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Abstract Keywords
In this work, we report the synthesis of novel coumarin-bipyridine conju- chemosensors
gates using a sequence of C-C coupling reaction between 5,7-dimethox- coumarins
ycoumarins and 3-pyridyl-6-aryl-1,2,4-triazines followed by the Boger re- 2,2’-bipyridines

action with norbornandiene to obtain 8-[2,2'-bipyridyl]-5,7-dimethox-
ycoumarins. Photophysical properties were investigated for the obtained
series of 8-[2,2'-bipyridyl]-5,7-dimethoxycoumarins: absorption and
emission wavelength maxima are in the region of 212-296 and 401-
410 nm, respectively; Stokes shifts are up to 116 nm, and fluorescence
quantum yields are up to 15.0%. It was found that titrating the conjugates
with Al3*, Zn?*, and Cd?* ions results in an increase in the intensity of the
emission maxima of the complexes, while the opposite effect was observed
in the case of titration with Cu®* ions. These findings suggest that the stud-
ied compounds may be considered as promising chemosensing materials.
Finally, a positive solvatochromism of 8-[2,2'-bipyridyl]Jcoumarins and
their metal complexes was established. The experimental data are sup-
ported by mathematical calculations according to the Lippert-Mataga
equation and Kosower diagram.
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e A new series of 8-[2,2'-bipyridyl]-5,7-dimethoxycoumarins with good yields and high regioselectivity was prepared.

e The obtained compound are characterized by Aabs and Aem in the range of 212-296 and 401-410 nm, respectively, AL

up to 116 nm, and quantum yields up to 15.0%.

e 8-[2,2'-bipyridinylJcoumarins demonstrate promising chemosensing properties towards Al3*, Cu?*, Cd**, Zn?* ions.

© 2023, the Authors. This article is published in open access under the terms and conditions of
the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction A variety of substituted coumarins as chemosensors,

which are basically “push-pull” systems, are commercially

The coumarin is a promising scaffold for the preparation 3yajlable compounds (Figure 1) [26].

of a wide range of materials with valuable properties. Alt- It is known that many coumarins as chemosensors in-
hough unsubstituted coumarin has low fluorescence inthe  teract with ions Al3*, Cu*, Cd2*, Zn>* by coordination mech-

visible light [1], many properly substituted coumarin de-  3nism (Scheme 1).
rivatives show fluorescence in a wide range [2-5]. More-

over, coumarins are widely used as fluorescent chemosen- ~ i N O N F N COH ~ i N
sors for various analytes, including inorganic anions [6- @Gﬁ;“ Homo 0o
11], metal cations [12-16], reactive oxygen species [17, F

18], sulfur [19, 20] or nitrogen [21-23], and biologically Coumarin 343 azide e e e 4821468 nm
active compounds [24, 25]. Figure 1 Some commercially available fluorescent coumarins.
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For example, many coumarin-based sensors are known
for aluminum cations, which are able to "turn on" fluores-
cence with the formation of a stable complex, as well as
with the inhibition of the PET effect [27, 28] (Scheme 1a).
In the case of interaction of fluorophores with copper ions,
the mechanism of fluorescence quenching at coordination
with Cu?* by the PET mechanism is realized [29] (Scheme
1b). Dey's group developed a coumarin-rhodamine FRET-
sensor for the determination of Cd?* ions. In aqueous meth-
anol solution, the probe showed a 19-fold fluorescence en-
hancement in the operating range of pH = 6-10 (Scheme 1c)
[30]. Govindaraju's group reported a triazole-containing
ligand (Scheme 1d), which showed fluorescence response to
several metal ions in aqueous solution containing a small
amount of acetonitrile. In the case of determination of zinc
ions, Zn2* fluorescence enhancement at 418 nm was ob-
served [31].

In our presented work, we obtained bipyridine-couma-
rin conjugates, which showed fluorescence response to Al3*,
Cu?*, Cd?*, and Zn?*ions, for which the photophysical prop-
erties and the influence of solvent polarity were studied.

