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1. General Information

All commercial reagents and solvents were used directly without additional
purification. Column chromatography were performed on silica gel 200-300 mesh. 'H
NMR and 3C NMR spectra were registered on a Bruker Ascend™ 400 spectrometer
(Germany). Chemical shifts were reported in units (ppm) referenced to 0.0 ppm of
TMS in the 'H spectrum and 77.0 ppm of CDCI; in the '3C spectrum. All coupling
constants were reported in Hertz (Hz). HRMS data were obtained on a Waters LCT
Premierxe™ (USA), Single-crystal X-ray crystallography was carried out on a Bruker
Smart Apex II diffractometer system.

2. Experimental Section
2.1. Synthesis of arenes substrates

The pyridine derivatives were prepared via Suzuki coupling of the corresponding

arylboronic acids and 2-bromopyridine according to literature report.!

The pyrimidine derivatives were prepared via Suzuki coupling of the corresponding

arylboronic acids and 2-bromopyrimidine according to literature report.>

2.2. Typical experimental procedure of Ru(Ill)-catalyzed meta-C-H bond
alkylation of arenes with AIBN

2-Phenylpyridine (0.2 mmol), AIBN (0.6 mmol, 3.0 equiv.), RuCl; (0.02 mmol, 10
mol %), dry DMF (0.5 mL) were charged into a pre-dried 30-mL pressure tube sealed
with rubber plugs under N, atmosphere. The reaction mixture was stirred at 120 °C
for 12 h. The reaction was cooled down to room temperature, and saturated salt water
(10 mL) was added. The resulting mixture was extracted with EtOAc (5 mLx5). The
combined organic layer was dried over anhydrous Na,SO,, filtered, and the solvent
was removed under reduced pressure to provide the crude product. The purification

was performed by flash column chromatography (PE/EtOAc as eluent) on silica gel.
2.3. Typical experimental procedure of intermolecular competition experiments

2-(4-Methoxyphenyl)pyridine (0.2 mmol), 2-(4-fluorophenyl)pyridine (0.2 mmol),
AIBN (0.2 mmol), RuCl; (0.02 mmol, 10 mol %), dry DMF (0.5 mL) were charged
into a pre-dried 30-mL pressure tube sealed with rubber plugs under N, atmosphere.

The reaction mixture was stirred at 120 °C for 12 h. The reaction was cooled down to
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room temperature, and saturated salt water (10 mL) was added. The resulting mixture
was extracted with EtOAc (5 mLx5). The combined organic layer was dried over
anhydrous Na,SO,, filtered, and the solvent was removed under reduced pressure to
provide the crude product. The purification was performed by flash column

chromatography (PE/EtOAc as eluent) on silica gel.

2-Phenylpyridine (0.2 mmol), AIBN (0.2 mmol, 1.0 equiv.), 2,2'-azobis-(2,4-
dimethylvaleronitrile) (0.2 mmol, 1.0 equiv.), RuCl; (0.02 mmol, 10 mol %), dry
DMF (0.5 mL) were charged into a pre-dried 30-mL pressure tube sealed with rubber
plugs under N, atmosphere. The reaction mixture was stirred at 120 °C for 12 h. The
reaction was cooled down to room temperature, and saturated salt water (10 mL) was
added. The resulting mixture was extracted with EtOAc (5 mLx5). The combined
organic layer was dried over anhydrous Na,SO,, filtered, and the solvent was
removed under reduced pressure to provide the crude product. The purification was

performed by flash column chromatography (PE/EtOAc as eluent) on silica gel.
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4. Data and Spectra of 'H NMR and *C NMR

2-methyl-2-(3-(pyridin-2-yl)phenyl)propanenitrile (3a, colorless oil, PE/EtOAc =
3:1 as eluent, 32.3 mg, 73% yield): '"H NMR (400 MHz, CDCls) 6 8.71 (d, J = 4.8 Hz,
1H), 8.13 (t, /= 1.6 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 7.81-7.67 (m, 2H), 7.59-7.45
(m, 2H), 7.28-7.24 (m, 1H), 1.79 (s, 6H). *C NMR (101 MHz, CDCl;) 6 156.78,
149.74, 142.03, 140.18, 136.91, 129.35, 126.38, 125.77, 124.55, 123.65, 122.49,
120.78, 37.34, 29.18. HRMS (ESI) Calcd. For C;sH;sN,: [M+H]", 223.1230, Found:
m/z 223.1234.

