweIed UCTITISINDOY - Zd
T CNOO¥d

T ONdXH
SET-IIT-Tdd HIWYN

sIjsuerled vled JUaIAND

S89



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

wudd 0% 0z 0t ov 0s oL 08 OfET 09T coz 012
NVTEVE FIVUTOTI FOTOTITN | [ SUPTITT VTP A VT T [TV T | [TV TN | N VTP L N R
l
(1] s od
0 213}
_ | ZH 00T a1
[ | 0 858
jricy Mam
ZHH 0QLLETY9 00T as
89LEE I8
sasjsuexed Burssanoxd - 24
ZHW SO09T€T 00F ¢ods
M ZFTI06TLE'D METId
M ZFTOETLE O MZTTd
M LZ6LBTF6 ST MZTd
9P 09° 71 £T11d
ap 09771 Z11d
a9 00§~ z1d
D2ET. 00 08 £2adod
HT ZONN
gTz3Tem [4arEletite]
==m=m=== g THNMNYHD ========
ZHH §6T8TTY9 00T T0ds
M 8576ZEES 6T MT1d
gp GZ° ¢ T1d
PpasT s g Ta
DET To0N
mmomesn= ._”M TENNYHD ========
T 0dL
23S (Q00000€E0°0 11a
095 6666666970 Ta
X 67567 cAs
DREN 0579 jc (ad
Q98N Q09 LT Ma
0650Z 24
DBS §99L9LS°0 ov
ZH LLESOED SHNATA
ZH Z60°'60%87 HMS
0 sa
ETT¥E SN
ET200 LNFATOS
89LZE aL
0gbdbz 20¥d1Ad
~gg 0dg¥d wI § aHaodd
1o0ads WAHLSNI
¥EZC QUITT
TZZ01T0T TsaeQq
R ZANY B o e, 7
| RN NN NN WWW S R N G [ 2 = T ONDOYd
[ o MO dJmWwe -1~ W 2% Ba S TE I | 3] (0] o z QNIXE
© O B Ul I - 10 W O oMo W @ ™ ©  ger-TII-@ad HRVN
I O o wok RN O 0w O o] 1 = sIisjsweied eied IUSIIND
%] [N ] Wik M~ U0 ~]0o0 [V RLPL N N ] ()] [Xel (o]
[ae] (%] w

S90



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

wdd o

‘0
L.

G-

0

00" 7% od

0 a9

ZH 0£°0 g7T

0 gs5s

WH Mam

ZHHA TETO0LT 009 as
9£4959 Is
sigloueied BUTSSLERCId - 74
ZHW 80SZELeT 00§ 1048
M S€000286° 91 TMI4
038 00" 9T Td
HT TONN
z======== TJ THNNYHD ========
025 00000000°T 1a
¥ 0°00¢€ cA s
298N 0579 ad
095N L9997 99 Mmda
G 8e od

025 9916669 °C ov
ZH ¥#6T981°0 SHEJIATA
ZH 000°00GL HMS

0 sa

€% SN
£T2To LNHEATOS

867 0F ar

oebz Do¥dINd

-g4 Qddvd ur § aHIOId
Joads HNALSNT
90°LT SWT.L
G060TTOE “o3eqg
grajswered uoTiTsTnboy - zd
T ON20O¥d

T ONdXH
CLT-ITI-dJdd HITTN

sIDjaweIed BaR( JUDIIND

S91



06 ODT OTT 02T O€T OFT O0&T 09T O0LT 081 06T 00Z O0IE
______ Livorssnnal b b Livoviaronlanas | ORI FYRUTUTOPL PUPRTTIT SYRTETIN AP PPTPITITR FTTTIT

