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General experimental procedure

NMR spectra were recorded on a 300 MHz instrument using CDCl; as solvent unless and otherwise
stated (s = singlet, d = doublet, t = triplet, m = multiplet). The 'H and '*C chemical shifts are reported
in parts per million relative to tetramethylsilane as an internal standard. For the Mass spectrometry,
ion source temperature was 150-250°C, as required. High-resolution EI-mass spectra were performed
with a resolution of 10,000. For chromatography, analytical TLC plates and 70-230 mesh silica gel
were used. All the solvents and chemicals were purchased and used as available.

Typical experimental procedure

1-(pyrimidin-2-yl)-1H-indole (1 equiv, 0.2 mmol), PdBr, (10 mol%, 0.02 mmol), PivOH (0.5 equiv),
PhCI (0.5 mL), toluene (1.5 mL), TBHP (5 equiv, 1.0 mmol), were consecutively loaded to an oven
dried 10 mL screw cap vial equipped with a magnetic stirring bar and then stirred at 120 °C for 24 h.
The resulting reaction mixture was cooled to the ambient temperature and subjected to the column
chromatography to afford desired 2-oxindole. The products were further identified by 'H NMR, 13C
NMR.

Removal of directing group

An oven-dried 10 mL screw-cap vial was charged with a mixture of 3¢ (65.8 mg, 0.3 mmol), DMSO
(2.0 mL) and EtONa (61.2 mg, 0.90 mmol), and the reaction mixture was stirred at 100 °C under
nitrogen atmosphere for 24 h. After cooling to ambient temperature, the reaction mixture was diluted
with EtOAc and washed with H,O. The aqueous phase was extracted with EtOAc, and the combined
organic phase was dried over Na,SO,. After filtration and evaporation under reduced pressure, the
residue was purified by flash column chromatography (petroleum ether/ethyl acetate) on silica gel to

give the product 3cc.



Characterization of products
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phenyl(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone(3a)
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'H NMR (300 MHz, CDCl;) ¢ 8.64 (d, J = 4.8 Hz, 2H), 8.40 (dd, J = 8.5, 0.8 Hz, 1H), 7.97 (dd, J = 8.3, 1.3 Hz, 2H),
7.71 (d, J=1.8 Hz, 1H), 7.59-7.52 (m, 1H), 7.48-7.41 (m, 3H), 7.32-7.27 (m, 1H), 7.13 (d, /= 0.7 Hz, 1H), 7.07 (t, J =
4.8 Hz, 1H).3C NMR (101 MHz, CDCl;) ¢ 187.6, 157.9, 157.3, 138.3, 138.0, 137.2, 132.7, 129.6, 128.3, 128.0, 126.5,
122.8, 122.5, 117.4, 115.4, 114.2. HRMS (ESI) for C19H14N30 [M+H]+ calculated 300.1131, found 300.1136.
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(1-(pyrimidin-2-yl)-1H-indol-2-yl)(p-tolyl)methanone(3b)
'H NMR (300 MHz, CDCl;) ¢ 8.64 (d, J= 4.8 Hz, 2H), 8.40 (dd, J= 8.5, 0.8 Hz, 1H), 7.89 (d, J= 8.2 Hz, 2H), 7.70 (d,
J=17.8 Hz, 1H), 7.44 (ddd, J = 8.5, 7.1, 1.3 Hz, 1H), 7.32-7.27 (m, 1H), 7.25 (d, J = 7.3 Hz, 2H), 7.10 (d, /= 0.7 Hz,
1H), 7.06 (t, J=4.8 Hz, 1H), 2.42 (s, 3H).3C NMR (101 MHz, CDCl;) 6 187.4, 157.9, 157.4, 143.5, 138.2, 137.4, 135.4,
129.7, 129.1, 128.1, 126.3, 122.8, 122.4, 117.3, 115.0, 114.2, 21.7.HRMS (ESI) for C20H15N30 [M+H]+ calculated
314.1288, found 314.1291.
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(4-methoxyphenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone (3c)

'H NMR (300 MHz, CDCl;) ¢ 8.65 (d, J = 4.8 Hz, 2H), 8.40 (dq, J = 8.4, 0.9 Hz, 1H), 8.04-7.94 (m, 2H), 7.70 (dt, J =
7.8, 1.0 Hz, 1H), 7.43 (ddd, J=8.5, 7.1, 1.3 Hz, 1H), 7.34-7.26 (m, 1H), 7.13-7.03 (m, 2H), 6.98-6.90 (m, 2H), 3.87 (s,
3H).13C NMR (101 MHz, CDCl;) § 186.5, 163.4, 157.9, 157.4, 138.1, 137.4, 131.9, 130.8, 128.1, 126.2, 122.7, 122.3,
117.3, 114.6, 114.2, 113.6, 55.5. HRMS (ESI) for C20H15N302 [M+H]+ calculated 300.1237, found 330.1234.
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(4-fluorophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone(3d)