Previously, we carried out nucleophilic hydrogen substi-
tution reactions, which showed great efficiency in the syn-
thesis of monoazinyl derivatives of coumarins and conju-
gates based on monopyridine coumarins [32-34]. This
strategy was also applied to the synthesis of bipyridine-cou-
marin conjugates, and the efficiency was confirmed by good
yields and high selectivity.
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Scheme 1 Chemosensors based on coumarin framework.
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Thus, in the present work, we further developed this
synthetic protocol for bipyridine-coumarins conjugates and
studied the photophysical properties to obtain potential
chemosensors for metal ions such as Cd?*, Cu?*, Zn?*, Al3*,

2. Experimental

2.1. Materials and equipment

NMR spectra were recorded on a Bruker Avance-400 spec-
trometer, 298 K, digital resolution +0.01 ppm. Chemical
shifts are expressed in ppm (&) and refer to residual signals
of solvent, and signals are designated as s (singlet), d (dou-
blet), t (triplet), m (multiplet); coupling constants J are
given in Hz. TMS (tetramethylsilane) was used as an inter-
nal standard (for 'H and *3C). Thin layer chromatography
(TLC) was performed on silica gel coated glass slide (Merck,
Silica Gel G for TLC). Silica gel (60-120 mesh, SRL, India)
was used for column chromatography. Microanalysis (C, H,
N) was carried out on a Perkin-Elmer 2400 elemental ana-
lyzer. All solvents were dried and distilled before use. All
reactions involving moisture-sensitive reagents were per-
formed using oven-dried glassware. Fluorescence spectra
were measured on a Horiba-Fluoromax-4 spectrofluorime-
ter. UV/Vis absorption spectra were recorded using a Shi-
madzu UV-2550 UV-Vis spectrometer.

The starting coumarins were obtained according to the
procedure described in [35, 50]. Triazines were obtained
according to methods known in the literature [32-34, 36].

The XRD experiment was accomplished on equipment of
the ‘SAOC’ centre of collective using I0S UB RAS using the
automated ‘Xcalibur 3’ diffractometer with the standard
procedure (Mo K-irradiation, graphite monochromator, w-
scans with 1° step). Empirical absorption correction was
applied. The collection, data reductions and refinement of
the unit cell parameters were carried out using the CrysA-
lisPro program. The structures were solved with the ShelXS
structure solution program using direct method and refined
with the ShelXL refinement program using Least Squares
minimization in anisotropic approximation for nonhydro-
gen atoms [48, 49].

2.2. General procedure for the synthesis of

coumarin-triazines conjugates 3a-d

To a dichloromethane solution of the corresponding couma-
rin (1 eq.) 1a-d, corresponding 1,2,4-triazine 2a, b and me-
thanesulfonic acid (10 eq. 960 mg) was added, and the mix-
ture was stirred at room temperature for 12 hours. After
completion of the reaction, the dichloromethane was dis-
tilled off from the reaction mixture, and the residue was neu-
tralized to pH = 7. Then, DDQ(2,3-dichloro-5,6-dicyano-1,4-
benzoquinone) (1.1 eq.) or chloranil (1.2 eq.) in 1,2-dichloro-
ethane (10 ml) was added, and the mixture was heated at
80 °C. The pure products 3a-d were isolated using silica gel
flash chromatography (hexane:ethyl acetate = 1:1).

DOI: 10.15826/chimtech.2023.10.4.17
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2.2.1. 5-(5,7-Dimethoxy-4-phenyl-2H-chromen-2-on-8-
yD-3-(pyridyl-2)-6-tolyl-1,2,4-triazine (3a)

Yield 70%. Light orange powder, m.p. 283-285 °C.'H NMR
(CDCl;, 8, ppm): 2.34 (s, 3H, Me), 3.46 (s, 3H, OMe),
3.56 (s, 3H, OMe), 5.97 (s, 1H, H3), 6.15 (s, 1H, H®), 7.14 (d,
] = 7.8 Hz, 1H, H,), 7.25 (s, 2H, Ho), 7.41-7.34 (m, 3H,
Hm+p), 7.5-7.46 (m, 3H, Ho, H> (Py)), 7.96 (¢, )J = 7.5 Hz, 1H,
H4 (Py)), 8.76 (d, ¥ = 7.9 Hz, 1H, H3 (Py)), 8.92 (d,
J = 4.0 Hz, 1H, H° (Py)). 3C NMR (CDCls, §, ppm): 21.5,
55.7, 56.1, 91.4, 103.8, 107.6, 113.5, 124.5, 125.6, 127.1,
127.6, 128.2, 128.5, 129.1, 132.6, 137.7, 139.7, 139.8, 150.1,
152.7, 152.8, 153.4, 153,8, 154.3, 155.3, 159.5, 159.7, 159.8,
160.5 161.1. Found, %: C 72.65, H 4.32, N 10.78. C32H24N404.
Calcd., %: C 72.72, H 4.58, N 10.60.

