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General Experimental Methods

"H NMR and *C NMR spectra in CDCl; solution were recorded on 270 and 400 MHz spectrometers
(with TMS for 'H and chloroform-d for "*C as the internal reference); NOESY experiments were
carried out on a 500 MHz spectrometer in order to establish atom connectivities and "H NMR peak
assignments for compounds 8a, 8b, 8c, 8d, 8e, 8f, 9b, 9d, 9e, 9h, 9i and 9j. Infrared spectra were
recorded using NaCl plates on an FT-IR spectrophotometer. Low- and high-resolution mass spectra
were obtained for all novel compounds. Melting points were determined on a digital melting point
apparatus and are uncorrected. TLC was performed on aluminium-backed plates coated with silica gel
60 with F,s4 indicator and compounds were visualized by UV light (254 nm) or iodine. Flash column
chromatography was performed on Matrex silica gel 60 (220-440 mesh ASTM) and n-hexane/EtOAc
solvent systems. Microwave reactions were performed using a focused microwave unit. The
temperature was measured by infrared detection with continuous feedback temperature control, and

maintained at a constant value by power modulation (0-300 W). The reactions were performed in glass
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vessels (10 mL capacity) sealed with a septum. The pressure was controlled by a load cell connected to
the vessel which senses changes in the external deflection of the septa on top of the sealed pressure

vessel. All commercial reagents were used directly unless otherwise noted.

Synthesis of highly substituted pyridines 5, 8 and 9

General procedure A: Preparation of highly substituted pyridines by microwave-promoted
solvent-free procedure.

1,2,4-Triazine 1 (0.1 mmol), pyrrolidine (1 equiv. unless otherwise noted) and ketone (1 equiv. unless
otherwise noted) were mixed together into a 10 mL glass vessel sealed with a septum and irradiated for
the time and the temperature given in Tables 1, 2 and 3, maintaining this temperature by power
modulation between 150 and 200 W. The vessel was cooled down and diluted with dichloromethane

(ca. 1 ml) followed by concentration in vacuo and purification by flash chromatography on silica gel.

General procedure B: Preparation of highly substituted pyridines by tethered imine-enamine
(TIE) methodology.

To a solution of 1,2,4-triazine 1 (0.1 mmol) in toluene (1.0 ml) was added powdered 4A molecular
sieves (0.100 g), ketone (0.60 mmol) and N-methylethylenediamine (0.30 mmol) and the mixture
heated at 120°C for the time given in Table 6. The reaction mixture was then cooled, filtered through a

cotton wool plug, concentrated in vacuo and purified by column chromatography on silica gel.
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= 3-Phenyl-1-pyridin-2-yl-6,7-dihydro-SH-[2]pyrindine (5a)

3-Phenyl-1-pyridin-2-yl-4-pyrrolidin-1-yl-6,7-dihydro-5 H-

[2]pyrindine

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1
mmol) and cyclopentanone (0.009 ml, 0.1 mmol) was irradiated at 120°C for 20 min. An analysis of the
crude reaction by 'H NMR spectroscopy showed a mixture of 3-phenyl-1-pyridin-2-yl-6,7-dihydro-5H-
[2]pyrindine Sa and 3-phenyl-1-pyridin-2-yl-4-pyrrolidin-1-yl-6,7-dihydro-5H-[ 2]pyrindine in a
proportion of 10:1 respectively. The mixture was separated by flash chromatography on silica gel
(petroleum ether:ethyl acetate, 5:1) to give Sa (0.024 g, 88%) and the corresponding 4-functionalized

derivative (0.003 g, 9%).

Procedure B:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), N-methylethylenediamine
(0.026 ml, 0.30 mmol), cyclopentanone (0.054 ml, 0.6 mmol) and powdered 4A molecular sieves
(0.100 g) in toluene (1.0 ml) was heated at 120°C for 22 h. Purification by flash chromatography on

silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 5a (0.021 g, 74%).
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For 5a. White solid: mp 110-111°C (hexane-CHCl3); Vi (film) 2923, 2853, 1583, 1427, 1372, 863
cm’'; 8y (400 MHz, CDCl3) 8.70 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz), 8.46 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz),
8.13-8.09 (2 H, m), 7.83 (1 H, td, J = 7.6, 2.0 Hz), 7.68 (1 H, s), 7.51-7.45 (2 H, m), 7.43-7.38 (1 H,
m), 7.28 (1 H, ddd, J=7.6, 4.8, 1.2 Hz), 3.47 2 H, t,J=7.2 Hz), 3.02 2 H, t,J= 7.2 Hz), 2.15 (2 H,
quint, J = 7.2 Hz); 8¢ (100 MHz, CDCl3) 158.6 (C), 156.8 (C), 154.5 (C), 151.3 (C), 148.4 (CH), 139.9
(C), 137.9 (C), 136.3 (CH), 128.6 (2 x CH), 128.5 (CH), 126.9 (2 x CH), 123.1 (CH), 122.7 (CH),
116.5 (CH), 32.9 (CH,), 32.8 (CH>), 25.1 (CH,); m/z (EI) 272 (80%, M"), 271 (100%, M'-1) [HRMS

(EI) caled. for C1H;sN, (M'-1) 271.1235. Found 271.1238 (-3.3 ppm error)].

For 3-phenyl-1-pyridin-2-yl-4-pyrrolidin-1-yl-6,7-dihydro-SH-[2]pyrindine. Yellow oil: R 0.20
(petroleum ether:ethyl acetate, 5:1); du (400 MHz, CDCl;5) 8.64 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz, 1-(2-
pyridyl), 8.23 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz), 7.76-7.70 (3 H, m), 7.43-7.38 (2 H, m), 7.34-7.29 (1 H,
m), 7.18 (1 H, ddd, J=7.6, 4.8, 1.2 Hz), 3.40 (2 H, t, /= 7.6 Hz), 3.11-3.06 (4 H, m), 3.02 2 H, t, J =
7.6 Hz), 2.12 (2 H, quint, J = 7.6 Hz), 1.81-1.76 (4 H, m); d¢ (100 MHz, CDCls) 158.6 (C), 151.1 (C),
149.1 (C), 148.2 (CH), 145.3 (C), 141.9 (C), 139.9 (C), 139.5 (C), 136.1 (CH), 128.8 (2 x CH), 127.9
(2x CH), 127.2 (CH), 122.9 (CH), 121.8 (CH), 50.3 (2 x CH»), 32.9 (CH), 32.7 (CH), 25.8 (2 x CH,),
25.7 (CHy); m/z (CI) 342 (MH", 100%) [HRMS (CI): calcd. for Co3H4N3, 342.1970. Found: MH",

342.1974 (-1.0 ppm error)].
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3.,4-Difuran-2-yl-1-pyridin-2-yl-6,7-dihydro-5H-

[2]pyrindine (5b)

Procedure A:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine (0.029 g, 0.1 mmol), pyrrolidine (0.009 ml,
0.1 mmol) and cyclopentanone (0.009 ml, 0.1 mmol) was irradiated at 120°C for 20 min. Purification
by flash chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound Sb

(0.030 g, 92 %).

Procedure B:

A  mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine  (0.029 g, 0.1 mmol), N-
methylethylenediamine (0.026 ml, 0.30 mmol), cyclopentanone (0.054 ml, 0.6 mmol) and powdered
4A molecular sieves (0.100 g) in toluene (1.0 ml) was heated at 120°C for 22 h. Purification by flash

chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound Sb (0.029 g, 88%).

