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In this work, a previously unknown aldazine, N’-[4-((E)-{(2Z)-[(12-{[(1E)-
(dimethylamino)methylene]amino]lamino}-2,3-dihydro-1H-benzo[b]xanthene-
4-yl)methylene|hydrazone}methyl]-2,3-dihydro-1H-benzo[b]xanthene-12-yI|-N,N-
dimethylimidoforma-mide was synthesized by reacting the corresponding aldehyde with
hydrazine hydrate. The spectral characteristics of the two azomethine dyes were studied:
N,N-dimethyl-N’-{4-[(E)-(phenylimino)methyl]-2,3-dihydro-1H-xanthen-9-
yl}imidoformamide and N’-[4-((E)-{(2Z2)-[(12-{[(1E)-(dimethylamino)methylene]amino]-
2,3-dihydro-1H-benzo[b]xanthen-4-yl)methy-lene|hydrazono}methyl]-2,3-dihydro-1H-
benzo[b]xanthen-12-yl]-N,N-dimethylimidoformamide. Both dyes exhibit a bathochromic
shift in their absorption maxima at lower pH levels. The observed deepening of the color
can be attributed to the protonation of the azomethine nitrogen atom and the change in
the hybridization of the orbital that carries the unpaired electron pair of the azomethine
nitrogen atom, switching from the sp? orbital to the unhybridized p-orbital, which is
capable of conjugation with the xanthene fragment. The color of N,N-dimethyl-N’-{4-
[(E)-(phenylimino)methyl]-2,3-dihydro- 1 H-xanthen-9-yl}imidoformamide changes from
yellow to red as the pH decreases, while the color of N’-[4-((E)-{(2Z)-[(12-{[(1E)-
(dimethylamino)methylene]amino]-2,3-dihydro-1H-benzo[b]xanthen-
4-yl)methylene]hydrazono}methyl|-2,3-dihydro-1H-benzo[b]xanthen-12-yl]-N,N-
dimethylimidoformamide shifts from red to blue. The synthesized dyes have potential as
pH indicators in acidic environments. These dyes demonstrate a color change not only

in response to pH reduction but also in the presence of transition metal salts.
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Introduction

Xanthene-like dyes are employed in a multitude
of scientific and industrial applications [1—3], including
as dyes [4,5], fluorophores [6], photonic [7], optic
sensors [8], and so forth. In all the aforementioned
xanthene dyes, the 9-position remains either
unsubstituted or substituted with a non-functionalized
group, which restricts the potential for further
transformations. Previously, we devised a novel
methodology for synthesizing a xanthene backbone
by rearranging the 1,3-benz(naphth)oxazine and
1,3-benzodioxine cycles in the presence of the
Vilsmeier-Haack reagent [9,10]. The newly developed
reactions facilitate the synthesis of xanthene dyes in
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satisfactory yields, with the additional benefit of
enabling the introduction of functional groups at the
9-position, thereby markedly enhancing their chemical
and optical properties. This provided a significant
impetus for the development of a multitude of distinct
dyes based on synthesized xanthene building-blocks
[11—13]. In this work, we present the synthesis and
study of the optical properties of xanthene-like dyes
with amidine fragment that can be utilized as pH
indicators in acidic environments.

Experimental

Unless otherwise stated, all reagents of analytical
grade were purchased from commercial suppliers and
used without any further purification. The 'H NMR
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and ®C NMR spectra were performed on a Bruker
Avance 11 400 spectrometer (400.13 MHz and 100.62
MHz for 'H and "3C, respectively) in DMSO-d,/
CCl, using residual solvent peak as internal standard.
The UV-vis spectra were measured by a Hitachi U-
1900 spectrophotometer using quartz cuvette with
optical path length 10 mm, the baseline was corrected
relative to the solvent absorption. The FAB mass
spectrum was recorded on a VG7070 spectrometer.
Desorption of the ions from the solution of the samples
in 3-mercapto-1,2-propanediol was realized with a
beam of argon atoms with energy 8 keV. Elemental
analysis was performed on a LECO CHN-900
instrument. 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 CHCIl;/MeOH as eluent. Compound 3 was
synthesized according to the literature method [6].