2.2.2. 5-(5,7-Dimethoxy-4-methyl-2H-chromen-2-on-8-
y1)-3-(pyridyl-2)-6-phenyl-1,2,4-triazine (3b)

Yield 54%. Light orange powder, m.p. 272-274 °C. '"H NMR
(CDCl;, 8, ppm): 2.50 (s, 3H, Me), 3.55 (s, 3H, OMe),
3.88 (s, 3H, OMe), 5.89 (s, 1H, H3), 6.22 (s, 1H, H), 7.38-
7.25 (m, 3H, Hm+p), 7.45-7.38 (m, 1H, H> (Py)), 7.53 (d,
] = 6.8 Hz, 2H, Ho), 7.93-7.85 (m, 1H, H# (Py)), 8.70 (d,
J = 7.9 Hz, 1H, H3 (Py)), 8.86 (d, J = 4.1 Hz, 1H, H® (Py)).
3C NMR (CDCl3, &, ppm): 24.5, 55.9, 56.0, 91.0, 104.9,
107.2, 112.1, 124.4, 125.3, 128.2, 128.5, 129.5, 135.5, 137.1,
150.5, 153.0, 153.1, 154.0, 154.2, 159.4, 159.8, 159.9, 160.7,
161.7. Found, %: C 69.26, H 4.22, N 12.51. C26H20N404.
Calcd., %: C 69.02, H 4.46, N 12.38.

2.2.3. 5-(5,7-Dimethoxy-4-methyl-2H-chromen-2-on-8-
y1)-3-(pyridyl-2)-6-tolyl-1,2,4-triazine (3¢)

Yield 58%. Light orange powder, m.p. 262-264 °C. '"H NMR
(CDCl3, 8, ppm): 2.31 (s, 3H, Me), 2.52 (s, 3H, Me), 3.58 (s,
3H, OMe), 3.90 (s, 3H, OMe), 5.90 (s, 1H, H3), 6.24 (s, 1H,
Heé), 7.09 (d, YJ = 7.9 Hz, 2H, Hn), 7.41 (d, YJ = 5.4 Hz, 1H, Hs
(Py)), 7.44 (d, J = 7.9 Hz, 2H, Ho), 7.89 (td, J = 7.5 Hz,
2] = 1.3 Hz, 2H, H, (Py)), 8.70 (d, J = 7.9 Hz, 1H, H; (Py)),
8.86 (d, iJ = 4.4 Hz, 1H, He (Py)). 3C NMR (CDCl3, §, ppm):
21.5, 24.5, 56.0, 56.1, 91.0, 104.9, 107.5, 112.2, 124.4, 125.3,
128.5, 129.0, 132.6, 137.1, 139.6, 150.5, 152.9, 153.2, 154.0,
154.2, 159.4, 159.9, 160.0, 160.6, 161.5. Found, %: C 71.71,
H 4.82, N 11.58. C27H22N404. Calcd., %: C 71.52, H 4.75, N
12.01.

2.2.4. 5-(5,7-Dimethoxy-3-benzyl-4-methyl-2H-
chromen-2-on-8-yl)-3-(pyridyl-2)-6-tolyl-1,2,4-
triazine (3d)

Yield 67%. Light orange powder, m.p. 221-223 °C. 'H NMR

(CDCl;, 8, ppm): 2.32 (s, 3H, Me), 3.58 (s, 3H, OMe),

2.53 (s, 3H, Me), 3.97 (s, 2H, CHz), 3.89 (s, 3H, OMe),

6.24 (s, 1H, H®), 7.10 (d, J = 7.9 Hz, 2H, Hn), 7.20-7.13 (in,

2H, Ho), 7.30-7.21 (m, 3H, Hm+p), 7.49-7.37 (m, 3H Ho, H>

(Py)), 7.90 (t, Y = 7.7 Hz, 1H, H* (Py)), 8.70 (d, J = 7.9 Hz,

1H, H3 (Py)), 8.86 (d, Y = 3.7 Hz, 1H, H® (Py)). 3C NMR

(CDCl3, §, ppm): 20.2, 21.5, 32.7, 56.0, 56.1, 91.3, 105.6,

107.2, 121.7, 124.4, 125.3, 126.2, 128.3, 128.5, 128.6, 129.0,

132.7, 137.1, 139.4, 139.5, 149.5, 150.5, 152.7, 153.0, 153.2,
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159.2, 159.5, 160.4, 161.0, 161.5. Found, %: C 73.36, H 4.78,
N 9.98. C34H26N404. Calcd., %: C 73.65, H 4.69, N 10.11.

