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The reaction of N’-(4-formyl-2,3-dihydro-1H-xanthen-9-yl)-N,N-
dimethylimidoformamide with 1-(4-nitrophenyl)butane-1,3-dione under prolonged reflux
in acetic anhydride was investigated. The reaction afforded N-acetyl-N-{4-[(1E,4Z)-5-
hydroxy-5-(4-nitrophenyl)-3-oxopenta-1,4-dien-1-yl]-2,3-dihydro-1H-xanthen-9-
yl}acetamide as the major product. The optical properties of the synthesized compound
were evaluated in solvents of different polarity to assess the influence of the solvent
environment on its photophysical behavior. The absorption and fluorescence maxima
exhibited only a weak dependence on solvent polarity and were located at approximately
500 and 650 nm, respectively. The synthesized dye showed low fluorescence quantum
yields in all investigated solvents, indicating limited emissive efficiency. The highest
molar absorption coefficient was observed in water, reaching 41500 M~'.cm™!, while the
optical band gap was the lowest in the same solvent, amounting to 1.98 eV. These results
provide new insights into the relationship between molecular structure and photophysical
properties of xanthene derivatives and may contribute to the development of fluorescent
organic dyes with improved optical characteristics for potential applications in sensing,
imaging, and other photonic technologies.
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Introduction

The prevailing focus in contemporary organic
synthesis is on the development of efficient and
selective methodologies for the preparation of functional
compounds that exhibit valuable physicochemical and
spectral properties. The Knoevenagel reaction is a
notable method for the formation of a carbon-carbon
bond via the condensation of aldehydes or ketones
with compounds containing an active methylene group
[1]. The reaction under discussion has been found to
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be highly efficient, and the execution of the process
is relatively simple. Furthermore, a wide range of
substrates can be used. These properties have led to
the reaction finding widespread application in the
synthesis of a variety of heterocyclic and polyfunctional
organic compounds [2,3]. One of the promising
applications of the Knoevenagel reaction is the
synthesis of xanthene dyes — an important class of
organic fluorophores characterized by high absorption
and fluorescence intensities, good photostability and
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the potential for fine structural modification [4].
Xanthene derivatives are widely used as fluorescent
labels [5], sensors [6], components of pH indicators
[7], analytical reagents [8], and in biomedical
diagnostics and bioimaging [9]. Their unique optical
properties are determined by the structural features of
the chromophore system, which can be specifically
modified by the introduction of various electron-
donating and electron-withdrawing substituents [10].
Thus, the Knoevenagel reaction is not only a classical
method of organic synthesis, but also an important
platform for the preparation of new xanthene dye
derivatives with improved photophysical properties and
a wide range of practical applications. An examination
of the potential of this reaction in the synthesis of
xanthene systems is of considerable scientific and
applied interest.

Experimental

Unless otherwise stated, all reagents of analytical
grade were purchased from commercial suppliers and
used without any further purification. 'H and
3C NMR spectra were performed on a Bruker Avance
I1 400 spectrometer (400.13 MHz and 100.62 MHz
for '"H and "*C, respectively) in DMSO-d, using
residual solvent peak as a reference. The FAB mass
spectrum was recorded on a VG7070 spectrometer.
Desorption of the ions from the solution of the sample
in 3-nitrobenzyl alcohol was realized with a beam of
argon atoms with energy 8 keV. ESI-MS spectrum
was acquired in positive or negative modes on a Waters
Quatro Micro API Mass Spectrometer. Spectrum was
recorded at 120°C with energy 3 kV on capillary.
Absorption spectra were recorded in 1-cm quartz cells
at 25°C using a PerkinElmer Lambda 35 UV—Vis
spectrophotometer. Absorption maxima were
determined with an accuracy of £0.5 nm. The
spectrophotometer UV-2401 PC (Shimadzu, Japan)
was used for other compounds. To measure the
extinction coefficients, each dye (7—10 mg) was
dissolved in 50 cm?® of the solvent. The resulting
solution was diluted 25—50 times and the absorption
spectra were recorded in 5 cm quartz cuvettes. The
extinction coefficients were calculated according to
the Beer—Lambert law. Measurements were performed
three to four times and the obtained data were averaged.
The fluorescence measurements for all compounds
were performed in 1-cm standard quartz cells at 25°C
using a Varian Cary Eclipse spectrofluorometer. The
emission spectra were corrected for wavelength-
dependent instrument sensitivity. Emission maxima
were determined with an accuracy of +1.0 nm.
Quantum vyields (®r) were determined using
Fluorescein in 0.1 N NaOH [11]. Elemental analysis
was performed on a LECO CHN-900 instrument.

