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Preparation of 5,6 -diaryl-2,2 " -bipyridines using a 1,2,4-triazine methodology
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New unsymmetric 5,6 -diaryl-2,2 "-bipyridines were synthesized in high yields using a 1,2,4-tri-
azine methodology. Their photophysical properties were studied.
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2,27 -Bipyridines and 1,10-phenanthrolines bearing
aromatic substituents at positions 5 and 6" are of interest
as ligand fragments for transition metal cations,!=5 for
preparation of promising photoluminescent materials,®
as well as catalysts.” In supramolecular chemistry, the
fragments of the aryl-substituted 2,2 -bipyridines and
1,10-phenanthrolines are used for the design of some
cyclophanes.8 In this case, the absence of a substituent at
position 6 usually has a positive effect on the coordination
properties of the compound.

As for the approaches to the synthesis of such com-
pounds, there are only few literature examples of their
preparation using, for example, cross-coupling reac-
tions!4:6:8 or sequential nucleophilic substitution of hy-
drogen and cross-coupling reactions.>-’

In the present work, we suggest a synthetic approach
to unsymmetric 2,2 -bipyridines bearing aromatic sub-
stituents at positions 5 and 6" and having no substituents
at position 6. To accomplish the task, we applied twice
a methodology for the preparation of substituted pyridines
via their 1,2,4-triazine analogs, which at present are very
successfully used in the synthesis of various substituted
pyridines.%10

It is obvious that the preparation of the target com-
pounds required the development of a convenient method
for the synthesis of their 1,2,4-triazine analogs A (Scheme 1).
The most acceptable approach to their synthesis was a het-

erocyclization of 1,2-diketones B with amidrazone C de-
scribed earlier!1:12 (Scheme 1). Therefore, first it is neces-
sary to synthesize 5-aryl-2-cyanopyridine D to further con-
vert it to amidrazone C.
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Analysis of literature data showed that 5-aryl-2-cyano-
pyridines can be prepared, for example, by the intro-
duction of aromatic fragments in pyridines using cross-
coupling reactions,1314 a direct cyanation of 3-arylpy-
ridine N-oxides!S (however, 2-cyano-substituted
compounds are frequent side products®), a nucleophilic
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Reagents and conditions: /. 2,5-norbornadiene, o-xylene, 143 °C, 10 h; ii. 85% formic acid, reflux, 20 h; iii. SOCI,, reflux, 3 h, then
aqueous ammonia, 5—10 °C, 1 h; iv. POCl;, reflux, 1.5 h; v. hydrazine hydrate, ethanol—THF (1 : 1), 3 days; vi. ethanol —THF (7 : 3),

reflux, 10 h; vii. 1-morpholinocyclopentene, 200 °C, 3 h.

substitution for the halogen atom with the cyano group,!’
as well as by a sequence of transformations acid—amide—
nitrile.18

In our opinion, the preparation of 5-aryl-2-cyano-
pyridines via 5-arylpyridine-2-carboxylic acids is the most
convenient method of all the approaches considered. In
the framework of this work, we developed a new approach
to the synthesis of these compounds, which also uses
a 1,2,4-triazine methodology. Thus, earlier authors!?-20
described an efficient method for the preparation of
6-aryl-3-trichloromethyl-1,2,4-triazines having no substit-
uents at position 5 by the reaction of isonitrosoacetophen-
one hydrazones with trichloroacetonitrile iminoester ob-
tained in situ. It is known that a trichloromethyl group can
undergo a number of transformations interesting from the
point of view of further functionalization of pyridine.21.22
Following a procedure described earlier, we obtained
3-trichloromethyl-6-phenyl-1,2,4-triazine (1), which was
converted to the corresponding pyridine 2 by the aza-Di-
els—Alder reaction with 2,5-norbornadiene (Scheme 2).
It should be noted that earlier the preparation of 2-tri-
chloromethylpyridine derivatives by this method was not
described. Further, carboxylic acid 3 was obtained by the
hydrolysis of the trichloromethyl group, then it was con-
verted to amide 4 (using a simplified version of the method
suggested in the work!8), which was dehydrated upon treat-
ment with POCl; (carried out according to the described
procedure!8) to yield 2-cyano-5-phenylpyridine (5). The
latter was converted to amidrazone 6, which reacted with
1,2-diketones to give 1,2,4-triazine analogs of the target
compounds 7 in good yields. Finally, the aza-Diels—Alder
reaction with 1-morpholinocyclopentene as a dieneophile
according to an efficient procedure suggested earlier in the
literature?3 resulted in the required ligands 8. It is also

necessary to note that the annulation of the fused cyclo-
alkene fragment to the pyridine ring usually leads to the in-
crease in the solubility of compounds in organic solvents.24

In the course of the work, we studied photophysical
properties of new ligands 8a and 8b, the results are given in
Table 1, the luminescence spectra are shown in Fig. 1.