2.2.5. General procedure for the synthesis of coumarin-
bipyridine conjugates 4a-d

The corresponding 1,2,4-triazine 3a-d (0.15 mmol) was
suspended in 1,2-dichlorobenzene (15 mL); then, 2,5-nor-
bornadiene (69 pL, 0.75 mmol) was added, and the result-
ing mixture was stirred at 215 °C in an autoclave in argon
atmosphere for 20 h. The solvent was removed under re-
duced pressure, and the residue was purified by flash chro-
matography (mixture of DCM and ethyl acetate (10:1) as el-
uent to obtain pure 4a-d). The analytical sample was ob-
tained by recrystallization (acetonitrile).

2.2.6. 5,7-Dimethoxy-4-phenyl-8-(5-p-tolyl-2,2'-bipyri-
din-6-yl)-2H-chromen-2-one (4a)

Yield 73%. 'H NMR (CDCls, 6, ppm): 2.30 (s, 3H, CHs),
3.43 (s, 3H, OCHs), 3.60 (s, 3H, OCHs3), 5.95 (s, 1H,
H3(coumarine)), 6.14 (s, 1H, H®(coumarine)), 7.00-7.05 (m,
2H, CeH4CH3), 7.12-7.16 (m, 2H, CeH4CH3), 7.23-7.30 (m,
3H, Ph), 7.34-7.40 (m, 3H, Ph+H%(Py)), 7.73-7.79 (m, 1H,
H3(Py)), 7.86 (d, 1H, 3] 8.0 Hz, H3(Py)), 8.38-8.44 (m, 2H,
H4(Py)+H#(Py)), 8.67-8.70 (m, 1H, H®(Py)). 3C NMR
(CDCl3, &, ppm): 21.2, 55.5, 55.9, 91.7, 103.6, 112.1, 113.0,
120.5, 122.0, 123.5, 127.5, 127.9, 128.4, 128.6, 129.8, 133.9,
136.9, 138.3, 139.2, 140.2, 149.1, 149.8, 154.2, 155.1, 155.4,
156.5, 158.4, 160.6, 160.7, 165.4. Mass spectrum, m/z (Ire,
%): Found, 527.1979 (100), Calcd., 527.1978 (100)
[M +H]*. Found, %: C 77.56, H 4.99, N 5.31. C34H26N20,.
Calcd., %: C 77.55, H 4.98, N 5.32.

2.2.7. 5,7-Dimethoxy-4-methyl-8-(5-phenyl-2,2'-bipyri-
din-6-yl)-2H-chromen-2-one (4b)

Yield 75%. 'H NMR (CDCl3, 8, ppm): 2.54 (s, 3H, CHs),
3.64 (s, 3H, OCH3), 3.90 (s, 3H, OCHs), 5.94 (s, 1H,
H3(coumarine)), 6.26 (s, 1H, H®(coumarine)), 7.21-7.29 (m,
4H, Ph+H>5(Py)), 7.30-7.35 (m, 2H, Ph), 7.76-7.82 (m, 1H,
H¥(Py)), 7.91 (d, 1H, 3] 8.0 Hz, H3(Py)), 8.42-8.49 (in, 2H,
H4(Py)+H#(Py)), 8.71-8.75 (m, 1H, H®(Py)). 3C NMR
(CDCl;, 6, ppm): 24.4, 55.7, 55.8, 76.8, 77.1, 77.4, 91.1,
104.7, 111.5, 111.6, 120.3, 121.9, 123.5, 127.2, 127.8, 128.5,
136.8, 138.2, 139.1, 139.8, 149.0, 149.9, 154.0, 154.1, 155.1,
159.2, 160.1, 160.7. Mass spectrum, m/z (Ire, %): Found,
451.1653 (100), Calcd., 451.1652 (100) [M +H]*. Found, %:
C 74.66, H 4.91, N 6.23. C28H22N204. Calcd., %: C 74.65, H
4.92, N 6.22.

