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Abstract

The derivatives of 3-hydroxy-2,2'-bipyridines are of interest due to their
photophysical properties. They are also efficient and selective probes for
Cu?* and Zn?* cations. We synthesized a series of 4,5-diaryl-3-hydroxy-2,2'-
bipyridine-6-carbonitriles and studied their photophysical properties both in
acetonitrile solutions and in powders. The compounds have high fluores-
cence quantum yield values in powder (up to 92.9%) and low values in ace-
tonitrile solutions. Also, in acetonitrile solutions these compounds exhibit
the large Stokes shift values, up to 241 nm, which is important for biovisu-
alization applications. The photophysical properties of several compounds in
different solvents were studied. It was demonstrated that the addition of
Zn** cations to solutions of these compounds in THF results in a significant
hypsochromic shift of the emission maximum simultaneously with a signifi-
cant increase in the emission intensity. This shows that these compounds are
potential probes for Zn** cations.

Key findings

e Photophysical properties of a series of 6-cyano-4,5-diaryl-3-hydroxy-2,2'-bipyridines
were studied.

e In solution these compounds exhibit a large Stokes shift value, up to 241 nm.

e In powders these compounds exhibit intense fluorescence with absolute quantum yield
values of up to 92.9%.

e Addition of Zn** cations to solutions of these compounds in THF results in a significant
hypochromic shift of the emission maximum simultaneously with a significant increase in
emission intensity.
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1. Introduction

The derivatives of 3-hydroxy-2,2'-bipyridines, in particular,
[2,2'-bipyridin]-3,3'-diols, are of interest due to their pho-
tophysical properties [1, 2]. Due to excited-state intramo-
lecular proton transfer (ESIPT), these substances have a
large Stokes shift as well as relatively high fluorescence
quantum yields both in solution and in solid form [3, 4].
This leads to their possible applications as lasing dyes [5],
for the creation of fluorescent materials [6] and OLED de-

vices [4]. In addition, these compounds are selective fluo-
rescent probes for Zn?* and Cu?* cations [3, 7, 8] as well as
for some biological analytes [9]. In general, there is a large
number of works on the photophysical and sensory proper-
ties of [2,2'-bipyridin]-3,3'-diols [2-10].

However, the photophysical properties of 2,2'-bipyri-
dine derivatives containing only one hydroxy group at the
C3 position have been much less studied. In particular, the
photophysical properties of unsubstituted 3-hydroxy-2,2'-
bipyridine were studied in comparison with 3,3'-dihydroxy-
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2,2'-bipyridine [1] as well as with analogous 3'-hydroxy-
2,2":6',2""-terpyridines [11], which are also selective fluo-
rescent sensors for Zn?* cations. Besides, we have recently
studied the photophysical properties of two compounds
from the series of 4,5-diaryl-3-hydroxy-2,2'-bipyridine-6-
carbonitriles [12].

The key methods for the synthesis of 3-hydroxy-2,2'-bi-
pyridine derivatives are cross-coupling reactions [13, 14],
various homocoupling reactions [15-17], ring expansion re-
actions of 2-acylfurans with ammonia [18], and the reaction
of 2,2'-furil with ammonia [19].

In addition, it is worth to mention our previously dis-
covered unexpected method for the synthesis of substituted
3-hydroxy-2,2'-bipyridine-6-carbonitriles via a inverse
electron demand Diels-Alder reaction between the corre-
sponding readily available 5-cyano-1,2,4-triazines [20] and
2-amino-4-aryloxazoles as dienophiles [21-23]. This ap-
proach is convenient for the synthesis of functionalized
2,2'-bipyridines allowing tuning the photophysical proper-
ties of the compounds. Therefore, we synthesized a series
of 4,5-diaryl-3-hydroxy-2,2'-bipyridine-6-carbonitriles and
investigated the photophysical properties of these com-
pounds.

