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General Methods, Materials, and Instrumentation

Unless otherwise specified, all reactions were carried out in flame-dried glassware
with magnetic stirring. Commercial reagents were used as received with the following
exceptions: K,COj3;, NayCOs3, Cs,CO; and DIPEA were purchased from Aldrich
(>99%, reagent grade). Solvents were dried and distilled by standard procedures'. All
reagents were weighed and handled in air at room temperature. Column
chromatography was performed on silica gel (200 ~ 300 mesh). NMR spectra were
recorded on Brucker AVANCE 300 NMR spectrometer or Brucker AVANCE I1I 400
NMR spectrometer or Brucker AVANCE III 500 NMR spectrometer. Chemical shifts
for Proton magnetic resonance spectra (‘'H NMR) were quoted in parts per million
(ppm) referenced to the appropriate solvent peak or 0.0 ppm for tetramethylsilane
(TMS). The following abbreviations were used to describe peak splitting patterns
when appropriate: br = broad, s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multriplet, dd = doublet of doublet. Coupling constants, J, were reported in hertz unit
(Hz). Chemical shifts for ?C NMR were reported in ppm referenced to the center line
at 77.16 ppm of CDCl; or 39.52 of DMSO-d. Mass spectra were recorded using an ES
ion source unless stated otherwise. All melting points were measured using a BUCHI

510 melting point apparatus.

General Procedure for Synthesis of Amides’

O
O HOBt, EDCI 3 )k

R + 2
NH, HO™ “R? NMM, DMF N R

R5= alkyl or aryl

A flame dried flask was charged with carboxylic acid (4.4 mmol, 1.1 equiv) in dry
N,N-dimethylformamide (40 ml), and the solution was stirred at 0 °C. To this solution
was added  I-hydroxybenzotriazole (4.8  mmol, 1.2 equiv) and
1-[3-(dimethylamino)propyl]-3-ethylamine (4.8 mmol, 1.2 equiv). After 30 min,
N-methylmorpholin (10.0 mmol, 2.5 equiv) and amine (4.0 mmol, 1 equiv) was added

to the resulting mixture. The reaction was slowly warmed to room temperature and
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keeped stirring for 6 h. Then solvent were removed in vacuo and the resulting residue
was resuspended in EtOAc (150 mL) and washed with water (2 x 40 mL), 0.1 N HCI
(2 x40 mL), 0.1 N NaOH (2 x 40 mL), and brine (1 x 40 mL). The organic phase was

dried over Na,SOy, concentrated in vacuo, and purified by silica gel chromatography.

General Procedure for Synthesis of 3-oxo-3-arylpropanoates’

0 0 . 0O O
SoCl, 1, KOOCCH,COOR
X OH ———— X Cl l,, EtsN N X OR*
Rt P reflux R P MgCly, EtsN, MeC R
X X 2, HCI, H,0 >y
X=F, Cl, Br, |

A solution of carboxylic acid (4.0 mmol, 1.0 equiv) in thionyl chloride (2 ml) was
refluxed for 2 h. After cooling to room temperature, the mixture was concentrated
under reduced pressure. Toluene was added (2 x 2 ml) and the mixture concentrated
again to yield the corresponding acyl chloride as a TLC pure residual oil.

Potassium malonate (5.2 mmol, 1.3 equiv)was placed in a flask under a nitrogen
blanket. Acetonitrile (40 ml) was added and the mixture was allowed to stir at 10 °C.
To this mixture was added triethylamine (16 mmol, 4 equiv) followed by magnesium
chloride (8 mmol, 2 equiv) and stirring continued at 50 °C for 2 h. The resulting
slurry was re-cooled to 0 °C. and a solution of the acyl chloride in dry acetonitrile (10
ml) was added dropwise. The mixture allowed to stir continued at 70 °C for 3 h, next
cooled to room temperature. The solvent was distilled off and poured into ice water
and acidified to pH 5-6 with 1N HCI, then extracted with ethyl acetate (3 x 50 ml) and

dried over Na,SOy4, concentrated in vacuo, and purified by silica gel chromatography.

General Procedure for Synthesis of Quinolones 4a ~ 4y.

0O O

O O
4
O Cl R1WOR 4
OR
R3\NJJ\R2 SOCI2 R3\ N/)\ R2 X R1 | .
H N™ "R
K,COs, DIPEA, DMF R3
0°C, 1h; 110°C, 1h
4a ~ 4y
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A solution of amide (2.4 mmol, 1.2 equiv) in thionyl chloride (12 mmol, 6 equiv) was
stirred at room temperature overnight or refluxed for 3 h. After cooling to room
temperature, the mixture was concentrated under reduced pressure. The residue was
dissolved in toluene (2 x 1 ml) and the mixture was evaporated again to generate the
corresponding imidoyl chloride as a TLC pure residual oil.

3-Oxopropanoate (2.0 mmol, 1 equiv), potassium carbonate (6.0 mmol, 3 equiv) and
N,N-diisopropylethylamine (4.0 mmol, 2 equiv) were mixed in dry DMF (5 ml) and
stirred at 0°C for 15 min. To this mixture, was added a solution of the imidoyl
chloride in dry DMF (5 ml). The reaction mixture was stirred at 0 °C for 1 h and
heated at 110°C for another lh. The solvent was distilled off and the residue was
poured into water, then extracted with CH,Cl, (50 ml x 3) and dried over Na,;SOy,
concentrated in vacuo, and purified by silica gel chromatography. Recrystallization

from ethanol and n-hexane gave further purified product.

Procedure for Synthesis of Quinolone 4z.

OMe
O | 10% Pd/C, H, O OMe
F N

O MeOH, rt, 20h F H O

4x 4z

A solution of 4x (194 mg, 0.50 mmol) in EtOH (5 ml) was hydrogenated over 10%
Pd/C (60 mg 30% w/w) at room temperature for 20 h with stirring. The catalyst was
filtered out, and the filtrate was concentrated in vacuo affording a crude product,
which was purified by column chromatography on silica gel with petroleum ether-

ethyl acetate (1:1, v/v) to yield 4z (145mg, 97%) as a white powder.

General Procedure for Synthesis of Chromones 6a ~ 6i.
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O o O o
0 K,COs, DIPEA, DMF
OMe OMe
* CI)J\RZ 0°C, 1h: 110 °C, 1h |
F F F (®) R2
6a ~ 6i

3-Oxopropanoate (2.0 mmol, 1 equiv), potassium carbonate (6.0 mmol, 3 equiv) and
N,N-diisopropylethylamine (4.0 mmol, 2 equiv) were mixed in dry DMF (5 ml) and
stirred at 0°C for 15 min. To this mixture was added a solution of the acyl chloride in
dry DMF (5 ml). The reaction solution was stirred at 0 °C for 1 h and heated at 110°C
for another 1h. The solvent was distilled off and poured into water, then extracted
with CH,Cl, (3 x 50 ml) and dried over Na,SO4, concentrated in vacuo, and purified
by silica gel chromatography. Recrystallization from ethanol and n-hexane gave

further purified product.

Characterization data for the products 4a-4z and 6a-6i
Ethyl
6,7,8-trifluoro-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate (4a).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 74% (532 mg). White solid, mp
126-128°C. "H NMR (300 MHz, CD;OD) & 8.02 (ddd, J = 10.3, 8.4, 2.3 Hz, 1H), 7.65
—7.52 (m, 3H), 7.52 — 7.43 (m, 2H), 3.92 (q, J=7.1 Hz, 2H), 3.71 (d, J = 8.7 Hz, 3H),
0.88 (t, J=7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) § 171.79, 165.46, 155.02,
148.28 (dd, J =251.6, 12.2 Hz), 143.91 (dt, J = 32.8, 16.7 Hz), 142.38 (dd, J = 254.6,
15.9 Hz), 132.93, 130.71, 129.44, 129.22, 128.91, 123.58 (d, J = 5.5 Hz), 119.01,
108.77(dd, J = 18.3, 3.3 Hz), 61.38, 41.66 (d, J = 15.4 Hz), 13.86. HRMS (ESI) m/z:
[M+H]" Calcd for CjoH;sNOsF3 362.1004; found 362.1007.
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Ethyl
7-fluoro-6-iodo-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4b).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 74% (668 mg). White solid, mp
235-236°C. "H NMR (300 MHz, CDCls) & 8.86 (d, J = 7.2 Hz, 1H), 7.55 — 7.46 (m,
3H), 7.42 — 7.35 (m, 2H), 7.21 (d, J = 9.8 Hz, 1H), 3.95 (g, J = 7.1 Hz, 2H), 3.45 (s,
3H), 0.88 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCls) § 172.13 (s), 165.73 (s),
163.76 (d, J = 250.5 Hz), 152.98 (s), 142.60 (d, J = 10.4 Hz), 139.07 (s), 133.04 (s),
130.31 (s), 128.97 (s), 128.75 (s), 125.04 (s), 120.06 (s), 103.06 (d, J = 29.6 Hz),
61.19 (s), 37.42 (s), 13.78 (s). HRMS (ESI) m/z: [M + Na]" Calcd for
Ci9H1sNO;sNaFI 473.9978; found 473.9968.

Methyl
7-fluoro-6-iodo-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4c).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 64% (561 mg). White solid, mp
232-233°C. "H NMR (300 MHz, CDCl;) & 8.86 (d, J = 7.2 Hz, 1H), 7.56 — 7.42 (m,
3H), 7.42 —7.31 (m, 2H), 7.21 (d, J=9.7 Hz, 1H), 3.48 (s, 3H), 3.46 (s, 3H).

C NMR (125 MHz, CDCl;) 8 172.16, 166.41, 163.85 (d, J = 250.6 Hz), 153.23,
142.63 (d, J=10.5 Hz), 139.16, 139.12, 133.02, 130.38, 129.04, 128.60, 125.08,
119.87, 103.07 (d, J = 29.8 Hz), 52.27, 37.48. HRMS (ESI) m/z: [M + H]" Calcd for
Ci13H14NO5FI 438.0002; found 438.0003.

Methyl 7-fluoro-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
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Eluent: petroleum ether/ ethyl acetate = 2:1. Yield 65% (403 mg). White solid, mp
212-213°C. "H NMR (300 MHz, CDCl5) & 8.58 — 8.48 (m, 1H), 7.57 — 7.38 (m, 5H),
7.24 —7.11 (m, 2H), 3.51 (s, 3H), 3.48 (s, 3H). *C NMR (100 MHz, CDCl;) & 173.54,
166.83, 165.66 (d, J = 252.2 Hz), 153.06, 142.82 (d, J = 11.3 Hz), 133.36, 130.42,
130.32, 129.07, 128.72, 123.68, 119.52, 113.19 (d, J = 22.8 Hz), 102.68 (d, J = 26.8
Hz), 52.32, 37.52. HRMS (ESI) m/z: [M + Na]" Calcd for C;sH;sNO3;FNa 334.0855;
found 334.0873.

