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General Information

'H and 3C NMR spectra were recorded on BRUKER DRX-400 spectrometer using CDCI; as
solvent and TMS as an internal standard. Gas chromatograph mass spectra were obtained with a
SHIMADZU model GCMS-QP5000 spectrometer. High-resolution mass spectra (ESI) were
obtained with a LCMS-IT-TOF mass spectrometer. Unless otherwise stated, all reagents and
solvents were purchased from commercial suppliers and used without further purification. Oxime

acetates were synthesized according to the literature procedure.
General Procedure for the Synthesis of Pyridines

To a tube was added oxime 1 (0.5 mmol), allylic alcohols 2 (1.0 mmol), Pd(OAc), (0.025 mmol),
Cu(OAc), (0.1 mmol), K,COj; (0.75 mol) and CH;CN (1 mL). The mixture was stirred at 80 °C
for overnight. After the reaction was finished, the reaction mixture was cooled to room
temperature, diluted in diethyl ether, and washed with NaCl aqueous solution. The aqueous phase
was re-extracted with diethyl ether. The combined organic extracts were dried over MgSO, and
concentrated in vacuum, and the resulting residue was purified by silica gel column

chromatography using light petroleum ether/ethyl acetate as eluent to afford the desired products.

Rll
NOAc R' Pd(OAc), 5 mol % R
+ Rn CU(OAC)2 20 m0| % - Nl \
' K2CO3 1.5 equiv _—
N OH  O,(1atm),CHCN !
1 2 o 3

Control Experiments

To gain more insight into the mechanism of this oxidative cyclization, several control experiments
were conducted. To a tube were added oxime (0.5 mmol), Pd(OAc), (0.025 mmol), Cu(OAc), (0.1
mmol), K,CO;3 (0.75 mol), CH;CN (1 mL) and other alkenes (1.0 mmol) accordingly. The
reaction was operated at 80 °C and stirred for overnight. After the reaction was finished, the
reaction mixture was cooled to room temperature, diluted in diethyl ether, and washed with NaCl
aqueous solution. The aqueous phase was re-extracted with diethyl ether. The combined organic
extracts were dried over MgSO, and concentrated in vacuum, and the resulting residue was
purified by silica gel column chromatography using light petroleum ether/ethyl acetate as eluent to
afford the desired products.

The desired product 3aa was obtained only in relatively low yield when 3-chlorobut-1-ene was
added [eqn (1)] and but-3-en-2-one with good yield of 75% [eqn (2)]. However, with the addition
of ethyl acrylate [eqn (3)], 3,3-dimethoxyprop-1-ene [eqn (4)] and allylbenzene [eqn (5)], no
corresponding Heck reaction products were obtained.
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Scheme 1. Scope of alkenes

Next, we tried to explore the role of dioxygen (Scheme 2). When the reaction was carried out in
N, atmosphere, only trace amount of 3aa was detected by GC-MS [eqn (2)]. Increasing the
amount of [Pd] and [Cu] catalysts did not improve the yield of 3aa [eqn (2) and (3)].
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Scheme 2. Control experiments

Based on the experimental results and previous reports, herein, an alternative mechanism is
proposed (Scheme 3). Firstly, the oxidative addition of the oxime N-O bond to Pd(0) species
easily transformed to palladium enamide intermediate A’. Subsequent tautomerization affords the
enamine-derived amido-Pd(Il) species B’. Further condesation of B’ with vinyl ketone results in

imine species C’. Finally, the cyclization oxidation of intermediate C’ gives the pyridine product 3.
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Scheme 3. Possible mechanism

Characterization Data for Products
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N/
g

2-Methyl-5,6-dihydrobenzo|[/]quinoline (3aa)

Pale yellow oil. Yield (84.8 mg, 87%). '"H NMR (400 MHz, CDCl;) § 8.33 (d, J= 7.6 Hz, 1H), 7.36 (m,
2H), 7.28 (t, J= 7.3 Hz, 1H), 7.21 (d, J= 7.3 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 2.90 (s, 4H), 2.59 (s,
3H). 3C NMR (101 MHz, CDCls) 8 156.3, 151.7, 138.2, 136.0, 134.7, 128.9, 128.7, 127.7, 127.1,
125.0, 121.8, 28.3, 27.7, 24.4. 1R (KBr) v (cm™): 3483, 3407, 3243, 3271, 3068, 2967, 1630, 1437,
1366, 613, 483. ESI-HRMS calcd for [M + H]* C4H 4N, 196.1121; found, 196.1121.

N/
U
@)
I

8-Methoxy-2-methyl-5,6-dihydrobenzo[/#]quinoline (3ba)

Pale yellow solid; mp: 60-62 °C. Yield (70.9 mg, 63%). 'H NMR (400 MHz, CDCl;) & 8.27 (d, J = 8.6
Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 6.89 (m, 2H), 6.74 (s, 1H), 3.83 (s, 3H), 2.86 (s, 4H), 2.57 (s, 3H).
3C NMR (101 MHz, CDCls) 8§ 160.3, 156.2, 151.8, 140.0, 135.7, 127.9, 127.6, 126.6, 120.9, 113.1,
112.5, 55.3,28.7,27.8, 24.4. IR (KBr) v (cm™'): 3519, 3442, 3304, 3172, 3127, 3075, 1432, 1375, 754.
ESI-HRMS caled for [M + H]* C;sHsNO, 226.1226; found, 226.1231.

N/
U

2,6-Dimethyl-5,6-dihydrobenzo[/]quinoline (3ca)

Pale yellow oil. Yield (82.5 mg, 79%). '"H NMR (400 MHz, CDCl;) § 8.38 (d, /= 6.9 Hz, 1H), 7.35 (m,
3H), 7.25 (d,J=5.7 Hz, 1H), 6.98 (d, J= 7.6 Hz, 1H), 3.04 (d, /= 13.0 Hz, 2H), 2.66 ( m, 1H), 2.60 (s,
3H), 1.22 (d, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) § 156.2, 151.3, 143.0, 136.6, 129.2, 127.4,
127.0, 126.3, 125.2, 121.9, 35.3, 32.4, 24.4, 20.2. IR (KBr) v (cm'): 3589, 3518, 3444, 3304, 3171,
3129, 3073, 1704, 1433, 1370, 660 ESI-HRMS calcd for [M + H]* C;sH(N, 210.1277; found,
210.1280.

N/
Cl A |
@)
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9-Chloro-2-methyl-5H-chromeno([4,3-b]pyridine (3da)

Pale yellow solid; mp 87-89 °C. Yield (68.1 mg, 59%). '"H NMR (400 MHz, CDCl;) § 8.21 (s, 1H),
7.31 (d, J=17.7 Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 7.06 (d, /= 7.7 Hz, 1H), 6.88 (d, /= 8.5 Hz, 1H), 7,
5.18 (s, 2H), 2.60 (s, 3H). 3*C NMR (101 MHz, CDCl;) & 158.5, 154.8, 146.8, 132.4, 130.7, 127.5, 124.
124.6, 122.9, 122.5, 118.3, 67.91, 24.5. IR (KBr) v (cm™!): 3648, 3519, 3443, 3305, 3127, 3075, 2925,
1704, 1434, 1375, 659. ESI-HRMS caled for [M + H]* C;3H;;CINO, 232.0524, 233.0554, 234.0494;
found, 232.0524, 233.0556, 234.0497.