Melting points were determined using an
Electrothermal 9100 Digital Melting Point apparatus
and were uncorrected.

Synthesis

N-acetyl-N-{4-[(1E,4Z)-5-hydroxy-5-(4-
nitrophenyl)-3-oxopenta-1,4-dien-1-yl]-2,3-dihydro-
IH-xanthen-9-yl}acetamide (2). 1-(4-
Nitrophenyl)butane-1,3-dione (0.37 g, 1.77 mmol)
was dissolved in 5 mL acetic anhydride. To the
resulting solution, aldehyde 1 (0.5 g, 1.77 mmol) was
added and stirred at reflux for 10 h. After cooling, the
solvent was then evaporated using a rotary evaporator,
and the residue was recrystallized from acetonitrile.
Yield 0.74 g (84%), red powder, mp 203—204°C.
'H NMR, &, ppm (J, Hz): 8.35 (2H, d, %J=8.8,
H Ar), 8.22 (2H, d, %/=8.8, H Ar), 8.12 (1H, d,
3J=15.7, H alkene), 7.38 (1H, t, /=8.3, H Ar),
7.27 (1H, d, °J=7.8, H Ar), 7.09—7.15 (2H, m,
H Ar), 6.83 (1H, s, H alkene), 6.33 (1H, d, *J=15.7,
H alkene), 2.42—2.50 (2H, m, CH,), 2.32—2.40 (2H,
m, CH,), 2.33 (6H, s, 2CH;), 1.68—1.75 (2H, m,
CH,). ®*C NMR, 5=183.7, 182.2, 171.5, 152.4, 151.0,
149.5, 141.0, 134.8, 131.0, 130.7, 129.3, 128.4, 124.0,
123.9, 122.2, 120.5, 119.5, 115.4, 113.2, 98.8, 25.5,
24.3, 23.7, 19.3. MS (ESI): m/z (1., %)= 499
[M-1]~ (100). MS (FAB): m/z (1.4, %)=501 [M+1]*
(100). Found, %: C 67.27; H 4.91; N 5.65.
C,sH,,N,O;. Calculated, %: C 67.19; H 4.83; N 5.60.

Results and discussion

As demonstrated in previous studies, the reaction
of xanthene 1 and analogous compounds with various
CH acids in acetic anhydride results in the formation
of corresponding dyes. The specific conditions of the
reaction influence the outcome, with the amidine
fragment being retained at room temperature [12] or
replaced by an acetamide group at elevated temperatures
[13]. The present paper presents the results of the
reaction of xanthene 1 with 1-(4-nitrophenyl)butane-
1,3-dione by prolonged boiling in acetic anhydride.
The product of this reaction is dye 2 (Scheme). The
structure of this compound was determined based on
an analysis of '"H and *C NMR spectroscopy and
mass spectrometry data. It is interesting to note that
the Knoevenagel reaction proceeds with this CH acid
not via the C-2 atom, as expected, but via the C-4
atom, as indicated by the appearance of two signals in
the form of doublets at 8.12 ppm and 6.83 ppm. The
spin-spin interaction constant of these doublets is
3J=15.7, indicating a trans configuration for this
fragment. Due to keto-enolic tautomerism, the C-4
atom in dye 2 undergoes complete enolization under
NMR recording conditions. It is the contention of
the present study that the subject fragment in DMSO
is of a Z-configuration. This is due to the fact that, in
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this case, an intramolecular hydrogen bond is able to
form, resulting in a six-membered ring. Another
unexpected structural feature of dye 2 is the formation
of an imide instead of an amide, which had not been
previously reported. The molecular weight of the
substance under investigation is confirmed by mass
spectrometry data obtained using various ionisation
methods. According to the ESI-MS data, compound
2 forms a peak at a mass of 499 [M-1]~ with 100%
intensity in the negative mode, and does not form a
peak at 501 [M+1]* at all. This is consistent with
the acidic properties of this compound. A peak at
501 [M+1]* was obtained during analysis using FAB
ionization.