Methyl 1-methyl-7-nitro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4e).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 85% (574 mg). Light yellow solid,
mp 261-263°C. "H NMR (300 MHz, CDCl5) & 8.68 (d, J = 8.8 Hz, 1H), 8.49 (d, J =
1.9 Hz, 1H), 8.22 (dd, J = 8.8, 2.0 Hz, 1H), 7.63 — 7.52 (m, 3H), 7.44 — 7.40 (m, 2H),
3.63 (s, 3H), 3.52 (s, 3H). >C NMR (100 MHz, CDCl3) & 173.08, 166.24, 154.34,
150.40, 141.21, 132.83, 130.71, 130.31, 129.58, 129.26, 128.59, 120.66, 118.35,
112.71, 52.51, 37.83. HRMS (ESI) m/z: [M+H]" Calcd for C;sH;sN,05339.0981;
found 339.0984.

Methyl

1-methyl-4-oxo-2-phenyl-6-(trifluoromethyl)-1,4-dihydroquinoline-3-carboxylate
(4).
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Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 73% (524 mg). White solid, mp
194-196°C. "H NMR (300 MHz, CDCl3) & 8.81 (s, 1H), 7.92 (dd, J = 9.0, 2.2 Hz, 1H),
7.67 (d, J=8.8 Hz, 1H), 7.60 — 7.46 (m, 3H), 7.45 — 7.32 (m, 2H), 3.57 (s, 3H), 3.51
(s, 3H). *C NMR (100 MHz, CDCl3) & 173.59, 166.50, 153.46, 143.11, 133.10,
130.50, 129.28 (d, J = 3.2 Hz), 129.15, 128.66, 126.63, 126.59 (d, J = 33.7 Hz),
125.33, 125.28 (d, J = 4.0 Hz), 120.15, 117.33, 52.40, 37.67. HRMS (ESI) m/z:
[M+Na]" Caled for C19H;4NO3F; Na 384.0823; found 384.0815.

Methyl 7-cyano-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(49).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 68% (430 mg). White solid, mp
265-267°C. "H NMR (300 MHz, CDCl;) & 8.61 (d, J = 8.2 Hz, 1H), 7.91 (s, 1H), 7.66
(d,J=8.2 Hz, 1H), 7.57 — 7.50 (m, 3H), 7.44 — 7.37 (m, 2H), 3.57 (s, 3H), 3.51 (s,
3H). °C NMR (100 MHz, CDCl3) § 173.16, 166.31, 153.82, 141.02, 132.87, 130.63,
129.28, 129.21, 128.77, 128.61, 126.49, 121.28, 120.45, 118.14, 116.41, 52.46, 37.60.
HRMS (ESI) m/z: [M+Na]" Calcd for C;oH4N203 Na 341.0902; found 341.0897.

Methyl 1,6-dimethyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate (4h).
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Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 43% (264 mg). White solid, mp
167-168°C. "H NMR (300 MHz, CDCl3) & 8.30 (s, 1H), 7.54 — 7.37 (m, 7H), 3.51 (s,
3H), 3.49 (s, 3H), 2.49 (s, 3H). >C NMR (100 MHz, CDCl3) § 174.14, 167.32, 152.30,
139.37, 134.58, 134.45, 133.79, 130.08, 128.93, 128.78, 126.90, 126.70, 118.78,
116.13, 52.21, 37.34, 21.10. HRMS (ESI) m/z: [M+H]" Calcd for C;oH;sNOs
308.1287; found 308.1259.

Methyl 7-methoxy-1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4i).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 48% (309 mg). White solid, mp
213-214°C. "H NMR (300 MHz, CDCl3) & 8.44 (d, J = 8.9 Hz, 1H), 7.61 — 7.30 (m,
5H), 7.03 (dd, J = 8.7, 2.0 Hz, 1H), 6.86 (d, J = 1.9 Hz, 1H), 3.95 (s, 3H), 3.50 (s, 3H),
3.46 (s, 3H). °C NMR (100 MHz, CDCl3) § 173.72, 167.23, 163.49, 152.44, 143.00,
133.77,130.07, 129.21, 128.95, 128.77, 121.12, 118.93, 112.60, 99.47, 55.92, 52.19,
37.36. HRMS (ESI) m/z: [M+H]" Calcd for C;oHsNO4324.1236; found 324.1266.

Methyl 1-methyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate (4j).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 50% (293 mg). White solid, mp
197-199°C. "H NMR (300 MHz, CDCls) & 8.51 (d, J = 8.0 Hz, 1H), 7.76 — 7.68 (m,
1H), 7.56 — 7.36 (m, 7H), 3.52 (s, 3H), 3.50 (s, 3H). >C NMR (100 MHz, CDCl;) &
174.22,167.14, 152.67, 141.26, 133.68, 133.08, 130.15, 128.98, 128.74, 127.30,
126.99, 124.53, 119.09, 116.22, 52.24, 37.39. HRMS (ESI) m/z: [M+Na]" Calcd for
CisHisNOsNa  316.0950; found 316.0924.
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Ethyl
6,7,8-trifluoro-2-(4-methoxyphenyl)-1-methyl-4-oxo-1,4-dihydroquinoline-3-carb
oxylate (4Kk).

OCH,

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 70% (542 mg). White solid, mp
132-133°C. "H NMR (300 MHz, CDCl;) & 8.15 — 8.04 (m, 1H), 7.36 (d, J = 8.6 Hz,
2H), 7.01 (d, J = 8.6 Hz, 2H), 4.03 (q, J=7.1 Hz, 2H), 3.87 (s, 3H), 3.62 (d, J = 8.4
Hz, 3H), 0.99 (t, J = 7.1 Hz, 3H). >C NMR (100 MHz, CDCl3) & 171.93, 165.76,
161.43, 155.08, 148.27 (dd, J=250.9, 11.3 Hz), 143.87 (d, J =256.4 Hz), 142.39 (dd,
J=250.8, 9.0 Hz), 130.51, 129.63, 125.04, 123.63 (d, J = 4.4 Hz), 119.23, 114.63,
108.76 (dd, J=18.2, 3.4 Hz), 61.43, 55.69, 41.75 (d, J=15.0 Hz), 14.06. HRMS (ESI)
m/z: [M+H]+ Calcd for C,0H17NO4F5392.1110; found 392.1121.

Ethyl
6,7,8-trifluoro-2-(4-fluorophenyl)-1-methyl-4-oxo-1,4-dihydroquinoline-3-carbox
ylate (41).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 66% (498 mg). White solid, mp
138-139°C. "H NMR (300 MHz, CDCl;) & 8.07 (ddd, J=10.4, 8.3, 2.3 Hz, 1H), 7.44
(dd, J=28.8,5.2 Hz, 2H), 7.25 - 7.19 (m, 2H), 4.01 (q, J = 7.1 Hz, 2H), 3.62 (d, J =
8.3 Hz, 3H), 0.97 (t, J = 7.1 Hz, 3H). °*C NMR (100 MHz, CDCl3) 3 171.83, 165.45,
153.90, 148.38 (dd, J=252.0, 11.2 Hz), 143.99 (dt, J=33.0, 16.9 Hz), 142.37 (dd, J
=256.2, 14.7 Hz), 131.80 (d, J=9.1 Hz), 131.15 (d, J = 8.6 Hz), 128.93 (d, J=3.6
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Hz), 123.59 (d, J = 4.3 Hz), 119.28, 116.60 (d, J = 22.0 Hz), 115.87 (d, J = 22.1 Hz),
108.82 (dd, J = 24.2, 9.4 Hz), 61.57, 41.70 (d, J = 15.4 Hz), 14.01. HRMS (ESI) m/z:
[M+Na]" Calcd for C1oH;sNOsF4Na  402.0729; found 402.0720.

Ethyl
2-(4-chlorophenyl)-6,7,8-trifluoro-1-methyl-4-oxo-1,4-dihydroquinoline-3-carbox
ylate (4m).

Cl
Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 71% (560 mg). White solid, mp

166-168°C. "H NMR (300 MHz, CDCls) & 8.11 — 8.05 (m, 1H), 7.51 (d, J = 8.4 Hz,
2H), 7.39 (d, J = 8.4 Hz, 2H), 4.02 (g, J = 7.1 Hz, 2H), 3.62 (d, J = 8.2 Hz, 3H), 0.98
(t, J="7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) § 171.76, 165.32, 153.79, 148.38
(dd, J=252.3, 11.7 Hz), 145.63 — 142.34 (m), 142.38 (dd, J = 253.1, 14.4 Hz),

137.16, 131.26, 130.37, 129.61, 129.49 (d, J = 3.1 Hz), 123.57 (d, J = 3.8 Hz), 119.10,
108.81 (dd, J = 18.1, 3.2 Hz), 61.59, 41.70 (d, J = 15.5 Hz), 13.95. HRMS (ESI) m/z:
[M+Na]" Calcd for C1oH;sNOsF3NaCl 418.0434; found 418.0432.

Ethyl
6,7,8-trifluoro-2-(2-iodophenyl)-1-methyl-4-oxo-1,4-dihydroquinoline-3-carboxyl
ate (4n).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 77% (750 mg). White solid, mp
114-115°C. "H NMR (300 MHz, CDCl3) & 8.19 — 8.13 (m, 1H), 7.98 (d, J = 7.7 Hz,
1H), 7.53 = 7.48 (m, 1H), 7.41 — 7.33 (m, 1H), 7.25 - 7.20 (m, 1H), 3.98 (¢, J=7.1
Hz, 2H), 3.66 (d, J = 8.3 Hz, 3H), 0.94 (t, J = 7.1 Hz, 3H). >C NMR (100 MHz,
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CDCl3) § 171.95, 164.90, 155.25, 148.38 (dd, J = 252.1, 11.3 Hz), 144.09 (d, J =
257.5 Hz), 142.45 (dd, J = 254.1, 13.1 Hz), 139.75, 138.14, 131.77, 130.16, 128.89,
128.70, 123.87 (d, J = 4.0 Hz), 118.23, 109.01 (d, J = 18.4 Hz), 98.51, 61.37, 39.85 (d,
J=16.5Hz), 13.92. HRMS (ESI) m/z: [M+H]" Calcd for C oHsNO3F;1487.9971;
found 487.9973.

Ethyl
2-(2,6-dichlorophenyl)-6,7,8-trifluoro-1-methyl-4-oxo-1,4-dihydroquinoline-3-car
boxylate (40).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 74% (633 mg). White solid, mp
135-137°C. "H NMR (300 MHz, CDCl3) & 8.22 — 8.08 (m, 1H), 7.53 — 7.36 (m, 3H),
4.06 (q, J = 7.1 Hz, 2H), 3.69 (d, J = 7.7 Hz, 3H), 1.02 (t, J = 7.1 Hz, 3H). >C NMR
(100 MHz, CDCl3) 6 171.93, 164.52, 150.05, 148.47 (dd, J=252.8, 11.5 Hz), 144.13
(dt, J=34.1, 16.8 Hz), 142.37 (dd, J = 255.8, 14.6 Hz), 135.20, 132.37, 131.42,
128.63, 128.52, 124.00 (d, J = 3.7 Hz), 117.71, 109.16 (dd, J = 18.1, 3.4 Hz), 61.42,
39.16 (d, J = 17.2 Hz), 13.99. HRMS (ESI) m/z: [M+H]" Calcd for C;9H;3NO;F3Cl,
430.0225; found 430.0232.