N/
U

Br

2-(4-Bromophenyl)-6-methylpyridine (3ea)

Pale yellow solid; mp 73-75 °C. Yield (109.9 mg, 89%). '"H NMR (400 MHz, CDCl) & 7.86 (d, J= 8.4
Hz, 2H), 7.59 (m, 3H), 7.47 (d, J= 7.9 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 2.61 (s, 3H). *C NMR (101
MHz, CDCl;) 8 158.6, 155.7, 138.6, 137.0, 133.40, 132.7, 131.8, 128.6, 123.2, 122.0, 117.3, 24.7. IR
(KBr) v (cm™): 3518, 3444, 3304, 3129, 3073, 1705, 1433, 1370, 1204, 660. ESI-HRMS calcd for [M +
H]" C,H;1BrN, 248.0069, 249.0101, 250.0052; found, 248,0074, 249.0101, 250.0050.

N/
g

MeO

2-(4-Methoxyphenyl)-6-methylpyridine (3fa)

Pale yellow oil. Yield (79.6 mg, 80%). 'H NMR (400 MHz, CDCl;) 6 7.94 (d, /= 8.1 Hz, 2H), 7.59 (t,
J=17.7Hz, 1H), 7.45 (d, J= 7.9 Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.98 (d, J = 8.2 Hz, 2H), 3.85 (s,
3H), 2.61 (s, 3H). 3C NMR (101 MHz, CDCl;) § 160.3, 158.2, 156.6, 136.9, 132.3, 128.3, 120.9, 116.9,
114.1, 55.3, 24.7. IR (KBr) v(cm™): 3651, 3519, 3444, 3242, 3128, 3072, 2920, 1708, 1436, 1368, 566.
ESI-HRMS calcd for [M + H]* C;3H4NO, 200.1070; found, 200.1069.

N/
MeO N l

2-(3-Methoxyphenyl)-6-methylpyridine (3ga)

Pale yellow oil. Yield (68.6mg, 69%)."H NMR (400 MHz, CDCl;) 6 7.94 (d, J= 8.4 Hz, 2H), 7.61 (t, J
=7.6 Hz, 1H), 7.46 (d, J= 7.8 Hz, 1H), 7.01 (m, 3H), 3.86 (s, 3H), 2.62 (s, 3H). *C NMR (101 MHz,
CDCly) 6 158.0, 157.0, 155.5, 135.8, 133.8, 131.2, 129.7, 122.1, 121.2, 121.1, 111.4, 55.6, 24.7. IR
(KBr) v (cm™): 3587, 3518, 3443, 3304, 3127, 3075, 2972, 1433, 1374, 660. ESI-HRMS calcd for [M +
HJ" C3H14NO, 200.1070; found, 200.1072.
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N/
Cl A |

2-(3-Chlorophenyl)-6-methylpyridine (3ha)

Pale yellow oil. Yield (58.9 mg, 58%). 'H NMR (400 MHz, CDCl;) & 8.03 (s, 1H), 7.88 (d, J = 6.6 Hz,
1H), 7.67 (t, J = 7.7 Hz, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 6.6 Hz, 2H), 7.15 (d, J = 7.6 Hz,
1H), 2.66 (s, 3H). C NMR (101 MHz, CDCl;) 6 158.6, 155.4, 141.4, 137.1, 134.8, 129.9, 128.7, 127.2,
125.1, 122.2, 117.7, 24.6. IR (KBr) v (cm): 3650, 3519, 3444, 3303, 3129, 3073, 2850, 1706, 1433,
1370, 662. ESI-HRMS calcd for [M + H]" C,H;;CIN, 204.0575, 205.0596, 206.0597; found, 204.0570,
205.0607, 206.0547.

2-(Furan-2-yl)-6-methylpyridine (3ia)
Pale yellow oil. Yield (44.5 mg, 56%). '"H NMR (400 MHz, CDCl;) 6 8.45 (d, J=4.8 Hz, 1H), 7.52 (s,
2H), 7.05 (s, 1H), 6.98 (d, J= 4.5 Hz, 1H), 6.52 (d, J = 1.4 Hz, 1H), 2.4 (s, 3H). 3C NMR (101 MHz,
CDCl;) 6 153.6, 149.2, 149.1, 147.91, 143.18, 123.0, 119.4, 112.0, 108.5, 21.2. IR (KBr) v (cm™'): 3589,
3518, 3444, 3304, 3129, 3073, 2923, 1705, 1434, 1370, 661, 563. ESI-HRMS calcd for [M + H]*
CioHoNO, 160.0757; found, 160.0759.

2-(Furan-3-yl)-6-methylpyridine (3ja)

Pale yellow oil. Yield (58.8 mg, 74%).'H NMR (400 MHz, CDCl;) 8 7.60 (t, /= 7.7 Hz, 1H), 7.50 (m,
2H), 7.03 (m, 2H), 6.51 (s, 1H), 2.60 (s, 3H). *C NMR (101 MHz, CDCl;) 4 158.4, 143.3, 136.9, 121.6,
115.8, 111.9, 108.6, 24.6. IR (KBr) v (cm!): 3652, 3520, 3442, 3240, 3127, 3074, 2931, 1707, 1438,
1364, 566. ESI-HRMS calcd for [M + H]* C;oH;(NO, 160.0757; found, 160.0751.

N™
I/

2-Benzyl-6-methyl-3-phenylpyridine (3ka)

Pale yellow oil. Yield (99.7 mg, 77%). 'H NMR (400 MHz, CDCl;) 6 7.57 (d, /= 7.3 Hz, 2H), 7.39 (t,
J = 7.6 Hz, 2H), 7.29 (m, 5H), 7.22 (d, J = 14.9 Hz, 1H), 4.09 (s, 2H), 2.48 (s, 3H). 3C NMR (101
MHz, CDCl;) 6 160.0, 146.2, 138.8, 134.2, 128.9, 128.8, 128.6, 128.4, 127.8, 126.4, 125.46, 33.0, 14.1.
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IR (KBr) v (cm™): 3450, 3373, 3301, 3128, 3072, 1590, 1435, 1367, 648, 590, 510. ESI-HRMS calcd
for [M + H]* C1oH 5N, 260.1434; found, 260.1438.

N/
g
MeO

2-(4-Methoxyphenyl)-3,6-dimethylpyridine (31a)

Pale yellow oil. Yield (89.4 mg, 84%). 'H NMR (400 MHz, CDCls) & 7.44 (t, J = 8.6 Hz, 3H), 6.98 (m,
3H), 3.84 (s, 3H), 2.55 (s, 3H), 2.29 (s, 3H). 3C NMR (101 MHz, CDCl;) § 159.3, 157.6, 155.3, 138.8,
133.5, 130.3, 127.3, 121.3, 113.6, 55.3, 24.2, 19.7. IR (KBr) v (cm!): 3587, 3519, 3443, 3305, 3174,
3074, 1438, 1364, 782, 653, 554. ESI-HRMS calcd for [M + H]" C4H(NO, 214.1226; found,
214.1230.

