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1. General information

Column chromatography was carried out with silica gel 60 (particle size 0.040—0.063 mm,
230400 mesh) and commercially available solvents. Thin-layer chromatography (TLC) was
conducted on aluminum sheets coated with silica gel 60 F254 with visualization by a UV

lamp (254 or 360 nm).

'H and "C NMR spectra were recorded at 300 and 75 MHz at 25 °C with a 300 MHz
instrument. Chemical shifts are reported in parts per million (ppm), using the residual solvent
signal as an internal standard: CDCl; ("H NMR: § 7.26, singlet; *C NMR: 6 77.0, triplet).
Multiplicities were given as: s (singlet), d (doublet), ¢ (triplet), g (quartet), quintet, m
(multiplets), dd (doublet of doublets), d¢t (doublet of triplets), and br (broad). Coupling
constants (J) were recorded in Hertz (Hz). The number of proton atoms (n) for a given
resonance was indicated by nH. The number of carbon atoms (n) for a given resonance was
indicated by nC. HRMS was reported in units of mass of charge ratio (m/z). Mass samples
were dissolved in DCM and MeOH (HPLC grade) unless otherwise stated. Electrochemical
measurements were carried out by cyclic voltammetry (CV). The cyclic voltammetry was
performed with an Autolab potentiostat by Echochemie under nitrogen atmosphere in a one-
compartment electrolysis cell consisting of a platinum wire working electrode, a platinum
wire counter electrode, and a quasi Ag/AgCl reference electrode. Cyclic voltammograms
were monitored at scan rates of either 100 mVes™" or 50 mVss"' and recorded in distilled
acetonitrile. The concentration of the complex was maintained at 0.5 mM or less and each
solution contained 0.1 M of tetrabutylammonium hexafluorophosphate (TBAP) as the

electrolyte.
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2. General experimental procedure for the synthesis of 2

FeCly6H,0 Q
AN Ry (5.0 mol%) A -y,
R'T L SR " LiBr(5.0mol%) R*—E/CH\*::\ TR
XD 3 W blue LED, air XD
1 CH4CN, 25 °C 2

To a stirred solution of FeCl;-6H,0 (2.7 mg, 0.01 mmol, 0.05 equiv) and LiBr (0.87 mg, 0.01

mmol, 0.05 equiv) in 2.0 mL of MeCN (HPLC grade) was added compound 1 (0.2 mmol, 1.0
equiv). Then the reaction mixture was stirred at 25 °C under an ambient atmosphere (the
temperature was maintained in an incubator) and irradiated by a 3 W blue LED (A = 450455
nm). The reaction was monitored by TLC or GC analysis. Upon complete consumption of 1,
the solvent was removed in vacuo. The reaction mixture was purified by flash
chromatography on silica gel, followed by gradient elution with petroleum ether to petroleum
ether/ethyl acetate (100/1 ratio), then concentrated the solvent in vacuo to afford products 2a-

r.
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3. General experimental procedure for the synthesis of 4

R?2 2
| nBuyN(FeCl;Br) X R
AN X (0.5 mol%)
R P 3Wblue LED, O, g1ff N 0
CH5CN, 25 °C =
3 (X = Cl, Br) 4

FeCl;-6H,0 (0.27 mg, 0.001 mmol, 0.005 equiv) and TBAB (0.32 mg, 0.001 mmol, 0.005

equiv) were added in 2.0 mL of MeCN (HPLC grade) and the reaction mixture was stirred for
10 minutes at 25 °C (the temperature was maintained in an incubator) under an ambient
atmosphere with an oxygen balloon. To the stirred solution, compound 3 was then added and
irradiated by a 3 W blue LED (A = 450-455 nm). The reaction was monitored by TLC or GC
analysis. Upon complete consumption of 3, the solvent was removed in vacuo. The reaction
mixture was purified by flash chromatography on silica gel, followed by gradient elution with
petroleum ether to petroleum ether/ethyl acetate (100/1 ratio), then concentrated the solvent in

vacuo to afford products 4a-v and 5.
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4. The measurement of redox potentials TBA(FeCl;Br)
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Potential/V

E1/2(red1) = —0.295 V, E1/2(0x1) =-0.642 V. E1/2(ox1)/E1/2(red1) are half-wave potentials of the

first oxidation/reduction measured in CH;CN versus SCE
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5. X-Ray crystallography of TBA(FeCl;Br)

TBA(FeCl;Br): CCDC 1525407

Cl2

Fe1

CI2A
Br1

Displacement ellipsoids are drawn at the 30% probability level. (Solvent: ethyl acetate)
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6. Proposed mechanism for oxygenation of benzylic sp’ C—H

Fe (Il *
Blue LED

Fe (III)

0 N
- )\Ar > ref. 1

1. H. Yi, C. Bian, X. Hu, L. Niu, A. Lei, Chem. Commun., 2015, 51, 14046.
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7. Characterization data

 Colorless oil; 93% yield (from 1a, 22.3 mg); 92% yield (from 1s, 22.1 mg) '"H NMR (300
MHz, CDCl;) 3 8.04-7.88 (m, 2H), 7.54 (ddd, J = 6.5, 3.8, 1.2 Hz, 1H), 7.43 (dd, J = 10.3,

2a

4.6 Hz, 2H), 2.58 (s, 3H); °C NMR (75 MHz, CDCly) 8 198.1, 136.9, 133.0, 128.5, 128.2, 26.5.

o  Colorless oil; 71% yield (21.9 mg); 1H NMR (300 MHz, CDCI3) § 7.94-7.79 (m, 2H),

/©)‘\ 7.48-7.32 (m, 2H), 2.57 (d, J = 1.3 Hz, 3H); °C NMR (75 MHz, CDCI3) 5 196.8, 139.4,
el 135.3, 129.6, 128.8, 26.5.

White soild; 67% yiled (26.7 mg); '"H NMR (300 MHz, CDCI3) § 7.87-7.71 (m, 2H),

2b
(e}
O)‘\ 7.63-7.49 (m, 2H), 2.55 (s, 3H); *C NMR (75 MHz, CDCI3) § 196.9, 135.7, 131.8, 129.7,

Br 2

128.2,26.4.
Colorless oil; 78% yield (31.0 mg); "H NMR (300 MHz, CDCl3) § 8.07 (t, J = 1.7 Hz, 1H),
& 24 7.86 (d, J = 7.8 Hz, 1H), 7.72-7.64 (m, 1H), 7.34 (t, J = 7.9 Hz, 1H), 2.58 (s, 3H); °C
NMR (75 MHz, CDCl;) 8 196.6, 138.7, 135.9, 131.3, 130.2, 126.8, 122.9, 26.6.