2-methyl-2-(2-methyl-5-(pyridin-2-yl)phenyl)propanenitrile (3b, colorless oil,
PE/EtOAc = 3:1 as eluent, 26.9 mg, 57% yield): 'H NMR (400 MHz, CDCl;) & 8.70
(d, J = 4.7 Hz, 1H), 8.04 (s, 1H), 7.78 (m, 2H), 7.71 (d, J = 7.8 Hz, 1H), 7.34 (d, J =
7.9 Hz, 1H), 7.27-7.22 (m, 1H), 2.72 (s, 3H), 1.89 (s, 6H). 3C NMR (101 MHz,
CDCly) o 156.94, 149.69, 138.56, 137.66, 137.24, 136.83, 133.15, 126.20, 124.52,
123.56, 122.18, 120.42, 35.10, 28.24, 20.98. HRMS (ESI) Caled. For C;¢H;7Ny:
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[M+H]*, 237.1386, Found: m/z 237.1388.

2-methyl-2-(4-(pyridin-2-yl)-[1,1'-biphenyl]-2-yl)propanenitrile (3¢, colorless oil,
PE/EtOAc = 3:1 as eluent, 31 mg, 52% yield): 'H NMR (400 MHz, CDCl;) & 8.75 (d,
J=4.2Hz, 1H), 8.29 (s, 1H), 791 (d, /= 7.9 Hz, 1H), 7.82 (d, J = 6.4 Hz, 2H), 7.48—
7.36 (m, 6H), 7.32 (d, J = 6.3 Hz, 1H), 1.71 (s, 6H). '3C NMR (101 MHz, CDCl;) &
156.67, 149.76, 141.18, 138.33, 137.07, 133.38, 130.04, 128.71, 127.83 (d), 126.67,
125.64, 125.18, 122.56, 120.84, 115.75, 37.22, 29.98. HRMS (ESI) Calcd. For
Cy1Hi9N,: [M+H]T, 299.1543, Found: m/z 299.1544.

2-(2-chloro-5-(pyridin-2-yl)phenyl)-2-methylpropanenitrile (3d, colorless oil,
PE/EtOAc = 3:1 as eluent, 23.6 mg, 46% yield): '"H NMR (400 MHz, CDCl;) 6 8.71
(d, J=4.1 Hz, 1H), 8.21 (d, /= 2.1 Hz, 1H), 7.87 (m, 1H), 7.79 (m, 1H), 7.73 (d, J =
7.9 Hz, 1H), 7.55 (d, J= 8.3 Hz, 1H), 7.32-7.28 (m, 1H), 1.96 (s, 6H). *C NMR (101
MHz, CDCl;) & 155.71, 149.86, 138.45, 137.41, 136.93, 134.02, 132.18, 127.47,
125.77, 123.22, 122.65, 120.40, 36.73, 27.27. HRMS (ESI) Calcd. For C;5H;4CIN,:
[M+H]", 257.0840, Found: m/z 257.0843.

2-(2-bromo-5-(pyridin-2-yl)phenyl)-2-methylpropanenitrile (3e, colorless oil,
PE/EtOAc = 3:1 as eluent, 28.2 mg, 47% yield): 'H NMR (400 MHz, CDCls) 6 8.70
(d, J=4.8 Hz, 1H), 8.20 (s, 1H), 7.86-7.68 (m, 4H), 7.37-7.28 (m, 1H), 1.98 (s, 6H).
13C NMR (101 MHz, CDCl;) & 155.72, 149.87, 139.16, 138.67, 137.04, 135.91,
127.64, 125.93, 123.38 (d), 122.78, 120.47, 37.47, 27.56. HRMS (ESI) Calcd. For
Ci5H14BrNy: [M+H], 301.0335, Found: m/z 301.0330.

2-(2-fluoro-5-(pyridin-2-yl)phenyl)-2-methylpropanenitrile (3f, colorless oil,
PE/EtOAc = 3:1 as eluent, 20.6 mg, 43% yield): 'H NMR (400 MHz, CDCls) 6 8.70
(d, J=4.8 Hz, 1H), 8.16 (m, 1H), 7.95 (m, 1H), 7.78 (m, 1H), 7.72 (d, J = 7.8 Hz,
1H), 7.28-7.18 (m, 2H), 1.88 (s, 6H). 13C NMR (101 MHz, CDCl;) 6 162.18, 160.15,
155.92, 149.77, 136.93, 136.13, 128.43 (d), 125.96 (d), 123.51, 122.37, 120.38,
117.24, 117.01, 35.14, 27.22(d). HRMS (ESI) Caled. For C;sH4FN,: [M+H]*,
241.1136, Found: m/z 241.1132.