Spectral properties

Absorption and emission spectra were recorded
for the resulting dye 2 in solvents of varying polarity
(Table, Figure). The absorption and emission spectra
of xanthene 2 are largely independent of solvent

polarity and exhibit an absorption maximum at
approximately 500 nm and an emission maximum at
650 nm, with low quantum yields in the solvents
studied. No fluorescence was detected in acetonitrile
and water, likely due to the dye’s very low fluorescence
intensity in these solvents. Xanthene 2 is distinguished
by its notably elevated Stokes shifts, which approximate
150 nm. The extinction coefficient has been observed
to have a maximum value of approximately
41500 MLcm™ in water, whilst the minimum
has been recorded in toluene, with a value of
30300 M'.cm™!. In the other solvents, the value is
approximately equivalent, measuring at
38500 M~.cm™!. The smallest energy gap, calculated
based on the red band of intrinsic absorption, is
observed in water and amounts to 1.98 eV.

Conclusions

Thus, the synthesis of N-acetyl-N-{4-[(1E,4Z)-
5-hydroxy-5-(4-nitrophenyl)-3-oxopenta-1,4-dien-1-
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+ reflux 10h
~
1 7 0 Og N 20
~ 2
L s
H,C™ “CH, 0% ™CH, ZH JH
Scheme. Synthesis of dye 2
The spectral properties® of dye 2
Solvent 7\'malx 7\'malx 4 optd :
Solvent - ¢ | Emacl0h, | BT o Stokes shift,
pOIa{Iltbya (Abs)a (Em) H M—l.cm—l eV CDF; %o nm/cm
Er nm nm
PhMe 0.099 500 643 3.03 2.09 1.16 143/4450
CHCl; 0.259 505 655 3.87 2.08 0.64 150/4535
DMF 0.386 492 645 3.85 2.08 0.07 153/4820
MeCN 0.460 496 n.d. 3.85 2.07 - -
H,0 1.000 494 n.d. 4.15 1.98 - -

Notes: @ — absorption (Aaps may)s €Mission (Agy,.ma) Maxima and extinction coefficients (g,,,,) were determined experimentally;
b — normalized values of solvent polarity were taken from Ref. [14]; ¢ — excitation wavelength (A.,.) was 460 nm;
4 — E, is the optical energy gap of the HOMO-LUMO transition calculated on the basis of the wavelength of the red limit of

intrinsic absorption [15].
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yl]-2,3-dihydro-1H-xanthen-9-yl}acetamide via the
reaction of N’-(4-formyl-2,3-dihydro-1H-xanthen-
9-yl)-N,N-dimethylimidoformamide with 1-(4-
nitrophenyl)butane-1,3-dione in acetic anhydride was
demonstrated. The obtained xanthene derivative
exhibits relatively solvent-independent absorption and
emission properties, with maxima located in the
visible spectral region. The dye is characterized by
low fluorescence quantum yields; however, it
possesses a high molar absorption coefficient, reaching
41,500 M~'.cm™! in water. The lowest optical band
gap value (1.98 eV) observed in aqueous solution
indicates the influence of the solvent environment on
the electronic properties of the dye. The obtained
results expand the understanding of the structure—
photophysical property relationship in xanthene
derivatives and highlight their potential as functional
organic chromophores.
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HOBUI KCAHTEHOBUM XPOMO®OP: CUHTE3 TA
CIIEKTPAJIbHI BJIACTHUBOCTI