Ol Colorless oil; 72% yield (28.7 mg); "H NMR (300 MHz, CDCl;) § 7.60 (d, J = 7.8 Hz, 1H),

e B 7.46 (d, J = 7.4 Hz, 1H), 7.36 (1, J = 7.4 Hz, 1H), 7.33-7.27 (m, 1H), 2.62 (s, 3H); "°C

NMR (75 MHz, CDCl;) 6 201.2, 141.2, 133.7, 131.7, 128.8, 127.3, 118.7, 30.2.

/@)?\ Colorless oil; 68% yield (20.2 mg); '"H NMR (300 MHz, CDCl;) & 7.94 (d, J = 8.0 Hz,
B 2H), 7.34 (d, J= 7.7 Hz, 2H), 2.76 (q, J= 7.6 Hz, 2H), 2.63 (s, 3H), 1.31 (t, J = 7.6 Hz,

3H); °C NMR (75 MHz, CDCl3) & 197.9, 150.1, 134.9, 128.5, 128.1, 28.9, 26.6, 15.2.

/@)}O\ Pale yellow oil; 74% yield (22.2 mg); "H NMR (300 MHz, CDCl;) § 7.94 (d, J= 7.6
~o 29 Hz, 2H), 6.93 (d, J = 7.8 Hz, 2H), 3.87 (s, 3H), 2.56 (s, 3H); °C NMR (75 MHz,

CDCl) 8 196.8, 163.5, 130.6, 130.3, 113.7, 55.5, 26.3.

o Colorless oil; 35% yield (10.2 mg); 'H NMR (300 MHz, CDCl;) 6 8.22 (s, 1H), 8.17 (d,

©)\ J=17.9 Hz, 1H), 7.83 (d, J = 7.7 Hz, 1H), 7.61 (t, J = 7.8 Hz, 1H), 2.63 (s, 3H); *C NMR
CN 2h
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(75 MHz, CDCls) 6 195.8, 137.6, 135.9, 132.2, 131.9, 129.6, 117.9, 113.0, 26.5.

o) White solid; 76% yield (27.7 mg); '"H NMR (300 MHz, CDCl) & 7.91-7.73 (m, 4H),

%

" O 7.64-7.53 (m, 2H), 7.47 (t, J = 7.6 Hz, 4H); °C NMR (75 MHz, CDCl;) & 196.5, 137.4,
|

132.3,129.9, 128.1.

White solid; 79% yield (34.2 mg); '"H NMR (300 MHz, CDCl;) & 7.87-7.70 (m,

cl 4H), 7.60 (t, J= 7.2 Hz, 1H), 7.48 (dd, J = 12.1, 7.9 Hz, 4H); *C NMR (75 MHz,

CDCly) 6 195.5, 138.9, 137.2, 135.8, 132.6, 131.4, 129.9, 128.6, 128 4.

White solid; 90% yield (47.0 mg); '"H NMR (300 MHz, CDCl;) & 7.85-7.78 (m,

2H), 7.66 (dd, J = 7.1, 2.2 Hz, 1H), 7.62-7.56 (m, 1H), 7.47 (dd, J = 10.6, 4.6 Hz,

&
Che

2% 2H), 7.41 (dd, J = 6.6, 1.9 Hz, 1H), 7.36 (td, J = 7.9, 1.9 Hz, 2H); *C NMR (75

MHz, CDCl;) & 195.9, 140.6, 136.1, 133.7, 133.2, 131.1, 130.2, 129.0, 128.6, 127.2, 119.5.

White solid; 54% vield (24.5mg); 'H NMR (300 MHz, CDCl3) & 8.40 — 8.28 (m,

2H), 7.99 — 7.89 (m, 2H), 7.80 (dd, J = 5.2, 3.3 Hz, 2H), 7.66 (ddd, J = 7.4, 4.0,

Nig:

1.2 Hz, 1H), 7.52 (dd, J = 10.5, 4.6 Hz, 2H); *C NMR (75 MHz, CDCl;) & 194.8,

149.8, 142.8, 136.2, 133.5, 130.7, 130.1, 128.7, 123.5.

o} White solid; 81% yield (from 1m, 32.2 mg); 83% yield (from 3a, 33.0 mg) 'H NMR
Br

't

(300 MHz, CDCl;) & 8.02-7.94 (m, 2H), 7.65-7.56 (m, 1H), 7.48 (dd, J = 10.4, 4.7 Hz,

2H), 4.46 (s, 2H); >C NMR (75 MHz, CDCl;) & 191.2, 133.9, 128.9, 128.8, 30.9.

Colorless oil; 72% yield (21.0 mg); "H NMR (300 MHz, CDCl;) & 8.03 (d, /= 7.8 Hz, 1H),

746 (t,J = 7.4 Hz, 1H), 7.28 (dd, J = 18.9, 7.9 Hz, 2H), 2.96 (t, J = 6.0 Hz, 2H), 2.65 (t, J

.

2
" = 6.5 Hz, 2H), 2.28-1.98 (m, 2H); *C NMR (75 MHz, CDCl;) & 198.4, 144.5, 133.4, 132.6,

128.8, 127.2,126.6, 39.2, 29.7, 23.3.
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Q White solid; 88% yield (31.7 mg); '"H NMR (300 MHz, CDCls) & 7.65 (d, J = 7.3 Hz,
2H), 7.54-7.43 (m, 4H), 7.33-7.25 (m, 2H); *C NMR (75 MHz, CDCl)  193.9, 144.4,

20

134.7,134.1, 129.0, 124.3, 120.3.

i White solid; 99% yield (37.6 mg); "H NMR (300 MHz, CDCl5) & 8.34 (d, J=7.9 Hz,
0

N 2H), 7.73 (t, J= 7.7 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.38 (t, J = 7.5 Hz, 2H); °C

NMR (75 MHz, CDCl;) § 177.2, 156.1, 134.8, 126.7, 123.9, 121.7, 117.9.

o White solid; 52% yield (17.5 mg); "H NMR (300 MHz, CDCl;) 6 8.09 (d, J= 8.1 Hz, 1H),
g‘, 7.96 (d, J= 7.0 Hz, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.71 (t, J= 7.5 Hz, 1H), 7.60 (t, J= 7.6
2q Hz, 1H), 7.46 (d, J= 6.8 Hz, 1H), 3.82 (s, 2H); *C NMR (75 MHz, CDCl5)  203.0, 142.9,

134.9, 134.6, 131.5, 130.9, 128.3, 128.0, 123.9, 121.4, 121.0, 42.0.