Ethyl
6,7,8-trifluoro-1-methyl-4-oxo-2-(3-(trifluoromethyl)phenyl)-1,4-dihydroquinolin

e-3-carboxylate (4p).
0O O
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Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 72% (620 mg). White solid, mp
111-112°C. "H NMR (300 MHz, CDCl;) & 8.17 — 8.06 (m, 1H), 7.83 (d, J = 7.1 Hz,
1H), 7.77 - 7.63 (m, 3H), 3.99 (q, J = 7.1 Hz, 2H), 3.63 (d, J = 8.2 Hz, 3H), 0.95 (t, J
=7.2 Hz, 3H). *C NMR (100 MHz, CDCl;) & 171.80, 165.16, 153.16, 148.55 (dd, J =
253.5,11.3 Hz), 144.14 (dt, J = 258.1, 16.8 Hz), 142.43 (dd, J = 255.6, 13.4 Hz),
133.78,132.41, 131.99 (d, J = 33.3 Hz), 130.08, 129.44, 127.57 (d, J = 3.6 Hz),
12591 (d, J=3.6 Hz), 123.77 (d, J=24.7 Hz), 122.23, 119.37, 109.06 (dd, J = 18.8,
2.9 Hz), 61.73, 41.82 (d, J = 15.6 Hz), 13.86. HRMS (ESI) m/z: [M+H]" Calcd for
Cy0H14NO3sF¢430.0878; found 430.0887.

Ethyl
6,7,8-trifluoro-1-methyl-2-(4-nitrophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxy
late (4Q).

NO,

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 65% (528 mg). White solid, mp
210-211°C. "H NMR (300 MHz, CD;OD) & 8.44 (d, J = 8.9 Hz, 2H), 8.11 — 8.02 (m,
1H), 7.80 (d, J = 8.9 Hz, 2H), 3.96 (q, J=7.1 Hz, 2H), 3.71 (d, J = 8.4 Hz, 3H), 0.94
(t, J="7.1 Hz, 3H). >C NMR (100 MHz, CDCl3) & 171.54, 164.94, 152.62, 149.08,
148.51 (dd, J =253.9, 11.5 Hz), 145.67 — 142.43 (m), 142.43 (dd, J =255.3, 15.1 Hz),
138.96, 130.40, 129.40, 124.39, 123.52 (d, J=4.3 Hz), 118.87, 108.78 (dd, J = 18.3,
2.6 Hz), 61.76, 41.83 (d, J = 15.8 Hz), 13.97. HRMS (ESI) m/z: [M+Na]" Calcd for
C19H13N,05F3Na 429.0674; found 429.0678.

Ethyl

6,7,8-trifluoro-1-methyl-2-(2-nitrophenyl)-4-oxo-1,4-dihydroquinoline-3-carboxy
late (4r).
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Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 81% (654 mg). Light yellow solid,
mp 163-164°C. "H NMR (300 MHz, CD;0D) & 8.38 (d, J = 7.7 Hz, 1H), 8.12 — 8.02
(m, 1H), 7.96 — 7.85 (m, 2H), 7.63 (d, J = 6.8 Hz, 1H), 3.93 — 3.80 (m, 2H), 3.79 (d, J
= 8.3 Hz, 3H), 0.91 (t, J = 7.1 Hz, 3H). °C NMR (100 MHz, CDCl5) & 171.44, 164.88,
152.21, 148.39 (dd, J=253.1, 10.4 Hz), 147.92, 144.12 (dt, J = 258.9, 17.1 Hz),
142.32 (dd, J = 253.6, 16.2 Hz), 134.61, 131.93, 130.80, 128.77, 128.03, 125.12,
123.66 (d, J=3.8 Hz), 116.62, 109.01 (dd, J=18.3, 3.3 Hz), 61.59, 40.71 (d, J=17.0
Hz), 13.89. HRMS (ESI) m/z: [M+H]" Calcd for C19H;4N,0sF; 407.0855; found

407.0863.
Ethyl
6,7,8-trifluoro-2-(furan-2-yl)-1-methyl-4-oxo-1,4-dihydroquinoline-3-carboxylate
(4s).
O O

F | OFEt
E o)

Loy

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 41% (287 mg). White solid, mp
179-180°C. "H NMR (300 MHz, CD;0D) § 7.97 (ddd, J = 10.3, 8.3, 2.3 Hz, 1H), 7.91
—7.86 (m, 1H), 6.95 (d, J=3.5 Hz, 1H), 6.71 (dd, J = 3.5, 1.8 Hz, 1H), 4.13 (q, J =
7.1 Hz, 2H), 3.78 (d, J = 8.4 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz,
CDCls) 6 172.20, 165.35, 148.43 (dd, J =251.8, 10.4 Hz), 144.57, 144.51, 145.57 —
142.32 (m), 142.50 (dd, J = 255.5, 14.3 Hz), 129.90, 123.68 (d, J = 5.5 Hz), 119.01,
116.17,112.10, 108.59 (dd, J=18.3, 3.3 Hz), 61.85, 42.30 (d, J = 14.6 Hz), 14.22.
HRMS (ESI) m/z: [M+H]" Caled for C;7H;3NO4F3 352.0797; found 352.0798.
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Methyl
1-cyclopropyl-7-fluoro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate (4t).

0O O

Eluent: petroleum ether/ ethyl acetate = 2:1. Yield 56% (378 mg). White solid, mp
210-212°C. "H NMR (300 MHz, CDCl;) & 8.45 (dd, J = 8.8, 6.7 Hz, 1H), 7.59 (dd, J
=11.1,2.0 Hz, 1H), 7.48 (s, 5H), 7.14 (t, J = 8.4 Hz, 1H), 3.54 (s, 3H), 3.20 — 3.10 (m,
1H), 0.92 (d, J = 6.9 Hz, 2H), 0.64 (d, J = 3.7 Hz, 2H). *C NMR (100 MHz, CDCl;)

0 174.04, 166.83, 165.12 (d, J=251.6 Hz), 153.95, 144.15 (d, J = 11.7 Hz), 134.34,
130.05, 129.94, 128.78, 128.71, 123.43, 120.10, 113.09 (d, J = 23.0 Hz), 104.34 (d, J
=27.1 Hz), 52.45, 33.05, 13.11. HRMS (ESI) m/z: [M+Na]" Calcd for
Cy0H1sNO3FNa 360.1012; found 360.1024.

Methyl 7-fluoro-1-isopropyl-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4u).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 77% (521 mg). White solid, mp
196-198°C. "H NMR (300 MHz, CDCl3) & 8.54 (dd, J = 9.0, 7.0 Hz, 1H), 7.54 — 7.43
(m, 4H), 7.40 — 7.37 (m, 2H), 7.13 (ddd, J=9.6, 7.7, 2.2 Hz, 1H), 4.63 (dt, J = 14.4,
7.2 Hz, 1H), 3.45 (s, 3H), 1.57 (d, J = 7.2 Hz, 6H). °*C NMR (100 MHz, CDCl;) &
173.24,166.95, 164.44 (d, J = 250.7 Hz), 153.25, 140.74 (d, J=11.3 Hz), 133.96,
130.67 (d, J=10.7 Hz), 130.16, 129.11, 128.14, 124.91, 119.89, 112.97 (d, J = 22.9
Hz), 105.13 (d, J = 27.3 Hz), 54.01, 52.31, 21.05. HRMS (ESI) m/z: [M+H]" Calcd
for C,0H;oNOsF 340.1349; found 340.1339.
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Methyl 1-allyl-7-fluoro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate (4v).
O O

Eluent: petroleum ether/ ethyl acetate = 2:1. Yield 64% (430 mg). White solid, mp
139-140°C. "H NMR (300 MHz, CDCl3) & 8.53 (dd, J = 9.5, 6.7 Hz, 1H), 7.58 — 7.33
(m, 5H), 7.21 — 7.06 (m, 2H), 5.86 — 5.74 (m, 1H), 5.31 (d, J = 10.7 Hz, 1H), 5.01 (d,
J=17.2 Hz, 1H), 4.58 — 4.45 (m, 2H), 3.50 (s, 3H). >C NMR (100 MHz, CDCl5) &
173.54,166.77, 165.60 (d, J = 251.9 Hz), 153.06, 141.99 (d, J=11.5 Hz), 132.86,
131.31, 130.41, 130.30 (d, J = 10.7 Hz), 128.78, 128.42, 123.77, 119.76, 118.62,
113.31 (d, J=22.9 Hz), 103.67 (d, J = 27.2 Hz), 52.32, 51.30. HRMS (ESI) m/z:
[M+H]" Calcd for C,0H;7NOsF 338.1192; found 338.1202.

Methyl 1-butyl-7-fluoro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4w).

OMe

N

A

Eluent: petroleum ether/ ethyl acetate = 2:1. Yield 75% (529 mg). White solid, mp
110-111°C. "H NMR (300 MHz, CDCl3) & 8.57 — 8.50 (m, 1H), 7.53 — 7.45 (m, 3H),
7.43 —7.35 (m, 2H), 7.19 — 7.10 (m, 2H), 3.90 — 3.79 (m, 2H), 3.48 (d, J = 1.2 Hz,
3H), 1.69 —1.59 (m, 2H), 1.23 — 1.09 (m, 2H), 0.76 (t, J = 7.4 Hz, 3H). °C NMR (100
MHz, CDCls) 6 173.39, 166.86, 165.67 (d, J=251.6 Hz), 152.74, 141.63 (d,J=11.2
Hz), 133.11, 130.60 (d, J=10.7 Hz), 130.19, 128.88, 128.66, 124.10, 119.68, 113.15
(d, J=22.8 Hz), 102.81 (d, J =26.9 Hz), 52.30, 48.69, 30.63, 19.84, 13.53. HRMS
(ESI) m/z: [M+H]" Caled for Cy;H,NO5F 354.1505; found 354.1489.
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Methyl 1-benzyl-7-fluoro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4x).

Eluent: petroleum ether/ ethyl acetate = 2:1. Yield 63% (487 mg). White solid, mp
185-186°C. "H NMR (300 MHz, CDCl3) & 8.54 (dd, J = 8.8, 6.7 Hz, 1H), 7.47 — 7.26
(m, 8H), 7.17 = 7.05 (m, 1H), 7.01 — 6.96 (m, 3H), 5.16 (s, 2H), 3.51 (s, 3H).