FONTY
S

2-(2-Fluorophenyl)-3,6-dimethylpyridine (3ma)

Pale yellow oil. Yield (71.4 mg, 71%). '"H NMR (400 MHz, CDCl;) § 7.46 (d, /= 7.8 Hz, 1H), 7.37 (m,
2H), 7.22 (t, J = 7.4 Hz, 1H), 7.10 (m, 2H), 2.56 (s, 3H), 2.17 (s, 3H). 3*C NMR (101 MHz, CDCI;) &
160.9, 158.5, 155.5, 153.3 138.2, 131.3, 131.3, 129.9, 129.8, 129.3, 128.7, 128.5, 124.4, 124.4, 1224,
115.7, 115.5, 24.1, 18.4, 18.4. IR (KBr) v (cm): 3586, 3519, 3443, 3305, 3173, 3127, 3074, 1436,
1374, 816, 756. ESI-HRMS calcd for [M + H]" C;3H5FN, 202.1027; found, 202.1028.

N
I/
F

2-(4-Fluorophenyl)-3,6-dimethylpyridine (3na)!

Pale yellow oil. Yield (89.4 mg, 84%). 'H NMR (400 MHz, CDCl;) & 7.47 (d, J = 7.8 Hz, 1H),
7.38 (m, 2H), 7.23 (t, J = 7.5 Hz, 1H), 7.11 (m, 2H), 2.57 (s, 3H), 2.18 (s, 3H). 3C NMR (101
MHz, CDCls) 6 160.9, 158.5, 155.5, 153.3, 138.2, 131.3, 129.9, 129.3, 128.6, 124.4, 122.4 , 115.7,
115.5, 24.1, 18.4. IR (KBr) v (cm™): 3518, 3305, 3170, 3127, 3075, 1703, 1430, 1375, 660. m/z
(ED): 201.

N=
\ 7/

2-Methyl-6,7,8,9-tetrahydro-5H-cyclohepta[b]pyridine (30a)?
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Pale yellow oil. Yield (49.9 mg, 62%). "H NMR (400 MHz, CDCly) & 7.28 (s, 1H), 6.87 (d, J= 7.5
Hz, 1H), 3.02 (m, 2H), 2.73 (m, 2H), 2.49 (s, 3H), 1.85 (m, 2H), 1.66 (m, 4H). 3C NMR (101
MHz, CDCI3) § 162.4, 154.2, 137.1, 135.0, 120.6, 39.1, 34.8, 32.5, 28.1, 26.5, 23.7. IR (KBr) v
(em™): 3518, 3305, 3170, 3127, 3075, 1703, 1430, 1375, 660. m/z (EI): 161.

N\

| =
2-Methyl-5,6,7,8,9,10-hexahydrocycloocta[b]pyridine (3pa)
Pale yellow oil. Yield (43.1 mg, 49%). '"H NMR (400 MHz, CDCl3) 6 = 7.27 (d, J=6.1, 1H), 6.92 (d,
J=7.6, 1H), 2.95 (m, 2H), 2.73 (m, 2H), 2.51 (s, 3H), 1.78 (m, 2H), 1.67 (m, 2H), 1.38 (m, 4H). 13C
NMR (101 MHz, CDCly) 8 160.1, 155.2, 137.1, 132.9, 121.1, 34.4, 32.2, 31.5, 30.7, 26.0, 25.9, 23.9.
IR (KBr) v (em™): 3519, 3444, 3381, 3172, 3128, 3073, 1706, 1434, 1370, 662. ESI-HRMS calcd for
[M +H]" CpHgN, 176.1434; found, 176.1438.

N

N

=

2,6-Dimethylpyridine (3qa)

Colorless oil. Yield (27.8 mg, 52%). 'H NMR (400 MHz, CDCI3) 6 7.43 (m, 1H), 6.93 (m, 2H), 2.51 (s,
6H). 13C NMR (101 MHz, CDCI3) 8 157.6, 136.5, 120.1, 24.4. IR (KBr) v (cm™'): 3519, 3444, 3381,
3172, 3128, 3073, 1706, 1434, 1370, 662. m/z (EI) 107.

(S)-2,8-Dimethyl-5-(prop-1-en-2-yl)-5,6-dihydroquinoline (3ra)

Pale yellow oil. Yield (42.8 mg, 43%). '"H NMR (400 MHz, CDCI13) 6 7.23 (d, J = 7.7 Hz, 1H), 6.91 (d,
J=7.7Hz, 1H), 6.05 (s, 1H), 4.90 (s, 1H), 4.75 (s, 1H), 3.56 (t, J = 8.7 Hz, 1H), 2.52 (s, 3H), 2.39 (m, ,
2H), 2.14 (s, 3H), 1.71 (s, 3H). 3C NMR (101 MHz, CDCl;) § 155.3, 153.5, 146.1, 134.6, 129.3, 127.6,
121.0, 113.6, 45.5,29.7, 27.7,24.2, 19.7, 18.2. IR (KBr) v (cm™"): 3519, 3444, 3381, 3172, 3128, 3073,
1706, 1434, 1370, 662. ESI-HRMS calcd for [M + H]* C14H N, 200.1434; found, 200.1433.

N/
g

5,6-Dihydrobenzo[/#]quinoline (3ab)

Pale yellow oil. Yield (68.8 mg, 76%). '"H NMR (400 MHz, CDCl;) 6 8.53 (d, /= 4.1 Hz, 1H), 8.32 (d,
J=1.5Hz, 1H), 7.51 (d, J= 7.4 Hz, 1H), 7.36 (d, J = 7.5 Hz, 1H), 7.31 (s, 1H), 7.24 (m, 2H), 7.14 (d,
J=6.5Hz, 1H), 2.94 (s, 4H). 3C NMR (101 MHz, CDCls) § 152.5, 147.6, 138.2, 135.8, 132.0, 129.2,
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127.8, 127.2, 125.0, 122.3, 28.1, 28.0. IR (KBr) v (cm'): 3518, 3303, 3129, 3073, 2967, 1433, 1370,
661, 582. ESI-HRMS calcd for [M + H]" Cy3H 2N, 182.0964; found, 182.0970.

N/
$

2-Ethyl-5,6-dihydrobenzo[/]quinoline (3ac)

Pale yellow oil. Yield (85.7 mg, 82%). 'H NMR (400 MHz, CDCl;) 6 8.42 (d, /= 7.6 Hz, 1H), 7.44 (d,
J=17.7Hz, 1H), 7.39 (t, /= 7.4 Hz, 1H), 7.32 (t, /= 7.2 Hz, 1H), 7.24 (d, J= 7.3 Hz, 1H), 7.03 (d, J =
7.7 Hz, 1H), 2.91 (m, 6H), 1.40 (t, /= 7.6 Hz, 3H). 1*C NMR (101 MHz, CDCl;) 6 161.4, 151.6, 138.2,
136.0, 128.8, 127.7, 127.1, 125.1, 120.5, 31.2, 28.3, 27.7, 13.9. IR (KBr) v (cm"): 3587, 3518, 3443,
3304, 3127, 3075, 2972, 1433, 1374, 660. ESI-HRMS calcd for [M + H]* C;sH;6N, 210.1277; found,
210.1278.