White solid; 86% yield (36.5 mg); "H NMR (300 MHz, CDCls) & 8.10 (d, J = 7.4 Hz,

(>)k /\© 2H), 7.57 (t, J = 6.9 Hz, 1H), 7.42 (dd, J = 12.9, 8.8 Hz, 7H), 5.39 (s, 2H); *C NMR

(75 MHz, CDCls) 6 166.4, 136.0, 133.0, 130.0, 129.7, 128.6, 128.3, 128.2, 128.1, 66.6.

sr  White solid; 82% yield (35.6 mg); "H NMR (300 MHz, CDCl;) & 8.08-7.97 (m, 2H),
F 4b 7.22-7.11 (m, 2H), 4.41 (s, 2H); °*C NMR (75 MHz, CDCl;) & 189.8, 167.8, 164.4,

131.8, 131.7, 130.3, 130.2, 116.2, 116.0, 30.4.

o White solid; 83% yield (35.3 mg); "H NMR (300 MHz, CDCl;) 5 7.89 (d, J = 8.3

Br
J@Jw Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 4.43 (s, 2H), 2.43 (s, 3H); °C NMR (75 MHz,

Me 4c

CDCl;) 6 191.0, 145.0, 131.4, 129.5, 129.0, 30.9, 21.8.

o White solid; 86% yield (39.1 mg); "H NMR (300 MHz, CDCLy) § 7.91 (d, J = 8.3 Hz,

Br
/(>)Jv 2H), 7.32 (d, J = 8.2 Hz, 2H), 4.44 (s, 2H), 2.72 (q, J = 7.6 Hz, 2H), 1.27 (t, J= 7.6

Et 4d

Hz, 3H); *C NMR (75 MHz, CDCl;) § 191.0, 151.1, 131.6, 129.2, 128.4, 31.0, 29.0,

15.1.
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o White solid; 76% yield (37.9 mg); "H NMR (300 MHz, CDCl;) & 8.50 (s, 1H), 7.99

Br
(dd, J = 14.5, 8.3 Hz, 2H), 7.94-7.84 (m, 2H), 7.70-7.49 (m,2H), 4.58 (s, 2H); *C

4e
NMR (75 MHz, CDCl;) ¢ 191.2, 135.8, 132.3, 131.2, 130.9, 129.6, 129.0, 128.8,

127.8,127.0, 124.1, 31.0.

o White solid; 80% yield (24.7 mg); '"H NMR (300 MHz, CDCl5) § 7.95 (d, J = 7.3 Hz,
Cl
p 2H), 7.62 (t, J= 7.4 Hz, 1H), 7.49 (t, J= 7.6 Hz, 2H), 4.72 (s, 2H); *C NMR (75 MHz,

CDCl;) 6 191.0, 134.2, 134.0, 128.9, 128.5, 46.0.

White solid; 72% vield (28.7mg); "H NMR (300 MHz, CDCL;) & 8.79 (t, /= 1.9 Hz,

(0]

N €' 1H), 8.48 (ddd, J= 8.2, 2.1, 0.9 Hz, 1H), 8.39-8.24 (m, 1H), 7.74 (t, J = 8.0 Hz, 1H),
49

4.73 (s, 2H); >C NMR (75 MHz, CDCl;)  189.3, 148.5, 135.3, 134.1, 130.3 128.2,
123.5,45.4.

&C| White solid; 73% yield (24.6 mg); "H NMR (300 MHz, CDCl3) 6 7.62 (d, J = 7.4 Hz,
Me 1H), 7.44 (t, J= 7.0 Hz, 1H), 7.30 (d, J = 7.4 Hz, 2H), 4.64 (s, 2H), 2.53 (s, 3H); C

4h

NMR (75 MHz, CDCl;) 6 194.2, 139.5, 134.5, 132.4, 128.6, 125.8, 47.9, 21 4.

o | Colorless oil; 54% yield (36.5 mg); 1H NMR (300 MHz, CDCl3) 6 7.91 (d,
C
o /©)J\/
5 J=8.3Hz, 2H), 7.71 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 7.13 (d,
J = 8.4 Hz, 2H), 4.65 (s, 2H), 2.46 (s, 3H); *C NMR (75 MHz, CDCl;) &

189.8, 153.6, 146.0, 132.8, 132.0, 130.4, 130.0, 128.5, 122.9, 45.7, 21.8.

o White solid; 87% vield (37.0 mg); 'H NMR (300 MHz, CDCl;)  8.00 (d, J= 7.8

Cl
(0]
)J\OO)V Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 4.69 (s, 2H), 2.33 (s, 3H); *C NMR (75 MHz,

4
CDCly) 5 189.9, 168.7, 154.9, 131.7, 130.2, 122.1, 45.8, 21.1.
¢ White solid; 74% vield (30.3 mg); 'H NMR (300 MHz, CDCLy) & 8.63 (d, J = 8.5 Hz,

OO 1H), 8.05 (d, J = 8.3 Hz, 1H), 7.89 (t, J = 7.4 Hz, 2H), 7.69-7.47 (m, 3H), 4.78 (s, 2H);

4k
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C NMR (75 MHz, CDCl3) & 194.4, 134.0, 133.9, 132.4, 130.4, 128.6, 128.5, 128.2, 126.8, 125.5,

124.2, 48.0.

& Pale yellow oil; 74% vield (36.2 mg); 'H NMR (300 MHz, CDCL;) & 8.03 (d, /= 7.6 Hz,
Br

Y 2H), 7.59 (t, J = 6.9 Hz, 1H), 7.49 (t, J = 7.2 Hz, 2H), 5.45-5.18 (m, 1H), 1.91 (d, J =

6.5 Hz, 3H); *C NMR (75 MHz, CDCl;) & 193.3, 134.0, 133.6, 128.9, 128.7, 41.4, 20.1

. Pale yellow oil; 85% yield (38.6 mg); 'H NMR (300 MHz, CDCl;) & 8.02 (d, J = 7.2
m Hz, 2H), 7.58 (d, J = 7.2 Hz, 1H), 7.49 (t, J = 7.0 Hz, 2H), 5.08 (dd, J = 9.3, 4.3 Hz,

n 1H), 2.36-2.05 (m, 2H), 1.09 (t, J = 7.1 Hz, 3H); *C NMR (75 MHz, CDCl;) & 193.2,
134.5, 133.6, 128.8, 128.7, 49.0, 26.9, 12.1.

White solid; 81% yield (41.6 mg); 'H NMR (300 MHz, CDCl;) & 8.00 (d, J = 7.5

~, Br
0 - Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 5.04 (t, J = 6.8 Hz, 1H), 3.87 (s, 3H), 2.33-1.99

(m, 2H), 1.07 (t, J= 7.1 Hz, 3H); *C NMR (75 MHz, CDCl;) § 191.8, 163.9, 131.2, 127.2, 113.9, 55.5,

49.0,27.0,12.2.

