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Experimental Section

General Information:

All reagents were purchased from commercial sources and used without further purifica-
tion. Silica gel 60 (Kieselgel 60, 230-400 mesh) was used for the column chromatography. NMR
spectra were recorded on a Bruker Avance-400 spectrometer, 298 K, digital resolution + 0.01
ppm, using TMS as internal standard. UV-Vis spectra were recorded on Lambda 45 spectropho-
tometer (Perkin Elmer). Luminescence spectra were recorded on a Horiba-Fluoromax-4 spectro-
fluorimeter equipped with integrated sphere. Mass spectrometric studies were performed on an
Agilent 6545 Q-TOF LC/MS (Agilent Technologies, USA) quadrupole time-of-flight mass spec-
trometer with an electrospray ionization source in the positive (negative) ion mode. An Agilent
1290 Infinity Il chromatographic system was used to inject the sample. Elemental analysis was
performed on a PE 2400 II CHN-analyzer (Perkin Elmer).

The XRD analysis was carried out using equipment of the Center for Joint Use ‘Spectros-
copy and Analysis of Organic Compounds’ at the Postovsky Institute of Organic Synthesis of the
Russian Academy of Sciences (Ural Branch). The experiments were accomplished on the auto-
mated X-ray diffractometer Xcalibur 3 with CCD detector on standard procedure (MoK,-
irradiation, graphite monochromator, w-scans with 1° step at 7= 295(2) K). Empirical absorption
correction was applied. The solution and refinement of the structures were accomplished with
using Olex program package.5* The structures were solved by method of the intrinsic phases in
ShelXT program and refined by ShelXL by full-matrix least-squared method for non-hydrogen
atoms.? The H-atoms were placed in the calculated positions and were refined in isotropic ap-
proximation in the “rider” model.

Hydrazones of isonitrosoacetophenones 252 were synthesized as described in literature.
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General procedure for the synthesis of 1,2,4-triazines 1

The corresponding hydrazone (2.69 mmol) was dissolved in ethanol (30 ml), and a solu-
tion of 4-bromopyridine-2-carbaldehyde (0.50 g, 2.69 mmol) in ethanol (25 ml) was added. The
resulting mixture was kept at room temperature for 12 h. The precipitate was filtered off, washed
with ethanol and dried. Then the obtained intermediate was suspended in acetic acid (30 ml), and
the mixture was heated to reflux two times. The solvent was removed under reduced pressure.
Ethanol (30 ml) was added to the residue; the resulting crystals of 1 were filtered off, washed
with ethanol and dried. The crude triazines were used directly in the next step without addition
purification.

3-(4-Bromopyridin-2-yl)-6-(4-methoxyphenyl)-1,2,4-triazine (1a). Dark-yellow pow-
der. M.p. 203-204 °C. Yield 460 mg (1.34 mmol, 50%). *H NMR (DMSO-ds, &, ppm): 3.91 (s,
3H, OMe), 7.10-7.17 (m, 2H, CeH4OMe), 8.81 (dd, 1H, 3J 5.2 Hz, 4J 2.0 Hz, H-5 (Py)), 8.26-
8.32 (m, 2H, C¢H4OMe), 8.66 (d, 1H, *J 1.6 Hz, H-3 (Py)), 8.70 (d, 1H, %J 5.4 Hz, H-6 (Py)),
9.46 (s, 1H, H-5). 3C NMR (DMSO-ds, 5, ppm): 56.0, 115.4, 125.5, 126.8, 128.9, 129.2, 133.4,
147.6, 151.8, 154.7, 155.8, 160.4, 162.5. ESI-MS, m/z: found 343.02, calculated 343.02 (M+H)".

3-(4-Bromopyridin-2-yl)-6-phenyl-1,2,4-triazine (1b). Dark-yellow powder. M.p. 188-
189 °C. Yield 450 mg (1.44 mmol, 53%). NMR H (DMSO-dsg, 8, ppm): 7.60-7.68 (m, 3H, Ph),
8.87 (dd, 1H, 3J 5.4 Hz, 4J 1.6 Hz, H-5(Py)), 8.29-8.36 (m, 2H, Ph), 8.69 (d, 1H, *J 1.6 Hz, H-
3(Py)), 8.73 (d, 1H, 3J 5.4 Hz, H-6(Py)), 9.55 (s, 1H, H-5). NMR 3C (CDCls, §, ppm): 127.1,
127.3, 128.9, 129.5, 131.5, 132.7, 134.1, 147.1, 151.1, 153.6, 156.4, 160.7. ESI-MS, m/z: found
313.00, calculated 313.01 (M+H)".