White solid: mp 108-109°C (hexane-CHCL); Vmax (film) 2923, 1547, 1471, 1392, 1260, 1012, 739 cm’
' 811 (400 MHz, CDCls) 8.70 (1 H, ddd, J=4.8, 2.0, 0.8 Hz), 8.36 (1 H, ddd, J = 8.0, 1.2, 0.8 Hz), 7.82
(1H,td, J=8.0,2.0 Hz), 7.53 (1 H, dd, J=2.0, 0.8 Hz), 7.45 (1 H, dd, J=2.0, 0.8 Hz), 7.28 (1 H, ddd,
J=8.0,4.8,1.2Hz), 6.54 (1 H, dd, J = 3.6, 2.0 Hz), 6.40 (1 H, dd, J = 3.6, 2.0 Hz), 6.35 (1 H, dd, J =
3.6, 0.8 Hz), 6.23 (1 H, dd, J = 3.6, 0.8 Hz), 3.49 2 H, t, J= 7.6 Hz), 2.94 (2 H, t, J = 7.6 Hz), 2.17-
2.04 (2 H, quint, J = 7.6 Hz); 3¢ (100 MHz, CDCL3) 157.9 (C), 157.1 (C), 152.9 (C), 151.1 (C), 149.9
(C), 148.5 (CH), 145.6 (C), 142.7 (CH), 142.1 (CH), 137.8 (C), 136.4 (CH), 123.4 (CH), 122.9 (CH),
120.7 (C), 111.3 (CH), 111.1 (CH), 110.3 (CH), 109.7 (CH), 33.4 (CHa), 32.6 (CH,), 24.9 (CH,); m/z
(EI) 328 (85%, M), 327 (100%, M'-1) [HRMS (EI) caled. for C5;H;eN20; 328.1211. Found 328.1208 (1.0

ppm error)].
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3.,4-Difuran-2-yl-1-pyridin-2-yl-5,6,7,8-tetrahydro-

isoquinoline (5¢)

Procedure A:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine (0.029 g, 0.1 mmol), pyrrolidine (0.009 ml,
0.1 mmol) and cyclohexanone (0.010 ml, 0.1 mmol) was irradiated at 120°C for 20 min. Purification by
flash chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound Sc

(0.022 g, 64 %).

Procedure B:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine  (0.029 g, 0.1 mmol), N-
methylethylenediamine (0.026 ml, 0.30 mmol), cyclohexanone (0.060 ml, 0.6 mmol) and powdered 4A
molecular sieves (0.100 g) in toluene (1.0 ml) was heated at 120°C for 21 h. Purification by flash

chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound 5S¢ (0.028 g, 82%).

White solid: mp 141-142°C (hexane-CHCL); vinax (film) 2932, 1588, 1536, 1409, 1151, 1016, 801, 743
em’'; 81 (400 MHz, CDCls) 8.67 (1 H, ddd, J = 4.8, 1.2, 0.8 Hz), 7.85-7.79 (2 H, m), 7.60 (1 H, dd, J =
2.0,0.8 Hz), 7.42 (1 H, dd, J = 2.0, 0.8 Hz), 7.30 (1 H, ddd, J = 6.4, 4.8, 1.6 Hz), 6.56 (1 H, dd, J = 3.2,
2.0 Hz), 6.32-6.29 (2 H, m) 5.79 (1 H, dd, J=3.2, 0.8 Hz), 291 @ H, t, J= 6.4 Hz), 2.62 2 H, t, J =
6.0 Hz), 1.80-1.68 (4 H, m); 8¢ (100 MHz, CDCls) 158.9 (C), 156.8 (C), 152.0 (C), 149.5 (C), 149.4
(C), 148.3 (CH), 145.7 (C), 142.9 (CH), 142.3 (CH), 136.7 (CH), 130.3 (C), 124.7 (CH), 123.0 (C),
122.8 (CH), 111.2 (CH), 111.2 (CH), 110.3 (CH), 109.7 (CH), 27.8 (CH,), 27.2 (CH,), 22.4 (CH,),
22.0 (CH,); m/z (EI) 342 (100%, M") [HRMS (EI) calcd. for C2,H sN,0, 342.1368. Found 342.1362

(1.8 ppm error)].
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o) 3-Phenyl-6,7-dihydro-5H-|2]pyrindine-1-carboxylic

acid ethyl ester (5d)

Procedure A:

A mixture of 5-phenyl-[1,2,4]triazine-3-carboxylic acid ethyl ester (0.023 g, 0.1 mmol), pyrrolidine
(0.009 ml, 0.1 mmol) and cyclopentanone (0.009 ml, 0.1 mmol) was irradiated at 120°C for 30 min.
Purification by flash chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title

compound 5d (0.018 g, 67 %).

Procedure B:

A mixture of 5-phenyl-[1,2,4]triazine-3-carboxylic acid ethyl ester (0.023 g, 0.1 mmol), N-
methylethylenediamine (0.026 ml, 0.30 mmol), cyclopentanone (0.054 ml, 0.6 mmol) and powdered
4A molecular sieves (0.100 g) in toluene (1.0 ml) was heated at 120°C for 6 h. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound 5d (0.009 g,

33%).

Colorless oil Rf 0.50 (petroleum ether:ethyl acetate 1:1); vmax (film) 2974, 2928, 1714, 1598, 1448,
1369, 1224, 1137, 1031, 780 cm™; 8 (400 MHz, CDCl;) 8.05-8.01 (2 H, m), 7.76 (1 H, s), 7.49-7.44 (2
H, m), 7.42-7.38 (1 H, m), 447 (2 H,q,J=7.2 Hz),3.30 2 H, t, /= 7.6 Hz), 3.02 (2 H, t, J= 7.6 Hz),
2.16 (2 H, quint, J = 7.6 Hz), 1.46 (3 H, t, J = 7.2 Hz); ¢ (100 MHz, CDCl3) 166.1 (CO), 157.3 (C),
155.4 (C), 143.5 (C), 141.5 (C), 139.0 (C), 128.9 (CH), 128.7 (2 x CH), 127.1 (2 x CH), 119.7 (CH),
61.4 (CH,), 32.6 (CH,), 32.3 (CH,), 24.6 (CH,), 14.3 (CH3); m/z (EI) 267 (41%, M"), 195 (100%, M"-

72) [HRMS (EI) calcd. for C;7H17NO;> 267.1259. Found 267.1263 (-1.8 ppm error)].
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O 3.,4-Dimethyl-6,7-dihydro-5H-|2]pyrindine-1-carboxylic

acid ethyl ester (Se)

Procedure A:

A mixture of 5,6-dimethyl-[1,2,4]triazine-3-carboxylic acid ethyl ester (0.018 g, 0.1 mmol), pyrrolidine
(0.009 ml, 0.1 mmol) and cyclopentanone (0.009 ml, 0.1 mmol) was irradiated at 160°C for 90 min.
Purification by flash chromatography on silica gel (petroleum ether:ethyl acetate, 3:1) gave the fitle
compound 5e (0.018 g, 82%) as a colorless oil; R 0.32 (petroleum ether:ethyl acetate 1:1); Viax (film)
2961, 2924, 1708, 1597, 1416, 1375, 1260, 1193, 1021, 799 cm™'; 8y (400 MHz, CDCl3) 4.42 (2 H, q, J
=72 Hz),329 2 H,t,J=7.6 Hz),2.87 2 H, t,J=7.6 Hz), 2.56 (3 H, s), 2.25 (3 H, s), 2.10 (2 H,
quint, J = 7.6 Hz), 1.42 (3 H, t, J = 7.6 Hz); 6c (100 MHz, CDCl;) 166.2 (CO), 154.9 (C), 154.7 (C),
140.7 (C), 139.9 (C), 131.5 (C), 61.3 (CH>), 33.1 (CH,), 31.5 (CH,), 24.4 (CH,), 22.5 (CH3), 15.8
(CH3), 14.4 (CH;); m/z (EI) 219 (60%, M"), 147 (100%, M'-72) [HRMS (EI) calcd. for C;3H;7NO,

219.1259. Found 219.1258 (0.2 ppm error)].

= 1-Pyridin-2-yl-6,7-dihydro-5H-[2]pyrindine (5f)

Procedure A:

A mixture of 3-pyridin-2-yl-[1,2,4]triazine (0.015 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1 mmol) and
cyclopentanone (0.009 ml, 0.1 mmol) was irradiated at 120°C for 15 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 1:1) gave the title compound Sf (0.016 g,
85 %) as a colorless oil: Ry 0.48 (ethyl acetate); vmax (film) 3055, 2958, 1583, 1570, 1474, 1451, 1252,

1168, 1064, 903, 825, 699 cm™; 8y (400 MHz, CDCl3) 8.68 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz), 8.46 (1 H,
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d,J=4.8 Hz), 8.15 (1 H, ddd, J = 8.0, 1.2, 0.8 Hz), 7.79 (1 H, ddd, J = 8.0, 7.2, 2.0 Hz), 7.26 (1 H,
ddd, J=7.2,48,12Hz),7.21 (1H,d,J=4.8Hz),337 2 H, t,J=7.6 Hz), 2.95 (2 H, t, J= 7.6 Hz),
2.08 (2 H, quint, J = 7.6 Hz); 8¢ (100 MHz, CDCls) 158.2 (C), 155.7 (C), 152.1 (C), 148.6 (CH), 146.8
(CH), 139.2 (C), 136.3 (CH), 122.9 (CH), 122.7 (CH), 119.9 (CH), 32.9 (CH,), 32.7 (CH,), 24.9 (CH,);
m/z (EI) 196 (75%, M), 195 (100%, M'-1) [HRMS (EI) calcd. for C;3H;,N; 195.0922 (M*-1). Found

195.0915 (3.4 ppm error)].