C NMR (100 MHz, CDCls) 8 173.66, 166.79, 165.59 (d, J = 252.2 Hz), 153.37,
142.18 (d, J=11.5 Hz), 135.25, 132.80, 130.41, 130.32, 129.41, 128.88, 128.41,
128.20, 125.54, 123.95, 119.92, 113.45 (d, J =22.9 Hz), 103.97 (d, J = 27.1 Hz),
52.65, 52.40. HRMS (ESI) m/z: [M+H]" Calcd for Co4H oNOsF 388.1349; found
388.1327.

Methyl 1-cyclohexyl-7-fluoro-4-oxo-2-phenyl-1,4-dihydroquinoline-3-carboxylate
(4y).

Eluent: petroleum ether/ ethyl acetate = 3:1. Yield 85% (645 mg). White solid, mp
221-223°C. "H NMR (300 MHz, CDCl3) & 8.58 — 8.48 (m, 1H), 7.59 (d, J = 11.8 Hz,
1H), 7.53 = 7.43 (m, 3H), 7.42 — 7.32 (m, 2H), 7.12 (t, J = 8.3 Hz, 1H), 4.10 (t, J =
12.7 Hz, 1H), 3.47 (s, 3H), 2.35 (dd, J = 24.0, 11.9 Hz, 2H), 1.81 (d, J = 11.5 Hz, 4H),
1.59 (d, J=12.2 Hz, 1H), 1.17 (dd, J = 27.1, 13.2 Hz, 1H), 0.92 (dd, J = 25.7, 13.1
Hz, 2H). >C NMR (100 MHz, CDCl3) § 173.24, 166.69, 164.40 (d, J = 250.3 Hz),
153.57,141.54 (d, J = 10.7 Hz), 134.12, 130.48 (d, J=10.7 Hz), 130.14,129.01,
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128.04, 124.84, 119.97, 112.91 (d, J = 22.9 Hz), 105.47 (d, J = 27.6 Hz), 63.67, 52.32,
30.62, 26.56, 25.10. HRMS (ESI) m/z: [M+H]" Calcd for Ca;Hy;sNOsF 380.1662;
found 380.1675.

Methyl 7-fluoro-4-oxo-2-phenyl-1,2,3,4-tetrahydroquinoline-3-carboxylate (4z).
O O

O OMe
F N
AP

4z

Eluent: petroleum ether/ ethyl acetate = 1:1. Yield 97% (145 mg). White solid, mp
253-255°C. "H NMR (400 MHz, CDCl3) & 11.14 (s, 1H), 7.85 (dd, J = 9.0, 6.1 Hz,
1H), 7.46-7.50 (m, 3H), 7.34 — 7.26 (m, 3H), 6.91-6.96 (m, 1H), 3.50 (s, 3H). °C
NMR (100 MHz, DMSO) 6 173.08, 166.72, 163.60 (d, J = 150.4 Hz), 149.83, 140.94
(d, 3 =10.0 Hz), 133.42, 128.83, 128.32 (d, J = 15.2 Hz), 128.04, 121.55, 115.54,
112.83 (d, J = 28.1 Hz), 103.84 (d, J = 26.8 Hz), 51.74. HRMS (ESI) m/z: [M+H]"
Calcd for C;7H13NOsF 298.0879; found 298.0894.

Methyl 7-fluoro-4-oxo-2-phenyl-4H-chromene-3-carboxylate (6a).
O O

Eluent: petroleum ether/ ethyl acetate = 10:1. Yield 64% (380 mg). White solid, mp
101-102°C. "H NMR (300 MHz, CDCl3) & 8.29 (dd, J = 8.8, 6.2 Hz, 1H), 7.76 — 7.67
(m, 2H), 7.62 — 7.46 (m, 3H), 7.26 — 7.14 (m, 2H), 3.80 (s, 3H). °C NMR (100 MHz,
CDCls) 6 174.30, 166.20 (d, J = 256.2 Hz), 165.58, 163.59, 157.01 (d, J = 13.3 Hz),
132.11, 131.74, 129.14, 128.96 (d, J = 10.7 Hz), 128.17, 120.16, 118.33, 114.82 (d, J
=22.8 Hz), 105.11 (d, J = 25.3 Hz), 53.14. HRMS (ESI) m/z: [M+Na]" Calcd for
C17H1;04FNa 321.0539; found 321.0550.
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Methy!| 7-fluoro-4-oxo-2-p-tolyl-4H-chromene-3-carboxylate (6b).
O O

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 61% (380 mg). White solid, mp
122-123°C. "H NMR (300 MHz, CDCls) & 8.27 (dd, J = 8.7, 6.3 Hz, 1H), 7.62 (d, J =
8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.25 - 7.12 (m, 2H), 3.81 (s, 3H), 2.44 (s, 3H).
BC NMR (100 MHz, CDCl3) § 174.32, 166.17 (d, J = 256.1 Hz), 165.76, 163.67,
157.01 (d, J=13.4 Hz), 142.82, 129.86, 128.97, 128.86, 128.11, 120.18, 117.92,
114.67 (d, J=22.8 Hz), 105.05 (d, J = 25.5 Hz), 53.08, 21.82. HRMS (ESI) m/z:
[MJrNa]+ Calcd for CigH304FNa 335.0696; found 335.0672.

Methyl 7-fluoro-2-(4-fluorophenyl)-4-oxo-4H-chromene-3-carboxylate (6c¢).

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 69% (432 mg). White solid, mp
129-131°C. "H NMR (300 MHz, CDCl3) & 8.33 —8.21 (m, 1H), 7.79 — 7.68 (m, 2H),
7.25—7.10 (m, 4H), 3.81 (s, 3H). >C NMR (125 MHz, CDCl3) & 174.16, 166.24 (d, J
=256.5 Hz), 165.48, 164.93 (d, J = 254.2 Hz), 162.44, 156.94 (d, J = 13.3 Hz),
130.57 (d, J=9.0 Hz), 128.98 (d, J=10.7 Hz), 127.88, 120.11, 118.31, 116.50 (d, J =
22.1 Hz), 114.90 (d, J =22.8 Hz), 105.08 (d, J = 25.5 Hz), 53.19. HRMS (ESI) m/z:
[M+Na]" Caled for C17H;004F,Na 339.0445; found 339.0441.

Methyl 2-(2-chlorophenyl)-7-fluoro-4-oxo-4H-chromene-3-carboxylate (6d).
O O
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Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 73% (485 mg). White solid, mp
111-112°C. "H NMR (300 MHz, CDCl3) & 8.31 (dd, J =8.7, 6.2 Hz, 1H), 7.57 — 7.35
(m, 4H), 7.25 — 7.14 (m, 2H), 3.68 (s, 3H). >°C NMR (100 MHz, CDCl3) & 173.79,
166.24 (d, J =256.6 Hz), 164.26, 163.63, 157.03 (d, J = 13.3 Hz), 133.36, 132.46,
131.22, 130.60, 130.38, 129.07 (d, J = 10.7 Hz), 127.06, 120.58, 120.02, 115.01 (d, J
=22.8 Hz), 105.22 (d, J = 25.5 Hz), 52.90. HRMS (ESI) m/z: [M+Na]" Calcd for
C17H100O4FCINa 355.0149; found 355.0157.

Methyl 2-(2,3-dimethoxyphenyl)-7-fluoro-4-oxo-4H-chromene-3-carboxylate
(6e).

MeO I

OMe
Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 61% (435 mg). White solid, mp

119-120°C. 'H NMR (300 MHz, CDCls) & 8.34 — 8.27 (m, 1H), 7.22 — 7.07 (m, 4H),

7.04 (dd, J =7.3, 2.0 Hz, 1H), 3.92 (s, 3H), 3.87 (s, 3H), 3.71 (s, 3H). *C NMR (100
MHz, CDCls) § 174.00, 166.10 (d, J = 256.1 Hz), 164.77, 163.79, 157.08 (d, J = 13.4
Hz), 153.04, 147.38, 129.01 (d, J = 10.6 Hz), 126.53, 124.41, 121.32, 120.49, 119.70,
115.60, 114.69 (d, J = 22.8 Hz), 105.07 (d, J = 25.4 Hz), 61.51, 56.16, 52.78. HRMS

(EST) m/z: [M+H]" Caled for C1oH;606F 359.0931; found 359.0934.

Methy! 7-fluoro-2-(3-nitrophenyl)-4-oxo-4H-chromene-3-carboxylate (6f).
O O

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 50% (344 mg). White solid, mp
124-126°C. "H NMR (300 MHz, CDCl5) & 8.63 (s, 1H), 8.43 (d, J = 8.3 Hz, 1H),
8.30 (dd, J=8.8, 6.2 Hz, 1H), 8.07 (d, J = 7.8 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 7.30
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—7.20 (m, 2H), 3.87 (s, 3H). >C NMR (100 MHz, CDCl3) & 173.86, 166.38 (d, J =
257.4 Hz), 164.92, 160.55, 156.86 (d, J = 13.4 Hz), 148.57, 133.87, 133.20, 130.42,
129.07 (d, J=10.7 Hz), 126.50, 123.37, 120.08, 119.30, 115.32 (d, J = 22.8 Hz),
105.24 (d, J = 25.7 Hz), 53.43. HRMS (ESI) m/z: [M+Na]" Calcd for C;7H;(NOsFNa
366.0390; found 366.0390.

Methyl 7-fluoro-2-(furan-2-yl)-4-oxo-4H-chromene-3-carboxylate (6g).

0O O
| OMe
F 0 0
|

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 63% (362 mg). White solid, mp
129-130°C. "H NMR (300 MHz, CDCl;) & 8.24 (dd, J = 8.8, 6.3 Hz, 1H), 7.69 — 7.63
(m, 1H), 7.23 — 7.12 (m, 3H), 6.65 — 6.63 (m, 1H), 3.99 (s, 3H). °C NMR (100 MHz,
CDCls) 6 174.06, 169.77, 166.17 (d, J =256.1 Hz), 164.94, 156.41 (d, J=13.5 Hz),
152.14, 147.12, 129.84, 128.78 (d, J = 10.7 Hz), 120.20 (d, J =2.0 Hz), 116.15,
114.61 (d, J=22.7 Hz), 112.96, 104.96 (d, J = 25.7 Hz), 53.22. HRMS (ESI) m/z:
[M+Na]" Caled for C;sHyOsFNa 311.0332; found 311.0320.

Methyl 7-fluoro-2-methyl-4-oxo-4H-chromene-3-carboxylate (6h).
O O

F 0

Eluent: petroleum ether/ ethyl acetate = 6:1. Yield 36% (171 mg). White solid, mp
124-125°C. "TH NMR (300 MHz, CDCl;) § 8.22 (dd, J = 8.6, 6.2 Hz, 1H), 7.19 — 7.08
(m, 2H), 3.94 (s, 3H), 2.52 (s, 3H). "C NMR (101 MHz, CDCl3) 8 173.63, 167.74,
165.96 (d, J=255.9 Hz), 165.54, 156.63 (d, J = 13.2 Hz), 128.93 (d, J = 10.6 Hz),
120.35, 118.05, 114.60 (d, J = 22.8 Hz), 104.78 (d, J=25.4 Hz), 53.00, 19.80. HRMS
(ESI) m/z: [M+Na]" Calcd for C;,HoO4FNa 259.0383; found 259.0406.