6-(3-Bromophenyl)-3-(4-bromopyridin-2-yl)-1,2,4-triazine (1c). Dark-yellow powder.
M.p. 210-211 °C. Yield 580 mg (1.48 mmol, 55%). 'H NMR (CDCls, &, ppm): 7.51 (dd, 1H, 3J
8.4, 8.4 Hz, H-5(CHarom)), 7.71 (dd, 1H, 33 5.0 Hz, 4J 1.8 Hz, H-5(Py)), 7.74-7.78 and 8.12-8.17
(both m, 1H, H-4 and H-6(CHarom), 8.39 (dd, 1H, 4J 1.6, 1.6 Hz, H-2(CHarom)), 8.74 (d, 1H, 3J
5.2 Hz, H-6(Py)), 8.70 (d, 1H, “J 1.6 Hz, H-3(Py)), 9.19 (s, 1H, H-5). 13C NMR (CDCls, 3,
ppm): 123.8, 125.6, 127.5, 129.1, 130.0, 131.0, 134.2, 134.4, 134.7, 147.0, 151.1, 153.4, 155.2,
161.1. ESI-MS, m/z: found 390.92, calculated 390.92 (M+H)".
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General procedure for the synthesis of 2,2'-bipyridines 3

A mixture of the corresponding 1,2,4-triazine 1 (0.40 mmol) and enamine (2.0 mmol)
was stirred at 200 °C for 2 h under argon atmosphere. Then, an additional portion of amine (1
mmol) was added, and the resulting mixture was stirred for additional 1 h under the same condi-
tions. The reaction mixture was cooled to room temperature. The products were separated by
flash chromatography (DCM as eluent) and then were purified by recrystallization (ethanol).

4-{2-[4-(4-Methoxyphenyl)-6,7-dihydro-5H-cyclopenta[c]pyridin-1-yl]pyridin-4-yl}-
morpholine (3a). Brown gummy. Yield 109 mg (0.28 mmol, 70%). *H NMR (CDCls, §, ppm):
2.09 (m, 2H, CH2-6), 3.04 (t, 2H, 3J 7.6 Hz, CH»-7), 3.40-3.44 (m, 4H, H-3,5), 3.45 (t, 2H, 3] 7.6
Hz, CH,-5), 3.86-3.92 (m, 4H, H-2,6), 3.90 (s, 3H, OMe), 6.71 (dd, 1H, 3J 6.0 Hz, *J 2.8 Hz, H-
5'(Py)), 7.01-7.07 (m, 2H, CeHsOMe), 7.43-7.48 (m, 2H, CeHsOMe), 7.63 (d, 1H, *J 2.8 Hz, H-
3'(Py)), 8.43 (d, 1H, 3J 6.0 Hz, H-6'(Py)), 8.51 (s, 1H, H-3(Py)). 13C NMR (CDCls, &, ppm):
24.5, 32.7, 33.4, 46.4 (2C), 55.3, 66.5 (2C), 107.5, 107.6, 114.1 (2C), 129.7 (2C), 130.2, 133.2,
139.3, 146.3, 149.3, 151.0, 152.9, 155.8, 158.9, 159.3. ESI-MS, m/z: found 388.20, calculated
388.20 (M+H)". Found, %: C 74.26, H 6.38, N 10.99. C24H2s5N30O2. Calculated, %: C 74.39, H
6.50, N 10.84.

4-[2-(4-Phenyl-6,7-dihydro-5H-cyclopenta[c]pyridin-1-yl)pyridin-4-ylJmorpholine
(3b). Brown powder. M.p. 160-163 °C. Yield 105 mg (0.29 mmol, 74%). 'H NMR (CDCls, §,
ppm): 2.10 (m, 2H, CH2-6), 3.06 (t, 2H, 3] 7.6 Hz, CH-7), 3.43 (t, 4H, 3] 5.0 'y, H-3,5), 3.46 (t,
2H, 33 7.6 Hz0., CHy-5), 3.89 (t, 4H, 3J 5.0 'y, H-2,6), 6.72 (dd, 1H, 3J 5.8 Hz, “J 2.4 Hz, H-
5'(Py)), 7.40-7.46 (m, 1H, Ph), 7.48-7.53 (m, 4H, Ph), 7.65 (d, 1H, %J 2.4 Hz, H-3'(Py)), 8.44 (d,
1H, 3J 5.8 Hz, H-6'(Py)), 8.54 (s, 1H, H-3(Py)). NMR 13C (CDCls, §, ppm): 24.5, 31.6, 32.4,
45.4 (2C), 65.5 (2C), 106.5, 106.6, 126.6, 127.5 (2C), 127.6 (2C), 132.5, 136.9, 138.3, 145.4,
148.3, 150.5, 152.1, 154.8, 158.0. ESI-MS, m/z: found 358.19, calculated 358.19 (M+H)".
Found, %: C 77.15, H 6.54, N 11.61. C23H23N30. Calculated, %: C 77.28, H 6.49, N 11.76.