In particular, the data obtained show that the presence
of an additional phenyl ring in the pyridine fragment of
pyridylmonoazatriphenylene significantly shifts both the
luminescence and absorption maxima to the longer wave-
length region as compared to the unsubstituted com-
pound.?® Besides, the replacement of the monoazatri-
phenylene fragment with the pyridyl one with two separate
phenyl rings led to a considerable increase in the emission
intensity and a hypsochromic shift of the luminescence
and absorption maxima.

In conclusion, in the present work we suggested an
efficient synthetic approach to the preparation of 5,6 "-di-
aryl-6 H-2,2"-bipyridines, which are poorly available by

Table 1. Quantum yield of luminescence (®), absorption
(Aax) and luminescence (/,,,,) maxima in acetonitrile for
compounds 8a,b

Com- A/nm *
pound
Amax Imax
8a 206, 223 sh, 253, 271, 473 0.174
292 sh, 312 sh, 326, 380
8b 211, 236 sh, 283, 350 425 0.699

* Quantum yields for all the compounds were measured rel-
ative to quinine sulfate (® = 0.546 in 0.1 N aqueous solution
of H2$O4) .25
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Fig. 1. Luminescence spectra of bipyridines 8.

other methods, and studied photophysical properties of
new compounds.

Experimental

'H and 3C NMR spectra were recorded on a Bruker Avance-
400 spectrometer (400 MHz and 100 MHz, respectively), using
SiMe, as an internal standard. Melting points were measured on
a Boetius apparatus. Electrospray ionization mass spectra were
recorded on a Bruker Daltonics Series MicrOTOF-Q II (Bre-
men, Germany). Elemental analysis was performed on a Perkin
Elmer Model PE 2400, Series I CHN analyzer. Absorption
spectra were recorded on a Shimadzu UV-2401PC spectro-
photometer. Luminescence spectra were recorded on a Varian
Cary Eclipse fluorimeter. 3-Trichloromethyl-5-phenyl-1,2,4-tri-
azine (1)!® and 2-cyano-5-phenylpyridine (5)!8 were obtained
according to the described procedures.

5-Phenyl-2-trichloromethylpyridine (2). Triazine 1 (3 g,
10.93 mmol) was suspended in o-xylene (40 mL), followed by
the addition of 2,5-norbornadiene (3.3 mL, 32.79 mmol) and
reflux of the mixture for 10 h. The solvent was evaporated at
reduced pressure, the residue was purified by column chromato-
graphy (silica gel, eluent chloroform). The yield was 2.23 g (75%),
m.p. 198—200 °C. Found (%): C, 52.73; H, 2.81; N, 4.93.
C,HsCIN. Calculated (%): C, 52.88; H, 2.96; N, 5.14. 'TH NMR
(DMSO-dg), 8: 7.42—7.48 (m, 1 H, Ph); 7.49—7.55 (m, 2 H,
Ph); 7.72—7.77 (m, 2 H, Ph); 8.12 (d, 1 H, H(3), / = 7.9 Hz);
8.23(dd, 1 H, H4), /=79 Hz,J=2.5Hz);8.95(d, 1 H, H(6),
J=2.5Hz). MS (ESI), m/z: 271.98 [M + H]".

5-Phenylpyridine-2-carboxylic acid (3). Trichloromethylpy-
ridine 2 (1 g, 3.67 mmol) was suspended in 85% aqueous formic
acid (25 mL), and the mixture was refluxed for 20 h. The solvent
was evaporated at reduced pressure, the residue was treated with
hexane, a precipitate formed was filtered off, washed with hex-
ane, and dried. The product was used in the next step without
additional purification. The yield was 0.62 g (85%). 'H NMR
(DMSO-dg), 8: 7.43—7.49 (m, 1 H, Ph); 7.49—7.55 (m, 2 H,
Ph); 7.74—7.79 (m, 2 H, Ph); 8.18 (d, 1 H, H(3), / = 7.9 Hz);
8.28 (dd, 1 H, H(4), /=79 Hz, J=2.5Hz); 8.97 (d, 1 H, H(6),
J=2.5Hz). MS (ESI), m/z: 198.06 [M — H] .