. Pale yellow oil; 90% yield (43.2 mg); "H NMR (300 MHz, CDCl3) § 8.02 (d, J= 7.5

©)i/v Hz, 2H), 7.58 (d, J = 7.6 Hz, 1H), 7.49 (t, J = 7.2 Hz, 2H), 5.16 (t, J = 6.9 Hz, 1H),

40
2.25-2.04 (m, 2H), 1.69-1.34 (m, 2H), 0.98 (t, J = 7.2 Hz, 3H); °C NMR (75 MHz,

CDCly) 6 193.3, 134.4, 133.6, 128.8, 128.7,47.0, 35.4, 20.7, 13.6.

o Pale yellow oil; 86% yield (49.0 mg); '"H NMR (300 MHz, CDCl;) & 7.87 (d, J

D)J\g\/ =7.9 Hz, 2H), 7.62 (d, J = 8.1 Hz, 2H), 5.07 (t, J = 7.0 Hz, 1H), 2.23 — 2.01 (m,
Br

4p
2H), 1.49 (m, 2H), 0.98 (t, J= 7.3 Hz, 3H); *C NMR (75 MHz, CDCl;) § 192.2,

133.1, 132.1, 130.3, 128.9, 46.8, 35.2, 20.7, 13.6.

Pale yellow oil; 88% vield (45.0 mg); 'H NMR (300 MHz, CDCL3) 5 8.02 (d, J =
O

©)J\§\/\ 7.6 Hz, 2H), 7.60 (t, J = 7.1 Hz, 1H), 7.49 (t, J = 7.3 Hz, 2H), 5.14 (t, J = 6.8 Hz,

4q
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1H), 2.29 — 2.05 (m, 2H), 1.56 — 1.30 (m, 4H), 0.93 (d, J = 5.7 Hz, 3H); *C NMR (75 MHz, CDCl;) §

193.3, 134.4, 133.6, 128.8, 128.7,47.2, 33.2, 29.6, 22.2, 13.9.

Pale yellow oil; 79% yield (42.7 mg); '"H NMR (300 MHz, CDCl;) & 8.02 (d, J

©)J\B(\/\/ = 7.6 Hz, 2H), 7.60 (t, J = 7.1 Hz, 1H), 7.49 (t, J = 7.4 Hz, 2H), 5.14 (t, J = 7.0
r

‘" Hz, 1H), 2.29-2.01 (m, 2H), 1.60-1.29 (m, 6H), 0.89 (s, 3H); °*C NMR (75

MHz, CDCl;) 6 193.3, 134.4, 133.6, 128.8, 128.7,47.2,33.4,31.2,27.2,22.4, 13.9.

Pale yellow oil; 82% yield (42.7 mg); "H NMR (300 MHz, CDCl;) & 8.05
(o]
j\ W (d, J=8.3 Hz, 2H), 7.21 (d, J = 8.3 Hz, 2H), 5.09 (t, J= 7.1 Hz, 1H), 2.32
.
° 4 (s, 3H), 2.25-2.04 (m, 2H), 1.55-1.39 (m, 2H), 1.34 (s, 4H), 0.89 (s, 3H);
3C NMR (75 MHz, CDCly) & 192.0, 168.7, 154.6, 132.0, 130.5, 121.9, 47.1, 33.4, 31.2, 27.1, 22.4,

21.1,13.9.

o Pale yellow oil; 86% yield (51.5 mg); 'H NMR (300 MHz, CDCl;) & 8.00
\OW (d, J=17.6 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 5.10 (t, J = 7.0 Hz, 1H), 3.87
“ (s, 3H), 2.12 (tt, J = 22.1, 10.9 Hz, 2H), 1.47 (dd, J = 18.7, 10.0 Hz, 2H),
1.33 (s, 4H), 0.88 (s, 3H); °C NMR (75 MHz, CDCly) & 191.9, 163.9, 131.2, 127.3, 113.9, 55.5, 47.2,

33.6,31.3,27.2,22.4,13.9.

o Pale yellow oil; 58% yield (26.3 mg); "H NMR (300 MHz, CDCl3) & 8.06 (d, J= 7.8 Hz,

Br
Ci‘j 1H), 7.49 (t, J= 7.4 Hz, 1H), 7.32 (t, J= 7.5 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H), 4.70 (s,

4y
1H), 3.41-3.19 (m, 1H), 2.89 (d, J = 17.1 Hz, 1H), 2.63-2.22 (m, 2H); *C NMR (75

MHz, CDCly) 8 190.5, 143.0, 134.1, 129.9, 128.7, 128.6, 127.1, 50.4, 31.9, 26.1.

° Pale yellow oil; 33% yield (15.0 mg); 'H NMR (300 MHz, CDCls) § 7.94 (d, J = 7.9 Hz,

Br
@ij 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.07 (dd, J = 19.8, 8.1 Hz, 2H), 4.78 — 4.38 (m, 3H); C

4v
NMR (75 MHz, CDCls) 6 185.2, 160.6, 136.7, 128.2, 122.3, 118.7, 117.9, 71.2, 45.3.
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Q  White solid; 45% yield (13.2 mg); 'H NMR (300 MHz, CDCl3) & 8.19 (d, J = 7.9 Hz, 1H),
o~  7.84(d,J=5.7Hz, 1H), 7.66 (t,J = 7.7 Hz, 1H), 7.41 (dd, J = 18.0, 8.8 Hz, 2H), 6.33 (d, J
5

= 5.6 Hz, 1H); *C NMR (75 MHz, CDCl3) § 177.6, 156.4, 155.3, 133.7, 125.7, 125.2,

124.8, 118.1, 112.9.
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8. NMR spectra

7.9518
7.9279
7.9230
7.5677
7.5636
7.5509
7.5362
7.5230
7.4633
7.4376
7.4186
7.4137
2.5822

36000
34000
32000
30000
28000
F26000
2a
24000
22000
20000
18000
16000
14000
F 12000
10000
8000
| | F 6000
4000

2000

7 195
0971
1951

g r-2000
B
T

T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0
f1 (ppm)

f-5500

128.4458
128.1742

198.0919
— 136.9096
— 133.0086

26.5142

5000

\

4500

4000

2a 3500

3000

2500

2000

1500

1000

500

r-500

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0
f1 (ppm)



S17

Corm e o=
S35 @8s 83
Shn 295 €3
RN e
SEZITT a4
~- SN v
o}
cl
2b
J JL
T T z
] N <
2 2 =
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
{1 (ppm)
o w ® o
kS 28 53 w
S T e 3 ©
2 35 ¢85 E
° -] ]
g 25 ag 2
2 aa adg S
[ P
o}
Cl
2b
I
| i '
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