'H NMR (300 MHz, CDCl;) ¢ 8.64 (d, J = 4.8 Hz, 2H), 8.41 (dd, J= 8.5, 0.7 Hz, 1H), 8.01 (ddd, J= 8.9, 5.2, 2.5 Hz,
2H), 7.71 (d, J = 7.9 Hz, 1H), 7.46 (ddd, J= 8.4, 7.2, 1.2 Hz, 1H), 7.34-7.27 (m, 1H), 7.17-7.06 (m, 4H).13C NMR (75
MHz, CDCl;) 6 186.2, 158.0, 157.2, 138.3, 136.9, 132.1, 132.0, 127.9, 126.6, 122.9, 122.5, 117.4, 115.7, 115.4, 115.3,
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114.3. HRMS (ESI) for C19H12FN30O [M+H]+ calculated 318.1037, found 318.1042.
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(4-bromophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone(3e)

'H NMR (300 MHz, CDCl;) ¢ 8.64 (d, J = 4.8 Hz, 2H), 8.40 (dd, J = 8.5, 0.8 Hz, 1H), 7.97 (dd, J = 8.3, 1.3 Hz, 2H),
7.71 (d, J = 7.8 Hz, 1H), 7.59— 7.52 (m, 2H), 7.48-7.41 (m, 1H), 7.32-7.27 (m, 1H), 7.13 (d, /= 0.7 Hz, 1H), 7.07 (t, J =
4.8 Hz, 1H).13C NMR (101 MHz, CDCl;) ¢ 186.6, 157.9, 157.2, 138.3, 136.9, 136.7, 131.7, 130.9, 128.0, 127.8, 126.7,
122.9,122.5,117.4, 115.3, 114.4 HRMS (ESI) for C19H12BrN30 [M+H]+ calculated 378.0237, found 378.0240.
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(4-iodophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone(3f)
'H NMR (400 MHz, CDCls) 6 8.63 (s, 2H), 8.42 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 8.0 Hz, 2H), 7.69 (t, J= 10.4 Hz, 3H),
7.46 (t,J=17.3 Hz, 1H), 7.31 (d, J=7.4 Hz, 1H), 7.09 (d, J= 11.6 Hz, 2H).13C NMR (101 MHz, CDCl;) ¢ 186.8, 157.9,
157.2, 138.3, 137.7, 137.4, 136.7, 130.9, 128.0, 126.7, 122.9, 122.5, 117.4, 115.3, 114.4, 100.5.HRMS (ESI) for
C19H12IN30O [M+H]+ calculated 426.0100, found 426.0094.
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(1-(pyrimidin-2-yl)-1H-indol-2-yl)(o-tolyl)methanone(3i)

'H NMR (300 MHz, CDCl;) 68.68 (d, J = 4.8 Hz, 2H), 8.29 (dq, J = 8.5, 0.9 Hz, 1H), 7.68 (dt, J=17.9, 1.0 Hz, 1H), 7.56
(dd,J=17.6,1.4Hz, 1H), 7.43 (ddd, T =8.5, 7.1, 1.3 Hz, 1H), 7.34 (td, T = 7.5, 1.5 Hz, 1H), 7.31-7.26 (m, 1H), 7.26-7.22
(m, 1H), 7.20-7.12 (m, 1H), 7.12-7.05 (m, 2H), 2.56 (s, 3H)."*C NMR (101 MHz, CDCl;) J 189.2, 157.9, 157.5, 138.7,
138.1, 131.2, 131.1, 130.3, 129.9, 127.8, 127.6, 126.7, 126.1, 125.1, 122.8, 122.7, 117.6, 116.3, 113.9, 20.4 HRMS (ESI)
for C20H15N30 [M-+H]+ calculated 314.1288, found 314.1293.
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(3,5-dimethylphenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone (3j)
'H NMR (300 MHz, CDCl;) 6 8.66 (d, J=4.8 Hz, 2H), 8.37 (dd, J= 8.5, 0.7 Hz, 1H), 7.71 (d, /= 7.8 Hz, 1H), 7.62 (s,
2H), 7.44 (ddd, /= 8.4, 7.2, 1.2 Hz, 1H), 7.34-7.26 (m, 1H), 7.21 (s, 1H), 7.12-7.05 (m, 2H), 2.36 (s, 6H).1*C NMR (101
MHz, CDCly) 6 187.9, 157.9, 157.4, 138.3, 138.0, 137.9, 137.4, 134.5, 127.9, 127.5, 126.4, 122.7, 122.5, 117.4, 115.3,
114.1, 21.2. HRMS (ESI) for C21H17N30 [M+H]+ calculated 328.1444, found 328.1449.
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naphthalen-1-yl(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone(3k)

'H NMR (300 MHz, CDCl;) 6 8.74-8.67 (m, 1H), 8.54 (d, J= 4.8 Hz, 2H), 8.37 (dq, /= 8.5, 0.9 Hz, 1H), 7.97-7.83 (m,
2H), 7.79-7.66 (m, 2H), 7.65-7.50 (m, 2H), 7.49-7.35 (m, 2H), 7.29 (ddd, J= 8.1, 7.1, 1.0 Hz, 1H), 7.16 (d, J = 0.9 Hz,
1H), 6.96 (t,J=4.8 Hz, |H).3C NMR (101 MHz, CDCl;) ¢ 188.8, 157.8, 157.3, 138.9, 138.5, 136.0, 133.7, 132.3, 131.1,
129.0, 128.2, 127.9, 127.6, 126.7, 126.4, 126.1, 124.2, 122.8, 122.6, 117.3, 116.2, 114.2. HRMS (ESI) for C23H15N30
[M+H]+ calculated 350.1288, found 350.1284.
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(1-(pyrimidin-2-yl)-1H-indol-2-yl)(m-tolyl)methanone(31)