5-Phenylpyridine-2-carboxamide (4). Acid 3 (0.62 g, 3.12 mmol)
was suspended in thionyl chloride (40 mL), and the mixture was
refluxed for 3 h. The solvent was evaporated at reduced pressure,
aqueous ammonia (30 mL) was added to the residue, and the
mixture obtained was stirred for 1 h with cooling in an ice bath.
A precipitate formed was filtered off, washed with water, and
dried in vacuo. The product was used in the next step without
additional purification. The yield was 0.53 g (85%). 'H NMR
(DMSO-dg), &: 7.39—7.46 (m, 1 H, Ph); 7.46—7.58 (m, 3 H,
Ph,NH); 7.67—7.75 (m, 2 H, Ph); 7.85 (br.s, 1 H, NH); 8.10—8.19
(m, 2 H, H(3) and H(4)); 8.84 (d, 1 H, H(6), /= 2.5 Hz). MS
(ESI), m/z: 199.09 [M + H]*.

5-Phenylpyridine-2-carboxamide hydrazone (6). Cyanopyr-
idine 5 (0.5 g, 2.77 mmol) was dissolved in a mixture of ethanol—
THF (1:1, 50 mL), followed by the addition of hydrazine hy-
drate (190 uL, 3.9 mmol). The mixture obtained was allowed to
stand at room temperature for 3 days. The solvents were evapo-
rated at reduced pressure, the residue was treated with diethyl
ether, a precipitate formed was filtered off and dried. The prod-
uct was used in the next step without additional purification. The
yield was 440 mg (75%). '"H NMR (DMSO-dy), 8: 5.65 (br.s, 2 H,
NH,); 7.35—7.40 (m, 1 H, Ph); 7.44—7.50 (m, 2 H, Ph);
7.63—7.68 (m, 2 H, Ph); 7.93 (dd, 1 H, H@4), J = 7.9 Hz,
J=12.5Hz);8.00 (d, 1 H, H(3), /J=7.9 Hz); 8.71 (d, 1 H, H(6),
J=12.5Hz). MS (ESI), m/z: 213.11 [M + H]".

Synthesis of 1,2,4-triazines 7 (general procedure). Amidra-
zone 6 (250 mg, 1.18 mmol) was dissolved in ethanol (30 mL),
followed by the addition of a solution of the corresponding 1,2-di-
one (1.18 mmol) in a mixture of ethanol—THF (1 : 1, 50 mL).
The resulting mixture was refluxed for 10 h and cooled to room
temperature. A precipitate formed was filtered off, washed with
ethanol, and dried. An analytical sample was obtained by recrys-
tallization from ethanol.

3-(5-Phenylpyridin-2-yl)phenanthro[9,10-¢]-1,2,4-triazine
(7a). The yield was 270 mg (60%), m.p. > 250 °C. Found (%):
C, 81.14; H, 4.02; N, 14.39. CycH¢Ny. Calculated (%): C, 81.23;
H, 4.20; N, 14.57. '"H NMR (DMSO-dy), §: 7.44—7.50 (m, 1 H,
Ph); 7.53—7.59 (m, 2 H, Ph); 7.80—7.91 (m, 4 H); 7.92—7.98
(m, 1 H); 7.98—8.04 (m, 1 H); 8.32(d, 1 H, Hpy(3), /=8.1 Hz);
8.78—8.85(m, 2 H); 8.89 (dd, 1 H, Hpy(4), /=8.1 Hz, J=2.3 Hz);
9.17 (d, 1 H, Hpy(6), J = 2.3 Hz); 9.43—9.50 (m, 2 H, H(5) and
H(12)). MS (ESI), m/z: 385.15 [M + H]".