4-{2-[4-(3-Bromophenyl)-6,7-dihydro-5H-cyclopenta[c]pyridin-1-yl]pyridin-4-yl}-
morpholine (3c). Brown powder. M.p. 177-178 °C. Yield 136 mg (0.31 mmol, 78%). 'H NMR
(CDCls, 8, ppm): 2.11 (m, 2H, CH»-6), 3.03 (t, 2H, 3] 7.6 Hz, CH2-7), 3.43 (t, 4H, %] 4.8 Hz, H-
3,5), 3.47 (t, 2H, 3 7.6 Hz, CH-5), 3.89 (t, 4H, 3J 4.8 Hz, H-3,5), 6.72 (dd, 1H, %] 5.6 Hz, “] 2.8
Hz, H-5'(Py)), 7.37 (dd, 1H, 3J 8.0, 8.0 Hz, H-5(CHarom)), 7.41-7.46 and 7.53-7.58 (both m, 1H,
H-4 and H-6(CHarom)), 7.63-7.68 (m, 2H, H-2(CHarom), H-3'(Py)), 8.44 (d, 1H, 3J 5.8 Hz, H-
6'(Py)), 8.48 (s, 1H, H-3(Py)). **C NMR (CDCls, 8, ppm): 25.5, 32.5, 33.4, 46.4 (2C), 66.5 (2C),
107.6, 107.7, 122.7, 127.2, 130.1, 130.7, 131.5, 132.2, 139.5, 140.1, 146.2, 149.4, 152.0, 153.2,
155.9, 158.8. ESI-MS, m/z: found 436.10, calculated 436.10 (M+H)*. Found, %: C 63.19, H
4,95, N 9.78. C23H22BrNzO. Calculated, %: C 63.31, H 5.08, N 9.63. Crystal Data for
C23H20BrNsOF (M = 434.33 g/mol): monoclinic, space group P2i/c, a = 11.5920(15) A, b =
5.7099(8) A, ¢ =29.910(5) A, = 94.832(13)°, V = 1972.7(5) A3, Z = 4, T = 295(2) K, u(Mo Ky)
= 2.102 mm?, Deac = 1.462 g/cm?®, 11946 reflections measured (7.056° < 20 < 52.738°), 3966
unique (Rint = 0.0886, Rsigma = 0.1278) which were used in all calculations. The final Ry = 0.0681,
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WR2 = 0.1522 (I > 20(1)) and Ry = 0.1837, wR2 = 0.2120 (all data). Largest diff. peak/hole 0.34/-
0.39 A3, CCDC 2117784 contains the crystallographic data for this compound.

4-(3-Bromophenyl)-1-[4-(piperidin-1-yl)pyridin-2-yl]-6,7-dihydro-5H-
cyclopenta[c]pyridine (3d). Brown gummy. Yield 122 mg (0.28 mmol, 70%). 'H NMR
(CDCls, &, ppm): 1.63-1.73 (m, 6H, piperidine), 2.03-2.12 (m, 2H, CH2-6), 3.00 (t, 2H, 3J 7.6
Hz, CH,-7), 3.40-3.48 (m, 6H, piperidine, CH-5), 6.68 (dd, 1H, 3J 6.0 Hz, 4J 2.4 Hz, H-5'(Py)),
7.34 (dd, 1H, 33 8.0, 8.0 Hz, H-5 (CéH4Br)), 7.39-7.44 and 7.50-7.55 (both m, 2H, H-4 and H-6
(CeH4Br)), 7.64 (dd, 1H, 43 1.6, 1.6 Hz, H-2 (CsH4Br)), 8.35 (d, 1H, *J 6.0 Hz, H-6'(Py)), 8.49 (s,
1H, H-6 (Py)). 3C NMR (CDCls, 8, ppm): 24.4, 25.3, 25.5, 32.5, 33.4, 47.4, 107.7, 107.8, 122.7,
127.2, 130.1, 130.6, 131.5, 132.0, 139.3, 140.2, 146.2, 149.3, 152.5, 153.0, 155.6, 158.6. ESI-
MS, m/z: found 434.12, calculated 434.12 (M+H)*. Found, %: C 66.23, H 5.64, N 9.78.
C24H24BrNs3. Calculated, %: C 66.36, H 5.57, N 9.67.