40000

35000

30000

25000

20000

15000

10000

5000

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

~-500



S18

Qs oY 00O — =
Q2883 BEEE S
SERER 20T 2
mEERRn nnnn \n
R o
— ="
(o]
Br
2c
| |
| |
e
' T
S S
2z i
T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0
{1 (ppm)
~ Qwon
IS grgye "
S S s o
2 [ 9
© v o= ol o% <
S 8=38 <
2 aoad &
I 1o
(0]
Br
2c
| |
| 1 ]
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500



S19

S ¥ o Wmm— -
$28 T 23R S
S8 2 388nc %
LSS ® L Mo b
BRER o= e o
= | | N
(o]
Br
2d
| |
I
J A
137 T bt
a3 2 S
S s s = -
T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 35 3.0 2.5 1.0 0.5 0.0
f1 (ppm)
~ coa oo
3 2= 22 3
3 83 8% g
N3 o6 wi— S o o
2 TS g
VIS T
(0]
Br
2d
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500




S20

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

Tt —

V8T'L
L80E°L
801€L
69€€°L
w_cm.nw
€98¢€°L
wnvv.n\w
0TLY'L
T98S°L
€TI9'L

2e

0.0

6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 L5 1.0 0.5
f1 (ppm)

7.0

7.5

8.0

900

800

700

600

500

400

300

200

100

r-100

1561°0€ —

09TL81T —

POTELTI ~_
0061871 —
¥869°1€1 —
6L89°€€1

wITIvE —

L8YT 10T —

Br

2e

A

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)



f 12000
11000

10000

9000

8000

7000
6000

5000

4000

3000

2000

1000

~-1000

95871
63061-%
eveet/

+vTE9T
co:.N#
cmvn.NV
wLL'T
wwmn.m\

S21

0€TEL~_
S8YEL "

6926'L~_
LES6L

Et

2f

o

10°¢
16°1

F00T

F06'1

0.0

0.5

1.0

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0
f1 (ppm)

8.0

I3 =3 1= =3 =) =) =) =) = =3 = =3 I3 =3 1= o
S g S R 2 @ S @ =3 = =3 g S s} S =3 b4
3 ~ = ° 2 v et <~ ¥ o A ] Q — = bl = A
| I I I I I I L L I I I I L L I I I
11eTsr —
079597 ~ —
+8C6'8C— w
16S0°8T1 M
StbS 8Tl AN =
T9S8PET — —
6L90°0ST — -
u—
N
—
1LE6'L61 — w -

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S22

8500

3.8712
2.5587

179512
-7.9260
_~6.9457
69197

8000
7500
7000
6500
6000
o 5500

29
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0
f1 (ppm)

Z1 195{ T
o —m,

og_ F-500
&
T
25

9000

196.8118
163.4530

1305772

1303039
113.6516
55.4525
26.3444

8000

7000

6000

29

5000

4000

3000

2000

1000

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
{1 (ppm)



S23

24000

8.2171
8.1798
8.1534
7.8457
7.8201
7.6349
7.6089
7.5829
2.6279

NN e

2h

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

4.5 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

195.8031
37.6011
35.9411

26.5315

1100

— 117.8649
— 113.0425

Y

1000

900

800

CN

2h 700

600

500

400

300

200

100

r-100

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S24

7.8151
7.7906
7.7858
7.6006
7.5973
7.5734
7.5516
7.5484
7.4910
7.4648
7.4404

— %ﬁﬁﬁ_f_d_; 12000
F 11000
10000
9 9000

8000
7000
6000
5000
4000
3000

2000

1000

100
050
1.00-1

r-1000

T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (ppm)

14000

196.5404
— 137.4153
—132.2776

129.8918

128.1324

X

13000

12000

11000

10000

9000

2i 8000

7000

6000

5000

4000

3000

2000

1000

r-1000

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S25

11000

7.7840
7.7655
7.7446
/ 7.6279
£~ 7.6040
7.5802
7.5143
7.4885
7.4746
7.4479

10000

9000

8000

Cl

7000

6000

5000

4000

3000

2000

1000

~-1000

T T T T T T T T T T T T T T
35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
f1 (ppm)

4500

195.4959

4000

r3
o 500

3000
Cl

2
2500

2000

1500

1000

500

~-500

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)



S26

- 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

LIEE'L
69€€°L
065€L
L29EL
808€°L
188€°L
900v°L
zsov'L
01TrL |
68Tt'L
TshyL
96+ |
L69Y'L
95617L |
§6867L
9685°L
1019°L
Y6€9°L
S8Y9'L )W
05992~
€0L9'L %
¥208°L
EVSN
LOS8L

Br

(0]

2k

[
60
(Y
80
Il
H00T

0.0

6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 L5 1.0 0.5
f1 (ppm)

7.0

15

8.0

(=3 =3 (=3 (=3 =3 (=3 =3 (=3 =)
g g g g g g g g ° o s o g
8 S S 8 S 8 g S 8 g 8 g g
g S g & 2 g i1 8 8 g 8 g g
S IS S = = 2 g 2 H] 2 s S < }
) | | | | | | ! | i ) | |
8L0S611 — -—
€8L1°LT1
6619°8C1 % R
T$968T1 = i ———
LOITOE! \ JE—
-
m
4
o N

9788°S61 —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190



S27

7500
7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

100SL
150S°L
9YTSL
P0SS'L
€2E9°L
S9E9'L
L0S9'L
1L59°L
6699°L 1
9LLY'L |
L189'L
LS89'L
6V8L'L
L68L'L
096L°L
TEISL
8P16'L
6126'L
78T6'L
85P6°L L
€IS6°L w
€856'L

S61€'8
P9TE8

8TEE'8

2l

O,N

L

)

T66'1
oot
Fe6'l
Fse'1

o6t

0.0

0.5

1.0

6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0
f1 (ppm)

7.0

7.5

8.0

8.5

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

~-500

€816°€TT —
7859'8C1 M
L9LO0ET
$089°0€1 \
PI9¥ €€l

6vE8TYT —

VILL6Y] —

SLOL'Y6T —

2l

O,N

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190



S28

7.9929
7.9691
7.9643
7.6370
7.6330
7.6289
7.6086
7.6018
7.5879
7.5797
7.5140
7.4689
7.4637
4.4572

— \%ﬁ‘-ﬁ-"‘—‘—‘—‘—“ . 40000

35000

Br

30000

2m

25000

20000

15000

10000

5000

1.971
0.99I
1.991

51 2000 =——
;
=]

. 4.0
f1 (ppm)