5,6-Diphenyl-3-(5-phenylpyridin-2-yl)-1,2,4-triazine (7b).
The yield was 230 mg (50%), m.p. 189—191 °C. Found (%):
C, 80.71; H, 4.56; N, 14.57. CycH (N,. Calculated (%): C, 80.81;
H,4.69; N, 14.50. 'H NMR (DMSO-dy), 8: 7.37—7.51 (m, 7 H, Ph);
7.51—7.57 (m, 2 H, Ph); 7.58—7.63 (m, 2 H, Ph); 7.64—7.70
(m, 2 H, Ph); 7.78—7.84 (m, 2 H, Ph); 8.27 (dd, 1 H, Hpy(4),
J=18.3Hz,J=2.3 Hz);8.68 (d, 1 H, Hpy(3), /= 8.3 Hz); 9.12
(d, 1 H, Hpy(6), J = 2.3 Hz). MS (ESI), m/z: 387.16 [M + H]*.

Synthesis of bipyridines 8 (general procedure). A mixture of
the corresponding triazine 7 (0.25 mmol) and 1-morpholino-
cyclopentene (0.2 mL, 1.25 mmol) was stirred for 2 h at 200 °C
under argon. Then, 1-morpholinocyclopentene (0.1 mL,
0.625 mmol) was added and the stirring was continued for an-
other 1 h in the same regime. Afterwards, the reaction mixture
was cooled to room temperature and diluted with acetonitrile,
the resulting mixture was heated to boiling, then cooled to room
temperature. A precipitate formed was filtered off, washed with
acetonitrile, and dried. An analytical sample was obtained by
recrystallization from acetonitrile.
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10-(5-Phenylpyridin-2-yl)-12,13-dihydro-11H-dibenzo[f,/]-
cyclopenta[c]quinoline (8a). The yield was 90 mg (84%), m.p.
170—172 °C. Found (%): C, 87.94; H, 5.11; N, 6.48. C3;H»,N,.
Calculated (%): C, 88.12; H, 5.25; N, 6.63. 'H NMR (CDCl,),
8:2.27 (m, 2 H, CH,(12)); 3.68 (t, 2 H, CH,(11),J=7.6 Hz); 3.74
(t,2H, CH,(13),/=7.6 Hz); 7.41—7.47 (m, | H, Ph); 7.49—7.56
(m, 2 H, Ph); 7.62—7.76 (m, 6 H); 8.12 (dd, 1 H, Hpy(4),
J=8.3Hz,J=2.3Hz); 8.58—8.63 (m, 1 H); 8.63—8.68 (m, 1 H);
8.69—8.73 (m, 1 H); 8.78 (d, 1 H, Hp(3),/=8.3 Hz);8.99 (d, 1 H,
Hpy(6), / = 2.3 Hz); 9.53 (m, 1 H, H(8)). 13C NMR (CDCl,),
8:26.1,33.3,37.4,122.4,123.1, 123.3, 123.5, 126.1, 126.6, 127.2,
127.3, 127.8, 128.1, 128.3, 129.1, 130.1, 130.7, 131.1, 131.8,
134.7, 135.5,138.0, 138.9, 144.9, 146.9, 149.9, 152.0, 157.6. MS
(ESI), m/z: 423.19 [M + H] .

3,4-Diphenyl-1-(5-phenylpyridin-2-yl)-6,7-dihydro-5 H-cyclo-
penta[c]pyridine (8b). The yield was 80 mg (74%), m.p. 138—140 °C.
Found (%): C, 87.62; H, 5.57; N, 6.44. C3;HyN,. Calculat-
ed (%): C, 87.70; H, 5.70; N, 6.60. 'H NMR (CDCly), §: 2.12
(m, 2 H, CH,(6)); 2.85 (t,2 H, CH,(7), /= 7.6 Hz); 3.59 (t,2 H,
CHy(5),/=7.6 Hz); 7.15—7.23 (m, 5 H, Ph); 7.25—7.33 (m, 3 H,
Ph); 7.38—7.45 (m, 3 H, Ph); 7.47—7.53 (m, 2 H, Ph); 7.65—7.70
(m, 2 H, Ph); 8.01 (dd, 1 H, Hp,(4), J = 8.3 Hz, J = 2.3 Hz);
8.50(d, 1 H, Hpy(3),/=8.3 Hz);8.94 (d, 1 H, Hpy(6),/=2.3 Hz).
3C NMR (CDCly), &: 25.4, 32.9, 33.7, 123.2, 127.0, 127.1,
127.3, 127.6, 128.0, 128.2, 129.1, 129.9, 130.2, 132.6, 134.7,
135.3, 138.0, 138.8, 140.7, 147.0, 150.0, 154.5, 155.8, 157.4.
MS (ESI), m/z: 425.20 [M + H]*.
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