2. Experimental part

All reagents were purchased from commercial sources and
used without further purification. Silica gel 60 (Kieselgel
60, 230-400 mesh) was used for the column chromatog-
raphy. 'H and '3C NMR spectra were recorded on a Bruker
Avance-400 spectrometer (400 and 101 MHz, respectively),
298 K, digital resolution +0.01 ppm, using TMS as internal
standard. Elemental analyses were performed on a PE 2400
II CHN-analyzer (Perkin Elmer). Mass spectra were rec-
orded on a MicrOTOF-Q II mass spectrometer (Bruker Dal-
tonics) with electrospray ionization. FT-IR spectra were
recorded on a Bruker Alpha-ATR (Zn/Se) spectrometer in
KBr tablets. UV-vis absorption spectra were recorded on a
Shimadzu UV-1800 Spectrophotometer using quartz cells
with 1 cm path length at room temperature. Emission and
excitation spectra were measured on a Horiba FluoroMax-
4 using quartz cells with 1 cm path length at room temper-
ature.

The compounds 1a,c [20], 2b,c [24] 3a,b [21], 3e [12]
and 3i [23] were synthesized as described in the literature.
The compounds 2d [24], 3¢,d, 3f-h [21] were synthesized
according to the procedure proposed for similar com-
pounds.

2.1. 4-(3,4-Dimethoxyphenyl)oxazol-2-amine (2d)

Yield 242 mg (1.10 mmol, 47%). 'H NMR (CDCl3, §, ppm):
3.92 (s, 3H, OCH3), 3.96 (s, 3H, OCH3), 4.95 (br. s, 2H, NH>),
6.89-6.91 (m, 1H, CsH3(OCHs)2), 7.19-7.22 (m, 2H,
CsH3(OCH3)2), 7.41 (s, 1H, H-5(Oxazole)). ESI-MS, m/z:
found 221.09, calculated 221.09 (M+H)"*.

General method for the synthesis of compounds 3a-i.
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A mixture of the corresponding 1,2,4-triazine-5-carboni-
trile 1 (0.40 mmol)
(0.44 mmol) was stirred at 150 °C for 8 h under argon at-

and 4-aryloxazol-2-amine 2

mosphere. The reaction mixture was cooled to room tem-
perature. The products were separated by column chroma-
tography: (CH:Cl: - ethyl acetate, 9:1) as eluent, Rf = 0.7.
Analytical samples were obtained by recrystallization from
methanol.

2.2. 3-Hydroxy-5-(4-methoxyphenyl)-4-phenyl-
[2,2'-bipyridine]-6-carbonitrile (3c¢)

Yield 72 mg (0.19 mmol, 48%). 'H NMR (CDCls, §, ppm):
3.80 (s, 3H, OCH3), 6.81-6.84 (m, 2H, CeH4,OCH3), 7.12-7.16
(m, 2H, CeH4OCH3), 7.16-7.19 (m, 2H, Ph), 7.26-7.33 (m,
3H, Ph), 7.45-7.49 (m, 1H, H-5’(Py)), 8.02-8.06 (m, 1H, H-
4’(Py)), 8.49-8.51 (m, 1H, H-6’(Py)), 8.74-8.77 (m, 1H, H-
3’(Py)), 15.66 (br. s, 1H, OH). 3C NMR (CDCl3, §, ppm): 55.2,
113.7 (2C), 117.9, 121.6, 123.5, 124.1, 126.6, 127.8, 128.0
(20), 130.3 (2C), 131.5 (2C), 133.2,137.1, 138.2, 138.6, 142.9,
145.0, 156.7, 157.0, 159.7. IR (KBr): v = 2923, 2834, 2223 cm-
1, ESI-MS, m/z: found 380.14, calculated 380.14 (M+H)*.
Found, %: C 75.79, H 4.62, N 10.99. C24H17N30.. Calculated,
%: C 75.98, H 4.52, N 11.08.

2.3. 3-Hydroxy-4,5-bis(4-methoxyphenyl)-[2,2'-
bipyridine]-6-carbonitrile (3d)

Yield 70 mg (0.17 mmol, 43%). 'H NMR (CDCls, §, ppm):
3.81 (s, 3H, OCHs3), 3.82 (s, 3H, OCHj3), 6.82-6.86 (m, 4H,
CsH4OCH3), 7.08-7.11 (m, 2H, CsH4,0CH3), 7.12-7.16 (m, 2H,
CséH,OCH3), 7.45-7.49 (m, 1H, H-5’(Py)), 8.01-8.06 (m, 1H,
H-4’(Py)), 8.49-8.52 (m, 1H, H-6’(Py)), 8.73-8.76 (i, 1H,
H-3’(Py)), 15.65 (br. s, 1H, OH). 3C NMR (CDCl3, §, ppm):
54.1, 54.2, 112.5 (2C), 112.8 (2C), 116.9, 120.6, 122.5, 123.0,
124.1, 125.9, 130.5 (2C), 130.6 (2C), 136.0, 136.9, 137.5,
141.9,0143.9, 155.7, 156.1, 158.1, 158.6. IR (KBr):
2954, 2923, 2853, 2230 cm™. ESI-MS, m/z: found
410.15, calculated 410.15 (M+H)*. Found, %: C 73.23, H
4.53, N 10.17. C25H19N303. Calculated, %: C 73.34, H 4.68, N
10.26.