Methyl 2-cyclobutyl-7-fluoro-4-oxo-4H-chromene-3-carboxylate (6i).

S21



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

| OMe
F (@)

Eluent: petroleum ether/ ethyl acetate = 10:1. Yield 43% (235 mg). Colorless oil. 'H
NMR (300 MHz, CDCls) 6 8.21 (dd, J = 8.8, 6.3 Hz, 1H), 7.24 — 7.04 (m, 2H), 3.93 (s,
3H), 3.83 —3.68 (m, 1H), 2.59 — 2.41 (m, 2H), 2.39 — 2.23 (m, 2H), 2.14 - 1.91 (m,
2H).

BC NMR (100 MHz, CDCl3) § 173.91, 170.14, 165.95 (d, J = 255.6 Hz), 165.43,
156.76 (d, J=13.3 Hz), 128.81 (d, J=10.7 Hz), 120.32, 116.72, 114.51 (d, J = 22.8
Hz), 104.96 (t, J = 26.2 Hz), 52.99, 37.36, 26.54, 18.38. HRMS (ESI) m/z: [M+Na]"
Calcd for C;sH;304FNa 299.0696; found 299.0712.

S22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

References
1. W. L. F. Armarego and C. L. L. Chai, Purification of Laboratory Chemicals,
Elsevier, 2003.

2. T. Morwick, F. H. Buttner, C. L. Cywin, G. Dahmann, E. Hickey, S. Jakes, P.
Kaplita, M. A. Kashem, S. Kerr, S. Kugler, W. Mao, D. Marshall, Z. Paw, C. K.
Shih, F. Wu and E. Young, J Med Chem, 2010, 53, 759-777.

3. G. Sbardella, A. Mai, M. Artico, M. G. Setzu, G. Poni and P. La Colla, Farmaco,
2004, 59, 463-471.

S23



Electronic Supplementary Material (ESI) for Chemical Communications
fil'is © The Royal Society of Chemistry 2013

This journ

o
o

S'L

0L

$9

0°¢

(wdd) 13
0¢ e ot 4

01 Sl 0¢ (4

S0

00

0.98-]

3.01

2.01

2.00

113.041

3.001

T(

——

S24




Electronic Supplementary Material (ESI) for Chemical Communications
This jour

00T 011 0Cl 0gl Orl 0S1 091 0L1 081
| 1 1 1 | 1 1 | |

(mdd) 17

0T 0g or 0s 09 0L 08 06
1 | |

01

hl is © The Régyal Society of Chemistry 2013

S25

—~145.19
-143.56
%142.63

141.03

~132.93
A 130.71
129.44
129.22
\128.91
123.56

Ry

108.84
108.69
108.66

—61.38

—13.86




Electronic Supplementary Material (ESI) for Chemical Communications

This journfl is © The Royal Society of Chemistry 2013

°
o

S8

08

413.071
1.974
111.01=x

S'L

0L

$9

0°¢

(wdd) 13
Sy

7 208—I ?:

0y

g'e

113.08= —

0¢

¢C

0¢C

Sl

01

3.001 Lr?—

S0

!

S26

887
N\-8.85

7.52
7.51
7.50
7.49
7.49
7.47
7.40
7.39
7.38
7.37
7.37
7.36
7.23
7.19

3.98
f3.96
\-3.94
\3.91

—3.45




Electronic Supplementary Material (ESI) for Chemical Communications
This jourf]

(wdd) 13
0¢ (14 0¢ 09 0L 08 06 00T (1181 0cI 0¢I ovl 0ST 091 0LT

0T

o1

fl'is © The

al Society of Chemistry 2013

—172.13

16573
~164.76
\162.77

—152.98

_<142.65
142.56
~-139.07

—133.04
—130.31
128.97
\128.75
125.04
~120.06

103.18
-102.95

S27

—61.19

—37.42

—13.78




Electronic Supplementary Material (ESI) for Chemical Communications

This ]@er fil'is © The Royal Society of Chemistry 2013
= 8.87
[e]
LO0T  ——e B Less
.
W
7.52
7.51
oo | 1 7.51
< 7.50
| 7.49
< 3.03 L o 7.48
W ) ~7.47
) 1.08-1 = T 7.38
o ] 7.37
7.36
7.35
o - 7.23
7.20
SARS
[e]
o
(9,
A
[e]
=
<)
8 & |
~ W
>
[e]
1:
w [13.02 5 _ o 348
< 2.88>§ { 346
SA) _ >
(@]
o
(9}
D
[e]
%—
o
¢
= -
e
(9}
[
o ] r S28




Electronic Supplementary Material (ESI) for Chemical Communications

This journfl is © The Rgyal Society of Chemistry 2013
_ —172.16
3 -
_~166.41
—164.85
_ ~-162.86
% =
—153.23
g _
1142.67
—_ 142.59
37 139.16
-(139.12
—~133.02
> - B —130.38
< ?129.04
- \128.60
_ 125.08
2 - ~119.87
g |
_ 103.19
—_ \-102.95
8 =
=
o=k
s}
g
® -
2 -
2 -
_ —52.27
<
B
- —37.48
@
N -
5 -
S29
o —




Electronic Supplementary Material (ESI) for Chemical Communications

This journlis © The Royal Society of Chemistry 2013
1 8.56
© - 8.55
8.53
8.53
o 1.0l ===- 8.53
8.52
8.50
- 8.50
(=)
7.52
7.52
~J
> [5.19 7.51
{ = 7.51
2.13] = 7.50
; _ 7.50
7.49
7.41
o | 7.40
hd 7.39
7.39
- 7.39
o ] 7.38
7.38
t7.27
o L7'27
7.22
L7.21
g _ -7.20
-7.19
£ 7.19
<N 7.19
B L7.18
-7.17
. L7.17
o ] +7.16
| , L7.16
3 L
o ||3.00 P
b 3.00>§ E N\-3.48
'Lﬁ | —
()
N
(9}
N
[w]
o |
S !
S
(9]
== — $30 —-0.00




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

—

el
(=]

(wdd) 13
0¢C 0¢ (1% 0¢ 09 0L 08 06 00T (1181 0ocI 0¢T orl 0ST 091 0LT 081

01

fl'is © The

al Society of Chemistry 2013

—173.54

<166.91
166.83
\-164.41

—153.06

_< 142.88
142.77

133.36
£130.42
130.32

\128.72
123.68
\119.52
11330
N113.08

102.81
102.54

—52.32

—37.52




Electronic Supplementary Material (ESI) for Chemical Communications

This jeurnél is © The Royal Society of Chemistry 2013
< 8.69
}8.66
] 8.49
o |[1.004 e 8.48
1004 o 8.24
11192 _ 8.23
8.21
[00]
S 8.20
i 7.56
7.55
< ||31g R 7.54
O .
2.014 ——— T ¥7.54
B 7.53
. 7.44
< 7.43
7.42
o) 7.41
o 7.40
7.27
AR
(@]
A
(9]
.
()
=
~&
% [
)
>
(@]
' L
3.10~x —3.63
w 113001 = ~3.52
'L,) a —
[e)
N
(9]
N
[e]
L
o
=
S
(9]
S 1 ]b— S32
S




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

(wdd) 13
08 06 001 (1181 0ocI 0¢I ovl 0ST 091 0L 081 061
| | | | | | | | | |

0L

0T 0¢ 0¥ 0s

01

fil'is © The Regal Society of Chemistry 2013

S33

—173.08

—166.24

—154.34
—150.40

—141.21

132.83
—-130.71

129.58
¥129.26
~ 13620

\118.35
11271

—52.51

—37.83




Electronic Supplementary Material (ESI) for Chemical Communications

This jgurr fil'is © The Royal Society of Chemistry 2013
g -
o ]
i
O |
(]
11098 —-—- — —8.81
o 7.94
Tl 7.93
7.91
. 7.90
< 111.08-1 - — 7.69
111.13 f7.66
N == — 7.54
< |]3.03
v 5 00d —— _ 7.53
_ — 7.53
\1 7.52
= 7.52
7.51
o L7.42
N L7.41
L7.40
o L7.39
> 1738
L7.27
AR
(9,
o]
P
go ]
B
&~
(9,
&
()
w 307} — 3.57
o 103.05 {—f — 331
W
()
N
i
D
(]
—
.;‘ ]
g _
S
(9,]
(e
o S S34




Electronic Supplementary Material (ESI) for Chemical Communications

This journl is © The al Society of Chemistry 2013
\o —

(=]
g _
—173.59
g ]
—166.50
é‘ _
—153.46
g ]
—143.11
g - 133.10
/130.50
B 129.29

= - _ @2926
8 — = 12015
- 128.66
= _ 126.76
S 126.63
126.43
) 125.33
3] 125.30
125.26
_ 120.15
-3 1 117.33
=
g
g -
g -
51 -
% -

—52.40

0S

—37.67

S35

0 0r1 0¢ 0¢
1 . 1 . 1 . 1 . .




Electronic Supplementary Material (ESI) for Chemical Communications

This jguriélis © The Hoyal Society of Chemistry 2013
s
S
g
W
o
S
] 8.62
_ /
7.91
7.67
W =
Sloss - 784
1 1.07\{ { _ —_ 7.54
o |]3.02+ 15
7|25 %“ - — 7.41
o Xmo
o ] 7.39
| 7.27
SAR
(9]
g - +
.
(9]
m e
g
EEN
A
(9]
>
S
o |[319y L _-3.57
L 713.14 ~-3.51
{,f
'u.> | —
o
N
()]
N
S
L
o
3
g _
S
()]
o = ;—
e S36




Electronic Supplementary Material (ESI) for Chemical Communications
This journ

—_
O
(=]

(wdd) 13
0¢ oy 0¢S 09 0L 08 06 00T (1181 0cI 0¢T (14! 0ST 091 0LT 081

0T

01

fl'is © The

| Society of Chemistry 2013

S37

—173.16

—166.31
—153.82

—141.02
132.87

/130.63
12921
L 12877
\128.61

126.49
N 121.28
\120.45
\118.14

116.41

—52.46

—37.60




Electronic Supplementary Material (ESI) for Chemical Communications

This jaurn fil'is © The Rdyal Society of Chemistry 2013
2
S
(9]
| [l S S— —8.30
[7.54
o -7.51
-7.50
_ | K
& (7.04] ———-= X745
? 1\7.42
. L7.39
= L7.39
L7.38
1736
o
(9,
AR -
(]
AR
(9]
Al
(]
o}
—_—
g4
g
e
(]
w | 3.00}; i 351
< [3.03 f 349
]
.L&J | r
[w)
o 13.07= {L _ —2.49
[
[w)
o L
; _
S
W
g A ‘%— S38