4-(3-Bromophenyl)-1-[4-(pyrrolidin-1-yl)pyridin-2-yl]-6,7-dihydro-5H-
cyclopenta[c]pyridine (3e). Brown powder. M.p. 129-131 °C. Yield 122 mg (0.29 mmol, 72%).
'H NMR (CDCls, 8, ppm): 2.01-2.11 (m, 6H, pyrrolidine, CH2-6), 3.00 (t, 2H, 3J 7.6 Hz, CH2-
7), 3.39-3.44 (m, 6H, pyrrolidine, CH2-5), 6.41 (dd, 1H, 2J 6.0 Hz, *J 2.4 Hz, H-5'(Py)), 7.22 (d,
1H, 4J 2.4 Hz, H-3'(Py)), 7.34 (dd, 1H, 3J 8.0, 8.0 Hz, H-5 (CsH4Br)), 7.40-7.43 and 7.51-7.54
(both m, 2H, H-4 and H-6 (CeH4Br)), 7.63 (dd, 1H, *J 1.6, 1.6 Hz, H-2 (CeH4Br)), 8.31 (d, 1H, 4
6.0 Hz, H-6'(Py)), 8.48 (s, 1H, H-6 (Py)). 3C NMR (CDCls, 8, ppm): 25.4, 25.5, 32.6, 33.3,
47.2, 106.3, 106.4, 122.7, 127.3, 130.1, 130.6, 131.5, 132.0, 139.3, 140.2, 146.3, 148.6, 152.5,
153.0. ESI-MS, m/z: found 420.11, calculated 420.11 (M+H)*. Found, %: C 65.81, H 5.16, N
9.82. C23H22BrNs. Calculated, %: C 65.72, H 5.28, N 10.00.

General procedure for the synthesis of 2,2'-bipyridines 2

The corresponding triazine la-c (0.50 mmol) was dissolved in o-xylene (25 ml), 1-
morpholinocyclopentene (0.16 ml, 1.0 mmol) was added, and the resulting mixture was refluxed
for 2 h. Then an addition portion of 1-morpholinocyclopentene (0.08 ml, 0.5 mmol) was added,
and mixture was refluxed for 1 h. The solvent was removed under reduced pressure. Then the
obtained intermediate was suspended in acetic acid (30 ml), and the mixture was heated to reflux
two times. The solvent was removed under reduced pressure. Ethanol (30 ml) was added to the
residue; the resulting crystals of 2 were filtered off, washed with ethanol and dried. The product
was recrystallized from ethanol.

1-(4-Bromopyridin-2-yl)-4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopentac]-
pyridine (2a). Light-brown powder. M.p. 115-117 °C. Yield 130 mg (0.34 mmol, 68%). ‘H
NMR (CDCls, 8, ppm): 2.05-2.12 (m, 2H, CH2-6), 3.03 (t, 2H, 3J 7.6 Hz, CH>-7), 3.45 (t, 2H, %J
7.6 Hz, CH»-5), 3.88 (s, 3H, OMe), 7.00-7.05 (m, 2H, C¢H4sOMe), 7.41-7.46 (m, 3H, CeHsOMe,
H-5'(Py)), 8.47 (d, 1H, 4J 2.0 Hz, H-6'(Py)), 8.50 (d, 1H, 3J 5.4 Hz, H-3'(Py)), 8.52 (s, 1H, H-
6(Py)). **C NMR (CDCls, 8, ppm): 25.5, 32.7, 33.5, 55.4, 114.2, 125.9, 126.3, 129.7, 129.9,
133.3,133.9, 139.9, 146.4, 148.7, 149.4, 153.4, 159.4, 159.5. ESI-MS, m/z: found 381.06, calcu-
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lated 381.06 (M+H)*. Found, %: C 63.19, H 4.37, N 7.22. C20H17BrN20. Calculated, %: C
63.00, H 4.49, N 7.35.