v =

2.4. (3,4-Dimethoxyphenyl)-3-hydroxy-5-phenyl-
[2,2'-bipyridine]-6-carbonitrile (3f)

Yield 57 mg (0.14 mmol, 35%). 'H NMR (CDCl;, §, ppm):
3.60 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 6.52-6.55 (m, 1H, H-
2(CsH3(0OCHs)2)), 6.78-6.82 (m, 1H, H-5(CsH3(OCHs)2)),
6.83-6.87 (m, 1H, H-6(CsH3(OCH3)2)), 7.18-7.23 (m, 2H,
Ph), 7.28-7.33 (m, 3H, Ph), 7.44-7.49 (m, 1H, H-5(Py)),
8.00-8.05 (m, 1H, H-4’(Py)), 8.49-8.53 (m, 1H, H-6’(Py)),
8.72-8.76 (m, 1H, H-3’(Py)), 15.71 (br. s, 1H, OH). 3C NMR
(CDCl3, 6, ppm): 54.7, 54.8, 109.6, 112.9, 116.6, 120.7, 122.3
(2C), 123.1, 124.0, 127.3 (2C), 127.5, 129.0 (2C), 133.9,
136.3, 136.8, 137.6, 142.0, 144.0, 147.4, 147.6, 155.6, 156.1.
IR (KBr): v = 2961, 2831, 2230 cm™. ESI-MS, m/z: found
410.15, calculated 410.15 (M+H)*. Found, %: C 73.17, H
4.61, N 10.34. C25H19N303. Calculated, %: C 73.34, H 4.68,
N 10.26.
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2.5. 3-Hydroxy-4,5-diphenyl-[2,2'-bipyridine]-6-
carbonitrile (3g)

Yield 69 mg (0.20 mmol, 50%). 'H NMR (CDCls, §, ppm):
7.12-7.15 (m, 2H, Ph), 7.17-7.21 (m, 2H, Ph), 7.23-7.30 (m,
6H, Ph), 7.44-7.48 (m, 1H, H-5’(Py)), 8.00-8.05 (m, 1H, H-
4’(Py)), 8.48-8.50 (m, 1H, H-6’(Py)), 8.73-8.76 (n, 1H, H-
3’(Py)), 15.69 (br. s, 1H, OH). 3C NMR (CDClz + DMSO-ds, §,
ppm): 116.6, 120.6, 122.1, 123.4, 126.8, 126.9 (2C), 127.2 (2C),
127.5, 129.0 (2C), 129.2 (2C), 132.0, 133.6, 136.4, 137.2, 137.8,
142.1, 144.0, 155.4, 156.0. ESI-MS, m/z: found 350.13, calcu-
lated 350.13 (M+H)"*. Found, %: C 79.03, H 4.46, N 12.09.
C23H15N30. Calculated, %: C 79.07, H 4.33, N 12.03.

2.6. 4-(3,4-Dimethoxyphenyl)-3-hydroxy-5-(4-
methoxyphenyl)-[2,2'-bipyridine]-6-carboni-
trile (3h)

Yield 54 mg (0.12 mmol, 31%). 'H NMR (CDCls, 6, ppm):
3.65 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 3.87 (s, 3H, OCHs),
6.56-6.58 (m, 1H, H-2(CsH3(OCH3)2)), 6.80-6.85 (m, 4H,
CsH3(OCH3)2 + CeH4OCH3), 7.11-7.15 (m, 2H, CéH40CH3),
7.43-7.47 (m, 1H, H-5’(Py)), 7.99-8.04 (m, 1H, H-4’(Py)),
8.49-8.52 (m, 1H, H-6’(Py)), 8.71-8.75 (m, 1H, H-3’(Py)),
15.66 (br. s, 1H, OH). 3C NMR (CDCl3, §, ppm): 54.2, 54.8,
54.7, 109.7, 112.9 (3C), 116.9, 120.7, 122.3, 122.6, 123.1,
126.0, 128.7, 130.4 (2C), 136.1, 136.8, 137.6, 141.9, 144.0,
147.4, 147.6, 155.7, 156.0, 158.7. IR (KBr): v = 2931,
2231 cm. ESI-MS, m/z: found 440.16, calculated 440.16
(M+H)+. Found, %: C 71.30, H 4.85, N 9.42. C26H21N304.
Calculated, %: C 71.06, H 4.80, N 9.56.

