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Abstract

In this work we studied the interaction of N'-(4-formyl-2,3-dihydro-1H-xanthen-9-yl)-N,N-dimethylimidoformamide
with 2,6-di-tert-butyl-4-methylpyrylium perchlorate and 2-methyl-4,6-diphenylpyrylium tetrafluoroborate in acetic
anhydride under various conditions. Thus, when carrying out the reaction with 2,6-di-tert-butyl-4-methylpyrylium
perchlorate at 100 °C for 6 h, the corresponding dye is formed with the amidine group replaced by acetyl. In the case
of carrying out the reaction with 2-methyl-4,6-diphenylpyrylium tetrafluoroborate at room temperature for 1 h, the
dye is formed with the amidine fragment preserved. The absorption spectra of the obtained dyes were recorded in
various solvents and the extinction coefficients were calculated. The absorption maximum of 4-{(E)-2-[9-
(acetylamino)-2,3-dihydro-1H-xanthen-4-yl]vinyl}-2,6-di-tert-butylpyrylium perchlorate in toluene and chloroform
is approximately 675 nm, whereas in water it is hypsochromically shifted to 605 nm. The absorption coefficient of
this dye in chloroform is observed to be the highest, with a value that is 5-7 times higher than that in water or toluene.
A modification in the polarity of the solvent exerts minimal influence on the absorption maximum of 2-[(E)-2-(9-
{[(1E)-(dimethylamino)methylene]amino}-2,3-dihydro-1H-xanthen-4-yl)vinyl]-4,6-diphenylpyrylium
tetrafluoroborate, which is situated at approximately 715 nm.

Keywords: xanthene dyes; amidine fragment; absorption spectra; condensation; pyrylium salt.

HOBI T'IBPUAHI KCAHTEH-ITIPUJIIEBI BAPBHUKU: CUHTE3 TA CIIEKTPAJIbHI
BJIACTUBOCTI

CeiTsiaHa A. Bapenudyenko, Mukosia B. CmeTaHis, Oser K. @apaT

Ykpaincokuil depicasHuil yHisepcumem Hayku i mexHoo2il, gy.. Jlasapsua, 2, linpo, 49010, Ykpaina
AHoTaliga
y i po6oTi MU AOCTIAKYyBaJIA B3aEMOJi10 N'-(4-¢opmin-2,3-auriapo-1H-kcanteH-9-i1)-N,N-
AuMeTwiIiMigodopmamiay 3 nepxjopatom 2,6-Au-TpeT-6yTUI-4-MeTHWINIpUIIilo Ta TeTpadTopGopaTrom 2-MeTui-4,6-
AudeHinnipuaiio B o TOBOMY aHrigpuAi 3a pisHux ymoB. Tak, npu npoBeaeHHi peakuii 3 nepxjioparom 2,6-au-TpeT-
oyTua-4-metwimnipuwiaiio npu 100 °C mporarom 6 roiuH YTBOPIOETHCA BiANOBiAHUII GapBHMK i3 3aMilleHHAM
aMiAMHOBOI IPyNH Ha alleTUJIMJIbHUI pparMeHT. Y BUNIAJAKy IPOBeAeHHA peakuii 3 TeTpadTop6opaTom 2-MeTHI1-4,6-
AudeHinnmipwiilo npu kKiMHaTHiIi Temmepatypi mporsaromM 1 roguMHM GapBHHK YTBOPIOETHCS 3i 36epeKeHHAM
amMiguHoOBOro ¢gparmMeHTa. CneKTpu NOrJIMHAaHHA OTPUMaHMX GApBHUKIB Gy/iM 3amKcaHi B Pi3HUX PO3YMHHUKAX Ta
po3paxoBaHi koedinieHTM ekcTUHKHii. MakcuMyMm norjauHaHHs mnepxiopary 4-{(E)-2-[9-(aneTniamino)-2,3-
auriapo-1H-kcanTeH-4-i1]BiHia}-2,6-AU-TpeT-6yTUANIPWIIIA B TOJIyo i Ta X10podopMi CTaHOBUTL NPHUG/IU3HO 675
HM, TOAi K y BoJi BiH rincoxpomHo 3mimeHuii 70 605 HM. HaiiBumuii Koe}ili€eHT NOrJIMHaAaHHA LbOr0 GapBHUKA
crnocrepiraerbca y xJ10podopmi, iKuii y 5-7 pasiB Bulle Hi>k y BoAi a60 Tos1yoJ1i. 3MiHa N0JIAPHOCTI pO3YMHHUKA Ma€
MiHiMaIbHUI BIIUB Ha MaKCHUMyM NMOTJINHAHHS TeTpadpTOopGOpaTy 2-[(E)-2-(9-{[(1E)-
(amMeTunamMiHo)MeTneH]aMino}-2,3-auriagpo-1H-kcaHTeH-4-i1)BiHiji]-4,6-Audeninipuiisa, skuili po3TamoBaHUHA
NpPUGJIU3HO NpHu 715 HM.
Karouogi cn06a: KCaHTeHOBI GapBHUKH; aMiZIMHOBUH GparMeHT; CIEKTPH MOTJIMHAHHSA; KOHJIeHcallisl; mipuJieBa cijb.
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Introduction