'H NMR (300 MHz, CDCl;) 08.65 (d, J = 4.8 Hz, 2H), 8.38 (dd, J = 8.5, 0.9 Hz, 1H), 7.81 (dq, J = 1.7, 0.8 Hz, 1H), 7.78
(dd,J=7.2,1.8 Hz, 1H), 7.71 (dt,J = 7.9, 1.0 Hz, 1H), 7.44 (ddd, J = 8.5, 7.1, 1.3 Hz, 1H), 7.40-7.26 (m, 3H), 7.12 (d,
J=0.8 Hz, 1H), 7.08 (t, ] = 4.8 Hz, 1H), 2.40 (s, 3H)."*C NMR (101 MHz, CDCl;) ¢ 187.7, 157.9, 157.4, 138.3, 138.2,
137.9, 137.3, 133.6, 130.1, 128.2, 128.0, 126.9, 126.5, 122.8, 122.5, 117.4, 115.4, 114.2, 21.3.HRMS (ESI) for
C20H15N30 [M+H]+ calculated 314.1288, found 314.1284.
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(3-fluorophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone (3m)

'H NMR (300 MHz, CDCl;) 6 8.65 (d, J=4.9 Hz, 2H), 8.42 (dd, J= 8.5, 0.9 Hz, 1H), 7.78-7.63 (m, 3H), 7.51-7.36 (m,
2H), 7.31 (ddd, J= 8.1, 7.1, 1.0 Hz, 1H), 7.27-7.21 (m, 1H), 7.15 (d, J= 0.8 Hz, 1H), 7.08 (t, /= 4.8 Hz, |H).3C NMR
(101 MHz, CDCl;) 6 186.2, 163.9, 161.4, 157.9, 157.2, 140.2, 140.1, 138.3, 136.7, 130.0, 129.9, 127.9, 126.7, 125.3,
125.2,122.9, 122.6, 119.8, 119.5, 117.4, 116.2, 115.9, 115.6, 114.4 HRMS (ESI) for C19H12FN30 [M+H]+ calculated
318.1037, found 318.1035.

(3-bromophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone (3n)

'H NMR (300 MHz, CDCl;) 6 8.65 (d, J=4.8 Hz, 2H), 8.42 (dq, /= 8.5, 0.9 Hz, 1H), 8.13 (t, /= 1.8 Hz, 1H), 7.87 (ddd,
J=17.71,1.6, 1.1 Hz, 1H), 7.76-7.65 (m, 2H), 7.47 (ddd, J=8.5, 7.2, 1.3 Hz, 1H), 7.36-7.28 (m, 2H), 7.14 (d, J= 0.8 Hz,
1H), 7.09 (t,J=4.9 Hz, |H).3C NMR (101 MHz, CDCl3) ¢ 185.9, 157.9, 157.2,139.9, 138.4, 136.5, 135.5, 132.6, 129.9,
128.0, 127.9, 126.8, 122.9, 122.6, 122.6, 117.4, 115.7, 1144 HRMS (ESI) for C19H12BrN3O [M+H]+ calculated
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378.0237, found 378.0236.
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(3-iodophenyl)(1-(pyrimidin-2-yl)-1H-indol-2-yl)methanone (30)

'H NMR (300 MHz, CDCl;) ¢ 8.66 (d, J= 4.8 Hz, 2H), 8.41 (dq, J= 8.5, 0.9 Hz, 1H), 8.33 (t, /= 1.7 Hz, 1H), 7.95-7.83
(m, 2H), 7.72 (dt, J=17.9, 1.0 Hz, 1H), 7.46 (ddd, /= 8.5, 7.1, 1.3 Hz, 1H), 7.31 (ddd, /= 8.0, 7.1, 1.0 Hz, 1H), 7.18 (t, J
= 7.8 Hz, 1H), 7.13 (d, J = 0.8 Hz, 1H), 7.10 (t, J = 4.8 Hz, 1H).13C NMR (101 MHz, CDCl;) ¢ 185.9, 157.9, 157.2,
141.4, 139.82, 138.4, 138.2, 136.5, 130.0, 128.7, 127.9, 126.8, 122.9, 122.6, 117.5, 115.8, 114.3, 94.1.HRMS (ESI) for
C19H12IN30O [M+H]+ calculated 426.0100, found 426.0097.
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(3-methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone(3p)

'H NMR (400 MHz, CDCl;) 6 8.64 (d, J = 8.4 Hz, 1H), 8.46 (d, J = 4.8 Hz, 2H), 7.78 (d, J = 7.4 Hz, 2H), 7.69 (d, J =
7.8 Hz, 1H), 7.51 — 7.39 (m, 2H), 7.33 (q, J= 7.4 Hz, 3H), 6.85 (t, /= 4.8 Hz, 1H), 2.37 (s, 3H).

I3C NMR (101 MHz, CDCl;) 6 189.47, 157.6, 157.1, 139.3, 136.4, 133.3, 132.3, 130.3, 128.6, 128.3, 126.1, 122.6, 121.7,
120.2, 116.1, 115.2, 9.4.