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

szajswesed Hursgadcad - Z4

grojswered Bieg JUSIIND

ZHW S0002ZET 008 z04s

M TO0PTBLZ O £TMId

M TO06GRET O ZTMId

M 69000881 6T ZMId

oasn 00708 zddod

HT ZONN

97zaTem Zoddado

======== ZJ THNNVHD ========

ZHW LE9€0LLSCT 1048

M 818666707 ECT TMId

D@51 £T"6 Td

DET Tonn

======== TJ THNNYHD ========

Das QQ0000E070 T1a

228 00000000°T Ta

I Z2°00¢ 2L

D980 0579 aa

025N 008791 Ma

Zl6 ¥

D25 9TL6669°0 oy

ZH 99€¢FTL°0 SHAAId

ZH ¥06°T9L6C HMS

0 5d

LTT SN

£TDaZ LNHATOS

29917 arL

pebdez H0¥MdINd

-dd Qdd¥d wr g aHaO¥ud

3oads WELSNT

TT°LT SWTL

S060TTOZ Te3eg

saajaueled UOT3ITSTNDOY - ¢d

_ T ONOOdd

@ z ONAXE

bt CLT-ITTI-34d HIWEN
(o]
=]
(o2}

L9 LYT
19 81¢

S92



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

Picele] [ 'S 09 "L ST L [ S°8
1 1 L 1 [ I 1 1
il e

0P~ 1 jolcs

0 a5

ZH 0Z°0 g1

0 g58

jric MM

ZHW Z6000ET°00% a3

89LZE Is

ZHAW 6008ZET 00% TO4S

M LZELBTI¥6° 92 MT1d

g 00 "7 T1d

D95 0976 1d

HT ToON

Emsoj==== ._”m-._. THIANNYHED ========

T 0dL

295 000000007 T Ta

d 2 86 d&

oasn 959 90

- T OBSTy 0077 €8 Ma

GLS , wm

o9 LLPESCL T 7

0s3l ZH 66ELEST 0 SHIAT A

ZH 9T19°6009 HMS

0 j=1e)

(4 SN

0] £T0aD INHATOS

89LZC arL

oebz DO¥ATINg

~dd 0ddvd umr ¢ aHdoud

aoads HOYLSNI

TO"EC SUTT,

Q0T60TTOC Te3eqg

T ONOQOYd

T ONdXH

CLT-ITII-CIad HNYN

S93



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

00T OTT GZT O0ET OFT
Liserisns [T Ly

0ST G9T O0LT 08T 06T 00 0OTIZ o022

A PYPRTITTN | T [ 1 | PPRTITETI FINVPITIN FITTIIPON | | 1,

NN NRN W
Ul W0 kW =] 00 1N

b . R
FO M W s
LW OOD @
LMo Omw

¥88° 9L
200" LL
GeE LL

T

68% S0T

ar'T

-0

ZH

ZHHK

69C°6¥T
TG9°91TC

00°'T

0

ic

STLLEZTO 00T
89.LT¢
SO009TET 00F
EYTO6TLE"Q
ZPTOGTLE D
LTELBTPE 9C
09°%T

09°%T

00" %-

0008

86€8CE9 00T
8OPETELS 6T
Q"¢
Q5°8

000000EQ°0
6666666970
S°86C

0s'9

009" LT
0502
899L9L5°0
LLE998 0
260760782
0

£LT

£T0a0
89LEZC
peddbz

-dd Oddv¥d 1mI g
30ads

L0 2T
TTI60TTOC

T

4
CE-ELT-ITI~T4ad

COON

204udrind
aHgaodd
HOMLENT
JUIT,L
Tajeq
ONDO¥I
ONdXH
HHYN

S94



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

wdd € g ¢ §°9 Q09 0" L L 0°8 S°8
1 . 1 Ll 1 1 1 1 1
jljﬁ.—.—-._
0F°T od
0 g9
ZH ¢E°0 g7
0 88
WA Jutari)
ZHW HLT0OET 008 48
9£659 I8
sasjsueied Burssenold - Zd
ZHW 20SZ£eT 008G 1C4as
M S£E000286° 91 ™i1d
295N 00°ST T4
HT TONON
======== MM TENNYHD =—==mmomo=—
238 Q0000001 1a
d 67662 HL
0B8N 0979 H2a
DISN £99°99 Ma
9¢ o4
o828 997666972 ov
ZH P6TSBT O S54d14
~ ZH 0007 00SL HMS
T 0 sa
82 SN
H £T2CED LNEATOS
Os3L 8670F an
pebz ooMdInd
-d9 Oddv¥d UL § JHIOUd
3o=ads HOIYLSNT
=T e) Feree ) _SWTL
£160TT0Z 23ed
sIsjsuelard ucTaTsSINDOY - z4d
T ONDOYd
T ONdXH
9LT-III-add YN