The significance of xanthene dyes for
contemporary science is challenging to exaggerate
[1-6]. These materials have found widespread
application in diverse scientific and technological
domains [for example, 7-15]. In a previous study, a
set of methods for synthesizing the xanthene
skeleton was proposed. These methods involved

the rearrangement of benzoxazine and
benzodioxine derivatives under Vilsmeier-Haack
reaction conditions [16-18]. The resulting

xanthene derivatives have been shown to be highly
versatile building blocks for the synthesis of dyes
across a range of colours and with different degrees
of fluorescence across the visible spectrum [19-

Me

21]. In the present article, a highly convenient
synthesis of hybrid xanthene-pyrylium dyes is
presented, in addition to a study of some of the
optical properties of the new dyes.

Results and Discussion

The reaction of aldehyde 1 with various
pyrylium salts in acetic anhydride, depending on
the reaction conditions, leads to the synthesis of
various hybrid xanthene-pyrylium dyes (Scheme).
Thus, when carrying out the reaction with 2,6-di-
tert-butyl-4-methylpyrylium perchlorate at 100 °C
for 6 hours, dye 2 is formed, and with 2-methyl-4,6-
diphenylpyrylium tetrafluoroborate at room
temperature for 1 hour, dye 3 is formed.

Me Me

Ac,0, 100C, 6 h

3 (77%)

NS

Me Me

Scheme. Synthesis of dyes 2 and 3

The structure of the synthesized dyes was
confirmed by 'H and 13C NMR spectroscopy and
mass spectrometry data. The formation of a new
double bond in the E-configuration is indicated by
the coupling constant between the protons of this
bond, which are 14.7 Hz and 14.2 Hz for dyes 2 and
3, respectively. It is noteworthy that when the
reaction is carried out at room temperature, the

——PhMe
——CHcl,

1.0 —H0
0.8 4

0.6 -

0.4+

Normalized absorption

0.2 4

0.0

T
600
Wavelength, nm

500 700

a

amidine fragment is retained in the structure of dye
3, and at elevated temperatures, the amidine
fragment is replaced by acetyl (dye 2).

For the obtained dyes, the absorption spectra
were recorded in various solvents, and the
extinction coefficients were calculated (Figure and
Table).
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Figure. Absorption spectra of dyes 2 (a) and 3 (b)
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The absorption spectra of dyes 2 and 3 were
recorded in three solvents of different polarity
(Table 1). The absorption maximum of dye 2 in
toluene and chloroform is approximately 675 nm,
whereas in water it is hypsochromically shifted to
605 nm. The absorption coefficient of this dye in
chloroform is observed to be the highest, with a
value that is 5-7 times higher than that in water or
toluene. The lowest value of the HOMO-LUMO
transition energy is observed in toluene. It is
important to note that dye 2 is unstable in solution
when exposed to water and alcohol, undergoing a

chemical transformation within 2 days and
acquiring an absorption maximum at 460 nm. A
modification in the polarity of the solvent exerts
minimal influence on the absorption maximum of
dye 3, which is situated at approximately 715 nm
(Table). It has been established that dye 3 exhibits
a longer-wave absorption maximum in comparison
to dye 2.

This phenomenon can be attributed to the presence
of an electron-donor amidine group within the
structure of dye 3.

Table
The spectral properties? of dyes 2 and 3
Solvent
. Amax (AbS), €, Aonset (AbS)C, Egoptd‘
Solvent g?vljrlty Compound m M-emt m oV
T
PhMe 0.099 675 11600 721 1.72
CHCI3 0.259 2 680 78800 705 1.76
H20 1.000 605 14400 670 1.85
CHCI3 0.259 718 71800 - -
DMF 0.386 3 724 48400
MeCN 0.460 713 53000

aAbsorption (Aabs-max) maxima and extinction coefficients (emax) were determined experimentally
bThe normalized values of solvent polarity were taken from [22, 23]

cRed limit of intrinsic absorption

dEgoptis the optical energy gap of the HOMO-LUMO transition calculated on the basis of the wavelength of the red limit of intrinsic

absorption [24, 25]

Experimental part

Unless otherwise stated, all reagents of
analytical grade were purchased from commercial
suppliers and wused without any further
purification. The 'H and 13C NMR spectra were
performed on a Bruker Avance I1 400 spectrometer
(and 100.62 MHz for 'H and !3C, respectively) in
CDCl3 and DMSO-ds using residual solvent peak as
an internal standard. The FAB mass spectra of
compounds were recorded on a VG7070
spectrometer. Desorption of the ions from the
solution of the samples in 3-nitrobenzyl alcohol
was realized with a beam of argon atoms with
energy 8 keV. Melting points were carried out using
an Electrothermal 9100 Digital Melting Point
apparatus and were uncorrected. The control of
reactions and the purity of the obtained compounds
were monitored by TLC on Merck Silica gel 60 F-
254 plates with 10: 1, v/v CHCl3/MeOH as eluent.
Absorption spectra were recorded in 1-cm quartz
cells at 25 °C using UV-2401 PC spectrophotometer
(Shimadzu, Japan).