HRMS (ESI) for C20H15N30 [M+H]+ calculated 314.1288, found 314.1284.
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(5-methoxy-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone(3q)
'H NMR (300 MHz, CDCl;) ¢ 8.59 (d, J = 4.8 Hz, 2H), 8.34 (d, J= 9.0 Hz, 1H), 7.98-7.91 (m, 2H), 7.57-7.49 (m, 1H),
7.46-7.39 (m, 2H), 7.13-7.06 (m, 2H), 7.05 (d, J = 0.6 Hz, 1H), 7.02 (t, J = 4.8 Hz, 1H), 3.88 (s, 3H)."*C NMR (101
MHz, CDCly) ¢ 187.6, 157.9, 157.2, 156.0, 138.1, 137.7, 133.2, 132.6, 129.5, 128.7, 128.3, 117.1, 116.5, 115.5, 114.9,
103.5, 55.7.HRMS (ESI) for C20H15N302 [M+H]+ calculated 330.1237, found 330.1237.
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(5-fluoro-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone(3r)
'H NMR (400 MHz, CDCl3) ¢ 8.60 (s, 2H), 8.46-8.37 (m, 1H), 7.94 (d, J = 6.9 Hz, 2H), 7.55 (s, 1H), 7.44 (d, J = 6.8
Hz, 2H), 7.34 (d, J=9.0 Hz, 1H), 7.17 (t, J = 9.0 Hz, 1H), 7.05 (s, 2H).3C NMR (101 MHz, CDCl;) ¢ 187.6, 160.4,

158.0, 157.9, 157.0, 138.5, 137.8, 134.5, 132.8, 129.5, 128.6, 128.6, 128.6, 128.4, 127.6, 126.9, 117.4, 115.8, 115.7,
114.7,114.5, 114.2, 114.2, 107.3, 107.1.HRMS (ESI) for C19H12FN30O [M+H]+ calculated 318.1037, found 318.1036.
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(5-bromo-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone (3s)

'H NMR (400 MHz, CDCl;) ¢ 8.60 (s, 2H), 8.33 (d, J = 8.8 Hz, 1H), 7.94 (d, J = 6.5 Hz, 2H), 7.82 (s, 1H), 7.60-7.48
(m, 2H), 7.48-7.26 (m, 2H), 7.06 (s, 1H), 7.02 (s, 1H).3C NMR (101 MHz, CDCl;) ¢ 187.4, 157.9, 156.9, 138.1, 137.7,
136.6, 132.9, 129.7, 129.5, 129.1, 128.4, 124.7, 117.6, 116.1, 115.9, 113.6.HRMS (ESI) for C19H12BrN30O [M+H]+
calculated 378.0237, found 378.0230.
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(4-bromo-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone(3t)

'H NMR (400 MHz, CDCl3) 6 8.64 (s, 2H), 8.35 (d, J= 8.4 Hz, 1H), 7.98 (d, /= 7.0 Hz, 2H), 7.57 (d, J = 6.6 Hz, 1H),
7.46 (d,J=7.0 Hz, 3H), 7.29 (t, J=10.6 Hz, 1H), 7.16 (s, 1H), 7.10 (s, 1H).13C NMR (101 MHz, CDCl;) § 187.3, 158.1,
157.1, 138.3, 137.6, 137.5, 132.9, 129.6, 128.8, 128.5, 127.2, 125.7, 117.8, 116.1, 114.5, 113.4 HRMS (ESI) for
C19H12BrN30 [M+H]+ calculated 378.0237, found 378.0240.
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2-benzoyl-1-(pyrimidin-2-yl)-1H-indole-4-carbonitrile (3u)

'H NMR (300 MHz, CDCl;) 6 8.72-8.63 (m, 3H), 8.04-7.95 (m, 2H), 7.68-7.59 (m, 2H), 7.50 (ddd, J=8.5,7.2, 1.1 Hz,
3H), 7.27 (d, J= 0.9 Hz, 1H), 7.16 (t, J = 4.9 Hz, 1H).13C NMR (101 MHz, CDCl;) ¢ 187.20, 158.19, 156.69, 139.00,
137.48,137.14, 133.35, 129.70, 129.41, 128.59, 127.77, 125.79, 119.35, 118.19, 117.66, 111.76, 105.08. HRMS (ESI) for
C20H12N40 [M+H]+ calculated 325.1084, found 325.1085.

(6-bromo-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone (3v)

'H NMR (300 MHz, CDCl;) ¢ 8.67-8.59 (m, 3H), 7.99-7.91 (m, 2H), 7.60-7.51 (m, 2H), 7.49-7.37 (m, 3H), 7.10-7.05
(m, 2H).BC NMR (101 MHz, CDCl;) 6 187.3, 158.0, 156.9, 138.6, 137.7, 137.6, 132.8, 129.5, 128.4, 126.8, 126.3, 123.5,
120.3,117.6, 117.5, 114.6.HRMS (ESI) for C19H12BrN30 [M+H]+ calculated 378.0237, found 378.0238.