2.2.8. 5,7-Dimethoxy-4-methyl-8-(5-p-tolyl-2,2'-bipyri-
din-6-yl)-2H-chromen-2-one (4c¢)

Yield 75%. 'H NMR (CDCl;, 9, ppm): 2.26 (s, 3H, CHj),
2.52 (s, 3H, CH3), 3.61 (s, 3H, OCH3), 3.87 (s, 3H, OCH53),
3.97-3.99 (m, 2H, CH:), 5.88 (s, 1H, H3(coumarine)),
6.21 (s, 1H, H%(coumarine)), 6.96-7.01 (m, 2H, CeH,CH3),
7.07-7.12 (m, 2H, CeH4CH3), 7.23-7.27 (m, 1H, H¥(Py)),
7.70-7.75 (m, 1H, H¥(Py)), 7.82 (d, 1H, 3] 8.0 Hz, H3(Py)),
8.34-8.41 (m, 2H, H4(Py)+H%¥(Py)), 8.65-8.69 (m, 1H,
H®(Py)). 3C NMR (CDCl3, §, ppm): 21.1, 24.4, 55.7, 55.8,
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91.1, 111.7, 120.2, 121.9, 123.3, 128.3, 128.5, 129.8, 133.8,
136.6, 136.7, 136.8, 138.2, 139.1, 149.0, 149.8, 153.9, 154.9,
156.5, 159.1, 160.1, 160.7, 165.3. Mass spectrum, m/z (Irel,
%): Found, 465.1818 (100), Calcd., 465.1817 (100) [M +H]*.
Found, %: C 75.96, H 5.22, N 6.04. C29H24N204. Calcd., %:
C 74.98, H 5.21, N 6.03.

2.2.9. 3-Benzyl-5,7-dimethoxy-4-methyl-8-(5-p-tolyl-
2,2'-bipyridin-6-yl)-2H-chromen-2-one (4d)
Yield 69%. *H NMR (CDCls, §, ppm): 2.27 (s, 3H, CHj),
2.51 (s, 3H, CHj), 3.62 (s, 3H, OCHs3), 3.85 (s, 3H, OCHs3),
3.97-3.99 (m, 2H, CH.), 6.24 (s, 1H, H®(coumarine)),
6.97-7.01 (m, 2H, CeH4CH3), 7.08-7.12 (m, 2H, CeH4CH3),
7.15-7.20 (m, 3H, Ph), 7.22-7.28 (m, 3H, Ph+H5(Py)),
7.71-7.77 (m, 1H, H¥(Py)), 7.84 (d, 1H, 3] 8.0 Hz, H3(Py)),
8.36-8.43 (m, 2H, H4(Py)+H#(Py)), 8.66-8.70 (m, 1H,
H®(Py)). 3C NMR (CDCls, §, ppm): 20.0, 21.2, 32.6, 55.7,
55.8, 91.5, 105.3, 114.5, 120.2, 121.0, 121.9, 123.3, 126.0,
128.2, 128.4, 129.8, 133.8, 136.6, 136.8, 136.9, 139.2, 139.7,
149.0, 149.5, 149.9, 152.4, 154.9, 156.5, 158.9, 159.3, 161.5,
165.3. Mass spectrum, m/z (Irel, %): Found, 555.2293 (100),
Calcd., 555.2292 (100) [M +H]*. Found, %: C 77.95, H 5.47,
N 5.04. C36H30N204. Calcd., %: C 77.96, H 5.45, N 5.05.
2.2.10. Crystal data for 4b
C28H22N204 (M = 450.47), monoclinic, space group P2;/c at
295(2) K: a = 7.2510(9), b = 16.3628(17) and ¢ = 19.364(2) A,
B = 96.566(13)°, V = 2282.4(5) A3, Z = 4, dcaic = 1.311 g-cm’3,
u(Mo Ka) = 0.088 mm™, F(000) = 944. On the angles
7.118° < 260 < 52.73° total of 12889 reflections were col-
lected (4614 Rint = 0.0909,
Rsigma = 0.1273) which were used in all calculations. The fi-
nal R; = 0.0615, WR2 = 0.1141 [for reflections with I > 2s(I)]
and R: = 0.1757, WR2 = 0.1649 (for all data), GOOF = 0.944.
Largest diff. peak and hole 0.16/-0.21 A3

independent reflections,

3. Result and Discussion

3.1. Synthesis

We have recently described the synthesis of 8-(2,5-di-
aryl)pyridylcoumarins and evaluated their photophysical
properties [34]. The results of photophysical studies re-
vealed a number of advantages of the combined pyridine-
coumarin fluorophore systems over both coumarins and di-
arylpyridines, including the previously published 2,5-dia-
rylpyridines with an alkoxy group at the C-6 position. Pos-
itive solvatochromia was demonstrated for the two most
representative fluorophores, and the data were analyzed
using the Lippert-Mataga equation as well as the Kosower
and Dimroth/Reichardt scales.

