
Russian Chemical Bulletin, International Edition, Vol. 70, No. 5, pp. 999—1001, May, 2021 999

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 5, pp. 999—1001, May, 2021.
1066-5285/21/7005-0999 © 2021 Springer Science+Business Media LLC

* Dedicated to Academician of the Russian Academy of Sciences 
V. N. Charushin on the occasion of his 70th birthday. 

(E)-6-(2-Arylvinyl)-2,2´-bipyridines: 
a convenient synthesis and fl uorescent properties*

A. F. Khasanov,a,b D. S. Kopchuk,a,b I. L. Nikonov,a,b  O. S. Taniya,a,b I. S. Kovalev,a 
G. V. Zyryanov,a,b V. L. Rusinov,a,b and O. N. Chupakhina,b 

аUral Federal University named after the fi rst President of Russia B. N. Yeltsin, 
19 ul. Mira, 620002 Ekaterinburg, Russian Federation 

bI. Ya. Postovsky Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences, 
22/20 ul. S. Kovalevskoi, 620108 Ekaterinburg, Russian Federation. 

E-mail: igor.nikonov.ekb@gmail.com

A convenient two-step synthesis of 6-(2-arylvinyl)-substituted 2,2´-bipyridines via SN
H 

functionalization of 5-unsubstituted 1,2,4-triazines with subsequent aza-Diels—Alder reaction 
was proposed. The fl uorescent properties of the obtained 2,2´-bipyridines were studied. 
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6-(2-Arylvinyl)-2,2´-bipyridines and their derivatives 
are of practical interest as promising push-pull fl uoro-
phores,1 materials for nonlinear optics,2 as well as in-
hibitors of proliferation of eukaryotic tumor cells.3 Most 
often, these compounds are ligands for the formation of 
various complexes with promising photophysical proper-
ties, in particular, complexes based on CuI,4,5 ZnII,6,7 
RuII,8 and AlIII,9 which are used as components of LEDs 
and sensitizers for photocatalytic reactions. 

The main approach to 6-arylvinyl-2,2´-bipyridines 
and their derivatives consists in the condensation of aro-
matic aldehydes with methyl-substituted heterocycles,10,11 
the synthesis of which, often as a multi-step process, is 
usually an obligatory issue. In this respect, the possibility 
of direct introduction of arylvinyl residues using the SN

H 
methodology looks very attractive. This method was ear-
lier used to obtain 6-aryl-5-arylvinyl-3-(2-pyridyl)-1,2,4-
triazines,12 which are of particular interest as synthetic 
precursors of 2,2´-bipyridines. A similar methodology is 
widely used for the synthesis of various bipyridines.13—17 

In the present work, we show a possibility of obtaining 
α-arylvinyl-substituted 2,2´-bipyridines using the direct 
C—H functionalization of 5-H-1,2,4-triazines and the 
subsequent aza-Diels—Alder reaction. 

Results and Discussion 

The starting 6-phenyl-5-H-1,2,4-triazine (1) was 
obtained according to the procedure published earlier18 
(Scheme 1). The direct functionalization was carried out 

by interaction with lithium salts of the corresponding 
arylacetylenes obtained in situ. The yields of compounds 
2a,b correspond to previously reported values, which are 
close to quantitative.12 In the case of pyrene derivative 2c, 
the yield was 40%. Further synthesis of 6-arylvinyl-2,2´-
bipyridines 3а—с was carried out using the aza-Diels—
Alder reaction between 1,2,4-triazines 2а—с and 2,5-nor-
bornadiene upon refl ux in o-xylene for 18 h. The yields of 
target products 3а—с were 55—65%. The structures of 
compounds 2c and 3а—с were confi rmed by 1H NMR 
spectroscopy, mass spectrometry, and elemental analysis. 

We studied the photophysical properties of 2,2´-bipy-
ridines 3а—с and unsubstituted pyrene in acetonitrile 
solutions. It was found that compounds 3a,b exhibit very 
weak fl uorescence. They are characterized by the short-
wave emission maxima at 380 and 363 nm and low quan-
tum yields of 3.1 and 0.6%, respectively. Meanwhile, 
compound 3c has more promising photophysical proper-
ties. It exhibits green fl uorescence (λfl  = 494 nm) with 
34.0% quantum yield (Table 1). Note that the photo-
physical properties of compound 3c diff er signifi cantly 
from the properties of individual components of this 
fl uorophore. In particular, a bathochromic shift of the 
fl uorescence maximum is observed for compound 3c in 
comparison with unsubstituted 5-phenyl-2,2´-bi pyr-
idine18,19 and pyrene20—23 (by 137 and 102 nm, respec-
tively), as well as an increase in the quantum yield measured 
in acetonitrile, more than by 30% (see Table 1). Thus, in the 
case of compound 3c, the photophysical properties of the 
entire chromophore system are improved due to the conju-
gation of pyrene and 5-phenyl-2,2´-bipyridine fragments. 