SsAIjWweIRd BIRJ JUIIIND

S95



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

i

wdd 0T o_m o_m o_w ogm o_w o_h o_m ohm oﬁ_u..ﬁ o._: omﬁ om._” owa omﬁ ow._” om.._” oM_WH om._” _
N PO I TTPEET PRI PPN FTTET T T FPRTTRTTT PPN Pl ITE TR P . TR FETTETIET PP FTTPETET FTTUTETPU] N PITTTRTTEY SETTTa e " s
_,, _
m I
Il !
| I
I

L Ll Ll
mEmemm e === HM THNNYHD ========
h T 0aL
D98 96666606570 YILTHJ
028 0000002070 1P
088 6666666970 Ta
M 7°96¢C L
2380 Q07 T¢ J4a
288N 009°¢¢ Ma
970914 od
095 BYLLLLLTO oY
ZH 64%99%9°0 SHYATA
ZH TP7 98TTE HMS
0 s5C
FOTS SN
cTOodo LNEATOS
BoLEC aL
Qcbdbz HO¥dINd
TONUTITNH W § aHd0¥d
1oods WOALSNT
TG LT SWTL
6T60TTOC T2led
IojsueIed UoTilTSTnboy - 74
AN A M H
[ 1 = MNNMNRN W e o 3 ~d -] %] [y = = Z ONdXH
o B ENOAD O WWw & o= = S > o Z8T-III-a4dd HIWYN
B B ARNGL B Ao o J86 o b tn w gsisjsueled Biled JUSIIAND

S96



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

T 0°¢ 0'v 0° g9 0" S L 08 58 0'6
| PP | | L M P [ | ‘ | i
4 T -
A
0F" 1T o
0 a9
ZH 0Z°0 a7
0 gss
WE Mam
ZHW 8B8000ET 00F as
89LEE IS
ZHH 6008ZET 00F T04s
M LZELBTFE9E MTId
ap 00 b- T1d
gesn 056 Td
HI TonN
q======= HM THNNYHD ========
........ _ 3 T 0GL
T PaS 00000C00°T Ta
H M 0°862 a2l
D09 Jesn 0g°9 aa
g9sn 00778 mMa
TS tarty
D88 LLPEYTL T o
o ZH 66€E£8T ¢ SEUATd
ZH S19° 6009 HMS
0 sa
g¢ SN
£TOaD LNAATOS
89LTE aL
oebz D0MdINd
-gg oggvd Wwn ¢ gHgodEd
30ads HOYLSNT
9€° 9T SUITL
ZOOTTTOZ ~a3eq
T ONpOHd
T ONdXH
uojoxd LLT-ITI-add THYN

S97



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

wdd ot 0z o 0P 05 09 04 08 06 00T OTT 02T OET O%T O0ST 09T OLT 08T 061 002 012 0ce
AP P | | T | FTPUTT Livivanans beovinens Loveriiins | NV | TP | FAPIT L FVPINITN [N 1 ] 1 N FURTIVTUTY FYTPTTUTTY FTTRTTETTI FYPITTETT FTUTTETETI NTVRTETT ITRTITITT PP