In this report, we wish to expand the scope of this method
by exemplifying the synthesis of 8-[2,2'-bipyridinyl]couma-
rins 4a-d as well as studying their photophysical properties
and evaluating them as potential chemosensors for Al3*, Cu?*,
Cd?**, and Zn?* ions. The synthetic route to 8-[2,2'-bipyridi-
nylJcoumarins is shown in Scheme 2.
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At the beginning of this work, starting triazines 2 were
obtained according to the optimized synthetic approach
[32, 33, 34, 36] using the reaction of interaction of amidra-
zones with glyoxal. In particular, the reaction was carried
out in a chloroform:water mixture at 60 °C for 2 days to
increase the yield.

The subsequent C-C coupling of 5,7-dimethoxycouma-
rins 1a-d with 1,2,4-triazines 2a, b was carried out by nu-
cleophilic addition at the C-5 position of the 1,2,4-triazine
followed by oxidative aromatization of the dihydroadducts
3'a-d. We found that the previously described conditions
for the reaction of 1,2,4-triazines with 5,7-dimethoxycou-
marins, namely reaction in the presence of 3 eq. me-
thanesulfonic acid (MsOH) in acetic acid at ambient tem-
perature for 24 h, can not be successfully used for the syn-
thetic approach described herein. In contrast to our previ-
ous work, 3 equiv. methanesulfonic acid were not sufficient
to efficiently catalyze this reaction, and a mixture of the
starting coumarin 1 and triazine 2 was isolated from the re-
action mixture. We found that increasing the amount of me-
thanesulfonic acid to 10 equiv. allowed carrying out this
first step with high yield. Subsequent oxidation of the
formed dihydrotriazines was performed under the action of
DDQ in 1,2-dichloroethane (DCE) with reflux, resulting in
fully oxidized triazine derivatives with coumarins 3a-d
with good yields (65-77%) (Scheme 2).

It is well known that 1,2,4-triazines form pyridines un-
der conditions of inverse electron-demand Diels-Alder re-
action with norbornadiene. In the present work, the trans-
formation of 1,2,4-triazines 3a-d into 8-(bipyridyl)couma-
rins 4a-d was carried out under autogenous pressure con-
ditions according to the procedure from [33, 34]. The prod-
ucts of reaction 4a-d were isolated in good yields. In addi-
tion, we would like to note that the reaction of 8-(bi-
pyridyl)coumarins could not be carried out under reflux in
1,2-dichlorobenzene.

OMe R!
RZ
OMe R! \[ =
MeO oo
MeO 070 1.AcOH, MsOH, r.t. = N N,
2.DDQ, DCE, 60 °C N N
1a-d N ‘ A
=

4a, 73%
Scheme 2 The resulting products of coumarins and azines 3a-d and
4a-d.

4b, 69% 4c, 75% 4d, 75%
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The structures of compounds 3a-d and 4a-d were in ac-
cordance with 'H NMR spectroscopy data. The characteris-
tic signals of hydrogen at C-6 carbon atom in the triazine
core in the region from 6.15 to 6.24 ppm were registered
for the obtained compounds 3a-d. In the case of conjugates
4a-d the signal of the H-3 pyridine doublet in the region of
7.8-7.9 ppm with the constant '/ = 8.0 Hz was detected.

In addition, to confirm the structure of the obtained
compounds 4a-d, we carried out X-ray diffraction analysis.
The obtained data of X-ray diffraction analysis on the ex-
ample of compound 4b unambiguously confirm the trans-
formation of the 3-pyridyl-1,2,4-triazine moiety to the 2,2'-
bipyridyl one (Figure 2).

3.2. Photophysical properties

The primary photophysical characteristics of compounds
of the series 8-([2,2'-bipyridine]-6-yl)-5,7-dimethoxy-
2H-chromen-2-ones 4a, 4b, 4c, 4d were studied. The re-
sults obtained are collected in Table 1. These compounds
were found to exhibit fluorescence in acetonitrile solu-
tions, with emission maxima in the range of 401-410 nm
and fluorescence quantum yields up to 15%. An increase
in the quantum yield value can be observed, in the pres-
ence of a methyl group at the C4 position of the coumarin
core. As for compound 4a containing a phenyl substitu-
ent in this position, its fluorescence is much weaker than
that of the other compounds of this series. This phenom-
enon was previously described for 4-phenyl-substituted
coumarins 4e, 4q containing monopyridyl substituents in
position C-8 [35]. It is also worth noting that the values
of Stokes shift of the considered series of compounds are
quite high, reaching 114 nm, which is twice as high as for
the previously published 5-phenyl- and 5-tolyl-2,2'-bi-
pyridines [37], but is comparable to the Stokes shift of a
number of coumarin-substituted (bi)pyridines (Table 1).