In conclusion, we described a convenient method for 
the synthesis of 6-(2-arylvinyl)-substituted 2,2´-bipyrid-
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ines using the strategy of direct CH-functionalization in 
5H-1,2,4-triazines and the subsequent aza-Diels—Alder 
reaction between the obtained 5-arylvinyl-1,2,4-triazine 
and 2,5-norbornadiene. It was shown that the introduction 
of a 2-(pyren-1-yl)vinyl fragment into the bipyridine 
fl uorophore improves the photophysical properties of the 
entire chromophore system. 

Experimental

1H NMR spectra were recorded on a Bruker-Avance II 
spectrometer (400.13 MHz) with TMS as an internal standard. 
Reaction progress and purity of the products were monitored by 
TLC on Sigma-Aldrich 91835 plates. The products were purifi ed 
by column chromatography on silica gel (Sigma—Aldrich, 
230—400 mesh). Electrospray ionization mass spectra were re-
corded on a Bruker Daltonics MicrOTOF-Q II spectrometer. 
Elemental analysis was performed at the Institute of Organic 
Synthesis of the Ural Branch of the Russian Academy of Sciences 
on an automatic PE 2400, series II CHN-analyzer (Perkin Elmer). 
Absorption UV spectra were recorded on a Lambda 45 spectrophoto-
meter (Perkin Elmer). Luminescence spectra were recorded 
using Fluoromax-4 (Horiba) spectrofl uorimeter. The absolute 
quantum yields were measured on a Fluoromax-4 spectro fl uorimeter 
(Horiba) according to the method described previously.24

The starting 6-phenyl-5-H-1,2,4-triazine (1),18 (E)-6-phen-
yl-3-(2-pyridyl)-5-styryl-1,2,4-triazine (2a), (E)-5-(4-meth-
oxystyryl)-6-phenyl-3-(2-pyridyl)-1,2,4-triazine (2b),12 and 
1-ethynylpyrene25 were synthesized according to the described 

procedures, other starting compounds and materials were pur-
chased from commercial sources («Sigma—Aldrich»). 

(E)-6-Phenyl-5-[2-(pyren-1-yl)vinyl]-3-(pyridin-2-yl)-1,2,4-
triazine (2с) was synthesized according to the published procedure 
for similar compounds.12 1-Ethynylpyrene (452 mg, 2 mmol) 
was dissolved in anhydrous THF (4 mL) in a Schlenk fl ask in an 
argon atmosphere and cooled to –78 °C, followed by the addition 
of a solution of BunLi in hexane (2.5 mol  L–1, 0.8 mL). The 
resulting mixture was stirred for 5 min at –78 °C, then a solution 
of 6-phenyl-5H-1,2,4-triazine (1) (375 mg, 1.6 mmol) in an-
hydrous toluene (35 mL) was added. The reaction mixture was 
stirred for 12 h at 20 °C, followed by the sequential addition of 
methanol (10 mL) and water (10 mL). The product was ex-
tracted with dichloromethane (3×25 mL). The extract was dried 
with anhydrous sodium sulfate. The solvents were evaporated 
under reduced pressure. The products were isolated from the 
residue by column chromatography (silica gel, eluent ethyl ac-
etate—dichloromethane, 4  :  1; Rf 0.4). The yield was 40% 
(295 mg). Yellow crystals. M.p. 147—149 °C. 1H NMR (CDCl3), 
δ: 7.51—7.57 (m, 2 H, H(5) (py), ArCHCH); 7.60—7.66 (m, 3 H, 
Ph); 7.89—7.93 (m, 2 H, Ph); 7.98—8.09 (m, 3 H, H(4) (py), 
pyrene); 8.11—8.15 (m, 2 H, pyrene); 8.20—8.27 (m, 4 H, 
pyrene); 8.64 (d, 1 H, pyrene, 3J = 9.2 Hz); 8.80 (d, 1 Н, Н(3) 
(py), 3J = 8.0 Hz); 9.00 (d, 1 Н, Н(6) (py), 3J = 4.8 Hz); 
9.56 (d, 1 H, ArCHCH, 3J = 15.2 Hz). МS (ESI), m/z: 461.18 
[M + H]+. Found (%): C, 83.32; H, 4.59; N, 12.25. C32H20N4. 
Calculated (%): C, 83.46; H, 4.38; N, 12.17. 

Synthesis of arylvinyl-substituted 2,2´-bipyridines 3a—c (gen-
eral procedure). 2,5-Norbornadiene (184 mg, 0.2 mL, 2 mmol) 
was added to a solution of the corresponding 1,2,4-triazine 2 

Scheme 1

R = Ph (a), 4-MeO-C6H4 (b), pyren-1-yl (c)

Reagents and conditions: i. 1) BunLi, THF/toluene, –78 °C; 2) 20 °C, 12 h; ii. 144 °C, 18 h. 