6000

191.2247

— 133.9068
128.8667
128.8134
309159

\

5500

5000

Br

4500

4000

2m

3500

3000

2500

2000

1500

1000

500

r-500

200 190 18 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S29

r 8500
8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

ro

r-500

1260°C
i1 _.N/
eIt —¢
wmm_.N\
6¥LI'T

10€9°C—+
sl !
9196'C V
SI86'C \

8TETL

865T'L /
§967°L~k
8I1TEL—
89€t'L <F
919¢'L \
£981°L

16108 —
o?o.m\

2n

0.0

6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 L5 1.0 0.5
f1 (ppm)

7.0

15

8.0

I3 I3 I I =) =) =3 =3 I I3 I I o
S S S S S S =3 S S =3 S S =) =) = I3 =
Q S % o 53 Q S % =) 5 Q S S 1) S S a
e} g a Il a I} Q - - - - = 3 2 ¥ Q h
I I I I I I I L L L L L I I L I I
¥S6T€C—
€60L°6T —
8LI6E—
0v€9°9T1
SI91°LTI V
€P6L8TI —
LTI9TEl — -
6ST1HEET 7
PLISHY] —
O
o
N
88EY'861 —

190 18 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S30

17000

7.6382
7.5238
7.4986
7.4751
=—7.4504
=—7.3102
¥7.2858
7.2596

I 16000
I 15000
(e} F 14000
. F13000
O O k12000
F 11000
10000
F9000
8000
17000
k6000
k5000
4000
3000
12000

1000

o

r-1000

T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

16000

134.0698

15000

193.9095
— 1443663
134.6505
—129.0279
— 124.2600
—120.2688

VA

- 14000

13000

12000

11000

10000

20

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S31

5500

7.7514
7.7245
7.7002
75055
7.4774
7.4045

/
b

83545
83281
7.3787
7.3543

5000
k4500
4000
2p 3500
3000
2500
2000
F 1500
1000

500

2.00-
207
4 2031
2,08

~-500

T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (ppm)

6000

177.2274
156.0848
— 134.8102
_~126.6626

_~123.8713
—121.7394
—117.9409

5500
5000
4500
4000
2p 3500
3000
2500
2000
1500

1000

500

r-500

T T T T T T T T T T T T T T T T T T T T
19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



= 7500

7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

r-500

o

2800

S32

£7C8°¢ —

SESY'L
19LY'L
6ELS’L
+009°L
8¥T9'L
T689°L
Nin.n/
S6EL'L~=
LOI8'L \

S8E]L
LIS6'L
TSL6'L

99L0°8
9€01°'8

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

)

f1 (ppm)

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

wS6' Ty —

vooo.ﬁm_
€EIvITl V
7806°€TI —

TLS6'LTL —
16€€'8T1 VA
1688°0€1 *
OILYIET

6898°TY1 —

850°€0T —

F2600
2400
F2200
2000
- 1800
F 1600

1400

1200
F 1000
F800
F 600
F400
F200
F-200

60 50 40 30 20 10

70

190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

200




S33

~ o —_0 o —~ O T X 2
=k I=gadcse 2
=S MuaETIa bl
66 M=~ "
NS e=—
O
(©)
2r
|
|
|
|
|
I
L A J\
g LT :
& N X
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)
< TR~ ®owon
3 FEaLRAZS <+
& TETCBEsS &
[} S ooV nA— =<
3 Wi S Q% % B K N
= cooddddd g
|| =
(0]
(©)
2r
|
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

2200
2100
2000
1900
1800
1700
1600
1500
r 1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
o
r-100
r-200




S34

7.9929
7.9691
7.9643
7.6370
7.6330
7.6289
7.6155
7.6086
7.6018
7.5879
7.5797
7.5140
7.4689
7.4637
4.4572

— \%ﬁ‘-ﬁ—‘-‘—‘—‘—‘—“ . 40000

35000

Br
30000

4a

25000

20000

15000

10000

5000

1.971
0.99I
1.991

51 2000 =——
;
=]

. 4.0
f1 (ppm)

6000

191.2247

— 133.9068
128.8667
128.8134
309159

\

5500

5000

Br 4500

4000

4a

3500

3000

2500

2000

1500

1000

500

r-500

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S35

20000

4.4135

19000
18000
17000
Br 16000
15000
14000
4b
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

==
200 —————
BS

8.5

T T T T T T T T T T T T T T T T
4. 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

8500

131.7901
130.3256
130.2853
30.4230

8000

189.8309
— 167.8425
— 164.4407
1162422
- 115.9496

yA
X

F7500
+ 7000
Br F 6500
F 6000
4b 5500
F5000
F4500
F4000
F3500
3000
F2500
2000
F 1500
F 1000

500

r-500

200

190 18 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S36

_7.9004
78729
73048
72778

4.4343

o]

Br

4c

—_—

2.4301

z

193]
196

22000

21000

20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

~-2000

T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

190.9512
145.0159
1314296
—~129.5433

N\ 129.0419

Br

4c

4.5 4.0
f1 (ppm)

30.9305

21.7493

4500

4000

3500

3000

2500

2000

1500

1000

500

~-500

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

90

80

70



S37

30000

25000
20000
15000
10000
5000

7000
6500

£589°C

S:.NV
09ELT T
:ﬁ.N\

Teer'y —

610€°L~_
T6TeL"

P006'L ~_
0826'L -~

0.0

0.5

15 1.0

2.0

2.5

3.0

35

4.0
f1 (ppm)

4.5

6.0 55 5.0

Br
4d
75 7.0 65

8.0

Et

8.5

0990°S1 —

PL66'8T ~
ELY6'0E —

PT9E'8TL ~_
£0S1°671 —
S1zy1el

OTETIST —

LES6'061 —

6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

r-500

60 50 40 30 20 10

70

Br
4d
180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

190

Et

200



S38

— 8.4984
7.9832
7.9221

5

— 7.8682

4e

7.6544
7.6313
7.5996

b

7.5697
7.5459

Br

4.5790

g
—

T 3T T
3 S = S
= A= & N
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 15 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
~ P N I
5 Resa8c8d=x %
& casiFsESa’ =
& xaans38233 )
= eSS RS %NS S
2 cooodagaaa 3
| | rm————"
o
Br
4e
!
|
|
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 0

100
f1 (ppm)

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500




S39

26000

7.9660
7.9416
7.6418
7.6169
7.5926
7.5196
7.4936
7.4689
4.7155

NP

Af

24000

22000

Cl 20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

L
—
T

=)

-2000

T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

4.5 4.0
f1 (ppm)