Thus, in the absorption spectra in acetonitrile solu-
tions, the newly obtained coumarin-bipyridines 4a-d ex-
hibit intense absorption in the region of 212-296 nm,
which corresponds to n-n* transitions. Surprisingly, the
substituted coumarin-bipyridine derivatives g4a-c, in the
case where R? = H, have quantum yields ranging from less
than 0.1%, 5.6%, to 8.4%. On the other hand, it is notice-
able that in compound 4d, where R! = Me, R? = Bn, the
emission maximum reaches 410 nm with a quantum yield
value of 15.0%.

In our previous work [34], B3LYP/6-31G DFT calcula-
tions of the molecular structure of a representative com-
pound containing a 4-methyl group in the coumarin ring
and its 4-phenyl analog were carried out. The calculations
showed that the 4-phenyl derivatives are characterized by
the removal of the 5-methoxy group from the plane of the
coumarin ring. Because of these structural features, effec-
tive conjugation in 4-phenyl derivatives is not possible, and
the double bonds behave as isolated fluorophores, resulting
in low fluorescence yields.
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Obviously, the addition of pyridyl ring to 8-pyridyl cou-
marins at the C2' position gives rise to a potential coordi-
nation center. In the course of studying the complexation
properties of compounds of the series of coumarin-substi-
tuted 2,2'-bipyridinesit was found that titration of acetoni-
trile solutions of compounds 4a, 4b, 4c, 4d with AlCl; solu-
tion in THF in all cases is accompanied by a significant in-
crease in the emission intensity (Figure 3), and in the case
of the ligand 4a a bathochromic shift of the emission maxi-
mum of the complex relative to the ligand by 67 nm is also
observed (Figure 3-6).

Figure 2 Structure of compound 4b (CCDC2304245) obtained by X-
ray diffraction.
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Figure 3 Solution emission spectra of compound 4a upon addition
of different concentrations of AICl; solutions in THF.
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Figure 4 Solution emission spectra of compound 4b upon addition
of different concentrations of AICl; solutions in THF.
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Table 1 Photophysical characteristics of coumarins 4a, 4b, 4c, 4d and their previously described analogs.
OMe R'
S R?
MeO (o) (o)
N
. X\
‘ =
R R? R3 X Aabs, NM? Aem, NMP AA, nm @, %°

4a Ph H Tol N 238, 292 408 116 <0.1
4b Me H Ph N 227, 294 401 107 5.6
4c Me H Tol N 212, 237, 296 401 105 8.4
4d Me Bn Tol N 241, 296 410 114 15.0
4e [34] Me H Tol CH 212, 260, 300 402 102 14.4
4q [34] Me Bn Tol CH 211, 252, 296-300 101 110 13.3

Ph. N
! B - - Ph N 298 357 59 3.2

= [371

Tol = ‘N

\Q\@ - - Tol N 302 360 58 17.0
- [37]

aMaximum of absorption in acetonitrile at room temperature; > maximum of emission in acetonitrile at room temperature; ¢ quantum
yield measured by absolute method in acetonitrile solution at room temperature
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Figure 5 Solution emission spectra of compound 4c¢ upon addition
of different concentrations of AICl; solutions in THF.
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Figure 6 Solution emission spectra of compound 4d upon addition
of different concentrations of AICl; solutions in THF.

In the case of titration of compounds 4a-d with Zn?* and
Cd?* ions, a significant increase in the emission intensity
and bathochromic shifts of the emission maximum of the

6 of 10

complexes relative to the ligands were also observed (see
supplementary materials).

The opposite situation is observed when titrating ace-
tonitrile solutions of ligands 4a, 4b, 4c, 4d with CuCl. solu-
tion in THF (Figures 7-10). Here, an increase in the concen-
tration of Cu?* cations in the analyzed solutions is accom-
panied by a sharp drop in the emission intensity up to the
complete loss of fluorescence properties.

Further, the solvatochromic properties of the compounds
and their complexes with Al3* in various organic solvents
were investigated at a concentration of 1.33-1075 M. Based
on the results of a series of experiments, positive solvato-
chromism was found for coumarins 4a, 4b, 4c as well as their
complexes with Al3*. The obtained emission spectra of the
compounds and complexes are shown in Figures 11-12 (other
spectra are presented in the supplementary materials).