N -14-((E)-{(2Z2)-[(12-{[(L1E)-
(dimethylamino)methylene]amino}-2,3-dihydro-1 H-
benzo[b]xanthen-4-yl)methylene]hydrazono}methyl)-
2,3-dihydro-1H-benzo[b]xanthen-12-yl]- N, N-
dimethylimidoformamide (4). The aldehyde 3 (0.1 g,
0.15 mmol) was dissolved in boiling i-PrOH (5 mL),
after cool to room temperature 0.015 mL (0.3 mmol)
of hydrazine hydrate were added. The reaction mixture
was left off at room temperature for 24 h. The
precipitate formed was filtered off and purified by
recrystallization from MeCN. Yield 0.08 g (82%),
reddish-brown powder, mp. 250—252°C (decomp.).
'"H NMR spectrum (400 MHz, DMSO-d,/CCl,), 8,
ppm: 8.80 (2H, s, 2CH), 8.00 (2H, s, 2CH),
7.87 (2H, d, 3J=8.1 Hz, Ar), 7.75 (2H, d, 3J=8.0 Hz,
Ar), 7.55 (2H, s, Ar), 7.45 (2H, s, Ar), 7.37 (2H, t,
3J=7.1 Hz, Ar), 7.30 (2H, t, 3J=7.1 Hz, Ar),
3.15 (6H, s, 2Me), 3.08 (6H, s, 2Me), 2.51 (4H, t,
3J=6.1 Hz, 2CH,), 2.37 (4H, t, °J=5.9 Hz, 2CH,),
1.56—1.65 (4H, m, 2CH,). *C NMR spectrum
(100 MHz, DMSO-d,/CCl,), 5, ppm: 161.2, 158.1,
152.2, 148.1, 145.6, 133.9, 132.2, 131.5, 128.4, 126.4,
124.4, 121.5, 120.3, 118.0, 117.0, 107.2, 36.1, 33.2,
31.2, 27.0, 18.3. Mass spectrum (FAB),
m/z (1, %): 661 [M+H]* (100). Found, %: C 76.47,
H 6.16; N 12.83. C,,H,NO,. Calculated, %: C 76.34;
H 6.10; N 12.72

Results and discussion

In previous studies [11,12], we synthesized dyes
1 and 2 (Scheme 1) based on the xanthene framework.
When the pH of the solution of compound 1 is reduced,
a gypsochrome shift of the absorption maximum from
531 nm to 478 nm occurs [14].

CO,Et
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NMe, NMe,
Scheme 1

The reaction of compound 2 to protonic acids
was found to be the opposite. Consequently, when
compound 2 is treated with trifluoroacetic acid in
MeCN, a bathochromic shift of the absorption
maximum is observed, from 431 nm to 504 nm.
This is accompanied by a color change from yellow
to red (Figs. 1 and 2).
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Fig. 1. The absorption spectra of compound 2 in neutral and
acidic media

n

Fig. 2. The photograph depicts solutions of compound 2 in
MeCN with and without CF;CO,H
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In the case of compound 1, it was found that
the protonation reaction occurs at the dimethylamidine
fragment. In the case of the Schiff bases, protonation
is likely to occur at the nitrogen atom of the azomethine
group, since only protonation at this atom can lead to
absorption in the longer-wavelength region of the
spectrum. This phenomenon can be attributed to the
potential for a protonation reaction on the unpaired
electron pair of the azomethine nitrogen atom, resulting
in charge transfer to the oxygen atom and the amidine
fragment (Scheme 2). This reaction is more favorable
than protonation on the amidine fragment.

The intensification of the color of compound 2
upon the addition of acid is attributed to the protonation
of the unshared pair of electrons of the azomethine
nitrogen atom, which results in the transfer of a positive
charge to the oxygen atom. This process leads to a
transformation in the hybridization of the orbital

AN

carrying the unshared pair of electrons, shifting from
the sp? orbital to the unhybridized p-orbital. This
latter orbital is capable of conjugation with the
xanthene fragment. The change in the hybridization
of the orbital on which the unshared pair of electrons
of the azomethine atom of the nitrogen atom is located
is responsible for the bathochromic shift of the
absorption maximum upon acidification of compound
2 (Scheme 2).

Continuing our investigation, we proceeded to
synthesize aldazine 4 by reacting aldehyde 3 with
hydrazine hydrate (Scheme 3).

Additionally, compound 4 demonstrated
sensitivity to changes in pH. Absorption spectra for
compound 4 were recorded in acetonitrile solution
with a concentration of 5-10~° mol/L. The absorbance
maximum for compound 4 was observed at 508 nm.
The addition of one equivalent of TFA (CF;CO,H)

Scheme 2

N,H,*H,0,i-PrOH

rt,24 h

4 (82%)

Scheme 3
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resulted in a bathochromic shift of the absorbance
maximum to 615 nm. The addition of a second
equivalent of TFA shifts the absorption maximum to
shorter wavelengths, up to 570 nm (Figs. 3 and 4).
The color subsequently undergoes a transformation,
transitioning from red to blue. Further addition of
acid has almost no effect on the maximum absorption
of compound 4. Neutralizing the acidic solution of
compound 4 to pH 8 with Et;N restores the absorption
spectrum of the neutral molecule. In addition to
determining the absorption maxima of compound 4
in relation to the acidity of the medium, the absorption
coefficients and the optical energy gap of the HOMO-
LUMO transition were also determined. The optical
properties of compound 4, as a function of the amount
of TFA, are summarized in Table.