= 3-Phenyl-1-pyridin-2-yl-5,6,7,8-tetrahydro-isoquinoline (5g)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1
mmol) and cyclohexanone (0.010 ml, 0.1 mmol) was irradiated at 150°C for 30 min. Purification by
flash chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 5g

(0.021 g, 75 %).

Procedure B:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), N-methylethylenediamine
(0.026 ml, 0.30 mmol), cyclohexanone (0.060 ml, 0.6 mmol) and powdered 4A molecular sieves (0.100
g) in toluene (1.0 ml) was heated at 120°C for 36 h. Purification by flash chromatography on silica gel

(petroleum ether:ethyl acetate, 5:1) gave the title compound 5g (0.023 g, 79%).

Yellow oil: R¢0.33 (petroleum ether:ethyl acetate 5:1); vmax (film) 3059, 2929, 2856, 1584, 1563, 1416,
1136, 746 cm’™"; 81 (400 MHz, CDCl3) 8.67 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz), 8.04-8.01 (2 H, m), 7.87 (1

H, ddd,J=7.6,1.6,0.8 Hz), 7.83 (1 H, td, J= 7.6, 2.0 Hz), 7.49 (1 H, s), 7.47-7.42 (2 H, m), 7.39-7.34
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(1 H, m), 7.30 (1 H, ddd, /= 7.6, 4.8, 1.6 Hz), 2.95 (2 H, t, J= 6.4 Hz), 2.91 (2 H, t, J = 6.4 Hz), 1.90-
1.75 (4 H, m); 8¢ (100 MHz, CDCL3) 159.5 (C), 156.1 (C), 153.2 (C), 148.0 (C, CH), 139.5 (C), 136.5
(CH), 130.7 (C), 128.5 (2 x CH), 128.3 (CH), 126.8 (2 x CH), 124.7 (CH), 122.5 (CH), 120.7 (CH),
29.8 (CHa), 26.8 (CH,), 23.1 (CHa), 22.2 (CH,); m/z (EI) 286 (85%, M), 285 (100%, M*-1) [HRMS

(EI) calcd. for CooH 7N, (M'-1) 285.1391. Found 285.1388 (1.3 ppm error)].

== 1-Pyridin-2-yl-5,6,7,8-tetrahydro-isoquinoline (Sh)

z
/)

/
z

Procedure A:

A mixture of 3-pyridin-2-yl-[1,2,4]triazine (0.015 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1 mmol) and
cyclohexanone (0.010 ml, 0.1 mmol) was irradiated at 150°C for 15 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 1:1) gave the title compound Sh (0.016 g,
75 %) as a colorless oil: Ry 0.31 (ethyl acetate); vimax (film) 2929, 2857, 1581, 1564, 1403, 1130, 1084,
999, 691 cm™; 8y (400 MHz, CDCl3) 8.65 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz), 8.36 (1 H, d, J = 4.8 Hz),
7.88 (1 H,ddd, J=7.6,7.2,1.6 Hz), 7.66 (1 H, ddd, J= 7.6, 1.2, 0.8 Hz), 7.28 (1 H, ddd, /= 7.2, 4.8,
1.2 Hz), 7.03 (1 H, d, /= 4.8 Hz), 2.88-2.80 (4 H, m), 1.85-1.70 (4 H, m); 3¢ (100 MHz, CDCls) 159.0
(C), 156.5 (C), 148.5 (CH), 147.5 (C), 145.5 (CH), 136.5 (CH), 131.8 (C), 124.2 (CH), 123.9 (CH),
122.5 (CH), 29.4 (CHy), 26.8 (CHy), 22.9 (CH,), 21.9 (CH,); m/z (EI) 210 (80%, M"), 209 (100%, M-

1) [HRMS (EI) calcd. for C4H;4N; 210.1156. Found 210.1156 (0.4 ppm error)].
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= 3-Phenyl-1-pyridin-2-yl-6,7,8,9-tetrahydro-5H-

cyclohepta|c]pyridine (5i)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1
mmol) and cycloheptanone (0.012 ml, 0.1 mmol) was irradiated at 120°C for 30 min. Purification by
flash chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound Si

(0.027 g, 91 %).

Procedure B:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), N-methylethylenediamine
(0.026 ml, 0.30 mmol), cycloheptanone (0.072 ml, 0.6 mmol) and powdered 4A molecular sieves
(0.100 g) in toluene (1.0 ml) was heated at 120°C for 22 h. Purification by flash chromatography on

silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 5i (0.030 g, 100%).

Colorless oil: Ry 0.28 (petroleum ether:ethyl acetate 5:1); v (film) 2962, 2924, 2852, 1584, 1261,
1093, 1020, 801 cm™'; 8y (400 MHz, CDCl3) 8.69 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz), 8.04-8.00 (2 H, m),
7.82 (1 H, td, J=7.6, 1.6 Hz), 7.78 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz), 7.53 (1 H, s), 7.47-7.41 (2 H, m),
7.39-7.34 (1 H, m), 7.30 (1 H, ddd, J = 7.6, 4.8, 1.2 Hz), 2.98-2.91 (4 H, m), 1.92-1.83 (2 H, m), 1.78-
1.70 (2 H, m), 1.70-1.62 (2 H, m); 8¢ (100 MHz, CDCls) 159.9 (C), 155.9 (C), 145.5 (C), 154.1 (C),
148.3 (CH), 139.5 (C), 136.4 (CH), 135.9 (C), 128.5 (2 x CH), 128.4 (CH), 126.8 (2 x CH), 124.7
(CH), 122.3 (CH), 120.7 (CH), 36.6 (CH,), 32.3 (CH,), 29.9 (CH,), 27.6 (CH,), 27.5 (CH,); m/z (EI)
300 (80%, M"), 271 (100%, M'-29) [HRMS (EI) calcd. for C;HioN, 299.1548 (M'-1). Found

299.1542 (2.0 ppm error)].
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3.4-Di-furan-2-yl-1-pyridin-2-yl-6,7,8,9-tetrahydro-

S5H-cyclohepta|c]pyridine (5j))