N/
g

2-Pentyl-5,6-dihydrobenzo[/]quinoline (3ad)

Pale yellow oil. Yield (110.4 mg, 88%). 'H NMR (400 MHz, CDCl;) 6 8.37 (d, /= 7.5 Hz, 1H), 7.39
(d,J=7.6 Hz, 1H), 7.35 (t, J=7.5 Hz, 1H), 7.28 (t, /= 7.3 Hz, 1H), 7.20 (d, /= 7.4 Hz, 1H), 6.97 (d,
J=7.7Hz, 1H), 2.90 (s, 4H), 2.83 (t, /= 7.7 Hz, 2H), 1.80 (m, 2H), 1.38 (m, 4H), 0.91 (t, /= 6.4 Hz,
3H). 3C NMR (101 MHz, CDCl;) & 160.4, 151.6, 138.1, 135.9, 128.8, 127.6, 127.1, 125.1, 121.1, 31.6,
29.5,28.2,27.7,22.6, 14.1. IR (KBr) v (em™"): 3651, 3519, 3444, 3242, 3128, 3072, 2920, 1708, 1436,
1368, 566. ESI-HRMS calcd for [M + H]" C;sH¢N, 252.1745; found, 252.1747.

2-Phenyl-5,6-dihydrobenzo[/#]quinoline (3ae)

Pale yellow solid; mp 103-105 °C. Yield (93.4 mg, 75%). 'H NMR (400 MHz, CDCls) 6 8.53 (d, J =
7.4 Hz, 1H), 8.14 (d, J = 7.3 Hz, 2H), 7.57 (m, 2H), 7.49 (t, J = 7.4 Hz, 2H), 7.40 (m, 3H), 7.33 (d, J =
7.9 Hz, 1H), 2.97 (s, 4H). 3C NMR (101 MHz, CDCl;) & 155.1, 152.1, 139.7, 138.2, 136.4, 134.9,
130.3, 129.1, 128.7, 128.2, 127.8, 127.1, 126.8, 125.3, 118.7, 28.2, 27.8. IR (KBr) v (cm!): ESI-HRMS
caled for [M + H]* CoH 4N, 258.1277; found, 258.1283.
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2-(4-Methoxyphenyl)-5,6-dihydrobenzo[/#]quinoline (3af)

Pale yellow solid; mp 121-123 °C. Yield (101.9 mg, 71%). 'H NMR (400 MHz, CDCl;) 3 8.44 (d, J =
7.6 Hz, 1H), 8.02 (d, J = 8.6 Hz, 2H), 7.45 (s, 2H), 7.31 (t, J = 7.4 Hz, 1H), 7.24 (t, J = 7.3 Hz, 1H),
7.16 (d, J = 7.7 Hz, 1H), 6.93 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 2.88 (s, 4H). *C NMR (101 MHz,
CDCl;) ¢ 160.3, 154.8, 151.8, 138.2, 136.3, 134.0, 132.4, 129.6, 129.0, 128.0, 127.7, 127.1, 125.2,
118.0, 114.0, 55.4, 28.2, 27.8. IR (KBr) v (cm™): 3516, 3440, 3240, 3126, 3074, 1512, 1400, 1360,
1248, 1176, 1031, 822, 752. ESI-HRMS caled for [M + H]* C,0H;sNO, 288.1383; found, 288.1386.

2-(4-Fluorophenyl)-5,6-dihydrobenzo[/]quinoline (3ag)

Pale yellow solid; mp 134-136 °C. Yield (108.6 mg, 79%). 'H NMR (400 MHz, CDCl;) 6 8.51 (d, J
=7.3 Hz, 1H), 8.12 (s, 2H), 7.55 (m, 2H), 7.36 (m, 3H), 7.17 (t, J = 8.6 Hz, 2H), 2.97 (s, 4H). *C NMR
(101 MHz, CDCl3) & 154.0, 138.3, 136.7, 130.4, 129.3, 128.7, 128.6, 127.8, 127.2, 125.4, 118.6, 115.6,
115.42, 28.1, 27.8. IR (KBr) v (cm): 3589, 3518, 3445, 3303, 3128, 3073, 2929, 1584, 1435, 1368,
661, 513. ESI-HRMS calcd for [M + H]* C9H;sFN, 276.1183; found, 276.1180.

2-(2-Methoxyphenyl)-5,6-dihydrobenzo[.]quinoline (3ah)

Pale yellow solid; mp 131-133 °C. Yield (47.4 mg, 33%). 'H NMR (400 MHz, CDCls) 6 8.46 (d, J =
7.6 Hz, 1H), 8.02 (d, /= 7.6 Hz, 1H), 7.73 (d, /= 7.9 Hz, 1H), 7.51 (d, /= 7.9 Hz, 1H), 7.36 (m, 2H),
7.29 (t, J =173 Hz, 1H), 7.22 (d, J = 7.3 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H),
3.88 (s, 3H), 2.97 (s, 4H). 3C NMR (101 MHz, CDCl3) & 157.2, 153.7, 151.9, 138.0, 135.2, 135.0,
131.4,129.8, 129.6, 129.5, 128.8, 127.7, 127.0, 125.2, 123.6, 121.1, 111.5, 55.7, 28.2, 27.8. IR (KBr) v
(cm): 3650, 3519, 3444, 3303, 3228, 3073, 2939, 1434, 1369, 663, 586. m/z (EI): 287.
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3-Methyl-5,6-dihydrobenzo|/]quinoline (3ai)

Pale yellow oil. Yield (72.1 mg, 74%). '"H NMR (400 MHz, CDCl;) & 8.35 (s, 1H), 8.26 (d, J = 7.5 Hz,
1H), 7.32 (m, 3H), 7.21 (d, J= 7.2 Hz, 1H), 2.90 (s, 4H), 2.33 (s, 3H). *C NMR (101 MHz, CDCls) &
147.8,137.9, 136.6, 128.8, 127.8, 127.2, 124.7, 28.1, 28.0, 18.2. IR (KBr) v (cm™'): 3592, 3518, 3446,
3300, 3132, 3069, 2965, 1709, 1436, 1368, 662, 571. ESI-HRMS calcd for [M + H]* C4H;4N,
196.1121; found, 196.1126.

=

N/
g

2-(Prop-1-en-1-yl)-5,6-dihydrobenzo[h]quinoline (3aj)

Pale yellow oil. Yield (49.7 mg, 45%). '"H NMR (400 MHz, CDCl;) 6 8.39 (d, /= 7.2 Hz, 1H), 7.41 (d,
J=17.7Hz, 1H), 7.35 (t, J= 7.4 Hz, 1H), 7.30 (d, /= 7.2 Hz, 1H), 7.21 (d, J= 7.2 Hz, 1H), 7.06 (d, J =
7.7 Hz, 1H), 6.86 (m, 1H), 6.55 (d, J= 15.4 Hz, 1H), 2.91 (s, 4H), 1.95 (d, /= 6.7 Hz, 3H). 3C NMR
(101 MHz, CDCl;) 6 154.1, 138.2, 136.0, 131.4, 129.8, 128.9, 127.7, 127.0, 125.1, 119.4, 28.2, 27.9,
18.3. IR (KBr) v (em™): 3649, 3519, 3444, 3241, 3128, 3073, 1595, 1435, 1369, 759, 698. ESI-
HRMS caled for [M + H]" CsHgN, 222.1277; found, 222.1284.