Electronic Supplementary Material (ESI) for Chemical Communications

This journlis © The | Society of Chemistry 2013
g _
g _
—174.14
g _
—167.32
é _
—_ —152.30
% =
139.37
134.58
T - ~ 134.45
< 133.79
?_ - /130.08
_ 128.93
= '£128.78
126.90
_ 126.70
S - —118.78
—116.13
g _
=S
g
g
< -
® -
2 -
2 -
- —52.21
<
B
- —37.34
w
(@]
b —21.10
o
5 -
S39
o —




Electronic Supplementary Material (ESI) for Chemical Communications
This journél is © The Royal Society of Chemistry 2013

°
=

S0 ===

x|
=]
-
& 5.03{ -
= (01
0.98-T
SAR
(%)
2 T
e
W
AR
=]
=
cE
E (9]
~— —3.95
3.50
\3.46

3.05
3.00

St

) mif
J

0¢

94
1

Sl

01

S40

s




Electronic Supplementary Material (ESI) for Chemical Communications

This jgurn
8 —

(wdd) 13
0¢C 0¢ (114 0¢ 09 0L 08 06 00T (1111 0cI 0¢T ovl 0ST 091 0LT 08T 061
| | | | | | | | | | | | |

01

fil'is © The Ra¥®l Society of Chemistry 2013

S41

\173.72
167.23
16349

—152.44

—143.00

133.77
/130.07
129.21

128.95
128.77

~121.12
\118.93
112,60

—99.47

—55.92
—52.19

—37.36




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

®©
)

08

S'L

0L

S9

09

Y
|

0

~ W

(wdd

0y

Sl 0¢ ¢C 0°¢ St

01

S0

fl'is © The

0.921

Royal Society of Chemistry 2013

S42

3.52
N\3.50




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

(wdd) 13
08 06 00T (1111 0cI 0¢T ovl 0ST 091 0L 081
| | | | | | | | |

0L

0T 0¢ or 0s
|

0T

flis© The R

Society of Chemistry 2013

S43

—174.22

—167.14

—152.67

—141.26
133.68
133.08

f130.15

~128.98

\128.74
\127.30
126.99
124.53

\119.09

116.22

—52.24

—37.39




Electronic Supplementary Material (ESI) for Chemical Communications

This jgourr fil'is © The Royal Society of Chemistry 2013
- 8.13
. 8.12
w |[0.961 ~— = 8.10
> ] 8.07
8.06
~
o 7.37
1,98 —_ L334
] \7.26
= 4[2.021 —_— < 7.03
7.00
>
(9,
ISR
[w]
A
(9]
SA
[en)
>
(V)]
o}
= 4.06
o
g B _ Jr4.04
£ 1|1.994 = = _ 1402
||3.004 1399
316+ C _ 3.87
w | é ¥3.64
&n 3.61
w
[w)
[N
(9,
N
[e)
a _
1.01
= 1/3-02-1 = — 40.99
S
(V)]
(]
o % S44




Electronic Supplementary Material (ESI) for Chemical Communications

This journl is © The | Society of Chemistry 2013

g -
_ —171.93
a] —
—165.76
_ - —161.43
% —
15508
149.58
5 149.47
= < 147.08
146,97
_ 143.58
5 V1460
= | _ _ /-129.63
= 125.04
- 12366
_ 123.61
S - —119.23
11463
108.86
= 108.83
S
108.69
108.65
é -
=
ERh
g -
51 -

09
|

|

|
W (@)
(9] [
D o
\O w

% -
41.82
& - <41.67
8 -
ls) ]
—14.06
5‘ -

o S45




Electronic Supplementary Material (ESI) for Chemical Communications

This journdl is © The Royal Society of Chemistry 2013
| 8.11
oo | 8.10
7 8.08
8.07
-~ - 8.07
o 7 8.05
8.04
7.46
N 7.45
\
Y7.44
_ 7.42
. 7.26
o 7] 7.25
7.22
7.19
o
(9}
S
S
A
(9}
S
S
=H
=)
E /4.04
= 4.02
-g -12.081 g: = [ {3.99
3.97
1 3.63
W
L
@ T
S
N
()]
N
S
P
o
0.99
= 1/3.001 = — Loy
\0.94
=
()]
S A r‘ S46
(e




Electronic Supplementary Material (ESI) for Chemical Communications

This jgury
S

001 01T 0Cl 0¢l orl 0S1 091 0LI
1 1 1 1 1 1 1 1

(wdd) 13
06
|

08

0L

0¢ 0¢ 0¥ 0S

01

fl'is © The

yal Society of Chemistry 2013

—171.83
—165.45

153.90
/149.69
/149.57

147.17

147.08
~145.27
~142.71

141.16
141.03

—131.75
131.20

\131.11
128.91
116.71

116.49
115.98

163:98

108.93
108.78
108.75

—61.57

—14.01




Electronic Supplementary Material (ESI) for Chemical Communications

This journfl is © The Royal Society of Chemistry 2013

o |
(9]
8.11
o | /507
5 \.8.05
752
5 L 3%0
?7.40
737
~
(e)
|
i
ISAR
()
el
(9]
el
()
:j:h _|
(9,
% 4.05
S 4.03
_/' .
£ 4[204] T 3-4.00
| 3.98
3.63
) L
| EXE! 3,60
i
2 —
S
(9]
IS
()
a _
1.00
= 1[3.00 == —_— /008
\0.96
IS
i

S48




Electronic Supplementary Material (ESI) for Chemical Communications

This journ
O -
o

(wdd) 13
oy 0¢S 09 0L 08 06 00T (18} 0cI 0¢T ol 0ST 091 0LT 081
| | | | | | | | |

0¢

01

flis © The al Society of Chemistry 2013

S49

—171.76

—165.32

153.79
/147.19
147.06
145.44
}145.26
f142‘71

~-141.05
137.16

131.26
j130.37
129.61
-¥129.50
129.47
123.59

s
{

103:89

108.88
108.73
108.70

—61.59

—13.95




Electronic Supplementary Material (ESI) for Chemical Communications

This journél is © The Royalfociety of Chemistry 2013

08

S'L

S¢S 09 $9 0L

(wdd) 13
01 ST 0'¢C 4 0°¢ ¢'¢ (1874 Sy 0¢S

S0

00

111139

1.02-1

1.144
1.084

111.073

2.08]

113.00

2.95]

W

S50

4.02
-4.00
?3.97
3.95
?3.68
3.65

0.96

/
0.94

\0.92




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

(wdd) 13

—_
\O
(=]

081

0LIT

091

0S1

orl

0¢l

0CI

011

001

06

08

0L

09

0S

oy

0¢

0T

01

fil'is © The Riyal Society of Chemistry 2013

—171.95

—164.90
155.25

149.69
/ 147.19
f147.07

145.37
7
714281
—141.11

A\-139.75
\

e

S51

—61.37

39.93
<39.76

—13.92




Electronic Supplementary Material (ESI) for Chemical Communications

This igurx fl'is © The Royal Society of Chemistry 2013
o 8.18
| }8.18
093] ==— 2815
g _ 8.12
8.12
7.50
g 7.48
w292 = 2-7.46
| o — 745
( 7.43
= - 7.42
7.40
o
(9]
o
[w)
v
(9}
o
[w]
:j-b
g
g 4.09
~ }4.07
» 11207 — 2-4.04
2 1 \4.02
| 3.71
3.07 T <3.68
w |
(9]
v
[e]
NI
(9}
N L
[w]
.;‘ .
1.05
/
= 1|3.00 = e U
o _\-1.00
=
(9]
S S52




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

oo -
S

(wdd) 13
0cC 0¢ oy 0¢ 09 0L 08 06 00T 011 0cI 0cT ovl 0ST 091 OLT
| | | | | | | | | |

01

fl'is © The

yal Society of Chemistry 2013

S53

—61.42

39.24
<39.07

—13.99




Electronic Supplementary Material (ESI) for Chemical Communications

This journfl is © The Rogal Society of Chemistry 2013

001

)

06

S8

08
3=
N
s

SL

(wdd) 13
0S¢ NS 09 ) 0L

94

(187

112.06 = -

93

0¢

¢C

0¢

113.07q (

1(3.01]

Sl

01

S0

00
|

S54

8.15
8.14
8.12
8.09
8.08
7.84
7.82
7.75
7.72

1-7.70

?7.67
7.65

—7.26

4.03
}4.01
\-3.98
\3.96

Y3.65
3.62




Electronic Supplementary Material (ESI) for Chemical Communications
fil'is © The Royal Society of Chemistry 2013

This jguﬁ

081
1

(A1
1

091
1

0S1
1

ol
1

001 011 0cCI 0¢l
1 1 1 1

(wdd) 13

08 06
|

0L

0s

oy

0¢

0¢
1

0l

SS5

41.90

<41.74

—13.86




Electronic Supplementary Material (ESI) for Chemical Communications

This jourddl is © The Royal Society of Chemistry 2013
g i
o0
(V. 2.050 ;:_— —_ <§jg
1 48.10
o |[1.101 —— — 8.09
i 8.07
111.96x = - 8.07
g 8.06
© 8.04
8.03
7.82
< | 7.79
o
\
= O
b b
(@)
= 3
A
W
A
< L
=
3.99
i 3.97
. 2.14J ’ = = T 43.94
1 3.92
) 3.02x T ¥3.72
] 3.69
{
w
o
N
W
N -
o E
; n {b
| {
_ 0.97
> 713.001 %— -_— 40.94
\0.92
S
W
= S56
< 4




Electronic Supplementary Material (ESI) for Chemical Communications

This @Jrf

001 0r11 0Cl 0¢l orl 0S1 091 0L1 081
1 1 1 1 1 1 1 1 1

(wdd) 13

0T 0¢ oy 0s 09 0L 08 06
| |

01

fil'is © The Rdal Society of Chemistry 2013

S57

—61.76

—13.97




Electronic Supplementary Material (ESI) for Chemical Communications

This journél is © The Royal Society of Chemistry 2013
ﬁ _
8.39
2 8.36
8.11
8.10
oo | 8.07
8.04
e \ =—7.93
7.91
- — 7.91
(V. 7.90
7.87
7.85
S 7.64
7.62
o
(9]
ISR
()
A
o B
(9,
=S |
@ F— F3'93
o -3.91
f3'90
i r3.88
B 3.87
{|3.11 N, PP
W 13.84
13.82
13.81
w | £3.80
e L3.77
o
(9]
o
[en)
7
— i /—0.94
< 113.00 E— _— 091
1 ] \0.89
o
(9]
S 58




Electronic Supplementary Material (ESI) for Chemical Communications

This }@ur_r fil'is © The RGEAI Society of Chemistry 2013
(=)
g _
- - —171.44
a] —
—164.88
2 152.21
/ 149.69
/149.60
= 147.92
= 7 14707
\-145.39
= | \\-142.84
e 141.12
5 ~134.61
= — - -131.93
< % = \130.80
= \128.03
— 125.12
=] _ MR
109.12
= - 109.09
108.94
108.91
= 4
:jo
<)
g
S -
% .
51 .
o —61.59
g -
8 .
% 40.80
s <40.63
W _l
(]
8 .
1 - —13.89
5 -
o S59