Table 1. Photophysical data of 6-arylvinyl-2,2´-bipyridines 3, as well as unsubstituted 5-phenyl-2,2´-bipyridine 
and pyrene at room temperature 

Compound R λabs
а/nm λlum

b/nm Фс (%)

3a Ph 250sh, 288, 325sh 350sh, 380 3.1
3b 4-MeOPh 224, 290, 341sh 354, 363 0.6
3c Pyren-1-yl 279, 347, 376 435, 460, 494sh 34.0
Unsubstituted — 298 357 3.218

5-phenyl-2,2´-bipyridine      
Pyrene — 240, 262, 272, 306, 319, 334 371, 392 2.2

а Absorption maximum in acetonitrile. 
b Emission maximum in acetonitrile. 
c Absolute quantum yields were measured in acetonitrile solutions.24
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(0.25 mmol) in о-xylene (25 mL). The reaction mixture was 
refl uxed for 18 h in an argon atmosphere, introducing an addi-
tional portion of 2,5-norbornadiene (184 mg, 0.2 mL, 2 mmol) 
every 6 h. Then the solvent was evaporated under reduced pres-
sure, the residue was purifi ed by column chromatography (eluent 
ethyl acetate). Analytically pure samples were obtained by re-
crystallization from acetonitrile. 

(E)-5-Phenyl-6-styryl-2,2´-bipyridine (3a). The yield was 
65% (54 mg). Colorless crystals. Rf 0.5. 1H NMR (CDCl3), δ: 
7.27—7.37 (m, 6 H, Ph, PhCHCH); 7.43—7.53 (m, 6 H, Ph, 
H(5´)); 7.75 (d, 1 H, H(3), 3J = 8.0 Hz); 7.89 (ddd, 1 H, H(4´), 
3J = 7.6 Hz, 3J = 7.6 Hz, 4J = 2.0 Hz); 8.03 (d, 1 H, PhCHCH, 
3J = 15.6 Hz); 8.36 (d, 1 H, H(4), 3J = 8.0 Hz); 8.64—8.73 (m, 2 H, 
H(3´), H(6´)). МS (ESI), m/z: 334.42 [M + H]+. Found (%): 
C, 86.11; H, 5.38; N, 8.69. C24H18N2. Calculated (%): C, 86.2; 
H, 5.43; N, 8.38. 

(E)-6-(4-Methoxystyryl)-5-phenyl-2,2´-bipyridine (3b). The 
yield was 65% (59 mg). Colorless crystals. Rf 0.7. 1H NMR 
(CDCl3), δ: 3.80 (s, 3 Н, MeO); 6.79 (m, 2 H, 4-MeOC6H4); 
7.17 (d, 1 Н, ArCHCH, 3J = 15.6 Hz); 7.38 (m, 1 Н, Н(5´)); 
7.44—7.55 (m, 7 H, Ph, 4-MeOC6H4); 7.73 (d, 1 H, H(3), 
3J = 8.0 Hz); 7.89 (ddd, 1 H, H(4´), 3J = 7.8 Hz, 3J = 7.8 Hz, 
4J = 2.0 Hz); 7.99 (d, 1 H, ArCHCH, 3J = 15.6 Hz); 8.34 (d, 1 H, 
H(4), 3J = 8.0 Hz); 8.65—8.74 (m, 2 H, H(3´), H(6´)). МS (ESI), 
m/z: 364.45 [M + H]+. Found (%): C, 82.45; H, 5.61; N, 7.26. 
C25H20N2O. Calculated (%): C, 82.39; H, 5.53; N, 7.69. 

(E)-5-Phenyl-6-[2-(pyren-1-yl)vinyl]-2,2´-bipyridine (3с). 
The yield was 55% (74 mg). Colorless crystals. 1H NMR (CDCl3), 
δ: 7.36—7.41 (m, 1 H, H(5´)); 7.49—7.56 (m, 6 Н, Ph, ArCHCH); 
7.82 (d, 1 Н, H(3), 3J = 8.0 Hz); 7.96 (ddd, 1 Н, H(4´), 
3J = 7.6 Hz, 3J = 7.6 Hz, 4J = 1.6 Hz); 7.99—8.06 (m, 3 H, 
pyrene); 8.09—8.12 (m, 2 H, pyrene); 8.16—8.23 (m, 3 H, 
pyrene); 8.44 (d, 1 Н, H(4), 3J = 8.0 Hz); 8.65 (d, 1 H, pyrene, 
3J = 9.2 Hz); 8.75 (m, 1 Н, Н(6´)); 8.82 (m, 1 Н, Н(3´)); 9.15 
(d, 1 H, ArCHCH, 3J = 15.2 Hz). МS (ESI), m/z: 459.19 
[M + H]+. Found (%): С, 89.18; Н, 4.77; N, 6.02. C34H22N2. 
Calculated (%): С, 89.06; Н, 4.84; N, 6.11.
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