3. Results and discussions

3.1. Synthesis

To synthesize the 4,5-diaryl-3-hydroxy-2,2'-bipyridine-6-
carbonitriles, we used our previously described procedure
via the inverse electron demand Diels-Alder reaction of 6-
aryl-5-cyano-3-(pyridin-2-yl)-1,2,4-triazines 1a-c  with

ARTICLE

4-(het)aryl-2-aminooxazoles 2a-e under solvent-free con-
ditions [21]. The products 3a-i were obtained in yields of
31-55% (Scheme 1). The presence of electron-donating sub-
stituents such as (di)methoxyphenyl in the structure of
2-aminoxazoles 2 did not lead to significant changes in
the reaction. The structure of the products was confirmed
by the data of 'H and '3C NMR spectroscopy,
spectrome-try and elemental analysis. In particular, the
presence of a broadened singlet of the OH group proton at
15.7 ppm can be noted in the *H NMR spectra.

mass

3.2. Photophysical studies

The photophysical properties of the fluorophores 3a-i were
measured both
(C = 10> M) and in solid form (powder). Acetonitrile was
chosen as an aprotic solvent with an average value of ori-
entational polarizability (Af = 0.3). The results of the pho-
tophysical studies are presented below (Table 1). The non-
normalized absorption and emission spectra of the com-
pounds 3a-i in acetonitrile and in solid state are shown in

in a dilute solution of acetonitrile

Figures 1-3 for comparison.

R
Ar. NQN N i Ar. N OH
IS b e D
NC™ °N X o N NC”~ N B
)\ﬂ) —NH,CN | _
la-c 2a-e 3a-i
Starting Ar R Product Yield, %
compounds
la 2a 4-MeCH, 4-CICH, 3a 52 [21]
1b 2a Ph 4-CICH, 3b 55 [21]
1c 2b 4-MeOCH, Ph 3c 48
1c 2c  4-MeOCH, 4-MeOCH, 3d 43
1b 2 Ph 4-MeOCH, 3e 48[12]
1b 2d Ph  34-(MeO),CH, 3f 35
1b 2b Ph Ph 39 50
la 2d 4-MeOCH, 3,4-(MeO),C.H, 3h 31
1b 2e Ph 3-thienyl 3i 51 [23]

Scheme 1 Synthesis of 3-hydroxy-2,2’-bipyridines. Reagents and
conditions: i) neat, 150 °C, 8h, inert atmosphere.

Table 1 The photophysical properties of compounds 3a-i in CH;CN solution (C = 1-10” M) and in solid form (powder).

Stokes shift,

Aabs™™, nm * Aem™, nm ° £y, 10* M t:cm ™4 cm- (nm) D, % © Aem solia™™, M ¢ Drooia, %
3a 257, 335 561 1.08 12025 (226) 1.7 508 92.2
3b 254, 336 560 0.94 11905 (224) 2.0 510 47.2
3c 261, 337 564 1.76 11943 (227) <0.1 508 26.9
3d 266, 335 576 1.36 12490 (241) <0.1 494 43.9
3e 261, 335 574 1.28 12429 (239) <0.1 500 49.9
3f 281, 334 572 1.86 12458 (238) <0.1 508 56.9
38 253, 335 562 1.67 12057 (227) 4.7 486 23.1
3h 290, 335 575 1.99 12459 (240) <0.1 499 6.1
3i 258, 338 567 1.88 11949 (229) <0.1 511 92.9

# Absorption spectra were measured at r.t. in MeCN in range from 230 to 450 nm;

® Emission spectra were measured at r.t. in MeCN (excited at the wavelength of the long-wavelength absorption maximum);
¢ Absolute quantum yields were measured using the Integrating Sphere of the Horiba-Fluoromax-4 at r.t. in MeCN [26];