4-{(E)-2-[9-(Acetylamino)-2,3-dihydro-1H-
xanthen-4-yllvinyl}-2,6-di-tert-butylpyry-lium
perchlorate (2). The 2,6-di-tert-butyl-4-
methylpyrylium perchlorate 0.54 g (1.77 mmol,
0.54 g) was dissolved in aceticanhydride (5 mL). To
the resulting solution, aldehyde 1 (1.77 mmol,
0.5 g) was added and stirred at 100 °C for 6 h. The

solvent was then evaporated using a rotary
evaporator, and the residue was purified by column
chromatography on silica using CHCl; as the eluent.
Yield 0.64 g (65 %), dark blue powder, mp 250-
253 °C. 1H NMR, §, ppm (DMSO-d¢): 10.23 (1H, br's,
NH); 8.75 (1H, d, 3/]=14.7 Hz, CH); 7.66-7.68 (3H, m,
H Ar); 7.57 (2H, br s, 2CH pyr.); 7.38 (1H, t, 3/=7.3, H
Ar); 6.69 (1H, d, 3]=14.7 Hz, CH); 2.58-2.61 (2H, m,
CHz); 2.48 (2H, m, CH: (overlaps with DMSO
signal)); 2.20 (3H, s, Me); 1.75-1.78 (2H, m, CHy);
1.39 (18H, s, 2 t-Bu). tH NMR, §, ppm (CDCl3): 9.31
(1H, brs,NH); 8.48 (1H, d, 3/=14.2 Hz, CH); 7.81 (1H,
d,3]=8.1 Hz, H Ar); 7.52 (1H, t,3]=7.6 Hz, H Ar); 7.43
(1H, d,3/=8.1 Hz, H Ar); 7.33 (1H, t, 3/]=7.6 Hz, H Ar);
6.92 (2H, br s, 2CH pyr.); 6.26 (1H, d, 3/=14.2 Hz,
CH); 2.67-2.70 (2H, m, CH); 2.56-2.59 (2H, m,
CHz); 2.41 (3H, s, Me); 1.79-1.81 (2H, m, CH2); 1.42
(18H, s, 2 t-Bu). 13C NMR, 6, ppm (CDCl3): 185.2;
175.9; 170.1; 164.6, 156.0, 153.2, 143.3, 142.3,
136.2; 132.8; 126.1, 125.4, 120.0; 117.9; 116.3;
115.1; 37.3; 28.0; 26.0; 24.4; 23.6; 19.9. Mass
spectrum (FAB), m/z (Ire1, %): 458 [M]*+ (100).
2-[(E)-2-(9-{[(1E)-

(Dimethylamino)methylene]amino}-2,3-dihydro-
1H-xanthen-4-yl)vinyl]-4,6-diphenylpyrylium
tetrafluoroborate (3). The 2-methyl-4,6-
diphenylpyrylium tetrafluoroborate (1.77 mmol,
0.57 g) was dissolved in acetic anhydride (10 mL).
To the resulting solution, aldehyde 1 (1.77 mmol,
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0.5 g) was added and stirred at 20 °C for 1 h. The
solvent was then evaporated using a rotary
evaporator, and the residue was purified by
recrystallization from MeCN. Yield 0.81 g (77 %),
dark blue powder, mp 165-167 °C. H NMR, §, ppm
(CDCl3): 8.41 (1H, s, CH); 8.33 (1H, d, 3/=14.2 Hz,
CH); 8.00-8.03 (2H, m, H Ar); 7.90-7.93 (2H, m, H
Ar); 7.65-7.75 (3H, m, H Ar); 7.45-7.63 (7H, m, H
Ar); 6.90 (2H, m, CH pyr.); 6.87 (1H, d, 3]=14.2 Hz,
CH); 3.42 (3H, s, Me); 3.26 (3H, s, Me); 2.85-2.88
(2H, m, CHy); 2.69-2.72 (2H, m, CH2); 1.88-1.92
(2H, m, CHz). Mass spectrum (FAB), m/z (Ire, %):
511 [M]* (100).

Conclusion

Thus, two new hybrid xanthene-pyrylium dyes
were synthesized: 4-{(E)-2-[9-(acetylamino)-2,3-
dihydro-1H-xanthen-4-yl]vinyl}-2,6-di-tert-
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