2000

191.0295
134.1941

128.8608
128.4661
45.9905

1900

L
N\

1800
F 1700
1600
F 1500
Cl
1400
F 1300
4f F 1200
k1100
1000
900
800
700
600
500
400
300
200

100

F-100

r-200

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S40

8.7887
8.7825
—8.4981
8.4638
8.2978

1-
\
va

NO,

49

7.7698

7.7165

12000

4.7303

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0.9
4 o
Lo

200 =——

-1000

189.3306

49

Cl

148.4860

T T T T T T T T T T T T T
5.0 4.5 4.0
f1 (ppm)

6000

45.3815

1353091
21341431

— 128.2029
— 123.5053

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

T T
190 180

170

160

150

140 130 120 110 100 90 80 70 60 50
f1 (ppm)



S41

7.6342
7.6095
7.4607
73147
7.2899
4.6445

o

Cl

U
—

2.5327

1971

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35
f1 (ppm)

194.1752
— 139.4748
— 132.3503
— 128.6424
—~125.8172

Cl

Me
4h

47.8947

21.3524

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

80

70

60



S42

s s s < °

g g g g g °

5 z 5 3 5 g

2 & ] 2 = a -

| | | ! ! f i
8657 — w Fooe
0659 — —— [set

()
PelN
_uy
o
9TITL
POpIL— Foet
991€'L— 61
seveL/ Is
[}

SO0L'L — = Fore
6568°'L — Froe

0.0

0.5

1.0

2.0

2.5

3.0

35

pm)

A=)

4.5

5.0

5.5

6.0

6.5

7.0

15

8.0

5000

4500

4000

3500

3000

2500

2000

1500
1000
500

-500

1€8L°1C—

STIL'SY —

1288°CCl —

1€87'8C1 —
$S00°0€T

SO1H0ET \
LSPLTEL
8LS6'SH1 —

1€96°¢ST —

9058°681 —

Cl

Me’

190 180 170 160 150 140 130 120 110~ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S43

@0 co > o
28 23 2 )
S8 38 ] b 8000
P R < o
N \Ye
F 7500
F 7000
(0]
F 6500
Cl
(e}
)j\ 6000
(¢]
5500
4
F 5000
F4500
F 4000
F 3500
F3000
F2500
y ! 2000
F 1500
F 1000
J wisoo
L ) Lo
T T
E 5 ? =] ~-500
N N & -
T
8.5 8.0 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0
f1 (ppm)
° @ < wo v
2 2 3 ze 8 o s
& g S g2 = 2 g
S = < =S o & = 5000
2 % 3 =2 9 - =
= = bl o2 d 2 I
N
F4500
(0]
Cl 4000
i
o F3500
4
F3000
F2500
2000
F 1500
F 1000
‘ | F500
! ! Fo
F-500
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



S44

16000

15000

- 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

0€8Ly —

8€6Y'L
9615°L
SSPS'L
1695°L
TTOS'L
1965°L
L609°L
8Y19°L
8E9°L
YTro'L
1199°L

LE9Y'L —
mhxw.nx
QN;H\
16€0°8

6819'8~_
1Ly9'8 "

(o]

4k

Frre

Feoz
1960

ECT6'0

0.5

1.0

4.0 35 3.0 2.5 2.0

45
f1 (ppm)

8.5 8.0 15 7.0 6.5 6.0 5.5 5.0

9.0

4500

4000

3500

3000

2500

2000

1500

1000

500

~-500

06008y —

1881°%C1
PIESSTI
88€8°9TI
P9ET'8TI
TLissel
SL9S8TI
LEOY'OET
LSOv'TEL
LSLYEEL
6200'7E1

e e

6LLEYO] —

Cl

4k

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S45

8.0379
L 8.0124
7.6161
} 7.5942
2-7.5699
7.5093
7.4858
7.4612
f 5.3089
52872
\ 5.2657

14000

_~1.9169
- 1.8952

F 13000
F 12000
F 11000
4 F 10000
9000
8000
7000
6000
5000
4000
3000
| | 2000

1000

1.064
2,044
3.03

r-1000

T T T T T T T T T T
35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

o | 2,019

o
=
n
=
o
Iy
n
o
=
w
n
w
=Y

8.5

1300

193.2957
133.9726
133.6509
128.8787
128.7103

41.4231
20.0856

1200

L
\

F 1100
1000
Br
900
4
800
k700
600
500
400
300

200

100

r-100

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



S46

8500
8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

£€90°1
S980°1 V
YOIT'L S

9760°C
0LIT'T
80¥1'C
1991°C
61T
TwoTT
£92TT
0sTT
tPLTT
£€86T°C

0950°S
TLLo'S V
0v60'S
€101°s

wor'L
T98Y°L
LOISL —
€TLS'L
S96S°L
7S00'8 —
1620°8 S

Br

4m

oot

6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

7.0

75

8.0

8.5

ooooo o
g 28 8 8 28 2 2 2 2 2 2 =2 =2 = s
i @ a = 2 3 2 2 2 a 53 a S = o -
. . . . . : ; . : , : : , . ; ,
01T — M
15L8°97 — W
6820°6h — M
bOSL'STI M
0664571 :
750961 —
cospel 7
=
o
£
F
1012661 —

190 180 170 160 150 140 130 120 110~ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S47

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500
1000
500

r-500

61¥0°1
0990°1 V
$680°1 /S

woT
1890°C
+€60°T
e
0P 1I't-¢
0891°C
S661°T
oveee
08¥T'T
60LT'T

TwLse—

L910°S
£8€0°S AN
0790°S /S

T9€6'9~_

17969 "

0S86°L~_
10108 "

Br

4n

|

Fooe

%nc.m

oot

0.0

0.5

1.0

2.0

4.0 35 3.0 2.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

75

8.0

8.5

2300
2200
2100

2000

= 1900

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500
400
300
200
100
F-100
r-200

o

6T81°C1 —

§796'9C —

S8LO'SY —

1016°SS —

w06’ elT —

lesTLel —
(U3¢

06L8°€91 —

0P8 161 —

Br

4n

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S48

3800
3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600
400
200

r-200

66560
Nwwm.ow
1800°1

908€°1 W
S9TK'l
8ELY'] \
gréot
:N_.N/
wwv_.NV
vcc_.N\
L681'T

EVET'S
9s1'S V
081°S S

S19p'L
198t°L
9605°L —
:Es\
9965°L
6£00'8 —=
682087

Br

40

0T
01

Feoz

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

6.0 55 5.0 4.5

6.5

7.0

15

8.0

8.5

=900

800

700

600

500

400

300

200

100

r-100

0195°€T —

tPEL0T —

£86€°6E —

998697 —

TreL'sTl
096L°8T1 A

PREYEET —
storver /-

195T°¢61 —

Br

40

0 A AN A W,

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S49

8000

7500

7000

6500

6000

5500
5000

4500
4000
3500
3000
2500
2000
1500
1000

r-500

LYS6'0
Nowm.cV
£€00°1 S

LY9E'T —
A

§90S°1
jtoskd /

Yro's
6¥90°S V
7680°S S

9L09'L

owmo.hV
6098'L —
PL88'L /S

Br

Br

4p

TLre

TN.N
Fae

Too1

Fere

4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0

f1 (ppm)