2-(2-methoxy-5-(pyridin-2-yl)phenyl)-2-methylpropanenitrile (3g, colorless oil,
PE/EtOAc = 3:1 as eluent, 34.3 mg, 68% yield): 'H NMR (400 MHz, CDCls) 6 8.70—
8.61 (m, 1H), 8.05 (d, /=2.2 Hz, 1H), 7.92 (m, 1H), 7.71 (m, 2H), 7.19 (m, 1H), 7.04
(d, J= 8.6 Hz, 1H), 3.98 (s, 3H), 1.84 (s, 6H). 3C NMR (101 MHz, CDCl3) & 158.09,
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156.74, 149.61, 136.78, 132.10, 129.02, 127.82, 124.74(d), 121.71, 119.97, 112.08,
55.73, 34.46, 27.03. HRMS (ESI) Calcd. For C,¢H7N,O: [M+H]*, 253.1335, Found:
m/z 253.1331.

2-methyl-2-(3-(4-methylpyridin-2-yl)phenyl)propanenitrile (3h, colorless oil,
PE/EtOAc = 3:1 as eluent, 30.2 mg, 64% yield): 'H NMR (400 MHz, CDCls) 6 8.56
(d, J=5.0 Hz, 1H), 8.10 (t, /= 1.6 Hz, 1H), 7.90 (m, 1H), 7.65-7.43 (m, 3H), 7.10 (d,
J =49 Hz, 1H), 2.44 (s, 3H), 1.81 (s, 6H). 3C NMR (101 MHz, CDCl;) § 156.73,
149.51, 147.99, 141.92, 140.35, 129.30, 126.44, 125.63, 124.62, 123.59 (d), 121.76,
37.35, 29.21, 21.27. HRMS (ESI) Calcd. For C;H7Ny: [M+H]*, 237.1386, Found:
m/z 237.1383.

2-methyl-2-(3-(5-methylpyridin-2-yl)phenyl)propanenitrile (3i, colorless oil,
PE/EtOAc = 3:1 as eluent, 33.5 mg, 71% yield): '"H NMR (400 MHz, CDCls) 4 8.53
(s, IH), 8.10 (d, J= 1.6 Hz, 1H), 7.88 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.58 (m, 1H),
7.51 (m, 2H), 2.38 (s, 3H), 1.80 (s, 6H). 3C NMR (101 MHz, CDCl;) 6 154.12,
150.17, 141.94, 140.20, 137.44, 132.08, 129.31, 126.16, 125.42, 124.62, 123.39,
120.27, 37.35, 29.20, 18.22. HRMS (ESI) Calcd. For Ci¢H7Ny: [M+H]", 237.1386,
Found: m/z 237.1384.

2-(3-(1H-pyrazol-1-yl)phenyl)-2-methylpropanenitrile (3j, colorless oil, PE/EtOAc
= 3:1 as eluent, 19.4 mg, 46% yield): 'H NMR (400 MHz, CDCl;) 6 7.97 (d, J=2.4
Hz, 1H), 7.86 (s, 1H), 7.76 (d, J= 1.3 Hz, 1H), 7.62 (d, J= 7.8 Hz, 1H), 7.48 (m, 2H),
6.51 (t, J=2.0 Hz, 1H), 1.80 (s, 6H). 3*C NMR (101 MHz, CDCl;) § 143.17, 141.40,
140.78, 130.07, 126.93, 124.25, 123.31, 118.43, 116.16, 107.98, 37.30, 29.10. HRMS
(ESI) Caled. For C3H4N3: [M+H]", 212.1182, Found: m/z 212.1185.

2-methyl-2-(3-(pyrimidin-2-yl)phenyl)propanenitrile (3k, colorless oil, PE/EtOAc
= 3:1 as eluent, 30.3 mg, 68% yield): '"H NMR (400 MHz, CDCl;) 6 8.83 (d, /= 4.8
Hz, 2H), 8.58 (s, 1H), 8.41 (d, /= 7.8 Hz, 1H), 7.66 (m, 1H), 7.54 (t, J= 7.8 Hz, 1H),
7.23 (t, J=4.8 Hz, 1H), 1.82 (s, 6H). 3C NMR (101 MHz, CDCl;) 3 164.10, 157.31,
141.92, 138.33, 129.27, 127.69 (d), 124.58 (d), 119.43, 37.30, 29.19. HRMS (ESI)
Calcd. For Ci4H4N;: [M+H]*, 224.1182, Found: m/z 224.1187.