2-(Thiophen-3-yl)-5,6-dihydrobenzo[k]quinoline (3ak)

Pale yellow solid; mp 145-147 °C. Yield (86.8mg, 66%). 'H NMR (400 MHz, CDCl;) & 8.47 (d, J =
7.6 Hz, 1H), 7.97 (s, 1H), 7.77 (d, J = 4.0 Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H),
7.38 (t, J = 7.1 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 7.22 (s, 1H), 2.95 (s, 4H). ’C NMR (101 MHz,
CDCl;) 6 151.5, 138.2,136.3, 134.7, 130.0, 129.1, 127.7, 127.1, 126.4, 126.0, 125.2, 122.9, 118.6, 28.2,
27.8. IR (KBr) v (cm!): 3587, 3519, 3443, 3305, 3174, 3074, 1438, 1364, 782, 653, 554. ESI-HRMS
caled for [M + H]* C7H4NS, 264.0841; found, 264.0842.
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2-Methyl-5H-indeno[1,2-b]pyridin-5-one (4a)3
Pale yellow solid; mp 140-143 °C. Yield (43.9mg, 45%). 'H NMR (400 MHz, CDCl;) & 7.85 (d, J =
7.3 Hz, 1H), 7.78 (d, J= 7.6 Hz, 1H), 7.70 (d, /= 7.3 Hz, 1H), 7.57 (t, J="7.2 Hz, 1H), 7.41 (t, J="7.3
Hz, 1H), 7.05 (d, J = 7.6 Hz, 1H), 2.64 (s, 3H). 3°C NMR (101 MHz, CDCl;) & 191.8, 165.2, 164.4,
143.5, 135.2, 135.0, 131.6, 130.8, 125.9, 124.0, 122.7, 120.9, 25.0. IR (KBr) v (cm!): 3651, 3592,
3518, 3301, 3132, 3069, 2925, 1708, 1436, 1368, 663, 571. m/z (EI): 195.

\_/

O; Eé :z
\

S5H-Indeno[1,2-b]pyridin-5-one (4b)

Pale yellow solid; mp 138-141 °C. Yield (60.6 mg, 67%). 'H NMR (400 MHz, CDCls) 6 8.62 (d, J =
3.4 Hz, 1H), 7.89 (m, 2H), 7.73 (d, J = 7.4 Hz, 1H), 7.61 (t, J= 7.5 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H),
7.22 (m, 1H). C NMR (101 MHz, CDCl;) & 191.7, 165.0, 153.8, 143.4, 135.4, 134.8, 131.6, 131.1,
124.2, 123.4, 121.1. IR (KBr) v (cm™): 3587, 3518, 3443, 3305, 3127, 3074, 2921, 1717, 1437, 1365,
741, 662, 560. ESI-HRMS calcd for [M + H]* C,HgNO, 182.0600; found, 182.0595.

pu—

\_/

5

3-Methyl-5H-indeno[1,2-b]pyridin-5-one (4¢)?

Pale yellow solid; mp 137-140 °C. Yield (45.8 mg, 47%). '"H NMR (400 MHz, CDCls) 6 8.44 (s, 1H),
7.82 (d, J= 6.8 Hz, 1H), 7.71 (d, J = 7.1 Hz, 2H), 7.59 (t, /= 7.4 Hz, 1H), 7.41 (d, J = 7.2 Hz, 1H),
2.39 (s, 3H). 3C NMR (101 MHz, CDCls) § 154.2, 135.3, 132.0, 130.5, 124.1, 120.6, 18.6. IR (KBr) v
(cm): 3590, 3518, 3445, 3302, 3130, 3071 2924, 1710, 1435, 1369, 821, 747, 660. m/z (EI): 195.

N=
oY
=
(0]

5H-Cyclopenta[2,1-b:3,4-b'|dipyridin-5-one (4d)*

Pale yellow solid; mp 210-212 °C. Yield (35.5 mg, 39%). 'H NMR (400 MHz, CDCl;) 6 8.82 (d, J =
4.9 Hz, 2H), 8.01 (d, J = 7.5 Hz, 2H), 7.37 (m, 2H). 3C NMR (101 MHz, CDCl;) & 189.6, 163.4, 155.2,
131.5, 129.4, 124.8. IR (KBr) v (cm™!): 3651, 3519, 3444, 3242, 3128, 3072, 2920, 1708, 1436, 1368,
566. ESI-HRMS calcd for [M + H]" C;;H;N,0, 183.0553; found, 183.0553.

S13



References

1 L. Ackermann, H. K. Potukuchi, A. R. Kapdi and C. Schulzke, Chem. Eur. J., 2010, 16, 3300.
2 D. Craig, F. Painaa and S. C. Smith, Chem. Commun., 2008, 44, 3408.

3 N. Mokato, J. Chem. Soc., 1991, 12, 3371.

4 M. Jean-Paul, Eur. J. Org. Chem., 2001, 10, 1821.

NMR Spectra for Compounds

3aa

S14



7.37
728
7.25
720
6.99
6.97
2.90

< ™
e
od od
<

|

2,59

JL_MA_JL__W_._J_

o
N
-
T T T T T T T T T
9.5 9.0 6.0 5.5 50 45 4.0 3.5 3.0
f1 (ppm)
— LAl == oo MmO
= e Mg o oo 0
L BaE nashas ﬁi‘;
—_ — e — = —— = — - .
[ e S
N

o | 3.05=

ol

T T
20 1.5 2.0 0.5 0.0

;2825
2172
2437

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 80
f1 (ppm)

3ba

S15

%0 40 30 20 10 0 ~-10

20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

—1000

2000
1900
1800
r1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

=100

F—200



Lo
98%—

£8E—

bL9
989
689
06'9
z6'9-%
STi—
L
bE'L

SZ8
8T8

o o o o

IS] S IS] S o

1 S ST S =

" = o S =]

i o T i 2 T
-

o -

Mo

U

=E0€E
FST'p

=Qre

707
il

=0T

=007

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

1.0

700
650

600

200
450

400

350

300

250

200

150

100

o0

TP T
6LLT~
9982+

8T 65—

PLOL
90 .E.W
LELL

Ly Tl

mo.m:V
980l —
el
L
96'6EL—

18151 —
9198l —
ST09L—

50 40 30 20

T
70 60

T
80

90

110

f1 (ppm)

3ca

S16



o O o o O O O o o o o 9 (=]
o O O 0 QO O C C O C o o o o o oCcCocoCocCo (=}
=R < B <= B <= S = R~ B = I = R <= R = B - S o B o T = B <= S = S == R == Y = R < FE = [=1
- @ W~ O W= NN -~ O Q QO Q0 0 Q9 O et
S T e i, T O (SR DR W e T B
1zl J .

b
£zl =, FIE
097
£9¢
9T % w6z
L9E wﬂJWEA
e = - rarg
@o,m.\ 'J

)

L69
669 = 101
vL— 61l
Nm,@ pI'E
SEL

-+
L9 _ —
8E 8 N

3.0 2.0 1.0 0.0

4.0

9.0 8.0 7.0 6.0

10.0

f1 (ppm)

5
500
450

400

350

300

250

200

r150

100

910 —
LEVT—
LETE—
EESES

SL9L
co.E.W.