Procedure A:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine (0.029 g, 0.1 mmol), pyrrolidine (0.009 ml,
0.1 mmol) and cycloheptanone (0.012 ml, 0.1 mmol) was irradiated at 120°C for 30 min. Purification
by flash chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound 5j
(0.024 g, 69 %) as a colourless oil: Rr 0.53 (petroleum ether:ethyl acetate 1:1) gave the title compound,
Vmax (film) 2923, 1588, 1455, 1210, 1090, 792, 737 cm™'; 81 (400 MHz, CDCl3) 8.69 (1 H, ddd, J=4.8,
2.0,0.8 Hz), 7.83 (1 H, td, J="7.6,2.0 Hz), 7.77 (1 H, ddd, /= 7.6, 1.2, 0.8 Hz), 7.60 (1 H, dd, J = 2.0,
0.8 Hz), 7.42 (1 H,dd, J=2.0,0.8 Hz), 7.31 (1 H, ddd, /= 7.6, 4.8, 1.2 Hz), 6.55 (1 H, dd, /=32, 2.0
Hz), 6.31-6.27 (2 H, m) 5.72 (1 H, dd, J = 3.2, 0.8 Hz), 2.98-2.92 (2 H, m), 2.73-2.68 (2 H, m), 1.86-
1.59 (6 H, m); 6¢ (100 MHz, CDCls) 159.2 (C), 156.2 (C), 155.8 (C), 151.9 (C), 149.9 (C), 148.5 (CH),
146.5 (C), 143.1 (CH), 142.2 (CH), 136.7 (CH), 135.7 (C), 124.8 (CH), 122.7 (CH), 122.3 (C), 111.3
(2 x CH), 110.5 (CH), 109.9 (CH), 31.8 (CH»), 31.5 (CH,), 29.9 (CH»), 27.4 (CH), 26.8 (CH,); m/z
(EI) 356 (100%, M") [HRMS (EI) calcd. for Cy3H9N,O, 355.1446 (M'-1). Found 355.1439 (2.0 ppm

error)].
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1-Pyridin-2-yl-6,7,8,9-tetrahydro-5H-cyclohepta|c]pyridine (5k)

Procedure A:

A mixture of 3-pyridin-2-yl-[1,2,4]triazine (0.015 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1 mmol) and
cycloheptanone (0.012 ml, 0.1 mmol) was irradiated at 120°C for 15 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 1:1) gave the title compound Sk (0.018 g,
82 %) as a colorless oil: R; 0.23 (ethyl acetate); vimax (film) 3050, 2924, 2851, 1580, 1563, 1438, 1325,
1194, 1147, 958, 745 cm™"; 811 (400 MHz, CDCls) 8.67 (1 H, ddd, J=4.8, 1.6, 0.8 Hz), 8.37 (1 H, d, J =
4.8 Hz), 7.78 (1 H, td, J= 7.6, 1.6 Hz), 7.60 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz), 7.28 (1 H, ddd, J = 7.6,
4.8, 1.2 Hz), 7.07 (1 H, d, J = 4.8 Hz), 2.91-2.84 (4 H, m), 1.88-1.81 (2 H, m), 1.73-1.60 (4 H, m); 6¢
(100 MHz, CDCl3) 159.4 (C), 156.1 (C), 153.9 (C), 148.8 (CH), 146.6 (CH), 137.2 (C), 136.4 (CH),
124.3 (CH), 123.9 (CH), 122.3 (CH), 36.2 (CH), 32.3 (CH>), 30.1 (CH,), 27.4 (CH), 27.3 (CH>); m/z
(EI) 224 (65%, M"), 195 (100%, M"-29) [HRMS (EI) calcd. for C;sH;¢N, 224.1313. Found 224.1305

(3.5 ppm error)].
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= 3-Phenyl-1-pyridin-2-yl-5,6,7,8,9,10-hexahydro-

cycloocta[c]pyridine (51)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1
mmol) and cyclooctanone (0.013 ml, 0.1 mmol) was irradiated at 120°C for 30 min. Purification by
flash chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 51

(0.025 g, 80 %).

Procedure B:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), N-methylethylenediamine
(0.026 ml, 0.30 mmol), cyclooctanone (0.078 ml, 0.6 mmol) and powdered 4A molecular sieves (0.100
g) in toluene (1.0 ml) was heated at 120°C for 21 h. Purification by flash chromatography on silica gel

(petroleum ether:ethyl acetate, 5:1) gave the title compound 51 (0.024 g, 77%).

Colorless oil: Rf 0.40 (petroleum ether:ethyl acetate, 5:1); vimax (film) 3060, 2923, 2853, 1585, 15.52,
1496, 1260, 993, 665 cm™; 8 (400 MHz, CDCl3) 8.67 (1 H, ddd, J = 4.8, 1.6, 1.2 Hz), 8.05 (2 H, dd, J
=8.0, 1.2 Hz), 7.81 (1 H, td, /= 7.6, 1.6 Hz), 7.77 (1 H, ddd, J = 7.6, 2.0, 1.2 Hz), 7.55 (1 H, s), 7.48-
7.41 (2 H, m), 7.40-7.35 (1 H, m), 7.30 (1 H, ddd, J = 7.6, 4.8, 2.0 Hz), 3.02-2.97 (2 H, m), 2.92-2.87
(2 H, m), 1.84-1.32 (8 H, m); ¢ (100 MHz, CDCls) 159.9 (C), 156.3 (C), 154.0 (C), 152.8 (C), 148.1
(CH), 139.4 (C), 136.4 (CH), 133.7 (C), 128.5 (2 x CH), 128.4 (CH), 126.9 (2 x CH), 124.6 (CH),
122.4 (CH), 120.8 (CH), 32.8 (CH»), 31.9 (CH,), 30.8 (CH»), 26.2 (CH,), 26.1 (CH>), 25.7 (CH»); m/z
(EI) 314 (98%, M"), 271 (100%, M"-29) [HRMS (EI) calcd. for Co,H,,N, 314.1782. Found 314.1781

(0.4 ppm error)].
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= 3-Phenyl-1-pyridin-2-yl-5,6,7,8,9,10,11,12,13,14-

decahydro-cyclododeca[c]pyridine (Sm)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.009 ml, 0.1
mmol) and cyclododecanone (0.018 g, 0.1 mmol) was irradiated at 150°C for 30 min. Purification by
flash chromatography on silica gel (petroleum ether:ethyl acetate 5:1) gave the title compound Sm
(0.029 g, 81 %) as a colourless oil: Rf 0.40 (petroleum ether:ethyl acetate, 5:1); vimay (film) 2923, 2852,
1584, 1546, 1378, 1261, 763 cm’'; 8y (400 MHz, CDCLy) 8.65 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz), 8.02-
7.99 (2 H, m), 7.83 (1 H, td, J= 7.6, 2.0 Hz), 7.76 (1 H, ddd, /= 7.6, 1.2, 0.8 Hz), 7.60 (1 H, s), 7.46-
7.41 (2 H, m), 7.39-7.34 (1 H, m), 7.31 (1 H, ddd, J = 7.6, 4.8, 1.2 Hz), 3.02-2.96 (2 H, m), 2.82-2.76
(2 H, m), 1.88-0.80 (16 H, m); ¢ (100 MHz, CDCl3) 160.3 (C), 157.2 (C), 153.6 (C), 152.1 (C), 148.1
(CH), 139.5 (C), 136.6 (CH), 133.9 (C), 128.5 (2 x CH), 128.4 (CH), 126.8 (2 x CH), 124.6 (CH),
122.5 (CH), 121.3 (CH), 30.0 (CH), 29.4 (CH,), 28.4 (CH,), 27.1 (2 x CH), 26.3 (CH,), 26.1 (CH,),
25.2 (CH»), 22.9 (CH,), 22.7 (CH,); m/z (EI) 370 (100%, M") [HRMS (EI) calcd. for CaH3N,

370.2408. Found 370.2423 (-3.9 ppm error)].
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o) 3-Phenyl-5,6,7,8-tetrahydro-isoquinoline-1-

carboxylic acid ethyl ester (5n)

Procedure B:

A mixture of S5-phenyl-[1,2,4]triazine-3-carboxylic acid ethyl ester (0.023 g, 0.1 mmol), N-
methylethylenediamine (0.026 ml, 0.30 mmol), cyclohexanone (0.060 ml, 0.6 mmol) and powdered 4A
molecular sieves (0.100 g) in toluene (1.0 ml) was heated at 120°C for 16 h. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate 4:1) gave the title compound 5n (0.017 g,
61%) as a colorless oil; Ry 0.48 (petroleum ether:ethyl acetate, 1:1); vimax (film) 2933, 2859, 1731, 1591,
1438, 1204, 1153, 1025, 694 cm™; 8y (400 MHz, CDCl3) 8.00-7.95 (2 H, m), 7.52 (1 H, s), 7.47-7.42 (2
H, m), 7.41-7.35 (1 H, m), 4.46 (2 H, q, J = 7.6 Hz), 2.99-2.84 (4 H, m), 1.87-1.80 (4 H, m), 1.44 (3 H,
t, J= 7.6 Hz); 6¢ (100 MHz, CDCl3) 167.4 (CO), 153.9 (C), 149.3 (C), 148.6 (C), 138.9 (C), 131.4 (C),
128. 9 (CH), 128.8 (2 x CH), 127.0 (2 x CH), 122.9 (CH), 61.6 (CH»), 29.9 (CH,), 25.8 (CH>), 22.8
(CH,), 22.1 (CH,), 14.4 (CH3); m/z (CI): 282 (MH", 100%) [HRMS (CI): calcd. for m/z (CI): 282