4 Extinction coefficient at the long wavelength absorption maximum;

¢ Emission spectra were measured at r.t. in powder (excited at 350 nm);

f Absolute quantum yields were measured using the Integrating Sphere of the Horiba-Fluoromax-4 at r.t. in powder [26].
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Figure 1 Absorption spectra of 3a-3i in CH;CN (C = 110> M) at

room temperature.
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Figure 2 Emission spectra of 3a-3i in CH,CN (C = 1°107> M) at room
temperature (excited at the wavelength of the long-wavelength ab-
sorption maximum).
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Figure 3 Emission spectra of compounds 3a-i in powders (excited
at 350 nm).
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All absorption spectra are similar and contain two major
broad absorption bands in the near UV region with
Amax ~ 260-290 nm and Amax ~ 335 nm.

The emission spectra of all compounds are unstructured
and contain one emission band with maxima in the range
from 560 to 575 nm. At the same time, all compounds have
an unusually large Stokes shift value, which lies in the
range from 224 to 240 nm.

The high value of Stokes shift indicates a large struc-
tural difference between the excited and ground states. This
structural difference is consistent with the ESIPT process.
This process is characteristic of compounds containing an
intramolecular hydrogen bond between a hydrogen bond
donor (e.g., OH) and a hydrogen bond acceptor (e.g., =N-),
which include 3-hydroxy-2,2'-bipyridine derivatives [1-5].
Upon photoexcitation, the electronic charge of the mole-
cules can be redistributed, leading to an increase in the
acidity of the hydrogen bond donor group and an increase
in the basicity of the hydrogen bond acceptor. As a result,
extremely rapid proton transfer from donor to acceptor oc-
curs. In the case of 3-hydroxy-2,2'-bipyridines, the enolic
form in the excited state is converted to the keto form in
the excited state. Further radiative decay of the excited
state leads to the ground electronic state of the keto form,
and the reverse proton transfer brings the molecule back to
the ground state in the enolic form [4, 10, 27].

It should be noted that the presence of a strong intra-
molecular hydrogen bond OH-'-'Npy was detected in the
crystalline structure of 3 according to the X-ray diffraction
data [21, 25]. This is also consistent with a significant
downfield shift of the signal from the OH group proton in
the 'H NMR spectra (6 = 15.7 ppm).

High values of Stokes shift are attractive for the practi-
cal applications of fluorophores. A high Stokes shift value
helps to minimise self-quenching and internal filter effects,
which is particularly useful in biovisualisation as it helps to
reduce the signal-to-noise ratio [28].

All fluorophores 3a-i have low values of fluorescence
quantum yield in acetonitrile solution (up to 4.7 % for com-
pound 3g).

Most of compounds 3 possess intense fluorescence in the
solid state. The powder emission spectra of the fluoro-
phores 3a-i are represented by one emission band with
maxima in the range from 486 to 511 nm (Aex = 350 nm).
The quantum yield of fluorescence in powders ranges from
6.1% (3h) to 92.9% (3i).

A significant increase in the emission intensity during
the transition from dilute acetonitrile solutions to powders
indicates that the substances may exhibit aggregation-in-
duced emission (AIE) behavior. The main proposed mecha-
nisms for the increase of the emission during aggregation
are the restriction of the intramolecular rotation (RIR).
Free rotation of aromatic rings of compounds in dilute so-
lution leads to non-radiative dissipation of excitation en-
ergy, which results in quenching of fluorescence. When ag-
gregates are formed, emission is resumed by blocking non-

DOI: 10.15826/chimtech.2025.12.2.10
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radiative energy dissipation. Meanwhile, the twisted mo-
lecular conformation of AIEgens can eliminate their inter-
molecular n-n-stacking interactions to avoid excitation en-
ergy loss [29-31].

We studied the photophysical properties of the com-
pounds 3b and 3g in solvents with different orientation po-
larization values (from n-heptane to MeCN, Table S1-S2 and
Figure S1-S2). For compounds 3b and 3g, a slight positive
solvatochromic shift of 28-29 nm was detected when going
from n-heptane to MeCN. This low value of the solvato-
chromic shift usually indicates the absence of intramolecu-
lar charge transfer during photoexcitation [32]. In order to
prove this mathematically, we plotted the Stokes shift in
cm™ as a function of the solvent orientation polarization ac-
cording to the Lippert-Mataga equation [32]. The difference
in the dipole moments of the ground and excited states (Ap)
for both compounds was 6.7 D (Figure S3), indicating that
the degree of ICT upon photoexcitation is insignificant (Ap
<10 D) [32].