8E'LL

68121
€25l
€89zl
aodel
agLel
el —

FI9EL—
86Tkl —

6T1SI—
ZZ9Sl—

T
150

T
170

T
190

210

3da

S17



= (= = (= (=] = = (= (=]
(=} (=] (=} (=3 (=] (=} (=} (=2 (=]
(=} (=3 (=} (=3 [=3 (=} (=} (=] <=
o B . 8. B R
e w Eel'E
815— ELZ:2
L89
G689
SOL
LoL ]
2t m?no,.ﬁ
5 7111
€L /01
9L J.mog
omﬁ*ﬁ
el
18— =007
T F =
)\

cl

0.0

1.0

4.0

6.0

f1 (ppm)

4500

4000

3500

3000

2500

2000

1500

1000

500

[

16°L9—

2o .Fh&
PELL

=
7 ,mm_/
06 ,NN},
§6bTl
L¥2L
€50zl
99 0€1
sl
9L 9L —

SLPSL—
1§88

NZ

Cl

o

50 40 30 20

T
70 60

T
80

90

110

f1 (ppm)

3ea

S18



7.87
7.85

.61
7.59
758

|

756
748
746
125
710
708

261

\_/

e iy
& 9 8
— m
T T T T T T T T T T T T T T
10.0 9.0 8.0 0 6.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
vy oo NOWVI O
On ERSEL 2T BEBL 2
od- -5~ 0. G a6 BB S i =~ Ly
A [ Smess
NSy
I
e
Br
I
i
]
]
T T T T T T T T T T T T T T T
210 190 170 150 130 90 80 70 60 50 40 30 2 0

f1 (ppm)

3fa

S19

18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
2000
4000
3000
2000
1000

r—1000

1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
200
400
300
200
100

100




16000

385
—261

15000
114000
13000
112000
111000
10000
= L9000
~ L5000
L7000
L6000
L5000
L1000
13000
L2000
L1000

e
n il
I 3 -1000
m m
0

T
6.0 5.0 4.
f1 (ppm)

77.33
\76.69
5534
24.68

2400

160,34
715816
15658
—136.87
— 12826
—12092
—11691
114,07

2200
2000

W 1800

~ 1600
~o -1400
1200
1000
-800
600
-400

r200

r—200

T T T T T

T T T T T T T T T
170 150 130 110 90 8 70 60 50 40 30 2 10 @
£1 (ppm)

T T
210 190

3ga

S20



11000

el
& oo
it

3

t

759
—7.26
7,05
7.04
7.00
6.97
386
—2.62

10000
9000
8000
L7000
6000
0 S 5000
4000
3000
2000

1000

3
2551

+—1000

4.0 3.0 2.0 1.0 0.0

T
6.0 5.0
f1 (ppm)

F1300

15796
156,95

15548
5503
—24.67

R
s

1200

1100

1000

900

600

300

400

300

200

100

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 & 70 60 S0 40 30 20 10 0 -10
f1 (ppm}

3ha

S21

Intensity



SRLBCERRTEHED ]
B o F11000
N
10000
9000
8000
7000
N
cl S 6000
o000
| 4000
| 3000
"l 2000
I I
+1000
ffein al UL A#LJ H—L,_lhg_ Lo
A ¥
885888 &R
T T T T \'_‘v_‘\v_‘v_‘!v_‘ '_'\ T T T T T T T NI T T T T T 771000
10.0 9.0 8.0 T8 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
G8 3 = @
= =5 o )
0 = g =
n? I | |
cl S
”I 1 i
i |
1
[ | | |
1L | .
T 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 S0 40 30 20 10 0 -0
f1 (ppm)
3ia

S22



14000

845
844
—7.52
—7.26
—6.98
6.53
652
2.39

<
{5

13000

r12000

r11000

10000

9000

8000

7000

L8000
5000
4000
\ -3000

2000

B Ao [

+—1000

A
8

5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

1800
T 1700
1600
1500
1400
r1300
1200
1100
1000
r900
800
F700
600
ro00
400
300
r200
+100

49,23
4913
47,91
4318
_~122.99
—119.43
—112.02
~ 108 55

r—100
r—200

T T T T T T T T T T T
170 150 130 110 90 8 70 60 550 40 30 20 10 0
£1 (ppm)

T T
210 190

3ja

S23



162
7.60
758
7.52
7.50
7.48

_{’? 01

186
—6.51

2.60

r10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

P = S
@ 11,004

— 15837
—143.25
—136.91
—121.62
— 11581
~111.91

108,59

24.58

Mmmwm

110
£1 (ppm)

T T
210 190

3ka

S24

T T T T T T T T
90 80 70 60 50 40 30 20 10 O

2400

2200

r2000

r1800

1600

1400

r1200

1000

800

600

r400

r200

r—200




20000
19000
18000
17000
16000
15000
14000
-13000
12000
11000
10000
19000
L8000
17000
o 6000
L5000
4000
3000

«mh‘ 2000
1000
SN Y e 7,—._JL-I_A_ — _JJLJA_@L Lo
A

r—1000

758
756
741
739
137
731
729
727
724
720
—4.09
248

2,00
41234

5.05
4160

2012
12991

T T T

T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

1000

77,39
77.07
76.76
32.99

S 900
Se»

800

O 700

600

—160.00
— 14617

‘i

—14.07

200

400

300

200

| 100

e ——
T
[=]

——100

T T
110 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

T T T T
190 170 150 130

3la

S25



18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
2000
4000
3000
2000
1000

r—1000

1000

900

800

700

600

500

400

300

200

100

CITSESEER * aa
e e L i === 1 o i ei
| e (I
NF
=
o
1
JL_ _;J\JLM L S T | | (N
A T Lo
B8 & b & 8
™ ™ m ~em
T T T T T T T T T T
10.0 7.0 6.0 5.0 4.0 3.0 2:0 1.0 0.0
f1 (ppm)
@ h ™ o0 o0 M — oo
o W en =~ MM M Us} O~ v T o m
el el od S o= e Mo b £ L
L SLth s e EEE i 32
il T ~ I
~
I
I
T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 90 B0 70 60 50 40 30 20 10 O
f1 (ppm)

3ma

S26

F—100



8000

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

-—500

Lz—

95 ZT—

90'Ly
80'L1
L]
PlEq
12

R
¥e ,pw
9TL
g Tw
st
e
66
LbL]
st
L

0o'E
ooe

%61
a5'0
co'e

60

8.0 7.0 6.0 g 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

9.0

6E 8L
£ Rl
e —

6L9L
:.ﬁhw.
EPLL

9p5IL
89511

€regL—
L2621,

ILREL—

BTESLA,
9pSsL~
op8gl
160914

500
r450
400
350
300
250
200
150
100
50

50 40 30 20

70 60

80

90
f1 (ppm)
3na
S27

110

130

150

170

190

210




17000

257
218

= e 16000

r15000
14000
+13000
r12000
r11000
r10000

/

| 9000

\

8000
7000
6000
5000
4000
3000
2000

+1000

2921

o
= -1000
m

1000

160,91
/158,46
~ 15546
15327
—13818
—129,30
—12243
Ths6

115.46
—24.07
T84l

18,37

=y
| L
- 900
800
700

re00

! r400
r300
r200

100

r—100

T T T T T T T T T T T
170 150 130 110 90 8 70 60 550 40 30 20 10 0
£1 (ppm)