(MH", 100%) [HRMS (CI): calcd. for C;6H sN4O 282.1480. Found 282.1489 (-3.1 ppm error)].
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2-Phenyl-4-pyridin-2-yl-9H-3-aza-fluorene (8a)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and 1-indanone (0.026 g, 0.2 mmol) was irradiated at 120°C for 30 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound 8a (0.021 g,
66 %) as a white solid: mp 115-116 °C (hexane-CHCl3); vimax (film) 3069, 2935, 1598, 1549, 1475,
1392, 1264, 1102, 837 cm’™"; 8y (400 MHz, CDCl3) 8.81 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz, H-j), 8.17-8.13
(2 H, m, H-k,0), 8.03 (1 H, ddd, /= 7.6, 1.2, 0.8 Hz, H-g), 7.98 (1 H, s, H-a), 7.95 (1 H, td, /= 7.6, 2.0
Hz, H-h), 7.56-7.39 (6 H, m, H-c.f,i,l,m,n), 7.32 (1 H, td, /= 7.6, 1.2 Hz, H-e), 7.22 (1 H, td, J = 7.6,
1.2 Hz, H-d), 3.96 (2 H, s, H-b); 6¢ (100 MHz, CDCls) 158.8 (C), 154.8 (C), 153.9 (C), 152.0 (C),
148.6 (CH), 143.0 (C), 139.3 (C), 138.9 (C), 137.1 (CH), 134.6 (C), 128.7 (CH), 128.6 (2 x CH), 127.5
(CH), 126.9 (2 x CH), 126.7 (CH), 124.7 (CH), 124.5 (CH), 124.0 (CH), 123.5 (CH), 116.5 (CH), 37.2
(CH,); m/z (EI) 320 (40%, M"), 319 (100%, M"-1) [HRMS (EI) calcd. for Co3H 5N, 319.1235 (M'-1).

Found 319.1238 (-1.1 ppm error)].
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3-Phenyl-1-pyridin-2-yl-5,6-dihydro-benzo[/]isoquinoline (8b)

2-Phenyl-4-pyridin-2-yl-5,6-dihydro-benzo|f]isoquinoline (9b)

Procedure A:

Irradiation of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and a-tetralone (0.029 g, 0.2 mmol) at 150°C for 60 min. gave the mixture of 8b and 9b (0.014
g, 40% combined yield, 2:1, 8b:9b from 'H NMR) which was separated by flash chromatography on
silica gel (petroleum ether:ethyl acetate, 5:1).

For 8b. Colorless oil. R¢ 0.17 (petroleum ether:ethyl acetate 5:1); vimax (film) 3057, 2925, 2852, 1585,
1560, 1521, 1457, 1375, 1150, 909, 694 cm™; 8y (400 MHz, CDCl;) 8.60 (1 H, ddd, J = 4.8, 2.0, 0.8
Hz, H-k), 8.12-8.08 (2 H, m, H-L,p), 7.82 (1 H, td, /= 7.2, 2.0 Hz, H-1), 7.77 (1 H, ddd, J= 7.2, 1.2, 0.8
Hz, H-h), 7.68 (1 H, s, H-a), 7.50-7.44 (2 H, m, H-m,0), 7.43-7.38 (1 H, m, H-n), 7.31 (1 H, ddd, J =
7.2,4.8, 1.2 Hz, H-j), 7.24 (1 H, dd, J = 7.6, 1.2 Hz, H-g), 7.12 (1 H, ddd, J = 7.6, 7.2, 1.2 Hz, H-e),
6.88 (1 H, ddd, J=17.6, 7.2, 1.2 Hz, H-f), 6.63 (1 H, dd, J= 7.6, 1.2 Hz, H-d), 3.00-2.90 (4 H, m, H-
b,c); dc (100 MHz, CDCl3) 159.97 (C), 154.4 (C), 149.8 (C), 149.1 (C), 138.9 (CH), 138.7 (C), 136.7
(2 x €), 131.9 (CH), 128.9 (C), 128,8 (CH), 128.7 (CH), 128. 6 (2 x CH), 127.7 (CH), 127.2 (CH),
126.9 (2 x CH), 125.7 (CH), 124.7 (CH), 122.8 (CH), 118.9 (CH), 29.7 (CH>), 28.7 (CH>); m/z (EI)
334 (30%, M"), 333 (100%, M"-1) [HRMS (EI) calcd. for C,4H;7N; 333.1391 (M"-1). Found 333.1389

(0.6 ppm error)].
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For 9b. Colorless oil. R¢ 0.33 (petroleum ether:ethyl acetate, 5:1); vimax (film) 2923, 2852, 1652, 1585,
1520, 1489, 1436, 1376, 1074, 631 cm™"; 5y (400 MHz, CDCl3) 8.71 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz, H-
k), 8.15-8.11 (2 H, m, H-1,p), 8.10 (1 H, s, H-a), 8.03 (1 H, ddd, J= 7.6, 1.2, 0.8 Hz, H-h), 7.94-7.91 (1
H, dd, J=7.2, 1.6 Hz, H-b), 7.88 (1 H, td, J = 7.6, 1.6 Hz, H-i), 7.53-7.47 (2 H, m, H-m,0), 7.45-7.28
(5 H, m, H-c,d,e,j,n), 3.20-3.14 (2 H, m, H-g), 2.88-2.82 (2 H, m, H-f); 8¢ (100 MHz, CDCl;) 159.1
(C), 155.4 (C), 155.0 (C), 148.2 (CH), 144.0 (C), 139.7 (C), 138.5 (C), 136.5 (CH), 132.7 (C), 129.6
(C), 129.3 (CH), 128.7 (3 x CH), 128.2 (CH), 127.1 (CH), 126.9 (2 x CH), 124.8 (CH), 124.5 (CH),
122.7 (CH), 114.8 (CH), 28.6 (CHy,), 24.8 (CH,); m/z (EI) 334 (60%, M"), 333 (100%, M"-1) [HRMS

(EI) calcd. for Co4H7N; 333.1391 (M'-1). Found 333.1385 (1.9 ppm error)].

3-Phenyl-1-pyridin-2-yl-benzo[4,5]furo[3,2-c]pyridine (8c)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and 3-coumarone (0.026 g, 0.2 mmol) was irradiated at 150°C for 60 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 8¢ (0.021 g,
66 %) as a white solid: mp 87-88°C (hexane-CHCl3); vimax (film) 3061, 1593, 1416, 1380, 1185, 951,
767, 692 cm™'; 8y (400 MHz, CDCl3) 8.91 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz, H-i), 8.76 (1 H, dd, J = 8.0,
1.6 Hz, H-e), 8.52 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz, H-f), 8.25-8.20 (2 H, m, H-j,n), 7.96 (1 H, s, H-a),
795 (1 H,td, J=17.6,2.0 Hz, H-g), 7.61 (1 H, dd, J = 8.4, 1.6 Hz, H-b), 7.57-7.50 (3 H, m, H-c,k,m),

7.49-7.43 (2 H, m, H-h,1), 7.38 (1 H, ddd, J = 8.0, 7.6, 1.6 Hz, H-d); 8¢ (100 MHz, CDCl3) 163.8 (C),
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157.6 (C), 156.7 (C), 154.3 (C), 152.4 (C), 148.3 (CH), 138.9 (C), 136.9 (CH), 129.0 (CH), 128.7 (2 x
CH), 128.3 (CH), 127.0 (2 x CH), 126.2 (CH), 124.1 (CH), 123.9 (CH), 123.4 (CH), 122.0 (C), 118.5
(C), 111.2 (CH), 103.2 (CH); m/z (EI) 322 (55%, M"), 321 (100%, M'-1) [HRMS (EI) calcd. for

C2oH3N>0 321.1027 (M-1). Found 321.1031 (-1.1 ppm error)].