The difference of dipole moments of the ground and
excited states in Debye units was calculated for the sam-
ples based on the graphical dependence of the Stokes shift
difference on the orientational polarizability of the sol-
vents in accordance with the Lippert-Mataga equation
[38-42] (Figure 13).

Based on the calculated Ap values (Table 2), it can be
concluded that the most pronounced solvatochromic prop-
erties are possessed by ligand g4a (14.89 D). At the same
time, it should be noted that, based on the data found, in
the case of compound 4c there is a 1.5-fold enhancement of
solvatochromic properties in the process of complexation
with Al3*. No solvatochromic properties were detected for
compound 4d.

Finally, to confirm the phenomenon of positive solvato-
chromism of the considered compounds and their com-
plexes with Al3*, we analyzed the dependence of the batho-
chromic shifts of the emission maxima on the quantitative
criteria of the polarity of the solvents used, in particular,
according to the Kosower diagrams [43-47].
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Table 2 Calculation data for the difference between the dipole mo-
ments of the ground and excited state switching of compounds 4a,
4b, 4c¢ and their complexes with Al3*.

Compound/Complex Increment R? Ap, D
4a 17455 0.90 14.89
4a+Al3* 14822 0.98 13.75
4b 6663 0.91 9.20
4b+Al3* 7101 0.91 9.50
4c 9353 0.98 10.90
4C+AI 22124 0.94 16.77

The results obtained in almost all cases correlate well
with the quantitative values of the polarity of the corre-
sponding solvents. However, an exception was observed
in the case of DMSO for complexes 4a and 4b, as well as
the latter ligand, where the emission maxima in this sol-
vent slightly exceed that in the acetonitrile solution (Table
3, entry 3). However, considering the close values of the
polarity criteria of DMSO and acetonitrile within both
scales (71.1 and 71.3 kcal/mol by Kosover or 45.1 and
45.6 kcal/mol by Dimroth/Reichardt, respectively), these
deviations can be considered insignificant. A more signif-
icant, but also not crucial, deviation from the regularities
was noted for compound 4a in the case of toluene (Table
3, entry 6), where the value of the wavelength of the main
emission maximum is significantly lower compared to cy-
clohexane and n-heptane, despite very close values of the
polarity criteria.
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4. Limitation

In this paper, a convenient method for the synthesis of 8-
[2,2'-bipyridinylJcoumarins starting from 1,2,4-triazinyl
coumarins by a three-step reaction was proposed. In addi-
tion, the primary photophysical properties, the influence of
solvent polarity, and the reliability of experimental results
with mathematical calculations using the Lippert-Mataga
equation and Kosower diagram were investigated. How-
ever, the analyte determination concentrations and some
differences in photophysical characteristics have not been
fully determined in this work. In further in-depth studies,
we will try to explore additional photophysical compounds,
expand the application to other analytes, and achieve the
desired photophysical properties.

5. Conclusions

Thus, the work resulted in a convenient, simple and efficient
route to synthesizing coumarin-bipyridine conjugates. This
approach was characterized by easy availability of starting re-
agents, refusal of reaction catalysis by metals, and good yields.
In addition, primary results on the photophysical properties of
coumarin-bipyridines, the influence of solvent polarity, and
the change of properties upon titration with Al3*, Cu?*, Zn?*,
Cd?** ions were found. The discovered optical properties of the
obtained complexes of coumarin-bipyridines with metals open
up possibilities for obtaining new efficient chemosensors.
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Figure 13 Graphical dependences of the Stokes shift difference on the orientational polarizability of solvents for ligands 4a, 4b, 4c (a)

and their complexes with Al3* (b).

Table 3 Solvatochromic properties of compounds 4a, 4b, and 4c and their complexes with Al3*.

MeOH MeCN DMSO DCM THF Toluene n-Heptane Cyclohexane

Z, kcal/mol 83.6 71.3 71.1 64.7 58.8
Er, kcal/mol 55.4 45.6 45.1 40.7 37.4 33.9 31.1 30.9
4a 416 395 407 373 - 328 354 349
4a+Al* 394 376 386 375 - 352 - -
4b 458 - 408 - 385 382 - 372
4b+AI3* - 403 - - 386 383 370 -
4c 449 - 450 403 - 385 377 374
4c+AP? 459 404 407 398 388 - 370 370
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