1-(4-Bromopyridin-2-yl)-4-phenyl-6,7-dihydro-5H-cyclopenta[c]pyridine (2b). Light-
brown powder. M.p. 102-104 °C. Yield 130 mg (0.37 mmol, 74%). *H NMR (CDCls, 3, ppm):
2.06-2.16 (m, 2H, CH.-6), 3.06 (t, 2H, 3] 7.6 Hz, CH-7), 3.49 (t, 2H, 3] 7.6 Hz, CH.-5), 7.40-
7.54 (m, 6H, H-5'(Py), Ph), 8.49-8.63 (m, 3H, H-6 (Py), H-3",H' (Py)). 13C NMR (CDCls, 8,
ppm): 25.4, 32.6, 33.5, 125.9, 126.3, 127.9, 128.6, 128.7, 133.3, 134.2, 137.6, 139.9, 146.7,
149.2, 149.3, 153.5, 159.5. ESI-MS, m/z: found 351.05, calculated 351.05 (M+H)". Found, %: C
64.83, H 4.41, N 8.12. C19H14BrNz2. Calculated, %: C 64.97, H 4.30, N 7.98.

General procedure for the synthesis of 2,2'-bipyridines 3f,g

The mixture of corresponding bipyridine 2 (0.23 mmol) and the corresponding amine
(0.70 mmol) was stirred at 200 °C for 8 h under argon atmosphere. The reaction mass was cooled
to room temperature. The product was separated by flash chromatography (DCM as eluent) and
then was purified by recrystallization (ethanol).

4-(4-Methoxyphenyl)-1-(4-(pyrrolidin-1-yl)pyridin-2-yl)-6,7-dihydro-5H-
cyclopenta[c]pyridine (3f). Brown powder. M.p. 168-170 °C. Yield 59 mg (0.16 mmol, 69%).
13C NMR (CDCls, §, ppm): 2.02-2.14 (m, 6H, pyrrolidine, CH2-6), 3.04 (t, 2H, 3J 7.6 Hz, CH.-
7), 3.40-3.48 (m, 6H, pyrrolidine, CH-5), 3.89 (s, 3H, OMe), 6.44 (dd, 1H, 3J 6.0 Hz, 4] 2.4 Hz,
H-5' (Py)), 7.00-7.06 (m, 2H, C¢HsOMe), 7.22 (d, 1H, 4J 2.4 Hz, H-3' (Py)), 7.42-7.48 (m, 2H,
CesHsOMe), 8.35 (d, 1H, 4] 6.0 Hz, H-6' (Py)), 8.52 (s, 1H, H-6 (Py)). ¥*C NMR (CDCls, 3,
ppm): 25.4, 25.6, 32.8, 33.3, 47.1, 55.4, 106.2, 106.3, 114.1, 129.7, 130.4, 133.0, 139.1, 146.4,
148.7,151.7, 152.4, 152.6, 158.2, 159.2. ESI-MS, m/z: found 372.21, calculated 372.21 (M+H)".
Found, %: C 77.47, H 6.61, N 11.48. C24H25N30O. Calculated, %: C 77.60, H 6.78, N 11.31.

N-(Furan-2-ylmethyl)-2-(4-phenyl-6,7-dihydro-5H-cyclopenta[c]pyridin-1-
yl)pyridin-4-amine (3g). Brown gummy. Yield 59 mg (0.16 mmol, 70%). *H NMR (CDCls, 3,
ppm): 2.03-2.13 (m, 2H, CH-6), 3.04 (t, 2H, 3J 7.6 Hz, CH»-7), 3.42 (t, 2H, 3J 7.6 Hz, CH2-5),
4.46 (d, 1H, 33 5.6 Hz, NHCHo), 4.94 (m, 1H, NH), 6.28-6.31 (m, 1H, H-3(fur)), 6.34-6.37 (m,
1H, H-4(fur)), 6.56 (dd, 1H, 3] 5.8 Hz, 4J 2.4 Hz, H-3(fur)), 7.38-7.45 (Ph, H-3",5' (Py)), 7.46-
7.54 (m, 4H, Ph), 8.34 (d, 1H, 3] 5.6 Hz, H-6' (Py)), 8.53 (s, 1H, H-6 (Py). 3C NMR (CDCls, 5,
ppm): 25.5, 29.7, 32.7, 33.3, 40.2, 107.0, 107.3, 107.5, 110.5, 127.7, 128.6, 128.6, 133.7, 137.9,
139.3, 142.3, 146.5, 148.8, 151.0, 151.4, 153.2, 153.8, 158.0. ESI-MS, m/z: found 368.18, calcu-
lated 368.18 (M+H)". Found, %: C 78.32, H 5.62, N 11.61. C24H2:N30. Calculated, %: C 78.45,
H5.76, N 11.44.
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Figure S1. n-n-Stacking between molecules of 3c
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