2-methyl-2-(2-methyl-5-(pyrimidin-2-yl)phenyl)propanenitrile (31, colorless oil,
PE/EtOAc = 3:1 as eluent, 26.1 mg, 55% yield): '"H NMR (400 MHz, CDCls) & 8.81
(d, J=4.8 Hz, 2H), 8.46 (d, J = 1.4 Hz, 1H), 8.31 (m, 1H), 7.37 (d, J = 8.0 Hz, 1H),
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7.21 (t, J = 4.8 Hz, 1H), 2.74 (s, 3H), 1.90 (s, 6H). 3C NMR (101 MHz, CDCls) &
164.53, 157.24, 139.36, 138.42, 135.86, 133.13, 127.61, 124.54 (d), 119.10, 34.98,
28.31, 21.15. HRMS (ESI) Calcd. For CsH¢N3: [M+H]", 238.1339, Found: m/z
238.1336.

2-methyl-2-(3-(pyrimidin-2-yl)naphthalen-1-yl)propanenitrile (3m, white solid,
PE/EtOAc = 3:1 as eluent, 30.6 mg, 56% yield): '"H NMR (400 MHz, CDCls) 4 9.00
(s, 1H), 8.88 (d, J = 4.8 Hz, 2H), 8.62 (m, 2H), 8.09 (d, J= 8.0 Hz, 1H), 7.71 (t, J =
7.3 Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.26 (t, J = 5.4 Hz, 1H), 2.09 (s, 6H). 3C NMR
(101 MHz, CDCl;) & 164.17, 157.37, 136.26, 134.65, 133.89, 131.40, 130.94, 129.91,
127.70, 126.27, 125.07, 124.57, 122.07, 119.38, 34.70, 28.91. HRMS (ESI) Calcd.
For CigH;¢N3: [M+H]*, 274.1339, Found: m/z 274.1332.

2-methyl-2-(3-(pyridin-2-yl)naphthalen-1-yl)propanenitrile (3n, colorless oil,
PE/EtOAc = 3:1 as eluent, 28.3 mg, 52% yield): 'H NMR (400 MHz, CDCls) & 8.77
(d, J=4.7 Hz, 1H), 8.59 (d, J = 8.6 Hz, 1H), 8.41 (s, 1H), 8.29 (d, /= 1.4 Hz, 1H),
8.03 (d, /= 8.1 Hz, 1H), 7.90 (d, /= 7.9 Hz, 1H), 7.82 (m, 1H), 7.67 (m, 1H), 7.58 (t,
J =7.5 Hz, 1H), 7.36-7.26 (m, 1H), 2.08 (s, 6H). *C NMR (101 MHz, CDCl;) 3
156.80, 149.82, 136.94, 136.46, 135.83, 134.80, 130.30, 127.57, 127.00, 126.25,
125.03, 124.56, 122.44, 121.94, 120.83, 34.81, 28.86. HRMS (ESI) Calcd. For
Ci9Hy7Ny: [M+H], 273.1386, Found: m/z 273.1381.

2-(benzo[h]quinolin-7-yl)-2-methylpropanenitrile (30, colorless oil, PE/EtOAc =
3:1 as eluent, 31 mg, 63% yield): 'H NMR (400 MHz, CDCls) 8 9.54-9.43 (m, 1H),
9.04 (m, 1H), 8.60 (d, J = 9.4 Hz, 1H), 8.24 (m, 1H), 7.87 (d, J = 9.4 Hz, 1H), 7.79—
7.70 (m, 2H), 7.58 (m, 1H), 2.04 (s, 6H). 13*C NMR (101 MHz, CDCl;) & 149.20,
146.73, 135.79 (d), 133.12, 130.59, 126.36, 125.77, 125.51 (d), 125.11, 124.78,
123.60, 122.30, 34.65, 29.15. HRMS (ESI) Calcd. For Cy;H;5N,: [M+H]*, 247.1230,
Found: m/z 247.1233.

2-methyl-2-(3-(pyridin-2-yl)phenyl)butanenitrile (3p, colorless oil, PE/EtOAc =
3:1 as eluent, 31.2 mg, 66% yield): '"H NMR (400 MHz, CDCl;) & 8.71 (m, 1H),
8.14-8.06 (m, 1H), 7.98-7.88 (m, 1H), 7.81-7.72 (m, 2H), 7.56-7.45 (m, 2H), 7.31-
7.21 (m, 1H), 2.04 (q, J = 7.4 Hz, 2H), 1.78 (s, 3H), 1.00 (t, J = 7.4 Hz, 3H). 13C
NMR (101 MHz, CDCl;) & 156.82, 149.76, 140.73, 140.14, 136.87, 129.26, 126.26
(d), 124.05, 123.39, 122.46, 120.75, 43.40, 35.27, 27.31, 9.95. HRMS (ESI) Calcd.
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For CicH7N,: [M+H]*, 237.1386, Found: m/z 237.1382.