(7-methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl)(phenyl)methanone(3w)



H NMR (300 MHz, CDCl3) & 8.88 (d, J = 4.9 Hz, 2H), 7.95-7.90 (m, 2H), 7.62-7.56 (m, 2H), 7.52-7.45 (m, 2H), 7.43
(t,J = 4.9 Hz, 1H), 7.21 (s, 1H), 7.15-7.11 (m, 2H), 1.97 (s, 3H).3C NMR (101 MHz, CDCls) J 187.1, 159.8, 158.2,
138.4, 138.3, 136.1, 132.4, 129.7, 129.3, 128.3, 127.3, 122.5, 121.9, 121.1, 120.2, 116.5, 19.4.HRMS (ESI) for
C20H15N30 [M+H]+ calculated 314.1288, found 314.1288.
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(1H-indol-2-yl)(4-methoxyphenyl)methanone (3cc)

'H NMR (400 MHz, Chloroform-d) 8 9.32 (s, 1H), 8.04 (d, /= 8.8 Hz, 2H), 7.72 (d, /= 8.0 Hz, 1H), 7.48 (d, /= 8.3 Hz,
1H), 7.37 (t,J= 7.7 Hz, 1H), 7.21 — 7.12 (m, 2H), 7.03 (d, J = 8.8 Hz, 2H), 3.91 (s, 3H). BCNMR (101 MHz, CDCl;) §
185.9, 163.4, 137.4, 134.6, 131.7, 130.8, 127.9, 126.3, 123.2, 121.1, 113.9, 112.2, 111.9, 77.2, 55.7.



'H and '3C-NMR Spectra of the Products

0000 —

2901
Byey
F80°€
j N
2£0')

0T

00}

61

1 (ppm)

0000 —

-10

10

20

T
920

Y wLL

T
100
1 (ppm)

10

86€°G1L
85e°/LL W
€6v'22)
s29°22)
¥05°921
220821
see'azL -
195621 <
989zeL

V6T 2Et
1008}
182°8€L

0€€LG) ~o

5067464

0

0

965°281 —

210

3a



200 —

e —

=

PR
0

10}

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

7.0

F
\MIMWMF 1
— Ll

0l
€0l
66}

=o'l

7.5

8.5

9.0

-10

0000 — - °
o
o
&
€89'1 — —
o
5
o
<~
o
3
o
©
o
R
8
)
8
gk
T
8] o
0zeyLL J\/ -
0167814 |
60€°LLL ~ i o I o
z6€'22) P I
£v.zel S -
61€°9ZL ~_ =
S50'8Z) ~ \F \ — o
9v0'62) 7 — @
71621 7 Nz /M
18€'5eL — — —
evE'LEL -7 == 2
v61'8€L <
Z0S eV — =
\ / o
— 2
09€'2G1 ~ _
9e6'25L 8
o
L
o
8
05€'28L — ——] o
8
o
o
&

210

3b

10



0000 —

§.8'¢ —

Q.0

~

Fue

0.5

1.0

1.5

2.0

25

5.5

6.0

6.5

70

75

8.0

8.5

9.0

000'0-—

-10

16%'6G —

70

90|

T
100
1 (ppm)

6L9°CLL
wrm.w:/
mom.wzv
Loe'LLL —
siezel
Felezd RS

1

202921 —
280'82L —
168°051 —
g06'1eL -
LYELEL ~
0zL'88L —

8/€°/GL

L¥6°/GL "

0

CLE'E9L —

S61°98L —

210

3c



000°0-—

190°L q
90,4

660°L
S0+

0.0

1.0

35 3.0 25 20

4.0

ppm)

e

5.0

——

61

55

6.0

6.5

7.0

7.5

8.0

8.5

9.0

6000 —

8LEvLL
9/2°GLL W
0LE°GL1 7
659°GLL
LIV LLL
L6v°221
ze6eel
L19°9zk v
9.6°L2)
200°ZEL
seieel
198°9¢€} *

€92'8€1

VST LSL~
166'251 <"

1217981 —

-10

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

210

3d

12



0.0

0000 — r

0000-—

1.0

15

595'L — —_

25

T
4.0

4.5
1 (ppm)

~
=
Br

28 el

6eE'SLL /
X

S0€'L1 v LLL

X = szl
82€°L 1 \ - 08622}
/ / 0 $89'9Z)

5 e el
9ev'L =~ 100821 >
976081 -7
osier

£2L9€l

. 58961 \
881°L -
895°/ 997851

N}
=3
@

N

5.0

6.0

~
N
[}
~
6.5

- 60T°LGL ~.
209°L 8
569°2 286'26L

|
|

<
8
~
~
_
L

L

.
3
s
;
piiih
7L
OO0 OoOPoOo®»O
“<df<o<

9v8'2 2 09g9sl—

13

-10

60 50 40 30 20 10

70

Br
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210




0.0

000°0-— - r

0000—

1.0

15

990'2 4 o 0 66v00L—

8602 1 z

60121 W

e \

1121+ > Lyybl~C
082'L 1 S NV/ 27N r PrESLL—

10€°2 Ly L
v0€L S2G°TTL ~_
2082 96ceL "
128 L9 esoozt—
LeeL v00'824 -
0€v'L 998°0¢} "
vev'L 169°9€L ~
ysy'LA mmm.z_w