T T T
210 190

30a

528



88 8%
e WG 10000
~
9000
8000
7000
+6000
N=—
/ o000
4000
3000
;o o 2000
1
’ | N L L1000
y oy ooy oy
8 & 898 2Q@
(o] o ™ o™ T
T T T T T T T T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2:0 1.0 0.0
f1 (ppm)
ci < = -9}
= A & &
| | | |
N=—
I
I
] |
! | 1 ‘ ‘
I | n | ek A J L Ii Jm L e |
T 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 10 30 20 10 0
f1 (ppm)
3pa

S29



00 0
SR
el et

~|
M
o
|
|
1
| O T
= o b Ry o0
2 g e 8
= 2 N
T T T T T T T T T T T T T T T T T T T
20 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
£1 (ppm)
ca
&
'

—160.05

/

—121.06

D:_:L“‘—nﬁl

T
210 200 190 180 170 160

T T T T T T T T

100 90 80 70
£1 (ppm)

T T
150 140 130 120 110

=)
=1
Ln
=]

3qa

S30



90000

80000

70000

60000

50000

40000

30000

20000

10000

SEER 232 A
e Y- RV X
= e
N
| RS
A
b
| I
e
U i
8 & 8
el — w
T T T T T T T T T T T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1:0 0.0
f1 (ppm)
- k=] e
vy = = < 00 0o [ta}
= =) = = o s
il = = EEE &
s |
I
N
N
/
T T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 90 8 70 60 50 40 30 20 10 0
f1 (ppm)
3ra

S31

200

450

400

350

300

250

200

r150




m (=] o= = [ = (= [=] = (=]

[=] (=] [=] (=] (=] [=] (=] [=] [~ (=]

[=] [=] [=] (=] (=] (=] (=] [=] £ (=]

T P 0 B 2 B i i o i 2

_

9z'1—

li— .M ~60'E
o =]
Lz Ih reez|
8€T 60
orz
sz
€€ - =SOT[
E&W
8¢ le
5L~ =111
06— - =0T L
09— =Z0TT

om,m/.

69"

L
4 ,PN
9Z'L

0.0

1.0

2.0

3.0

r13000
12000

11000

10000

o000

8000

F7000

6000

2000

4000

3000

2000

1000

—1000

1281
8961 —
ST —
€L
6952/

S ehp—

EQELL~—
soel—
[AN A
09vEl—
cliapl—

05'gS1—
sesst

50 40 30 20

T
70 60

T
80

T T T T T
190 170 150 130 110 90

T
210

f1 (ppm)

3ab

S32



21000
20000
+19000
18000
17000
16000
+15000
NF | 14000

13000
O‘ 12000
11000

10000
9000
8000
7000
6000
2000
4000

8 54
853
833
831
7,51
7,50
737
735
733
729
725
723
722
715
713
712
2,94

.31

z
;

1 I \" 20
m 2000
1000

ol ~ L e __MM,A_.JLAf_MA_JLAQL_O

b m
8 {% & & i -1000

—— 00 <

VR e

41003

T T T T T T T T T T T T T T T

T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

2811

1500
LTSN Te—

oC

1300

1200

11100

L1000

900

800

T T T T T T T T T T T
210 190 170 150 130 110 90 80 70 60 30 40 30 20 10 O

f1 (ppm)
3ac

S33



843
841
745
743
7.40
739
137
734
7.32
730
7.29
725
723
704

i

7.02

2.94
292
2.90
288
1.42
1.40
1.38

A
L

w' ., T
38 aB88s6 Es
— P e b (Ut m
T T T T T T T T T T T T
11.0 10.0 9.0 8.0 7.0 6.0 5.0
£1 (ppm)
—_— Lal Wi G oo —
= E 23 IES a8 cas Z
= & 85 &S EFE& S &
TN T 3 L
NF

T T T T T T
210 190 170 150 130 110

T T T T T T
90 80 70 60 50 40

£1 (ppm)

3ad

S34

16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
r2000
+1000

r—1000

1900
1800
r1700
1600
1500
1400
1300
1200
1100
1000
r900
800
700
600
500
r400
300
200
r100

r—100
=200




[=] [=] [=] [=) (=) [=) [=) [=) [=)

[=] [=1 oo} [=) [=) [=) [=) [=) [=)

(=] (=] = [=} [=} (=} = = (=}

P P b P it 7 it A i i

060

S,DW

€60 U =Zb'E
92— = =Y
841 EEC'E
om,@.

181

I8¢

€8¢ c0'ec
58T ol -4
om,m\

969

869

al'd

1zt

STl

9z'L

8L g
08 'L MSH
£€L 001
seL — €07
LEL & £0'T
RE'L <07
9¢'8 _ i
P ||”\J E00T

4.0 3.0 2.0 1.0 0.0

5.0

£1 (ppm)

1000

r900

r800

F700

r600

ra00

r400

300

r200

r100

90l —

09ee—

FPLLT—=
| A T4
[43 14

S9lE

m@.ch/

¥
EELL

€11zl
:,mw_/
80°LZL

§9°L7L

08821 —
98561 —
AR AN
95 151 —

PROOL—

NF

T T T T T T
50 40 30 20

90 80 70 60

3ae

S35



14000
13000
12000
11000
10000
9000
8000
7000
6000
5000

L6 g—

Oat ()
seey
et
pe 't

LEL
GE 'L
OF L
fA AN
LFL
[
LG 'Ly

A

S ,n_.:m
98 L~k
65 'L
194

Plg—

[Ag]
PS8

Q' 1
8¢
s0¢
0
=481
=50

1600
1500

1400

1300

1200

1100

1000

900

800

700

600

o200

400

300

200

100

o

Z8'LT
91°8T

gLt
FOLL

reLL
9E'LL

FLELL—
9 el —
0z'871-"
98 PEL—
wm,um_ﬂx\n
0Z 8EL

90ESL~
GOSSL—

50 40 30 20

T
70 60

T
80

90
f1 (ppm)

110

3af

S36



13000

r12000

11000

10000

9000

8000

7000

6000

2000

4000

88

GLE—

69
69
SlL
LLL
s
¥ZL
9L
6Tl
leL
€EL
Skl
108~

mv,mN

Sk

1400
1300

1200

r1100

1000

900

800

F700

600

500

400

300

200

SLLT~,
1zsc

LECE—

TL9L

O LL
SE .E..\

20k~
08I~

ATARE
VP,RQ
mm,mﬂ.\
mm,mﬂ.\
£E9€1

FRIS L~

LEWSL—
9z209l—

50 40 30 20

T
70 60

T
80

90
f1 (ppm)