T T 17k . IS i .— F [ I T
il _ | |
ol ! _

0F° 1 od

0 g0

ZH 00°T Y

0 g5s

WE Mam

ZHH 669LZT9°00T a8

89LCE Is

ZHW SQ09TET 00T T0ods

M ZPTO6TLE O METTd

M ZPTO6TLE D MZT1d

M LZ6LBTT?6 BT MZ1d

dp 09° 71 £T1d

gP 08" 7T ¢T1d

ap 00" %~ c'1d

295N 00" 08 2dadod

HT TION

9T23TeM 7od4adon

======== gJ THNNVHD ========

ZHW B86Z8ZC9 00T TCAS

M BOFPEZEES 6T MTIL

ap 0Z°¢ T

095N 0§78 T

DET TOAN

======== T3 THNNVHD ========

T 0aL

225 000000070 T1a

VB8 6666666970 1a

A 07862 oI

Q5N 0§79 oda

235N Q09" LT na

0s0e od

VBT 899L9L5°0 0w

i ZH LLB6SY98°0 SHIATA

ZH T60°60%8¢ HMS

0 sa

0800T SN

€140 LNHATOS

89LC¢ axL

0cbdbz o0¥a1nd

~d9 Ooddv¥d W g GHECHd

AANAAL A | S G

R R BB BB B W s s Gl B I P e = = [N} vy 31 _SuTd

VIO PP W =10 0o o\ O -3 ) . o i Z0OTTTIO0E @3ed

ahbhaniaapby ok A L w  t ° onaxa
wn o)

NEREOWRENWSIWWOo© ooy ﬂ a % _.U. LLTI-III-add TN

S98



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

wdd T 0 g 0°9 = 0L G L 08 58
1 1 . | 1 N | | 1 1
j ﬁ-.n_— W l_t “ —‘ L ) o

0¢°T od

0 =ta)

ZH 04°C g7

0 58

W MM

ZHW 64000€T°00¥ ds

89L2¢E Is

ZHH 6¢08CET"00% TOAS

M L36L8TF6°9C MTTZ

gp C¢° V- 114

oc@sn 046 Td

H TONN

======3= T3 THNNYHD ========

T 0L

028 00000000°T 1G

" % 0]862 A5

0°0OH oesn 0¢°9 "G

D35T 0QZ €8 Ma

o%% e

PBS LAFEO0ZL’T ov

fs) ZH 64€€81°0 SHAEATL A

ZH ST9°6009 HMS

0 5a

4 SN

£12ao INEATOS

83LCt an

0gbz HOAATNAG

-4d Odd¥d umur g aHdgodd

1pads HOALSNI

89°¢¢ SWTL

PPOTTITOC Ta3eq

T ONDOMd

T ONdXH

G”OQ.OHQ” EY-8LT-III-a4d HWYN



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

ow omOOHOHHONHomﬁowﬁomﬁowﬁOhHomHomHOONOHNONN
T FTTTITTTIL FTETUTITN TW 1 [P | PPN Lavswsases il N T Leissesass Lisizenn | Loviiiiany PRI Livaseroas |

! |
0% 1 od
0 g0
ZH Q0" T g1
a g45s
pricy Mam
Z3 669LZTY9 00T A5
89LT¢ I3
ZHW SOG9TET 00F Zods
M ZPTOBTLE O METId
M ZYTO6TLEQ MZTId
M LEZBLBTIFE 9L mMzId
gp 09°PT £171d
gP 09° 71 Z1Id
gp 00 9- Z71d
pasn 00’08 7adoda
HT ZONN
9TZ3TeM zoddadan
=zmmamame 7 TUNNYHD ========
ZHH 8678CT9°00% 1045
M 89V6CEES 6F MTId
dp 0T ¢ 114
o=sn 0§ 8 Td
DET TonN
======== TJ TAHNNV¥H) ========
T 0L
P28 Q00000£0°0 1ta
028 6666666970 Ta
4 T 86< oL
D98N 0679 Hd
095N Q09 LT Mg
Qs0zZ ol
025 gO9LDLGTO oy
ZH LL6998°0 SHAATA
ZH Z60°60F%8BC HMS
0 Sa
0S0LE SN
£TDa2 LNEATOS
89.LC€ ads
oebdbz D0¥dINdg
—g9 Ogdv¥d W g aHs0ud
NI | ST
£€0°0 SUWTL
CEEEENNYReS b o~ o B §00TTTOC s1ed
ELEZ.L.V.VSRHH m % % M Z ONdXH
ReSEoaao ~ & A 3 €d-8LT-III-04d HWYN

S$100



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

(e
[ &)
™~ -+
N,
s 2 %
=] &
(i)
S .
° ()
‘%\, »
7 -
[&]
g O
«
@ ]
put g
Lo
T __»,ﬂ\
. \:l‘ R Q
5 () o
. < K ’522
S S ()
o S
T k-
-
) ) 2
-\\\\ \/_CJ_,
g 8
- i
X -
Q
N\
(S R 3
)
a8

S$101