5.0

. <
85'L 1 [©  199.€)
€9v'2 4 €lT8el

899'L 602251~
¥89'2 86251 <~

7.5

e P

Qe
“a+-v~o«

~o
>
N~
NN
) L
T T
|
|

9€8'98) —

9.0

14

-10

60 50 40 30 20 10

70

200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210




000°0- —

095C —

890 1
120'2
680'
S01°24
geL'L
912
6cL'L
8512 1
IV
€912
z81'2
9812
6812 ]
0ez'2
ez
sez's
8vz'L
ST L
2z L
sz
8.7
862'
20¢e'2
11e'2
zze'L
zve'L
1ve'L
19¢'2 4
zLe L
902
Lz
0ey'L
eV L
65
8GY°L
€92
8vs'L
€59+
€152

81G°L

9992

6992

€192

a8
it
{

L

8994
828
1828
90¢°8
60¢°8

899'8 ~_
¥89'8~"

N\

=]
S
©
o
L2
[ @
S
1 o
©
P | . o
=E90'€
2
o
©
F o
2
r<
r g
&
ne
Fes
2
v
©
o
2
o
©
o
0°C L2
\L%c.r =
M 0L L
== MM_\_\
= 0l L@
HMW/MQ.F =
= Re0t |
0L
2
I~
=== F00'} [
Fa
= = 66}

9.0

o
0000-— — °
e
o
¥0v'0g — — S
o
3
S
g
3
o
8
o
4
o
8
o
8
(=} m
T e
29611 o I
8vZ'9LL \/\ 2
mmms:/ z
9221 - \ \|
voszzL - \ — o
T60GCT A\ = N
9IZ9ZT "
wm:ﬁ// ——
NECARN — 9
vEO'LEL p— 3
B TET % V
0Z08ET
Sm.mmrw — - <
¥69'8€1 -
=
3
LS LSL~ .
2€6°261 5
o
g
o
8
090268} —— =3
o
8
I
o
Y

3i

15



. o
000°0- — L F3
@
ro 0000 —
Lo
12z —
L@
J 2
o
Fa
65€C— B —— -——— 4 F6s -
Fa
o
Fo
P
Fo
o
F<
© oF
5 F<8
L2 621 V1L
© peecL
o SOV LLL~T
o zvzel
e z= o 62,221
Fo YOv°9ZL
\ 285221
7 Nz M 856221 -
825 vEL
6902 L2 96€°L€L N
5802 006°2€L
1012 900°8€ L N
202°2 ove'gel
972
. 0
1922 L2
0622
vieL
1182 668251~
v ° 816'LG1L
9L _ ) F e
wmw.TW /[ —=== Mm !
ovb'L —=| =960
s f H = W/Mo.r
Yor L ~E = : 0
89y, 1 rm.w [~
6692~ I e
LT *
o
[ 998'281 —
95e'8
658 )
G8E'8 — == 100’} ©
1868 Fo
£59'8~_ I .
padps —_ =——=1F06')
o
Fo

16

-10

60 50 40 30 20 10

70

HzC
CHjy
lA
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

200

210




6769 -

9G1°L A

162°L+

12€ L

A%

6152

=

0.0

0.5

1.0

15

20

25

3.0

3.5

4.0

5.0

55

6.0

6.5

7.0

7.5

-
oemr-aag
NN~ o -

RYZELST

8.0

B.5

2P
P e

L

el H

9.0

0000 —

10

20

30

40

50

60

70

80

90

1 (ppm)

101

1P

12T vhl~
01Z9H ~
L
#9651
8rezzl
051°7ZL —
280921 —F
686921

120

0127921
265 22h
2v6°L2)
681821 4
v£0°621
160'1€1
152°2¢1L
¥69'€€1

1B0

140

8v0°9€} -]
16v'8€L -

69€°LG)L ~
658'25L

15D

60

70

8v8'88L —

190 180

200

3k

17



000°0-—

66£C—

0902 q
9202+
€60°L
9LL'LA
8L,
992°L

062,

T
-0.5

0.5

1.0

2.0

T
25

3.0

3.5

4.0

1 (ppm)

5.0

6.0

6.5

w0
@

€000 —

eeLe —

-10

10

20

44

60

70

80

90

€8l vl
resLL /
€9€°LL1L
99v°zeh /
9,221
8ev'9CL

96921 H/
986'/21

110 10
1 (ppm)

120

602:924

L

sv00elL
Legeel —
662 LE) —

126°L€L
SyL8EL
90€'8€1L

=

I

140

L9E°LS) ~
256'25L

|

15

gLl —

17

180

200

210

3l

18



000°0-—

1902
€802
660°L |
6L L
1612
vz
1z
czz L
9tz L
1wz L
svz L]
05721
sz L]
6972 |
2z
8.2
287 L
9872 |
902 |
602 |
zies
zees
9ces |
ze L
0621
962 1
9L
sers
1672
1L
19721
S92
697'L 1
687'L 1
6L 1
6592 1
992 {
1992
€192
0692 1
569'L 1
969, 4
V0L L
8014

cLL

LWLl

\eL'L

0eLL

veLs

8eLL

evLL

YAZA

v0v'8
L0v'8 W.
oLy’
9eY'8
6EY'8
8€9'8
+59'8

=

QTR 0Q
N o -av -

P s

Fs6)