110

3ag

S37



852
850
7.92

—297

s
i
1

T
.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
{1 (ppm)

o 20

115.64

115.42

27.76
A
=1}
=
[=}

—154.02
138,27
136,69
7671
22,10

s

12859
Zism
11857

71.35
L

<

1300
1200
2
11100
O 11000
900
\ -800
nlliiillli' -700
600
1500
400
1300

200

100

T T T T T T T T T T T T T
110 90 8 70 60 50 40 30 20 10 0
f1 (ppm)

T T T T T
210 190 170 150 130

3ah

S38



(=] (=] (=] (=] (=] =
(= = (=] [=] (= [ = (=] [=] = [=] = (=] = [=]
(=] o (=] (=] (=] (=] [=] (=] (=] o (=] [=] (=] [=] [=)
=H o ] — (=] (=] (=] (=] (=] (=) (=] [=] (=) [=] —
.. 8.8, 5. 8. 8. 5. 8. 0.9.8.8.%.8.1
=
|
1
|
L6 IMH Fiov
88— y =(0'€
|
|
00't, F
WL |
AN _
€L ~
L ,
£ | [@1
STl €60
8T'L &'l
62'L, 07
_m,nﬂ 0z
EC0'T
SE'L =00'T
1087 =£0']
cos/
SR =E6'0
ey

5.0 4.0

f1 (ppm)

6.0

3000

2500

2000

1500

1000

500

E8'LT
81°8C

89EE—

ZLIL
FOLL
rTLL

9E'LL

S9ELL:
gzszl—
pULEL
89'LEl
88zl

Bttt
1LEs1—
1zest"

50 40 30 20

T
70 60

T
80

90
f1 (ppm)

110

3ai

S39



o e A e R = “
B B e S o s et = e
SRR eEen Tt
N
]
|
[
I J . A____mﬁﬁnnmJLAAqJ S
o e v
88 &88% 8 =
— ™o T m
T T T T T T T T T T T T T T T T T T T T
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 0 2.0 1.0 0.0
f1 (ppm)
— Mo oo NN O
00 GO0 00 D — B G 06 - 04 = W
P RV o e el o
R R T T XE =
ST Nz— N
N/|
]
T T T T T T T T T T T T T T T
210 190 170 150 130 110 90 80 70 60 50 40 30 2 0
f1 (ppm)

3aj

S40

8500
8000
7500
F7000
6200
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

=500

1300

1200

r1100

1000

900

800

700

600

00

400

300

200

100




6000

9500

o000

4500

4000

3500

3000

2500

2000

1500

1000

00

el v o
& SR8 5 8 ]
o — A 20O T o~
T T T T T T T T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
{1 (ppm)
(2] < o0 o o—
3 S S
& =S sns S
S | L
Ry
' |
T T T T T T T T T T T T T T T T T T
210 190 170 150 130 110 90 8 70 60 50 40 30 2 10
f1 (ppm)
3ak

S41

F—500

4500

4000

3500

3000

2000

2000

1500

1000

200




4a
S42

(=] (=] (=] (=] (=] (=] (=] [=] (=] (=] [=] (=1 (=] (=] (=] (=] (=] (=] (=] (=] [=1
— (=] (= (=] (=) [=] (=] (=] (=) (=] [=] — < (=] (=] (=] (= (=1 (=] (=] —
i i o @ i o H b £ & T 2 | % i & H bl i R i |
- L
S
Fo
=
o —
~ [
e
b8LZ
91'8T Fs
o
o =
r=f
F@
67 = FORLS
o) (=]
=l
Fe
& 1L9L
< Lo
mm.?\ ©
Lo
—_— 9)
, ok g
ey w2 FORLL ro~
st — 68221 =
0] b 0z 521 -Mf
LEL] = Lo szl
o < €921 L
9 L] 80421
8€'LA SLLZI-F (=1
b 4 160 L2
kLo €01 o £LPEL—
oL [ j181r = E,@ﬁw L
05 Ef - €0'7 1z 8¢l
I . [=]
It E,H 1151 — [
LLL =0T 4
8L RE0TF o L
L6
5550 =
b=
(=) —
4 E O
ro
S




CWVvichi>~— vt re— hi~ 0w =T
FXECeSRnniTTRasSE Z
L Sl et sl ol ol ol e ol ol el ol SO o i
R ke
N=
0
]
e, |
| |
_ By THems tepw W
| T
GE8RES & 5
OO O m
T T T T T T T T T T T T T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
o wvi o™ (5] — NS GO
5 A = et il B s =
3 =3 . EEs 4
N P T e
N=

210

190

T
170

T
150

110 90

f1 (ppm)
4b

S43

T T T T T
80 70 60 350 40

30 2

21000
20000
19000
18000
r17000
r16000
r15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

r—1000

1600
1500
1400
1300
1200
1100
1000
900

800

700

600




4000

3500

3000

00

25!

2000
1500

1000

200

12°¢
Tzt
v L
et
rid
pre
oLy
65 L
19Eq
€9tk
teiak
L L
(8L~

6L
98
€98

N=

[

U,

=007

=80T

= 2E0T
H/

o1
o1

8.0 T4 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

9.0

10.0

= = = [=] (=
(=] (=] [=] [=] (=] (=] (=] (=] [=] (=] (=] (=] (=] (=1
o o] — [=] (=] [=] (=) < (=] (=1 (=] [=] [=] o
P oo 7N 0.8 8 8. F 8,07 8.
I
(=]
o=
Lo
o]
=)
(2]
It-rl.
Lo
| £
e
=]
L
O 8
=]
=)
L2
[#3]
(=]
=zl
- &
B
(=]
LS~
— S
izt
mm,mﬁk F
A AR
(=
oLEL— B
6EEPL —
o
= L
1851 — &
LEWIL—
[
e
LS
99160 — =
o
=1
(]

4c

S44



(=] (=) (=) (=) (=] (=] (=)

[=] (=) (= [=] [=] (=] (= (=)

[=] L (=] L [=] Lo (=] (=]

7 @ B & T i = i3 ®

6 e— Fiez
9z L

oFL

b }

G5L - /860
0L i .I‘W s101
I = =Z8'1
18 e
8L

Fr8— = E18'0

9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
£1 (ppm)

10.0

1100

1000

900

800

F700
600
500

400

300

200

100

10°§T—

TL9L

9E'LL

98 021
69 ,mm_%
0021 L
€621 —

LBOEL—

IS ekl —

TPFIL~,
51591

aL'l6l—

50 40 30 20

T
70 60

T
80

90
f1 (ppm)

110

4d

S45



883
881
802
800
7.39
137
736
7.29

{
L
i

9000

-8000

7000

6000

2000

4000

3000

2000

1000

0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

2000
1900
1800
1700
1600
1500
1400
1300
1200
r1100
1000
900
300
F700
600
200
400
300
200
i 100

76,72

—189.55
— 16340
— 15521
77.36
T7.04

13153
12936
—12476

Vi
=N

—100
=200

T T T T T T T T T T

T T T T T T
110 90 80 70 60 50 40 30 2 10 0
f1 (ppm)

T T T T T
210 190 170 150 130

S46