3,6-Diphenyl-[2,2']bipyridinyl (8d)

4,6-Diphenyl-[2,2']bipyridinyl (9d = 8g)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and acetophenone (0.024 g, 0.2 mmol) was irradiated at 150°C for 60 min. to give the mixture
of 8d and 9d (0.022 g, 71% combined yield, 6:1, 8d:9d from 'H NMR) which was separated by flash

chromatography on silica gel (petroleum ether:ethyl acetate, 5:1).

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and phenylacetaldehyde (0.023 ml, 0.2 mmol) was irradiated at 120°C for 15 min. Purification
by flash chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 8g

(0.026 g, 85 %)
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For 8d. Brown solid: mp 81-83°C (hexane-CH,Cl,); vimax (film) 3058, 2923, 1652, 1582, 1454, 1377,
1090, 1023, 760, 651 cm’™"; 8 (400 MHz, CDCl3) 8.42 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz, H-k), 8.07-8.04
(2 H, m, H-Lp), 7.79 (2 H, m, H-a,b), 7.59 (1 H, td, J = 8.0, 2.0 Hz, H-1), 7.53 (1 H, ddd, J = 8.0, 1.2,
0.8 Hz, H-h), 7.44-7.39 (2 H, m, H-m,0), 7.37-7.32 (1 H, m, H-n), 7.21-7.09 (6 H, m, H-c,d,e,f,g.j); d¢c
(100 MHz, CDCl3) 158.6 (C), 155.7 (C), 155.6 (C), 148.9 (CH), 139.5 (C), 139.4 (CH), 138.9 (C),
135.9 (CH), 134.9 (C), 129.2 (2 x CH), 128.9 (CH), 128.7 (2 x CH), 128.1 (2 x CH), 127.1 (2 x CH),
126.9 (CH), 124.9 (CH), 122.5 (CH), 119.8 (CH); m/z (EI) 308 (30%, M"), 307 (100%, M"-1) [HRMS

(EI) caled. for CH 5N, 307.1235 (M'-1). Found 307.1235 (-0.1 ppm error)].

For 9d (=8g). White solid: mp 145-146°C (hexane-CHCls); vmax (film) 2924, 2852, 1583, 1393, 1077,
759 em’; 811 (400 MHz, CDCly) 8.72 (1 H, ddd, J = 4.8, 2.0, 0.8 Hz, H-k), 8.70 (1 H, ddd, /= 8.0, 1.2,
0.8 Hz, H-h), 8.66 (1 H, d, J = 1.6 Hz, H-g), 8.24-8.20 (2 H, m, H-L,p), 8.00 (1 H, d, J = 1.6 Hz, H-a),
7.88 (1 H, ddd, J = 8.0, 7.6, 2.0 Hz, H-1), 7.85-7.82 (2 H, m, H-b,f), 7.57-7.51 (4 H, m, H-c,e,m,0),
7.49-7.44 (2 H, m, H-d,n), 7.35 (1 H, ddd, J = 7.6, 4.8, 1.2 Hz, H-j); 5¢ (100 MHz, CDCls) 157.11 (C),
156.3 (C), 156.2 (C), 150.3 (C), 149.0 (CH), 139.4 (C), 138.7 (C), 136.9 (CH), 129.1 (CH), 128.9 (2 x
CH), 128.7 (2 x CH), 127.2 (2 x CH), 127.1 (3 x CH), 123.8 (CH), 121.5 (CH), 118.5(CH), 117.5
(CH); m/z (EI) 308 (100%, M") [HRMS (EI) caled. for C2oH N, 308.1313. Found 308.1314 (-0.3 ppm

error)].
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! . 3-Ethyl-4-methyl-6-phenyl-[2,2']bipyridinyl (8e)

4-Ethyl-3-methyl-6-phenyl-[2,2']bipyridinyl (9e)

Procedure A:

Irradiation of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and 3-pentanone (0.021 ml, 0.2 mmol) at 120°C for 60 min. gave the mixture of 8e and 9e
(0.017 g, 60% combined yield, 2:1, 8e:9e from 'H NMR) which was separated by flash chromatography

on silica gel (petroleum ether:ethyl acetate, 5:1).

Procedure B:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), N-methylethylenediamine
(0.026 ml, 0.30 mmol), 3-pentanone (0.063 ml, 0.6 mmol) and powdered 4A molecular sieves (0.100 g)
in toluene (1.0 ml) was heated at 120°C for 46 h. Purification by flash chromatography on silica gel

(petroleum ether:ethyl acetate, 5:1) gave the title compound 8e (0.016 g, 59%).

For 8e. Colorless oil. R 0.32 (petroleum ether:ethyl acetate, 5:1); vmax (film) 3061, 2966, 2926, 1584,
1455, 1376, 1083, 760, 694 cm™; 8y (400 MHz, CDCl3) 8.66 (1 H, ddd, J= 4.8, 2.0, 0.8 Hz, H-h), 8.03-
7.96 (2 H, m, H-i,m), 7.86 (1 H, td, J = 7.6, 2.0 Hz, H-f), 7.80 (1 H, ddd, J = 7.6, 1.2, 0.8 Hz, H-e),
7.57 (1 H, s, H-a), 7.47-7.41 (2 H, m, H-j,1), 7.39-7.35 (1 H, m, H-k), 7.34 (1 H, ddd, /= 7.6, 4.8, 1.2
Hz, H-g), 2.87 2 H, q, J = 7.2 Hz, H-c), 2.48 (3 H, s, H-b), 1.09 3 H, t, J = 7.2 Hz, H-d); ¢ (100

MHz, CDCly) 159.8 (C), 156.3 (C), 153.8 (C), 148.1 (CH), 147.2 (C), 139.4 (C), 136.6 (CH), 135.5
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(C), 128.5 (2 x CH), 128.4 (CH), 126.9 (2 x CH), 124.5 (CH), 122.5 (CH), 122.1 (CH), 21.7 (CH>),
19.5 (CHs), 14.3 (CHs); m/z (EI) 274 (45%, M"), 259 (100%, M'-15) [HRMS (EI) calcd. for C1oH;7N,

273.1391 (M*-1). Found 273.1393 (-0.6 ppm error)].

For 9e. Colorless oil. Ry 0.18 (petroleum ether:ethyl acetate, 5:1); vmax (film) 2965, 2923, 2852, 1584,
1564, 1472, 1375, 1205, 1147, 1060, 878, 746 cm™'; 8 (400 MHz, CDCl3) 8.70 (1 H, ddd, J = 4.8, 2.0,
0.8 Hz, H-h), 8.04-8.01 (2 H, m, H-i,m), 7.87-7.83 (2 H, m, H-e,f), 7.60 (1 H, s, H-a), 7.48-7.42 (2 H,
m, H-j,1), 7.40-7.35 (1 H, m, H-k), 7.33 (1 H, ddd, /= 7.2, 4.8, 1.2 Hz, H-g), 2.79 (2 H, q, J = 7.6 Hz,
H-b), 2.41 (3 H, s, H-d), 1.33 3 H, t, J = 7.6 Hz, H-c); d¢ (100 MHz, CDCl;) 158.6 (C), 156.7 (C),
154.4 (C), 153.5 (C), 148.2 (CH), 139.7 (C), 137.1 (CH), 136.3 (CH), 128.9 (C), 128.6 (2 x CH), 128.5
(CH), 1269 (2 x CH), 122.6 (CH), 119.7 (CH), 26.4 (CH,), 14.9 (CHj3), 13.7 (CH3); m/z (EI) 274
(65%, M"), 273 (100%, M"-1) [HRMS (EI) calcd. for C;oH;7N; 273.1391 (M'-1). Found 273.1391 (0.0

ppm error)].