2,4-dimethyl-2-(3-(pyridin-2-yl)phenyl)pentanenitrile (3q, colorless oil, PE/EtOAc
= 3:1 as eluent, 32.8 mg, 62% yield): '"H NMR (400 MHz, CDCls)  8.72 (d, J=4.8
Hz, 1H), 8.11 (s, 1H), 7.93 (d, J = 7.3 Hz, 1H), 7.78 (m, 2H), 7.61-7.46 (m, 2H),
7.30-7.25 (m, 1H), 1.95 (m, 2H), 1.79 (d, /= 8.4 Hz, 3H), 1.76-1.68 (m, 1H), 1.02 (d,
J = 6.6 Hz, 3H), 0.80 (d, J = 6.7 Hz, 3H). 3C NMR (101 MHz, CDCl;) 4 156.85,
149.78, 141.16, 140.10, 136.86, 129.25, 126.19 (d), 123.98 (d), 122.44, 120.74, 50.36,
41.80, 29.32, 2591, 23.77, 23.48. HRMS (ESI) Calcd. For C;sH;N;: [M+H]",
265.1699, Found: m/z 265.1692.

1-(3-(pyridin-2-yl)phenyl)cyclohexanecarbonitrile (3r, colorless oil, PE/EtOAc =
3:1 as eluent, 29.3 mg, 56% yield): 'H NMR (400 MHz, CDCls) 6 8.71 (d, J = 4.5 Hz,
1H), 8.15 (d, J= 1.6 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 7.82-7.71 (m, 2H), 7.58 (d, J
=7.8 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.26 (m, 1H), 1.93—1.84 (m, 8H), 1.32 (d, J =
8.6 Hz, 2H). 3C NMR (101 MHz, CDCl;) & 156.91, 149.74, 142.07, 140.10, 136.88,
129.30, 126.35 (d), 124.15, 122.73, 122.43, 120.77, 44.52, 37.36, 24.96, 23.62.
HRMS (ESI) Caled. For CigHgN,: [M+H]*, 263.1543, Found: m/z 263.1541.

methyl 2-methyl-2-(3-(pyridin-2-yl)phenyl)propanoate (3s, white solid, PE/EtOAc
= 3:1 as eluent, 33.2 mg, 65% yield): '"H NMR (400 MHz, CDCl;) 8 8.78-8.65 (m,
1H), 8.00 (d, J=1.5 Hz, 1H), 7.90-7.82 (m, 1H), 7.74 (m, 2H), 7.41 (m, 2H), 7.23 (m,
1H), 3.67 (s, 3H), 1.66 (s, 6H). *C NMR (101 MHz, CDCl;) 6 177.25, 157.49, 149.66,
145.18, 139.60, 136.73, 128.79, 126.46, 125.41, 124.24, 122.15, 120.76, 52.25, 46.66,
26.60. HRMS (ESI) Calcd. For C¢HgNO,: [M+H]*, 256.1332, Found: m/z 256.1328.

S-7



GLl—

vT'L
vTLy
ST'L
sz'Ld
92’41
LTL
e
LTL
sr'L]
05°L
1L
v
s
95°L
96°L 1
sLLd
SLL
orig
LLL

LU
06°AL
ZaLL

£L'8
mﬁ.mw.
L8
oL's
LL'8

~-N

CN

3a

F£Z9

R0
Fele
LT
L0L
+00'L

Foo't

0.0 -0.5

0.5

4.0

4.5

55 5.0

8.0

6.5

85

9.5 9.0

10.0

f1 (ppm)

36—

peLe—

8L'0TL
GFTZI-E
SOETLT
ezl
LSzl
8£'921
mm,a@
16'9€1
810pL
£0'Zpl
FL'Gh1
8L'9S1

_N

CN

3a

-10

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

T
210

S-8



G8'1—

2Li—

£T'L
cT'L
9z'L
8T'L
EEL
SE'L

0L'L
wh,hW
SLL

L
6LL
I8 \
ro'sd
698
0L

_N

CN

3b

FET9

FE0E

28610
Az
601
A
Fol'L

=001

5.0 4.5 40

f1 (ppm)

5.8

8.0

8.5

86°08—
PT8T—

01se—

Zroe ﬁ/
81°zzl
95°€L %
AR AR
07’921+
SL'EEL,
£80E1~,
PTLEL
99°LEL
95°8E L
69°6F1—