Electronic Supplementary Material (ESI) for Chemical Communications

This j%urr fil'is © The Royal Society of Chemistry 2013
2 -
8.00
o | 7.99
7 7.97
7.97
© 110.93 7.96
o VPN =—— — 7.94
0.87% o 1793
7.89
a . 7.89
7.89
6.96
=~ 3 6.95
= 110.90= \ 6.72
6.71
(@)
(V. 6.71
SAR
S
A
(9}
o L
[«
=
—&
% W 4.17
A }4.15
2.059 = = — Z2-4.12
s \4.10
{[3.06x <§';g
©w
()]
w
S
N
(9}
N L
(e
o
. 1.16
3.001 %1.14
= ; 1.11
e
()]
o
o 7 S60




Electronic Supplementary Material (ESI) for Chemical Communications

This journél is © The R Society of Chemistry 2013
g _
g _
_ —172.20
a] =
—165.35
é ] 149.74
147.13
145.73
g _ 145.45
144.57
— 144.51
= \-142.73
< -\141.30
_ | 123.70
o
/123.65
119.01
g - 116.17
112.10
1 { / 108.70
- - 108.67
= 108.52
1 108.48
=S
5
)
QS -
% -
2 -
o —61.85
4
] _<42.37
& 42.23
@
N
1 - —14.22
S -
o Se1




Electronic Supplementary Material (ESI) for Chemical Communications

This @uml is © The Royal Society of Chemistry 2013
O |
(9,
O |
[e)
8.48
% _ / 8.46
1001 =—= — g8
\8.43
o |
(o]
1113 % — 7.48
& q[5.004 727
] - Jr7.16
| R = ~— Z.7.14
> 711
SA
(9,
ISAR
[w]
Sl
(9,
-
22
2
)
Flil
(9]
>
(]
@ 3.00= ~—— —3.54
; 319
] 3.17
1.09 —a
T — 3.16
= 3.15
3.14
o 3.13
- 3.11
N
[w]
a _
— _ 0.94
= |2.104 = — Lol
1 0.65
2.06 - <Y
- || — \0.64
(9]
S - —0.00
S62




Electronic Supplementary Material (ESI) for Chemical Communications

This journl is © The al Society of Chemistry 2013
8 =
g _
—174.04
27 16683
~-166.37
— \-163.87
% =
—153.95
g _
_<144.21
144.09
g _
134.34
f130.05
g - 129.94
128.78
128.71
= \123.43
< 120.10
_<113.21
—_ 112.98
=
104.47
_ \-104.20
=8 ]
g
g
Q -
® -
2 -
2 -
—52.45
4
B
—33.05
@
N -
—13.11
5 -
S63
o =




Electronic Supplementary Material (ESI) for Chemical Communications

This 1&1& fl'is © The Royal Society of Chemistry 2013

O |

[an]

/8.57

w |10 = - {2'22

\8.52

7.50

x - 7.49

7.48

. O 7.45

< 7.44
4.13 R :

17 g 7.39

o 1.04~ —— 738

° 7.37

7.16

o L7.15

v ] L7.13

L7.13

o £7.12

> 17.10

L7.10

Al

(V)]

(9,

o 7] 4.68
= }4.65
% . ||1:081 = ~—~— =4.63
~ 7 X4.61

4.58

&

()

}

& |3.002 =— — 345

Sl

[«

[

(9,

[N

()

N 314y { _ 1,58

o Al2.95 z N\-1.55

g _

S

W

(o]

o ] r— S64




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

(wdd) 13
0cC 0¢ (1% 0¢ 09 0L 08 06 00T (1111 0cI 0¢I ovl 0ST 091 0LT 08I
| | | | | | | | |

0l

fil'is © The Royal So

ty of Chemistry 2013

memmmﬁ

S65

—173.24

16695
~165.69
N163.20

—153.25

_< 140.80
140.68

—133.96
130.73
¥130.62

130.16
\129.11
128.14
11804

-112.86

105.27
-105.00

—~54.01
~52.31

—21.05




Electronic Supplementary Material (ESI) for Chemical Communications
Royal Society of Chemistry 2013

This journlis © The
o
o
o {|1.02 ===
5 T\
S
Z
=
()]
g
o
o
(9]
o
[e)
{17 ==
I
(9]
[ 1.04] ——
2 411.07] =
=
o - 1.95-
=i
)
&
[e)

0¢

Sl 07¢
Y

01

0]
1

S66

—-0.00




Electronic Supplementary Material (ESI) for Chemical Communications

This jegurn
(=]

(wdd) 13
0¢C 0¢ (14 0S 09 0L 08 06 00T (1111 0cl 0¢T orl 0SI 091 0LT
| | | | | | | | | |

01

fl'is © The

al Society of Chemistry 2013

S67

—173.54

<166.85
166.77
\-164.35

—153.06

118.62
\113.42
163

\-103.54

_~52.32
™~-51.30




Electronic Supplementary Material (ESI) for Chemical Communications

This jg.lr_r fil'is © The Royal Society of Chemistry 2013
=
©
(9,
= 8.57
i /_/7 8.57
E _ 8.55
o {097 = 8.54
8.54
- 8.52
o 7] 7.52
7.51
4 7.50
7] 495{ p— 7.49
- 7.48
. 2.049 ;— 742
o ] 7.41
7.40
o 7.39
o L7.38
7,27
- L7.27
S L7.18
L7.15
. L7.15
o 1714
17,13
2o
go
B
&
i
s | 3.88
s __ 3.86
| 2.06 %_ — <3.83
w N 3.49
ohI ! o 3.49
-
w
(]
NI
(9,
1.70
g 1.68
| 1.65
2.09] — 7-1.63
7 \1.60
| 1.23
2.10q — ~1.21
= - 1\1.18
\1.16
i 3.02—1 &1‘13
S - 1.11
0.79
0.77
S 0.75
< r S68




Electronic Supplementary Material (ESI) for Chemical Communications

This journfl is © The Royal Society of Chemistry 2013
3
%
- —173.39
3 <166.92
— 166.86
_ \164.42
:- /_F
- —152.74
g _ O
<141.69
E - 141.58
133.11
— 130.65
= = — §130.55
B 130.19
_ 128.88
N - 128.66
338
- \113.03
=
<102.94
- 102.68
=3
)
g
8 .
g .
51 .
% .
- —52.30
2 i —_48.69
. {
w { —30.63
S { —19.84
| - —13.53
5 -
S69
o —




Electronic Supplementary Material (ESI) for Chemical Communications

This journ
o
o

08 G'8

S'L

0L

$9

Y
|

(wdd) 13
ot Sy 0¢

g'e

Sl 0¢ (4 0¢

01

1]

fl'is © The

1.06-]

1]2.061

3.001

Royal Society of Chemistry 2013

==

/8.57
8.55
™~ §8.54
8.52
7.46
7.44
7.42

7.40
7.37

\ 9-7.34
731

N \7.29
727

7.14
7.13
7.11
L7.08
L7.08
7,01
L7.00
L6.99
L6.96

N —5.16

-

—_— —3.51

S70




Electronic Supplementary Material (ESI) for Chemical Communications

1

This journ#@Es © The Royal Society of Chemistry 2013

061

081
1

—173.66

<166.84
166.79
\164.33

0L1
|
W B OO
|
|
|

091
1

SN GG AU

—153.37

0SI
1

142.23
142.12

ol
1

1 1 1 1 1 1 1 1
T v[.[ MWL AU N T Y S W] W R R P (e g -uunurw] 7T T

- 13525
= _ 313280

_ 130.41

- 129.41
- 128.88
128.41

- 128.20
\125.54
. 16410

\-103.83

o€l
1

001 011 0cl
1 1 1

(wdd) 13

06
1

08

0L

LN

09
1

1R 52,65
52,40

0¢ 0¢ 0oy 0s

01

1
P WA T A e

S71




Electronic Supplementary Material (ESI) for Chemical Communications

This jgurr
=

S8

08

'L

0L

S9

Y
|

(wdd) 13
0'¢C ¢C 0'¢ ¢ oY Sy 0¢S

Sl

01

1]

fl'is © The

0.974

1.08-

Royal Society of Chemistry 2013

S72

8.56
8.56
8.55

j8.54
8.53
8.51
8.51

7.61
7.57
7.50
7.50

A\7.49
7.39
738
737

7.15
7.12
7.09




Electronic Supplementary Material (ESI) for Chemical Communications

This jgyrx flis © The al Society of Chemistry 2013
- —173.24
3 4
S B _~166.99
~165.64
_ ~163.15
% =
— —153.57
g _
_<141.59
5 - 141.49
~134.12
5 - o - 130.53
S -— ,%130.42
— 130.14
—_ 129.01
S - 128.04
R b e
—_ \-112.80
= A
_ _~105.60
N\-105.33
é _
2o |
%\O
)
® -
2 -
| —63.67
2 - §
—52.32
4
B
w —30.62
< : 3 B 26,56
| —25.10
N
5‘ -
=] S73




Electronic Supplementary Material (ESI) for Chemical Communications

This ;'gyr_r fil'is © The Royal Society of Chemistry 2013
()
; -
| (T g S— _ —11.14
=
=
(9,
=
(]
O |
e 7.87
. 7.85
= 7.85
7.83
-~ 7.50
o 7.48
7.46
o 7.46
E— 7.33
< 7.31
o - J30
7.29
2 N 727
1726
o | 7.25
O t6.96
] 6.96
o 6.94
2° 6.93
T 6.92
n L6.91
Sl
()
&
(9]
-h —
S
w2 ]3.00= S 3.50
w
()
[N
(9]
o L
()
.: _
g _
S
(9,
(o] L__
o [ S74




Electronic Supplementary Material (ESI) for Chemical Communications

This jourf

J—
]
S

(wdd) 13
0¢C 0¢ (114 0¢S 09 0L 08 06 00T (1181 0ocI 0¢T ovl 0ST 091 0LT

01

fil'is © The B8al Society of Chemistry 2013

S75

—173.08

_166.72
~165.51
\163.01

—149.83

_<141.14
140.99

130.54
128.83

128.52
§128.4O
—15%95

11554
~113.17
\112.97

10421
~103.97

—51.74




Electronic Supplementary Material (ESI) for Chemical Communications

This journdl is © The Royal Society of Chemistry 2013
=
()

(7.74
© | !-7.74
©» 7.73

-7.72
©° | -7.71
S -7.60

-7.59
o | 7.58
< 7.57
o 7.55

7.55

< 2.00 A — 7.54
 7(3.02 75

2'07\1 :

—_— 7.52

2 7.50
7.49

7.49

o 7.24

L 7.24

720
S L7.21

1 7.21

7,19
(9,

A 718

L7 16

Em L7.15
S5
B

&

(9]

& 3

= 5

{|3.041 F= 380

w T

(9,

el

S

[N

(9]

N

(]