C.A. Bapenuuenxo, K.B. Snosa, O.K. @apam

Hocnimkeno peakuito N’-(4-dbopmin-2,3-gurigpo-1H-
kcaHTeH-9-11)-N,N-nmumetuniminodopmaminy 3 1-(4-Hitpode-
HiN)OyTaH-1,3-1i0HOM TIpU TPUBAJIOMY KWIT'SITIHHI B OLITOBO-
My aHrinpuni. B pesynbrati peakilii OCHOBHUM IIPOIYKTOM OYB
N-anetmn-N-{4-[(1E,4Z)-5-rinpoxcu-5-(4-HitpodeHin)-3-oKk-
coneHTa-1,4-nien-1-in]-2,3-nurinpo- 1 H-kcanten-9-in}amne-
Tamin. ONTUYHI BIACTUBOCTI CMHTE30BAHOI CIIOJYKM OILliHIOBa-
JIM B PO3YMHHUKAX Pi3HOI MOJIIPHOCTI IJIsT OLIiHIOBAHHS BILIM-
BY CepeloBHMILIA PO3YMHHMKA Ha ii (HOTO(I3UYHY MOBEHIHKY.
MakcuMyMM TMOTIMHAHHSA Ta (JIyopecLeHLil JeMOHCTPYBaIu
JIMIIE CJIa0KY 3aJIEXKHICTD Bil TIOJISIPHOCTI PO3YMHHMKA Ta 3HA-
xogunucsg npubnusHo npu 500 ta 650 HM, BigmoBigHO.
CuHTe30BaHUI OApPBHUK MTOKAa3aB HU3bKi KBAHTOBI BUXOIU (I1y-
OpecClLeHIil y BCiX DOCTIIKYyBaHUX PO3YMHHUKAX, 110 BKa3y€E
Ha OOMEXEeHY eMicCiiiHy e(eKTuBHICTb. HailBuimii MoJsapHUit
Koe(illiEHT MOTJIIMHAHHS CIIOCTEPIraBcs y BOi, IOCSITaloun
41500 M~'.cm™!, Tomi SIK ONTMYHA IIMPUHA 3a00POHEHOI 30HU
Oyyia HalfHMKUYOIO B TOMY X PO3UMHHUKY i ctaHoBMia 1,98 eB.
Lli pe3yabraTé mHalOTh HOBE PO3YMIHHSI B3aEMO3B’SI3KY MixX
MOJIEKYJISIDHOIO CTPYKTYpoio Ta (POTOGMIZMYHUMM BJIACTH-
BOCTSIMUM TIOXiTHUX KCAHTEHY Ta MOXYTb CIPUSITH PO3POOJIECH-
HIO (DJIyOpeCLIEHTHUX OpPraHiYHMX OApBHUKIB 3 MOKpalleHUMU
ONTUYHUMU XapaKTePUCTUKAMU JUISI MOTEHIIHHOIO 3aCcTOCY-
BaHHSI B CEHCOPHMX, Bi3yali3aliiHMUX Ta iHIIMX (POTOHHUX
TEXHOJIOTIsIX.

Kuawouosi caoBa: kcanteH, dayopodop, CTOKCIiB 3CyB,
peakuiss KHeBeHaress, KBAHTOBUI BUXiI, iMil.
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The reaction of N’-(4-formyl-2,3-dihydro-1H-xanthen-
9-yl)-N,N-dimethylimidoformamide with 1-(4-
nitrophenyl)butane-1,3-dione under prolonged reflux in acetic
anhydride was investigated. The reaction afforded N-acetyl-N-
{4-[(1E,4Z)-5-hydroxy-5-(4-nitrophenyl)-3-oxopenta-1,4-dien-
1-yl]-2,3-dihydro-1H-xanthen-9-yl}acetamide as the major
product. The optical properties of the synthesized compound
were evaluated in solvents of different polarity to assess the
influence of the solvent environment on its photophysical behavior.
The absorption and fluorescence maxima exhibited only a weak
dependence on solvent polarity and were located at approximately
500 and 650 nm, respectively. The synthesized dye showed low
fluorescence quantum yields in all investigated solvents, indicating
limited emissive efficiency. The highest molar absorption
coefficient was observed in water, reaching 41500 M~'.cm™', while
the optical band gap was the lowest in the same solvent, amounting
to 1.98 eV. These results provide new insights into the relationship
between molecular structure and photophysical properties of
xanthene derivatives and may contribute to the development of
fluorescent organic dyes with improved optical characteristics for
potential applications in sensing, imaging, and other photonic
technologies.

Keywords: xanthene; fluorophore; Stokes shift; Knoevenagel
reaction; quantum yield; imide.
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