PEOSL—

N

CN

3b

w0
£1 (ppm)
S-9

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200




_N

CN Ph

3c

0.0

6.0 5.8 5.0 4.5 4.0
f1 (ppm)

6.5

o
o

10.0

86'60—

ZTLe—

LIy
P8'0ZL
95ZZL
8L'sZL
9zl
991
18°LzL
58'LzL
TR
PO'0EL=
seeel
L0'LEL
mm.mr\
811l
906k —

L9gsl—

_N

CN Ph

3c

-10

T v T r T T T
160 150 140 130 120 110 100
£1 (ppm)

170

T
180

210

S-10



2l Bt

w
o
L

_N

CN ClI

3d

0L
ST
501
R0l

860
10T

=001

10.0

10.5

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

Lz'Li—

EL9E—

oozl
S9TTL
mm.mmﬁ%
LLSTL
hv.bm—M
BLZEL~
ZOpElL—
M.m.cm—ﬂ
LF'LEL
Spseld
986kl —
168 —

_N

CN ClI

3d

-10

T v T r T T T
17 160 150 140 130 120 110 100
£1 (ppm)

T
180

210

S-11



86'1—

62L
62L
6TL
6Z'L
0E'L
it

@?W
oLL

0z'8—

0L'8
Z.,uv.

N

CN Br
3e

186 -

f1 (ppm)

9s°Le—

LrLe—

LF0Z1
8LTEL
9g'€TL
1€z
£6'521—
vzl
16'SE1~,
POLELT
L9'8E %
9l'agl
L86P1—
TLSS1—

N

CN Br

3e

=10

200 190 180 70 160 150 140 130 120 110 100 90
£1 (ppm)

210

S-12



38—

0z'Ly
7oL
L
ST'L
921
/7L
6t
SL'L
mhhv
SR
LIRS

698
LL8

N

CN

\\\mmJﬂéoN
) 660
2660
20|

AN

= hso1 }

dﬂoo_

0.0

0.5

2.0

2.5

50 45 4.0
1 (ppm)

5.5

6.0

9.5 9.0 85 8.0

10.0

1g°Le
£T'LT
PlLsE—

10°LLL
vTLll
RE0ZL
LETzL
ﬁwﬁmﬁuw
#6'SZL
wmwmew
6£'8T1
mv%ﬁ%
£1'9¢1
£6'05 1
LLGRL—
T6'CS 1
RCIEN
81291 —

_N

CN

3f

-10

T T T
120 110 100
£1 (ppm)

T
130

T
140

T
160

T
180 17

190

210

S-13



PEl—

86'e—

o8
SO'8
998
998
L9'8
L9'8

_N

CN OCH,

3g

=109

.

e ¥ 110

=001

10.0

0.5

0.0

5.0 45
£1 (ppm)

5.5

6.0

8.5

£0°LE—

oppE—

ELSS—

80211
L6611
L1zl /
89FT1-
o8I
B LTLF
No,gﬁ%
oLzel
8L'9€1
19'6p1—

FL9SL
60'8¢ ,..V

_N

CN OCH,

3g

-10

T T T T T T T
0 160 150 140 130 120 110 100
f1 (ppm)

T
180

210

S-14



18'1—

rri—

60°L
1L
8F'L
0S'L
Z5'L
£5'L
¥S'Le
pS'L
95" L1
68'L1
68 L1
06'L1
L6'L
s |
ey

ars
D,.,mw.
ors

9¢'8
nm,mv.

_N

CN

3h

»

FT'9

FLL'E

=66'0

slg
€0'L
00’1

—L0'L

-0.

4.8

8.0

f1 (ppm)

9.5

10.0

aLlel
TSeLl
99°€zT1
9L~

%ﬁﬁﬁ
proz!

66'Lkl-7
_m.m_l\
£L9ST—

_N

CN

=10

10

20

50 40

60

0 180 150 140 130 120 110 100 90 80
£1 (ppm)

180

200

210

S-15



08'1—

RET—

Ly'L

6t'L]
0521
5L
75
€61
6L
6L
LS4
L5'L

651
65°'L

p9°Ly
9914
hm.SW
88'LAE
6L
68'L

01'8

018

£5'8—

~-N

— (70

CN

3i

= EelE

—=g v LO'T
- %mo._

90°L |
wr@o.—

Szt

=00l

10.0

25 2.0 L5

3.0

60 55 50 45 40

6.5

9.0 85 80 7.