6-Phenyl-4-propyl-[2,2']bipyridinyl (8f)

Procedure A:

A mixture of 5-phenyl-3-pyridin-2-yl-[1,2,4]triazine (0.023 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2
mmol) and pentanal (0.021 ml, 0.2 mmol) was irradiated at 120°C for 30 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 5:1) gave the title compound 8f (0.022 g,
81 %) as a white solid: mp 74-75°C (hexane-CHCl3); vmax (film) 3061, 2926, 2869, 1603, 1584, 1409,

794, 640 cm’'; 811 (400 MHz, CDCls) 8.70 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz, H-i), 8.65 (1 H, ddd, J = 8.0,
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1.2, 0.8 Hz, H-f), 8.23 (1 H, d, J = 1.6 Hz, H-¢), 8.17-8.13 (2 H, m, H-j,n), 7.84 (1 H, ddd, J = 8.0, 7.6,
1.6 Hz, H-g), 7.60 (1 H, d, J = 1.6 Hz, H-a), 7.53-7.47 (2 H, m, H-k,m), 7.46-7.40 (1 H, m, H-1), 7.32
(1 H, ddd, J=17.6, 4.8, 1.2 Hz, H-h), 2.75 (2 H, t, J = 7.6 Hz, H-b), 1.83-1.73 (2 H, m, H-c), 1.00 3 H,
t, J = 7.2 Hz, H-d); 8¢ (100 MHz, CDCLy) 156.5 (C), 156.4 (C), 155.5 (C), 153.3 (C), 148.9 (CH),
139.5 (C), 136.8 (CH), 128.8 (CH), 128.6 (2 x CH), 126.9 (2 x CH), 123.6 (CH), 121.4 (CH), 120.7
(CH), 119.5 (CH), 37.7 (CHa), 23.7 (CH,), 13.8 (CHs); m/z (EI) 274 (35%, M"), 246 (100%, M*-28)

[HRMS (EI) calcd. for C19H;gN; 274.1469. Found 274.1472 (-1.1 ppm error)].

5,6-Difuran-2-yl-3-propyl-[2,2']bipyridinyl (9h)

Procedure A:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine (0.029 g, 0.1 mmol), pyrrolidine (0.018 ml,
0.2 mmol) and pentanal (0.021 ml, 0.2 mmol) was irradiated at 120°C for 60 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the title compound 9h (0.023 g,
69 %) as a colourless oil: Ry 0.60 (petroleum ether:ethyl acetate, 1:1); vmax (film) 2960, 2928, 1588,
1421, 1260, 1089, 1019, 742 cm™; 8y (400 MHz, CDCl3) 8.67 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz, H-h),
7.90-7.86 (2 H, m, H-a,e), 7.82 (1 H, td, /= 7.6, 1.6 Hz, H-f), 7.52 (1 H, dd, J = 2.0, 1.2 Hz, H-k), 7.48
(1 H,dd,J=2.0,0.8 Hz, H-n), 7.30 (1 H, ddd, J = 7.6, 4.8, 1.6 Hz, H-g), 6.51-6.45 (3 H, m, H-j,Lm),
6.21 (1 H, dd, J = 3.6, 0.8 Hz, H-1), 2.98-2.93 (2 H, m, H-b), 1.62-1.52 (2 H, m, H-c), 0.88 G H, t, J =

7.2 Hz, H-d); 8¢ (100 MHz, CDCls) 158.5 (C), 154.8 (C), 152.5 (C), 150.8 (C), 148.3 (CH), 143.4 (C),
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142.6 (CH), 142.5 (CH), 138. 8 (CH), 136.6 (CH), 135.8 (C), 124.6 (CH), 124.3 (C), 122.8 (CH), 111.6
(CH), 111.4 (CH), 110.4 (CH), 109.4 (CH), 34.2 (CH,), 23.9 (CH,), 13.9 (CHs); m/z (EI) 330 (70%,
M"), 315 (100%, M'-15) [HRMS (EI) caled. for CoHisN,O, 330.1368. Found 330.1365 (0.9 ppm

error)].

5,6-Difuran-2-yl-3-phenyl-[2,2']bipyridinyl (9i)

Procedure A:

A mixture of 5,6-difuran-2-yl-3-pyridin-2-yl-[1,2,4]triazine (0.029 g, 0.1 mmol), pyrrolidine (0.018 ml,
0.2 mmol) and phenylacetaldehyde (0.023 ml, 0.2 mmol) was irradiated at 120°C for 15 min.
Purification by flash chromatography on silica gel (petroleum ether:ethyl acetate, 4:1) gave the ftitle
compound 9i (0.029 g, 82 %) as a yellow solid: mp 188-189°C (hexane-CHCl3); vimax (film) 3056, 2924,
1586, 1416, 1226, 1008, 740 cm™; 8 (400 MHz, CDCl3) 8.45 (1 H, ddd, J=4.8, 1.6, 0.8 Hz, H-j), 7.96
(1 H, s, H-a), 7.54 (1 H, td, J = 7.6, 1.6 Hz, H-h), 7.46-7.42 (3 H, m, H-g,m,p), 7.22-7.17 (3 H, m, H-
b,d,f), 7.15-7.08 (3 H, m, H-c,e,i), 6.49 (1 H, dd, J= 3.2, 0.8 Hz, H-k), 6.43 (1 H, dd, /= 3.2, 1.6 Hz,
H-0), 6.41 (1 H,J=3.2, 1.6 Hz, H-1), 6.21 (1 H, dd, J= 3.2, 0.8 Hz, H-n); 6¢ (100 MHz, CDCls) 157.6
(), 154.6 (C), 152.1 (C), 150.4 (C), 149.1 (CH), 144.9 (C), 142.9 (CH), 142. 7 (CH), 139.2 (CH),
138.9 (C), 135.9 (CH), 135.1 (C), 129.2 (2 x CH), 128.2 (2 x CH), 127.2 (CH), 124.9 (CH), 124.2 (C),
122.6 (CH), 111.7 (CH), 111.6 (CH), 111.3 (CH), 109.7 (CH); m/z (EI) 364 (55%, M"), 363 (100%,

M'-1) [HRMS (EI) caled. for C,4H5sN,0, 363.1133 (M"-1). Found 363.1132 (0.2 ppm error)].
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4-Propyl-[2,2']bipyridinyl (9))

Procedure A:

A mixture of 3-pyridin-2-yl-[1,2,4]triazine (0.015 g, 0.1 mmol), pyrrolidine (0.018 ml, 0.2 mmol) and
pentanal (0.021 ml, 0.2 mmol) was irradiated at 150°C for 15 min. Purification by flash
chromatography on silica gel (petroleum ether:ethyl acetate, 1:1) gave the title compound 9j (0.013 g,
67%) as a colorless oil: Ry 0.66 (ethyl acetate); vimax (film) 2960, 2929, 2871, 1603, 1585, 1460, 1401,
793, 744 cm’™; 8y (400 MHz, CDCl3) 8.67 (1 H, ddd, J = 4.8, 1.6, 0.8 Hz, H-j), 8.55 (1 H, d, J=4.8 Hz,
H-a), 8.38 (1 H, ddd, J=7.6, 1.2, 0.8 Hz, H-g), 8.23 (1 H, d, /= 1.6 Hz, H-f), 7.81 (1 H, td,J="7.6, 1.6
Hz, H-h), 7.30 (1 H, ddd, J= 7.6, 4.8, 1.2 Hz, H-1), 7.13 (1 H, dd, /=4.8, 1.6 Hz, H-b), 2.67 2 H, t, J
= 7.6 Hz, H-c), 1.77-1.67 (2 H, m, H-d), 0.96 (3 H, t, J = 7.6 Hz, H-e); 6¢ (100 MHz, CDCl;) 156.3
(C), 155.9 (C), 152.6 (C), 149.1 (CH), 149.0 (CH), 136.9 (CH), 124.0 (CH), 123.6 (CH), 121.2 (2 x
CH), 37.5 (CHy), 23.5 (CH,), 13.7 (CH3); m/z (EI) 198 (25%, M"), 170 (100%, M"-28) [HRMS (EI)