0.0

0.5

1.0

15

2.0

25

3.0

3.5

4.0

£

& 086511

=
<

5.0

55

6.0

6.5

7.0

7.5

8.0

8.5

9.0

0000 —

-10

10

2p

30

40

50

60

70

80

€6EVLLq

90|

)

085 GITH

102911
G6E°LLL
9YG'6LL
8GL°61 )
$95°221

100
1 (pp

110

896°2C1
0¥2'SC) A
89262}

(G

120

130

GCOOET

S2E'BEL ~T
(040143

40

00Z°07 1

150

022°26) ~
L1651~
28€°191 —

160

9v8'e9L —

170

180

8517981 —

200 190

210

3m

19



000°0-—

10°L7
€60°L
604°2
18172+
6512
€822
1821
162°L
2082
01€2
11€°L
£6€°2
2682
£E°L
8ev'L
2y L
29v'L
99t°2 1
0Lv'L
06v'L 1
6121
199°2 1
¥99°2 1
199°2
119°2
189°2 1
169°Z 1
¥69°L 1
869°L 1
804'2
e
viLL
iV S

Br

6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 2,0 15 1.0 0.5 0.0 0.
1 (ppm)

7.0

1802
PR 3
£€58'L
8582 F
298°L

6.8°L
88,
B4
veL'8
86€£'8
Lov'8
vov'8
L0v'8
o9cr'e
62Y'8
2Eer'8
S¥9'8
1998

80t
60
oz
F60'1
0L
0L
20}

/60

7.5

8.0

8.5

9.0

000°0-—

-10

10

20

30

40

50

60

70

90 80

100
1 (ppm)

6LEVLL
9L2°GLL [11]

110

Sb Ll

£6522} %

9€9°224

omm.mﬁW =
261924

82621 o

120

0

190°8CT
816°6C1 z

oqm.wﬁw \ /

vessel

mmm.wm_\\ /
mwm.mﬁ\ =

LY8'6EL

140

1617261~
686451 —

151

160

170

180

8.6'58L —

0

200

210

3n

20



0000 —

080'Z
960°Z A
e
0812
Ve
S1'2
18124
£02°2
282'
582°2
S0€°Z
60€'Z
Lz
€'
5e€°2
9ev'L
oy’
09v°Z 1
Yov'L 1
69’2 1
88Y°L 1
26v'L
£02°2
Ve
e
el ]
L8072
0vL'L A
98'L |
198'2
028'2
€18°2

88'L

068'L

68°L

L

0.0

0.5

1.0

15

2.0

25

3.0

3.5

4.0

4.5

19076 —

1 (ppm)

5.0

5.5

6.0

e
290511 V
090" LLL~"
90922}
96221
261921
16221~
189821 —
zz00sL -
889t}
ISHING

1245112
818'6€L \

6z L)

6.5

7.0

002°LGb ~
166251~

75

9687
006'Z ﬁ
L16L
cle'L

h_.m”n%
CoY
A

Ly98~
€998~

960
Fo0'L

o6l

£€88'68L —

8.5

9.0

21

-10

30 20 10

40

60

mn

9P

00
1 [ppm)

N
130 120 110
30

0

.

150

\
F

200 190 180 170 160

210




L8T—

+8'9
mw.mW
882
2L
el
A
ov'L
NZ\
e
wm.m\
orL
wie
6L
svg
opg >

£9'8 —
598"

IO
—~m
T

Brre
e

EH0'T
0

E00'C
E00'T

0.(

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

ppm

8€'6 —

10

20

30

10

50

60

70

8(

90

100
ppm

110

TTSTTC

TTOTT ~
9T'oct
€771 /

120

89°C¢T —

€1°921 ~_
TE8TT
65821 -
0£°0ET
szzsr

13

9z'efT

TP'9ET

sz6c1/

14(

0T'LST ~
95°45T

150

160

170

180

Ly'68T —

190

200

3p

22



000°0-—

188°€ —

Hy,C

6}

6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 05 0.0
1 (ppm)

6.5

o
©

9.0

1000 —

-10

PLLGS —

967°€0L —

898"
8"

T
100
1 (ppm)

110

S0€°8C)

(7143 V
0sy'6zL "
€19TEL -7
Lizeel 7
SV LEL-T
mo_‘.mm,. \

666551 ~_
207150 —
5180617

29'/8) —

T T T T T T T T
190 180 170 160 150 140 130 120

T
200

210

3q

23



0000 —

150°2
_m:/
vLL'L
961'L—
S2EL~
8veL <
vEY'L
1Sv'L
SvS'L

GE6'L
256°L

oor's
oLr'g
zer's
6658~

|

| AN

J A

Feoe
Fout
290°L
FL0C
TS0t

o6l

Foo')
Ese'L

0.0

0.5

1.0

2.0

25

3.0

3.5

4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

8.0

8.5

9.0

1 (ppm)

0000-—

-10

8v0°L01 >

eBE o0t

2L6'92)

T
110 100
1 (ppm)