4.5

5.5 5.0

6.0

6.5

7.0

15

8.0

8.5

r 1500
1400
1300
1200
F 1100
1000

900

800

700

600

500

400

300

200

100

r-100

918S°€l —

LLOL'OT —

0081°S€ —

889L°9r —

8T888TI

901€°0€1 V
€950°CEl —
191reet s

Br

4p

gleeeel —

Br

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S50

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

90760 ~_
$6€6°0~"

9LSE T~
SS8P I~
st

Lov1'T
rwn_.NV
vma_.N\

6S11°S
ohm_.mV
moc_.m\

€19¥'L
S98%'L
860S"L

9ILSL~
9965°L
L8I9'L
67008 —
1820'8 /

Br

4q

BT
o1

0.0

4.0 35 3.0 2.5 2.0 15 1.0 0.5

f1 (ppm)

4.5

5.0

55

6.0

6.5

7.0

75

8.0

8.5

1000

900

800

700

600

500

400

300

F-100

TILYEl —

STt —

60967 —
L991°¢€ —

6S1TLY —

vwmw.xm_
£008'8C1 V

LrboEel —
cetpper 7

¥89T°€61 —

Br

4q

190 180 170 160 150 140 130 120 110~ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



Ss1

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

61680 —

0Eve'l
SoEr'l /
X

1L60°C

PPTIT\

lev1'c-¢£
80L1'T
1s61'C
S8ITT

1811°S
EE.mV

Zc_.m\

0€9%'L
088%'L
€TIS'L

vmnm.hv
L96S°L

80T9°L \
85008 —
11€0°'8 S

Br

4r

Fee
w_u.o
TO.N

2.5 2.0 L5 1.0 0.5 0.0

3.0

4.0 35

f1 (ppm)

55 5.0 4.5

6.0

6.5

7.0

7.5

8.0

8.5

F-100

oooo
2 28 8 28 2 2 2 2 =2 2 2 = =
i} a = 2 3 2 2 2 2 S = S S o
. . . . : ; . , , ; : , . .
61761 —
£065'7C —
LS — - =
bz e — - =
SE68EE W
ST LY — _
TpeL8T m
2108521 =
Epe9EET —
[
.
o =
F
(@]
$197'E61 — -

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



Ss2

6000

5500

5000
4500

4000

3500

3000

2500

2000

1500

1000

500

r-500

1L88°0 —

65€€°1
8SIY'T M

8l6v' 1 —
6S1S°T S

£7€0°T
wNwO.N%
L801TT—
TSET'T
L8ST'T
PESI'T
080T°C
PETET

$€90°S
wwwo.mw
801T°S

010T'L~_
L8TTL"

06£0°8 ~_
L9908

Br

Foot

0.0

0.5

1.0

4.0 35 3.0 2.5 2.0

f1 (ppm)

4.5

5.0

55

6.0

6.5

7.0

15

8.0

8.5

1700
1600
1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

r-100

=-200

8188°¢1 —

9E0I'IT~
Y6SETT—

6¥TI'LT —

9EITIE—
689¢°€€ "

0180°Ly —

62€6'1TT —

T90S°0€T ~
PTse’Iel

8ES9PST —

$$69°891 —

0866161 —

O

Br

4s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



SS3

5000

4500

4000

3500

3000

2500

2000

1500

1000
500
o

2620T
EE.NV
6201'TF
sLzre
8051°T
sTLIT
8961°C

0PL8'E —

L6LO'S
m_o_.mw
v9TI'S

7969 ~_

€969~

6€86°L~_
£600'8 "

Br

4t

o€

Foort

0.0

0.5

2.0 1.5 1.0

2.5

35 3.0

75 7.0 6.5 6.0 55 5.0 4.5
f1 (ppm)

8.0

8.5

1600
1500
1400
1300
1200
1100
1000
0

900
800
700
600
500
400
300
200
100
r-100

0916°€1 —

6T6£TC—

vI61'LT —
SE9T1E —
6155°¢E

m,-LMWWWMM

90¥TLY —

0€0S°SS —

N

Teeo’ el — W
LOLT LTI — M
9€8T°IET —
8L8]E9T — =

-

m

© g

9106 161 — -

\O

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



S54

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ze66T
A
€867
osre/
1858 —
15167
17€Te —
SsyTe
Le9Te
828T'€
950€°€
osge's

06697 —

80€T'L
S6ST'L
206T°L
TSIeL
€0PEL—
LSOV L-F
moav.n\
Nm_m.w

0ry0'8 —
10L0°8 S

Br

4u

01
40’1
Feo'l

1901

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

15

8.0

8.5

f1 (ppm)

2500

2000

1500

1000

500

€9L0°9T —
9998°1¢ —

v1Th0S —

xFo.hN_
fuc.xN_ /
9TEL'8TI

8YL8'6TI —

IO HET —

6096°TY1 —

SPrS061 —

Br

4u

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



SS5

6500

7.5422
£ 35160
/774153
4-7.0899
\:70510

7.0224
e
- 4.6455
iz:.szsz

4.5738

_~7.9558
~-7.9296

6000

0 5500

Br
F 5000

O
4v

4500

4000

3500

3000

2500

2000

1500

1000

| F500

3.05]

r-500

T T T T T T T T T T T T T
6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

1900

71.2186
453329

- 1800

185.2010
160.6124
— 136.7147
— 128.2300
— 122.3095

F 1700
F 1600
k1500
Br
F 1400

o F 1300
4v F 1200
F 1100
1000
k900
F800
k700
F 600
F 500
F400
k300

200

—————— Wwwmwmﬁwwmmmmmm »

r-100

F-200

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110~ 100 90 80 70 60 50 40 30 20 10 0
fl (ppm)



S56

6500

8.2039
8.1775
7.8524
7.8336

— 7.6299

—7.4530

e
7.3883
7.3636

_6.3364

63176

va
v

6000

5500

5000

o 4500
4000
3500
3000
2500
2000
k1500

1000

FE 1Y

r-500

45 4.0
f1 (ppm)

1500

177.5871
_~156.4480
™ 155.2726
—133.7216

125.7393

124.8196

— 112.9344

v
\

F 1400
F 1300
0 F 1200

1100

O F 1000
F900
F800
F700
F 600
F 500
F400
k300
F200
F100

Tt AR WWWWWMWWM—O

r-100

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