calced. for Cj3H 4N, 198.1156. Found 198.1162 (-2.7 ppm error)].
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l-pyridin- 2-v1-6, 7-dihy dro-5 7-[ 2]pynndine (Sa)
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b-Ph enyl-1-pyridin-2-yl-6,7-dihydro-S 8- 2]pyrindine (5a)
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| [3-Phenyl- 1-pyridin-2 -vl-4-pyrrolidin-1 -yl -6, 7-dihydro -5 H-[2]pyrindine

oEall
GaLLll
osell
DEEL
G001
Tors
[t
=13

GEEE T
SlIdoE
COEDE
g8o0E
OGLOE
BPE0E
GOEOE
EO0VE

soeEE
DEGE E
=13 N>

coar
ESOL
A N1y
cLLV
GOgr
orer
[33:13
3173

SEST L

9EIE L
S1EE L
l2EE L
EHEL
zo8E L
BEZE L
GLOT L
TS0T L
061 L
ZETY L

j=1={u Ay}

r= P= P= P~ = P

=

gaz il
BrELL
j=1=) A S
TESLL
[R5
oz e
=13 4= )
lEEX S

T LDETS

T 24739

T #3318

I 21862

<+ 10873
5 347
T 33319

=+ 10645

= 1.0000

0

1

2.0

2.0

4.0

5.0

.0

7.0

2.0

2.0

10.0

ppm

S30




[3-Phenyl- 1-pyridin-2-vl-4-pyrrolidin-1-v1-6,7-dihydro-5 #-[ 2]pyrindine
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34-Difuran-2-yl-1-pyndin-2-yl-6_ 7-dihydro-5 F-[ 2]pyrindine (Sh)
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34-Dnfuran-2-vl-1-pyndin-2-vl-6 7-dihydro-5 F-[ 2]pyrindine (Sh)
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34-Difuran-2-wl-1-pyridin-2-yl-5 6,7 &-tetrahvdro-1soquinoline {Sc)
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34-Dnfuran-2-vl-1-pyridin-2-v1-5 6.7 8-tetrahvdro-1sogquinoline (Se)

ppm

S35

I I R - D= T T T B R R - I - R
MmO = M= M O+ W = — = O = R R v m ] Lo = R
- M = Mg - —= 0M Q0= MO S§ ;O W O o
T o= O =M B @ G MmO~ o— ff D 2 ZRa
DN I E @ WSS @M —— 33 = — mg
WO W = o = bk =M MM —— — O r= r= 040
FFFFFF —-_ _— - - — - - = d id 0d T
|
| 1
LI I L L L I I L I L L L L L LB B L
190 120 170 160 150 140 120 120 110 100 an 20 0 =11 a0 40 20 20 10




[3-Phenyl-6,7-dihydro- SH-[2]pyrindine- 1 -carboxzylic acid ethyl ester (Sd)
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[3-Phenyl-6, 7-dihydro- SH-[ 2]pvrindine-1 -carbozylic acid ethyl ester (Sd)
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3.4 -Dimethyl-6,7-dibvdro-5 F-[2]pvrindine-1 -carboxylic acid ethyl ester (Se)
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3.4-Dimethyl-6_ 7-dihydro-55-[ Z]pvrindine- 1 -carboxyvlic acid ethyl ester (Se)
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“ |1 -Pyridin-2-vl-6,7-dihydro-5 - 2] pyrindine (S
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|l -Pyridin-2-v1-6,7-dihydro-5 &-[ 2] pyrindine (S
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[3-Phenyl- 1-pyridin-2-vl-5 6,7.8-tetrahydro-isoguinoline (Sg)
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[3-Phenyl- L-pyridin- 2-v1-5,6.7,8-tetrahydro-isoquinoline (Sg)
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“ 1 -Pyridin-2-¥1-5,6,7.8 tetrahydro-i soguinoline (Sh)
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Il -Pyridin-2 -vl-5,6,7.8 -tetrahydro-i soquinoline (Sh)
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[3-Phenyl- 1-pyridin-2-vl-6,7,8,9 tetrahydro-5 &#-cycl chepta[e]pyridine (5i)
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1 -Pyridin-2-v1-6,7,8.9tetrahydro-5 F-cycl ohepta c]pyridine (5k)
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[3-Phenyl-1-pyridin-2-v1-5,6.7.8,9, 10 -hexahvdro -cycl noctalc]pyr dine (SI)
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A-Phenyl-T-pyridin-2-y1-2,6,7.8,9,10,11,12,13, 14-decahydro-cyclododeca clpyridine (Sm)
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[3-Phenyl-5,6,7, §-tetrahvdro-isoquinoline-1- carboxvlic acid ethyl ester (Sn)
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o [3-Phenyl -5,6,7, 8-tetrahydro-isoguinaline- 1 -carhozylic acid ethyl ester (Sn)
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| |2-Phenyl-4-pyridin-2-vl- 94-3-aza-luorene (8a)
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2-Phenyl-4-pyridin-2-vl- 04-3-aza-fuorene (8a)
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|3—Phen3r1—1—p3rridin—2—3rl -5 6-dihydro-benzo[klisoquineline (8h)
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|2—Phen3r1 Apyridin-2-yl-5,6-dihydro-benzo[fisoqunoline (9b)

— O = W o = T — 0 =P = O
W Op= 00 pr= = O O W0 W W Ot 3 00O W oM
D — M M0 O= Do =+ 0= O =0 O -]
O =0O0MOw Wnnw oo o= Oomom="o r o -
R - - O - - - R e R Y non
e T T e T T - T T O - T R A B W+
- —_—— - - - m- - - - - = — o4 0d

—
=
7

190 120 170 480 480 140 430 420 440 100 Q0 20 70 B0 &0 40 20 20 10
pPm

S63




3-Phenyl- 1-pyridin-2-vl-henzo[4, 5] furo[ 3, 2-c]pyridine (8¢)
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| [3-Phenyl- 1-pyridin-2-yl-benzo[ 4 5] furo] 3 2-clpyridine (8c)
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3.6-Diphenyl-[2 2 Thipyndinyl (8d)

oior
(EL T
el L
CTINN]
1521 L
L6ZH L
zzal L
ESE
DEGI
VBB L
zaze L
S91E L
Foe L
L19E L
BL9E L
SY6E L
BEOTY
LELY
EIEY
slzg L
EHE L
£g9g L
L0iE L
teg L
ZEES L
108 L
2209 L
szall
DERL L
LEET]
9908 L
05108
LEOE
eSO S
GEELE
zLrs
16212

P = =

+ 10000

10.00 Q.50 Q.00 .50 .00 F.a0 F.00 5.50 .00 5.50 5.00 4.50 4.00 2.50

10.50

ppm

S66




3.6-Diphenyl-[2 2 Thipyndiny] (8d)
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|4,5—Diph enyl-{ 2.2 Toipyridinyl (9d)
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l4.6-Dighenyl-[2 2 bipyridinyl (0d)
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|3 -Ethyl-4-methyl-6-phenyl -[Z, 2 bipyn dinyl (8e)
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|4-Eth§.r1 -A-methyl-6-phenyl {2, 2 Toipyridinyl (9e)
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|4—Eth§.r1 -A-methyl-b-phenyl {2, 2 Tbipyridinyl (9e)
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|6—Phen3r1—4—pmp3r1—[2;2’]bipyridinyl (8f)
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|6—Phen3r1—4—prop3rl—[292’]bipjrridinj.rl (8f)
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5.6-Difuran-2-v1-3-propyl-[2 2 bipyridiny] (Oh)
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I5,6-Di furan-2 -v1-3-propyl-[ 2 2 bipyridiny] (Oh)
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I5.6-Di furan-2 -v1-3-phenyl -[2 2 [bipyridinyl (0§}
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| |5.6-Di furan-2-v1-3-phenyl-[ 2.2 |bipyridinyl (0i)
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W -Propyl-[2 2 bipyridinyl (95)
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H-Propyl-[2 2 Thipyriding (953
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