T
120

34w aas

TEEBZT
855821
159°82} 4
252821 )
21y6zL
2v8'zeL
85y veL
98, /€1 @
Vs gel

=T

T T
140 13

T
150

080°4G4

¥56°LG1
GE0'8S) W
SLy°09L

H

T T
170 160

T
180

675 81—

T
190

T
200

21

3r

24



0000 — Fe
©
Fo
)
| @
e
Fa
©
o~
o
Fo
©
F o
°
F<
T
Ey-
Fvs
o =
4 3
Fo
-
©
F o
°
Fo
o
©
Fo
5202
1202
5502 m €01 L2
FSNW = —520'L
1994
wwwx B | o
€661 e —————= T20z ~
1262
o\ B
956'L ~& _— 6L | o
@
€1e'g
sie'8 B .
oreg = =00l
©
809'8 . [ o
m%.wW — 61
298
o
Fo

0000 —

50

60

89G°€LL
906°GL1 NG
19091
99G°LLL s

110 100 90 80 70
1 (ppm)

120

0SEVet
(U 4:14%
yARCTAY
9.¥'6Z1 W
8cL'6Z)
co6°zel
£e9'9eL <F
9/9°L€L \
NwovmmF

|

140 130

150

6267951

1167161~

160

170

ey 8L —

180

190

400

210

3s

25



0000 —

m
TLT

J

0.5 0.0

1.0

7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0
1 (ppm)

7.5

A
b

A
§ ¢

8.0

8.5

9.0

0000 —

9evELL
9LppLL—~
0eLoLL—
sog 2L~
£69°521
8/1°/2L V
097°82L ~
008821 \
se9'62L
996°2€ 1
ELvIEL
09°281

[448 111

1107251~
2L0°85L

92¢'/81 —

Br

-10

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

210

3t

26



000°0-—

B [

= 967

0.0

0.5

1.0

15

2.0

25

3.0

3.5

4.0

©
<

5.0

55

6.0

6.5

7.0

7.5

8.5

9.0

-10

10

20

30

50

(ppm)

~ 50601 —

9L L —
859°LLL

100 9 80 70
1 (ppm)

110

68781

BYE BT
¥6.'SC)

SLLITL~C
65821 7

30

601'621
102621

opeeel

wwv.ﬂm—
wt\um_.
¥00'6€

189951 ~
681°85L —

150 14Q

160

€0Z'L81 —

190 180 170

200

21q

3u

27



-10

0000 — < 3
0000 — — °
o 3
s
°
°
- o
] 5
©
- 3
—
o <
o
o
3
w0
IS
o
8
o
@
°
Q
0
B o
3
H
H o o
i < S
] £ E
| s ok
i g 2SS
i 0
H 2 =
i
| °
! S59vLL -
o ! ° @::/ °,
| 6 LE9LLL
Sz i 552°02L ~_ S
L6V'€Z) 8
/ 9&@2” >
AN o logozl [ —— o
= © omm.wﬁ\ @
viv6eh
1sgzeL -~
¥09'LEL — -
2 mmZQW I
ze9'8eL
/ o
o4 o o
“ 2
o ©
606'951 ~ —
5£0'85L — 2
0L0'L -
QSH/ °
980'L —¢ _—
W17 g
£2v'L
e N
Svg'L— _— 3
1E6°L |
Pl _— = 80Z g SoEsT 3
oom.nN. -
v96'L !
| o
6298 0 &
££9'8 | @
9€9'8 —_ ["F00°t
8€9'8 4 °
59’8 &
1
|

9.0

3v

28



0000-—

€16t —

€2LLq
8z1'L
1wl L
01zL
vy
0ev'L
ovy'L
€5°L
1572
29v'L
SivL
08Y'L
s8v'L
1052
905'L 1
€152
2952 1
995'L 1

14 LA W
285'L

1652

565°L
0092~

1oL —E
519/
162
6162
5262
1862
6L
962

1188~
8888~

FLre

96}
5801
0’}
0'C
F60C

ES0C

1.0 0.5 0.0

1.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5
1 (ppm)

9.0

0000—

16€'6L —

-10

10

20

30

40|

50

60

70

80

viyoLL
20z 02l /
82112l /
ae6'lel

IrezL <
e

taz ezl X
9.262L T
se6e1 /)
verzel

L709EL 77

130 120 110 100 90
1 (ppm)

140

B8CBET
Lev'8EL

150

081851~
98L°6G1 —

90281 —

180 170 160

90

200

21

3w

29



10
=]
o
e
wn
IA L@
N
e~
1
M~
<
)
wn
r e
16'€ — F0E | o
[«
=
‘/s/
L 2E
ng
1
[ wn
<
[ o
0L
YL [ v
orL v
e
61L
€000 92, o
SEL F
=1 — —
8ee L 7T
ore~E _ — H\wﬁ. "
Wiy _ E— i
6L
Wi~ _ mm— =TT
v
08 o
NO.&W —_— e 607 [ ®©
s0'g
1
[ o
<
o
€6 — ~— —<| Fs60
wn
[ o
=

10

20

30

#0

50

66'95 —

6p

70

P-WI0J0I0|YD 9T"LL —

10

WU~
bSTIT
sTyIT "

W 1eT —
§9°€CT —
§9°9¢T ~

1

120

9T BT
60°TET ~
86'1€T
96'vET —
L9'LET —

130

140

99'€9T —

160

170

180

12°981 —

190

00

30