We found a correlation between the nature of the sub-
stituent R (Scheme 1) and the position of the emission max-
ima of compounds 3 in acetonitrile solution. Thus, it was
found that compounds 3d-f, h containing donor substitu-
ents such as 3,4-dimethoxyphenyl and 4-methoxyphenyl
have slightly longer wavelength emission maxima in ace-
tonitrile solution compared to compounds 3a-c, g contain-
ing phenyl and 4-chlorophenyl substituents (572-576 nm
vs. 560-564 nm).

3.3. Luminescence in the presence of zinc cations

Zn?* cation is the second most abundant transition metal
ion in the human body. It plays an important role in a num-
ber of biological processes, in particular, in the regulation
of enzymes, neural signal transmission, and gene expres-
sion [34, 35]. Therefore, the development of fluorescent
sensors for this metal cations is an important task. It was
previously shown that 3-hydroxy-2,2'-bipyridine derivatives
are effective and selective fluorescent probes for Zn* [3, 8,
11]. Upon interaction with Zn?* cations, these compounds
show a significant increase in fluorescence intensity concur-
rently with a considerable decrease in Stokes shift.

Based on this, we decided to study the luminescent prop-
erties of solutions of the compounds 3b and 3g in the pres-
ence of Zn?* cation. Zinc perchlorate was used for the ex-
periments. In particular, it was found that the addition of
1 eq. Zn?* to solutions of compounds 3b and 3g in THF leads
to both a significant increase in luminescence intensity and
a large hypsochromic shift of the emission maxima
(= 130 nm) (Figure 4, 5).

Such a significant change in the photophysical charac-
teristics of solutions of the compounds 3b and 3g when zinc
perchlorate is added to them can be explained by the for-
mation of complexes of these compounds with Zn?* cations.
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before and after the addition of Zn** (1 eq.), excited at 339 nm.

Based on the literature data, it can be assumed that
N,N'-coordination of zinc ions by bipyridine ligands occurs
[33]- The coordination of Zn?* cation with ligand changes
the conformation of bipyridine core from trans to cis, which
prohibits formation of intramolecular hydrogen bonding
OH:'‘*Npy, making the ESIPT process impossible. Conse-
quently, longer-wavelength emission from the keto-form
becomes impossible, emission proceeds only from the enol-
form, and the emission maximum undergoes a hypso-
chromic shift. We hypothesize that the increase in intensity
upon binding of zinc cation to ligands 3b and 3g was due to
the formation of a novel effective fluorophores.

Also, we studied the fluorescence response of com-
pounds 3b and 3g to the presence of Zn?* cations in acetoni-
trile solution (Figure S4-S5). In contrast to THF solutions,
only a hypsochromic shift of the emission maximum was
observed upon addition of zinc cations to acetonitrile solu-
tions of compounds 3b and 3g. The change of fluorescence
intensity in this case is insignificant.

These properties indicate the possibility of application
of compounds 3b and 3g as luminescent probes for Zn2*.
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4. Limitations

The study showed that the acetonitrile solutions of com-
pounds 3 exhibit low quantum yield of fluorescence. How-
ever, in solutions in the presence of Zn?* cations, as well as
in powder form, these substances exhibit intense fluores-
cence.

5. Conclusions

In conclusion, we studied the photophysical properties of
4,5-diaryl-3-hydroxy-2,2'-bipyridine-6-carbonitriles

3a-i, which we synthesized via the inverse electron demand
Diels-Alder reaction of 6-aryl-5-cyano-3-(pyridin-2-yl)-
1,2,4-triazines with 2-amino-4-(het)aryloxazoles. In partic-
ular, these compounds exhibit an unusually large Stokes
shift (up to 241 nm), which can be explained by the ESIPT
process, and relatively low fluorescence quantum yields of
up to 4.7% in acetonitrile solutions. In contrast, in powders
these compounds show very intense fluorescence (®fsolia Up
t0 92.9%). The effect of adding Zn?* cations on fluorescence
was studied for solutions of two compounds. Specifically,
the addition of Zn?* cations resulted in both a significant
hypsochromic shift of the emission maximum (=130 nm)
and a significant increase in fluorescence intensity.
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