9.5

£1 (ppm)

T8l—

0Z'62—

SE'LE—

LT0Z1
GE'ET1
z9'vzl
4494
91°971 =
1£'6z1—
80°2E1
qq.nrw
0Z'0FL
g.::\
L1'0§1—
TLpsl—

~-N

CN

3i

210

-10

50 40 30 20

60

170 160 150 140 130 120 110 100 90 80
£1 (ppm)

180

200

S-16



08—

05'9
;.@W
159
prL
oL
8L
0s'L
5Ly
9L
€0t
oL
oL
98'L
L6'L
86'L

CN

=009

=001

Lzz
wg__
=00']
001
Yol

0.0 0.5

0.5

25 20

30

50 4.5
£1 (ppm)

5.5

6.0

6.5

8.5 9.0 85

10.0

01'62—

0g'LE—

S6'LOL—
91911

EpSLI
ER AL
sevel
£6'021

el
SL0pL

oripL
crerl

3

CN

-10

20

40

T T T
120 110 100
f1 (ppm)

T
130

T
140

T
200

T
210

S-17



8l

gzl
£T'L
ST'L
sl
#S'L
9¢'L-
SO'L
S9'L
LOL
L9l
]
mv,mV
86’8~
ER'R
F8'8

CN

=009

360

SOl
Woo,ﬁ

ot
Aout
26’1

5.0 4.5

f1 (ppm)

5.5

6l6E—

0g'LE—

£P6ll
Vm.vm_./
9vel
PO'LEL
PLLEL
LZ'egl
EEBEL—
To'lrl—

LELsl—
oLP9l—

CN
3

-10

50 40 30 20 10

60

150 140 130 120 110 100 90 80
£1 (ppm)

160

200

210

S-18



-10

80 50 40 30 20 0

e
[ =
L ste’
LE 8T~
06'1— = Bp6S | o B6'PEN
pLZ— —— =887
|
Z -
«° 0611y
| o 0§'Z1
& 85721
1941~
ot E1EE L~
98'SE [~
6LL - THRELF
_?W - e @m.mmia
L =
== Fqp
9€'L: P ke
3€ L AIE
0€'8 | = .
1£'8 @ £6°P91—
ey B
€68 660 | o
; 001 [
9r'8 002
9’8 = 14 ”
08'8 L&
Z8'8
o
..

90 80

S-19

CN
140 130 120 110 100
£1 (ppm)

150

160

200

210




60—

ST'L
9L
LT'L
86'L
09'L
9L
69'L
1L
L
808~
o—.m\
09'8
N@.xV
vm.m%\
Fo'8
LB
888
00'a

J

=009

55 50 45 4.0
£l (pom)

6.0

6.5

9.5 9.0 85 8.0

0.0

16'82—
OL'PE—

8£'611
el
LSpEl
LSzl
£29zl
04°LT1-E
16621~
g.om%
oplEl
6REE L
SopEl
9z'9€ 1

LELSI—

LIl —

CN

3m

T
160

1

T
180

£1 (ppm)

S-20



80'C—

Ll
8T 'L
0L
0€'L
01
L€'
L5
8541
09'7
S9'L
£9'LA
Lo
6904
08'LAY
Z8'L
8L
8 L
o8t
06't4
20's
0’8
62'81
62'8
118
5581
09'84
9L'8d
s

=

S
N
3n

CN

=8OS

f1 (ppm)

98'8C—
I8 FE—

ER0ZLY
peLZL
prezl
95°pZL
£0°5ZL
STITL
0Lzl
Lzt
0EDEL—
DRPEL—
£8'5EL
9p9EL ]

Bt

08951 —

10

20

17 160 150 140 130 120 110 100
f1 (ppm)

180

200

210

S-21



POE—

95'L
LS'L
8S°L
6S°L
£LL
yL'L
PLL
98'L
88'L
[
€08
¥T'8
SR
688~
HE

S0'6

L¥'6
wv.mw
[

CN

30

|

LT
o
=]
v

- »,8,_
= Rt
Lpo't
Lot
o0l

960

=860

4.5
f1 (ppm)

5.0

5.5

SL6Z—
S9pE—

ogeel
09'egl
8L'PTL
1Szl
GF'SEl
£66T1
LLSTL
9e'921~=
6S'0EL~
ZleEel—
ELSEL
PRSEL
L9~
0z'6kl—"

CN

30

210

-10

10

20

50 40

60

17 160 150 140 130 120 110 100 90 80
f1 (ppm)

180

200

S-22



66'0
oo._/
o0l

31
,.o.m/
€0
S0°g
90°g

veL
sz
STL]
9L
9z°L4
Lzt
Lz
6L

05'L
1SL

L
L
et
90t
L
Lt
1621
16'L]
6L

76°L
6L

£6'L
£6'LA
608
608
60'8

0L
0L's
LL'8
IL'8

s

—

| ~-N
CN
3p

loe

FplE
=TT

Foo'l

5.0 4.5

1 (ppm)