The change in the maximum absorption of
compound 4 upon addition of one equivalent of TFA
is caused by protonation of the nitrogen atom of the
azomethine group with delocalization of the positive
charge to the pyran cycle, as observed in the case of
compound 2. The addition of the second equivalent
of TFA results in a shift of the absorption maximum
to 570 nm, which is associated with the protonation
of the second nitrogen atom of the azomethine group
and the conditional separation of two symmetric
chromoform systems.

Conclusions

It was shown that N,N-dimethyl-N’-{4-[(E)-
(phenylimino)methyl]-2, 3-dihydro-1H-xanthen-9-
yl}imidoformamide and N’-[4-((E)-{(2Z)-[(12-
{[(1E)-(dimethylamino)methylene]amino}-2,3-
dihydro-1H-benzo[b]xanthen-4-
yl)methylene]hydrazono}methyl]-2,3-dihydro-1H-
benzo[b]xanthen-12-yl]-N,N-
dimethylimidoformamide batochromically shift the
absorbance maxima at lower pH. The observed
intensification of color can be attributed to the
protonation of the azomethine nitrogen atom and a
change in the hybridization of the orbital carrying
the unpaired electron pair of the azomethine nitrogen
atom, which transitions from the sp? orbital to the

Compound 4

Compound 4+ 1 eq TFA

Compound 4+ 2 eq TFA

= Compound 4+ 2 eq TFA then 2 eq Et;N

0.8 4

06

0.4 4

Normalized absorption

0.2 4

0.0
400

T T
500 600 800

Wavelength, nm

Fig. 3. The absorption spectra of compound 4 in neutral and

acidic media

Fig. 4. The photograph depicts solutions of compound 4 in
MeCN with and without CF;CO,H

unhybridized p-orbital. This latter orbital is capable
of conjugation with the xanthene fragment. The
synthesized dyes have potential utility as pH indicators
for acidic media.
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Spectral characteristics™ of compound 4 in MeCN solution with the addition of TFA

TFA [§ uiValent ok Hkk _ _
Eq_ ’ A Abs-max, T Aonset™, NN E, ™, eV Ema- 10, M .cm™
0 508 615 2.02 3.68
1 615 732 1.72 4.12
2 570 630 1.97 4.20
2+2 eq. BN 508 — — —
Notes: * — absorption maxima (Asm.) and extinction coefficients (e,,,,) were determined experimentally; ™ — the red line of self-
absorption; ™" — 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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HOBI KCAHTEHOIIOAIBHI BAPBHUKHN AK
pH-IHINKATOPU HA KHUCJIE CEPEJOBUIIE