_ —

=

g _

S

(9,

2 ——

S76




Electronic Supplementary Material (ESI) for Chemical Communications

This journ

(wdd) 13
0L 08 06 00T (1111 0cI 0¢I ovl 0ST 091 0L 08I
| | | | | | | | |

09
1

0s

0¢ 0¢

01

fl'is © The

al Society of Chemistry 2013

S77

—174.30
167.48
165.58

7 16493

\163.59

<157.08
156.95

132.11
131.74
129.14
2129.02

\128.91
128.17

120.16
7 118.33
_114.94
\114.71

10524
-104.99

—53.14




Electronic Supplementary Material (ESI) for Chemical Communications

This jgurr fil'is © The Royal Society of Chemistry 2013
S
©
(9]
o
o
o 8.30
1.00 /8.28
{|1.001 B 827
oo | \8.25
o
/7.63
| 7.61
o |[1.964 — 7733
b 2.01\I -_ j7.30
1 2.02\1 —_— N7.27
. 7.22
7.20
7.20
o | 7.18
(9,
7.15
SARS
()
o
(9}
=
W
g5
2
>
(9}
‘_b | b
o -<
112.97= ;; 381
w | L
()]
w
S
L
o = 2.44
3.041 e .
D
(e
—
=
{
g
o
(9]
S 1 — S78




Electronic Supplementary Material (ESI) for Chemical Communications

This jgur_r flis © The al Society of Chemistry 2013
S
o;o _
—174.32
=1 16576
£164.89
= \163.67
S _<157.07
156.94
g _
—142.82
g _
/129 86
— 128.97
g {128.86
128.11
~ 120.18
S 117.92
_~114.79
~ 114.56
=
105.18
\-104.93
= -
mo
g
2
QS -
® -
2 -
2 -
—53.08
4
B
@
s —21.82
5 -
o S79




Electronic Supplementary Material (ESI) for Chemical Communications

This jourdfil is © The Hoyal Society of Chemistry 2013
s M
=
o
o
(9]
o
[e]
o /830
1.059 ‘=——=—=——=—o- T8.28
o | r 8.26
o
7.75
1]2.001 == — 7.74
~
2 737
114.01 — —_— 7.24
N E H 7.23
© { 7.21
7.20
o 7.18
(9}
g - —4—
SJ] | R
(9}
=
S
go
bl
(9}
i
& 5
(e
113.141 384
r
©w I
(9, %-
w
(e
o
W
!\) | -
(e
= |
- | [
(9]
(=2 L
o F-

S80




Electronic Supplementary Material (ESI) for Chemical Communications

This journ
O -
o

(wdd) 13
08 06 001 (1111 0cI 0¢T ol 0ST 091 0LT 08I
| | | | | | | | |

0L

0¢ 0¢ oy 0S
|

01

flis © The chyal Society of Chemistry 2013

S81

—174.16
167.26
165.94

X-165.48

\165.22
\163.92
162.44
156.99

156.88

130.60
f130.53
1129.02

128.94

\127.88

—120.11
_<:116.58

116.41
\114.99
Palest:

\-104.98

—53.19




Electronic Supplementary Material (ESI) for Chemical Communications

This jgu_r fil'is © The Royal Society of Chemistry 2013
(]
o
(9]
o
[«
¢ 8.34
oo |
|[1.00= — %ggf
- \8.29
e 7.56
}7.55
& 7[4.05] T ;gg
2.033 —_— 7.52
< 7.51
<) 7.50
7.50
o 7.49
L 7.47
L7.46
o - L 7.42
7,41
740
o 7,39
£7.39
L7.37
:jg | +7.37
<) 17.27
g
Flil
(9]
B
o &
: =
2.88—= 368
w 52
W +
,
Sl
[«
N
(V)]
[
()
pu_ N
; _
|
g _
£
S
(9,
S | ___
(]
S82
S




Electronic Supplementary Material (ESI) for Chemical Communications

This &urmélis © The al Society of Chemistry 2013
g _|
—173.79
g _|
164.96
?164.26
5 - 19
156.97
g _|
133.36
132.46
= 131.22
< 130.60
B 130.38
=  — - 4129.13
= £ 129.02
\127.06
_ ~ 12058
=i = -120.02
_~115.13
\114.90
= -
10535
N105.09
é _|
o]
<)
S o
~ o
% .
51 .
% .
- —52.90
Loh .
B
8 |
8 |
5 -
o S83




Electronic Supplementary Material (ESI) for Chemical Communications
fil'is © The Rdyal Society of Chemistry 2013

This
is }gur_r
=

o
W

S8

08

S'L

0L

S9

Sy

(1R

S'e

0¢

4

0C

Sl

01

S0

1/1.00= =———13
1{4.06 =
0.96

290, k

8.33
8.30
8.30

28.30
8.28
8.27

7.27
7.21
7.21

7.19
7.18
7.18
7.17
7.16
7.15
7.15
L7.15

L7.14
£7.13
7,11
711
7,09
7,08
7.05
7,04
17.03
L7.02

392

3.8/

||2.80F —F—
2917 2
I
L
4

S84

3.71




Electronic Supplementary Material (ESI) for Chemical Communications
This journ
\O —

(wdd) 13

(=}

081
1

0L1
1

091
1

0S1
1

ol
1

0cl
1

0cl
1

011
1

001
1

06
1

08

0L

09

0s

oy

0¢

0C

01

fl'is © The

| Society of Chemistry 2013

—174.00

167.37
2164.82
\164.77

163.79

157.15
157.02
153.04
—147.38

129.06
128.96
126.53

124.41
121.32

/12049

~119.70
—115.60

114.81

114.58
_105.20
\-104.95

~-61.51
_~56.16

MMM A o 9

_52.78

S85




Electronic Supplementary Material (ESI) for Chemical Communications

This jourq

et
W

©
=

¢'8

08

S'L

09 $9 0L

Y

(wdd) 13
0s

Sy

S0 01 Sl 0¢ (4 0¢ St oY

00

fl'is © The

3.10=

Royal Society of Chemistry 2013

-

S86




Electronic Supplementary Material (ESI) for Chemical Communications

This jourr
\o —
(=]

001 011 0cCI 0¢l orl 0S1 091 OLIT 081
1 1 1 1 1 1 1 1 1

(wdd) 13

08 06
|

0L

0¢ 0¢ 0¥ 0s

01

fl'is © The

| Society of Chemistry 2013

S87

_-173.86
167.66
1165.10
164.92
_~160.55
715693
156.80

—148.57

133.87
133.20
130.42
%129.13
129.02
~-126.50
~-123.37

Y120.08
119.30

—53.43




Electronic Supplementary Material (ESI) for Chemical Communications

This journdl is © The Royal Society of Chemistry 2013
o0
7l /8.26
1 E 8.24

1.004 ) = §8.23

£ 8.21

7.65

Noorx = %7.65

=~ 7.65
(9,

ISEE—— S T 7123
= XTZI
) 348

1000 == 6.64
o 6.64
6.63
24t
v
(9,
v
()
&
(9,
=
@ 1 r
Ex01x == 3.99
3
|3
v |
(9]
w
[w]
NI
i
N
(=)
o
.;: _
g _
=
(9]
2 -
S88




Electronic Supplementary Material (ESI) for Chemical Communications

This jourgdlis © The | Society of Chemistry 2013
g _
g _
- /1697
2 /16745
_ _<164.94
164.90
é _
.<156.48
156.34
@ N-152.14
S —147.12
- ~144.93
g _
> 128.84
= {12873
g _ —120.21
_ 116.15
~114.72
= \114.50
o
14368
\-104.83
ardoa
%\O
)
QS -
® -
2 -
2 -
—53.22
4
B
w
(e
N
5 -
S89
O =




Electronic Supplementary Material (ESI) for Chemical Communications

This journél is © The Royal Society of Chemistry 2013
<o
o
& 3 m
O |
()
o o o 8.24
] é— — /8'22
1.021 = B §8 21
x - i o 8.19
| o 7.27
727
5 \ 7.17
] L 7.17
. — — —_ \ < .
I [EXCE (% 'K; Ls‘
(] .
L7.13
L7.13
o L7.12
L7.11
k7.11
2 1 i 7.10
e
(9,
o]
521
g ]
~ | i
(9]
N 3
5 l2oas S T
W
(9,
w
S
2.52
> 112981 = — — 251
D
o -
] -
= ]
g ]
IS
(9,
g - {; S90




Electronic Supplementary Material (ESI) for Chemical Communications
This jourr

(wdd) 13
0cC 0¢ ov 0¢S 09 0L 08 06 00T 011 0cI 0¢T ovl 0SI 091 0LT 081 061

01

fil'is © The R@yal Society of Chemistry 2013

PP AN

S91

17363

167.74
Jr167.23
~165.54
\164.69

_<156.69
156.56

_<128.99
128.88

12035
_~118.05
114.72
\-114.49

104.90
\-104.65

—353.00

—19.80




Electronic Supplementary Material (ESI) for Chemical Communications

This jourfl is © The Royal Society of Chemistry 2013
s
(]
o
(9]
o
e M
o 8.24
] B / 8.22
094 == —_— <8 21
2 o \8.19
7.28
. — /7.28
o Tl 7.23
I 7.22
g 1 94—1 ?— e) \ 7.20
= \ 7.19
7.18
- -7.17
o ] L7.17
L7.15
o | 714
= L7.14
L7.12
o | L7.11
(9,
:jm
% (]
E
i
7 3.93
i ﬁ.%
S[3.00 = N f;g
{101 ===- —— -3.79
w | 3.76
o 3.73
3.70
@ 4
S
2.53
2.52
D - — 2.50
—_— 2.49
2.47
D TT— 2.46
2.43
2.34
o 2.32
E 2.31
~ 229
= } 12,26
1014
- 2,13
> 011
2,07
- [2.04
> — 12,01
§92 11.98
104




Electronic Supplementary Material (ESI) for Chemical Communications

This journlis © The al Society of Chemistry 2013
g i
% M
S
/17014
3 - f167.2z
_-165.43
\-164.67
= ©) O
< _<156.82
156.69
—_ O
8 =
A\
g i
> 128.87
S <128.76
gl _ f120.32
S f116'72
— ~~114.62
~ 11439
= -
_ 104.95
\-104.70
=S
<)
2
S -
x
2 4
2
' —52.99
2
s
—37.36
8 i %
2654
S %
< —18.38
5 -
o - S93




	谱图数据
	RSC SI 2013030.pdf
	3a
	3a
	3b
	3b
	3c
	3c
	3d
	3d
	3e
	3e
	3f
	3f
	3g
	3g
	3h
	3h
	3i
	3i
	3j
	3j
	3k
	3k
	3l
	3l
	3m
	3m
	3n
	3n
	3o
	3o
	3p
	3p
	3q
	3q
	3r
	3r
	3s
	3s
	3t
	3t
	3u
	3u
	3v
	3v
	3w
	3w
	3x
	3x
	3y
	3y
	5a
	5a
	5b
	5b
	5c
	5c
	5d
	5d
	5e
	5e
	5f
	5f
	5g
	5g
	5h
	5h
	5i
	5i