5.5

9.5 8.0

10.0

S6'6—

—m.ﬁmn\
LESE—
ov.mv./

SL0ZL
9Ll
GEELL
SOPTL~E
ozl
JT9LL
9T'6zl s
LE9EL
¥l .oi.kw

£L0F]
9Lerl—

Z89S1—

_N

CN

3p

=10

60

T T T
120 110 100
£l (ppm)

T
130

T
140

T
0 160

T
180

210

S-23



~-N

CN

3q

Fe0e
ELLE

w.r\u_.e
8TE
Wmm,m

ol
Fsiz

0z
w%,_
790'L

Foot

BF'ET
bb,mm\
L6'sT
mm,om\

08'1p—

9€'0S—

#LOZL
P21
6621
#0'bEL
91921
779zl
sz6zl
98°9E 1<

N

CN

3q

210

-10

50 40 30 20 10

60

150 140 130 120 110 100 80 80
£1 (ppm)

160

200

S-24



€1,
ge1s
98'1l
88’1
68'1
161

$T'Lq
ST'L

9z°L |
9z°LA
Lzt
ST
8T
8L
05'L
5L
L5'L
6L
o |
9L'LA

SLLAE

sLL-L
25t/
S8

2>

= Fisl

= =L6'S

6z

_N

CN

0.0

0.5

5.5 5.0 4.5
1 (ppm)

6.0

6.5

TOET~
962"

9g'LE—

ISvr—

LLOZL
ErzTl
ELTTL
SLFZL
mm,umﬁ/
LEITL
om,omﬁ\.
BR'OEL~
0L 0bl~
LO'TPL"

FLobl—

16'951—

~-N

CN

3r

10

T T
130 120

T
140

T
160

T T
190 180 17

T
200

£1 (ppm)

S-25



b

e
R,L

V'L
ST
ST
811
v
v
7L
L]
b
o't
2o
€Lt
€01
sL'Ld
L't
P81
P87
P8 L W
98

98'L
98'L~{
00'8

108

oL's
g,mv
LL'8

_N

COOCH,

3s

Fsz9

FETE

960
Fs0e
Tl
WUFS
+E0']

2.0

2.5

5.0 45 4.0
f1 (ppm)

5.5

6.0

9.5

10.0

09°97—

99'9p—
STTE—

900zl
Izl
vevelf
1Pszl
9b'9zL

DEN_L\
mzm@
0o'6e L]
81'5pL

%,ai\

6rLs1Y

ST'LLL—

N

COOCH;

3s

210

-10

ki 60 50 40

80

17 160 150 140 130 120 110 100
f1 (ppm)

180

200

S-26



8=

9T'L
LTl
LTl
8T'L
62 L]
6L
0£'L4
15
5L
£5'L
p'L ]
9L
95
8L
8L
UL
LL'ed
L
8L'LA
6L'LA
08°Ly
184
28y
6L~
i’
£l'8

£l'g

s

L8

D: 4%

H/D

H/D

D: 52 %

CN

=F09

~50'1
o'l
S0l
kelz
A8p0
=960

=001

60 65 50 45
f1 (ppm)

6.5

9.5

10.0

12
T
e
£2'L4
7L
oL
£r'ed
N
8L
Gb'L

05"t
05'L1
05t
15"
i
£4LA
oo
L
L't

10'8
108
€0'8

1L
L'

H/D

_N

H/D

D: 57.5 %

=01
90'1
502
661
=680

=001

2.5 2.0 1.5 Lo 0.5 0.0

3.0

5.0 4.5 4.0

£1 (ppm)

5.5

10.0

2.5

S-27



PRI —

6L
15'L
€L
9L
zoLs

L0'8
ho.xw
60’8

L8R
888

CN

5a

4 =p0'9

w12
~0Z'l
R0l
e

- =001

0.0

0.5

- ZR'BE—

£8'5E—

2.0

2.5

4.0

50 4.5
£1 (ppm)
“

N

5.5

= Lozl
S.NN_M

@ 80PTL—
FEREL—

o 66°0E177

i L6'SEL”
S9°6EL
F9'SkL
SE6RL
mm.w.m_.\

SF
_ m_ﬁ

85 80

9.0

10.0

POE6L—

10.5

5a

CN

T
90

T
110

T T T
190 180 17 160

T
200

£1 (ppm)

S-28