C.A. Bapenuuenxo, A.B. Kosmyn, O.K. ®@apam

VY wuiit podoti panile HeBigoMuii anbaasuH, N’-[4-((E)-
{2Z)-[(12-{[(1 E)-(nu™meTuiaMiHO)MeTUIEH |]aMiHO]-2,3-1uri-
po-1H-6enH30[b]kcanTeH-4-ir)MeTuneH |rigpazoHo}meTi|-2,3-
nurigpo-1H-6en3o[b]kcanren-12-in]-N,N-gumerniiminodop-
MaMil, ofepXaHO pPeaklli€lo BiAMOBITHOTO AJbIETilAy 3 Timpa-
3UH rigpatoM. J1oCTiKEHO CMEeKTPaibHi XapaKTepUCTUKHU JBOX
azomeTnHoBUX OapBHUKiB: N,N-numernn-N’-{4-[(E)-(deHi-
JlimiHo)MeTwi|-2,3-aurinpo- 1 H-kcanten-9-in}iminoopmaminy
i N’-[4-((E)-{(22)-[(12-{[(1 E)-(nu™MeTniaMiHO)MeTHIIEH |aMi-
Ho]-2,3-nurinpo-1H-6eH30[b]kcanten-4-in)MeruneH|rinpaso-
Ho}meTwi]-2,3-nurinpo- 1 H-6en3o[b]kcanren-12-in]-N,N-au-
metwiiMinodopmaminy. O6umaBa 6apBHUKM OATOXPOMHO 3Mi-
LIYIOTh MAKCUMYMHM TMOTJIMHAHHS 1pu 3HuxkeHHi pH. TMornm6-
JIEHHsI 3a0apBJIEHHSI, SIKE CIOCTEPIra€TbCsi, MOXHA TMOSICHUTU
MPOTOHYBAHHSIM a30METMHOBOIO aToMa a3oTy 3i 3MiHOI0 TiOpu-
nu3alii opOiTaiti 3 HeCrapeHolo Mapolo eJIEKTPOHIB a30METUHO-
BOTO aToMa HIiTPOTeHy 3 Sp’ Ha HETriOpUIN30BaHy pP-0pOiTaib,
sIKa 3/11aTHA 10 KOH torauii 3 kcaHteHoBUM ¢parmeHToMm. Koiip
N,N-numerun-N’-{4-[(E)-(dbeninimino)merun|-2,3-nurinpo-
1H-kcanTeH-9-in}iminodopmaminy 3MiHIOETBCSI 3 XKOBTOrO Ha
yepBoHMit npu 3HuXeHHi pH pozumny, a N’-[4-((E)-{(2Z)-
[(12-{[(1E)-(numeTunamino)meTuiaeH |amino]-2,3-aurinpo- 1 H-
6eH30[b|kcaHTeH-4-11)MeTWICH |Tiapa3oHo MeTII | -2, 3-AUTinpo-
1H-6en30[b]kcanren-12-in]-N,N-numeruniminodpopmamia B
aHaJIOriYHUX YMOBaxX 3MiHIOE KOJIip PO3UYMHY 3 YEPBOHOTO Ha
CHHiii. 3ramaHi OapBHUKM TMOTEHLIIHO MepcreKTuBHi sk pH-
IHAMKATOpU Ha KUCJIe cepenoBullle. BoHM TakoxX 3MiHIOIOTh
KOJIip He Juie npu 3HuxkeHHi pH po3uuny, ane it npu nona-
BaHHi coJieil mepexiiHuX MeTaliB.

KawouoBi cnoBa: xcaHTeHONoAiOHI OapBHUKH,
pH-inaukaTop, aminuH, a30MeTWH, a3uH, KHUCJIE CepeIOBHUIIIE.
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In this work, a previously unknown aldazine, N’-[4-((E)-
{(2Z)-[(12-{[(1E)-(dimethylamino)methylene]amino]amino}-2,3-
dihydro-1H-benzo[b]xanthene-4-
yl)methylene]hydrazone}methyl]-2,3-dihydro-1H-
benzo[b]xanthene-12-yl]-N,N-dimethylimidoforma-mide was
synthesized by reacting the corresponding aldehyde with hydrazine
hydrate. The spectral characteristics of the two azomethine dyes
were studied: N,N-dimethyl-N’-{4-[(E)-(phenylimino)methyl]-
2,3-dihydro-1H-xanthen-9-yl}imidoformamide and N’-[4-((E)-
{(2Z)-[(12-{[(1E)-(dimethylamino)methylene]amino]-2,3-
dihydro-1H-benzo[b]xanthen-4-yl)methy-
lene]hydrazono}methyl]-2,3-dihydro-1H-benzo[b]xanthen-12-
yl]-N,N-dimethylimidoformamide. Both dyes exhibit a
bathochromic shift in their absorption maxima at lower pH levels.
The observed deepening of the color can be attributed to the
protonation of the azomethine nitrogen atom and the change in
the hybridization of the orbital that carries the unpaired electron
pair of the azomethine nitrogen atom, switching from the sp?
orbital to the unhybridized p-orbital, which is capable of
conjugation with the xanthene fragment. The color of N,N-
dimethyl-N’-{4-[(E)-(phenylimino)methyl]-2,3-dihydro-1H-
xanthen-9-yl}imidoformamide changes from yellow to red as
the pH decreases, while the color of N’-[4-((E)-{(2Z)-[(12-
{[(1E)-(dimethylamino)methylene]amino]-2,3-dihydro-1H-
benzo[b]xanthen-4-yl)methylene|hydrazono}methyl]-2,3-
dihydro-1H-benzo[b]xanthen-12-yl]-N,N-
dimethylimidoformamide shifts from red to blue. The synthesized
dyes have potential as pH indicators in acidic environments. These
dyes demonstrate a color change not only in response to pH
reduction but also in the presence of transition metal salts.

Keywords: xanthene-like dyes; pH indicator; azomethine;
azine; acidic media.
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