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Abstract

Bichromophoric 3-diethylamino-7-phenyl-7H-benzo-[4,5]-imidazo-[1,2-c]-chromeno-[3,2-e]-pyrimidines were synthesized by the con-
densation of 7-diethylamino-3-(2-benzimidazolyl)-iminochromene with several aromatic aldehydes. Fluorescence properties of these com-
pounds were studied in solvents of various polarity and acidity. The excited state intramolecular electron transfer was shown as the reason
for the fluorescence quenching of the studied dyes with electron donor substituents in the minor chromophoric moiety. Prospects for the
usage of these compounds as fluorescence probes sensitive to polarity and pH of their surrounding were elucidated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction To be a good sensor, fluorescent compound must demon-
strate dramatic changes in emission with changing of the
Coumarin derivatives are known by their high fluores- micro-characteristics of its surrounding: pH, polarity, viscos-
cence ability, they are widely used as optical whitening ity, etc. From this point of view, the products of condensation
agents[1], luminescent components of painting composi- of  7-diethylamino-3-(2-benzimidazolyl)-iminochromene
tions for synthetic fiberf2], dye laser$3], collectors of the ~ with aromatic aldehyde$9] (see the above scheme) are
solar energy4], etc. During the last decade they were uti- of doubtless interest. The rigid molecular structure is typ-
lized also as fluorescent probes in biology and medifShe ical to the compounds of this group owing to the spa-
Owing to the sensitivity of their spectral properties to the tial fixation of benzimidazolic bicycle and =M bond
acidity of the media, coumarins were recommended as flu- of the iminochromene moiety by the substituted methy-
orescent pH indicator$,7] and fluorescent sensors for pH lene bridge. By the nature of their main chromophoric
estimation in biological objects on the micro-ley8].
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ability of acceptor-substituted dialkylamino-derivatives
[12], seems to be not important for the investigated group
of compounds.

Fluorescence properties of compoumnd differs dramat-
ically from those of the other molecules of the studied se-
ries: its fluorescence quantum yield in acetonitrile did not
exceeded 0.19]. Elucidation of the most probable reasons

Substituents in the side phenyl ring of compoumbis- of such behavior is the main aim of the present communi-
i (R on the following scheme) have low influence onto cation. Also we will analyze the possibility of the usage of
the electronic absorption spectra: absorption bands of thethis effect in the monitoring of the physico-chemical param-
minor chromophoric unit should be observed in the short- eters of the dye closest surrounding, and thus, the prospects
wavelength region, however they are overlapped by the of this compound to be a fluorescent probe. The diethyl and
intensive bands of the main chromophore, therefore their diphenyl- analogs dfld (compounddle andllj) were syn-
correct identification was not possible generally. thesized and studied for this purpose as well.

CH;, Coumarin 7

ain chromophoric unit

2. Experimental details

N

Compound was synthesized according[fdl]. Its deriva-
K tiveslla—l1j were obtained by the following general method.

5 R H
Mirior chramibphoric unit 2.1. Condensation df with aromatic aldehydes
In comparison with the starting iminochromenéiaving Substituted benzaldehyde (0.01 mol) was added to suspen-
undistinguished fluorescence efficiengy ¢~ 0.16 in ace- sion of 3.32 g (0.01 mol) of 7-diethylamino-3-(2-benzimida-

tonitrile andg; ~ 0.34 in 50% aqueous ethanfl1]), the zolyl)-iminocoumarin () and 2.31g (0.03 mol) of dry am-
guantum yields of the most of the synthesized dyes are quitemonium acetate in 20 ml of absolute methyl alcohol. The re-
close to 1.(J9]. This fact reflects the decrease in radiation- action mixture was boiled during 1 h, cooled and the formed
less losses owing to the significant reduce in probability precipitate was filtered, washed by methyl alcohol, dried and
of high-amplitude intramolecular vibrations. Formation of recrystallized from the appropriate solvent (Sedble ).
non-emissive TICT states, which is traditionally assumed by  The main physico-chemical parameters of the synthesized
many authors as the reason for decreasing the fluorescenceompounds are presentedTiable 1

Table 1

Physico-chemical parameters of the synthesized compolagslj

Compound Yield (%) Melting point;C 1H NMR (DMSO-g), 8, ppm

(recrystallized from)

lla 61 256 (benzene) 8.11 (s, 1 H, H(14)); 7-6858 (m, 12 H, arom.); 3.45 (g, 4 H, 2 G}
1.18 (t, 6 H, 2 CH)

b 85 251 (DMF) 8.11 (s, 1 H, H(14)); 7.686.57 (m, 12 H, arom.); 3.45 (q, 4 H, 2 G®
1.10 (t, 6 H, 2 CH) 3.70 (s, 1 H, OCH)

llc 64 276 (ethyl alcohol) 8.10 (s, 1 H, H(14)); 766.58 (m, 12 H, arom.); 3.45 (g, 4 H, 2 GH
1.18 (t, 6 H, 2 CH) 9.48 (s, 1 H, OH)

Id 70 264 (ethyl acetate) 8.10 (s, 1 H, H(14)); 7-858 (m, 12 H, arom.); 3.45 (q, 4 H, 2 GH
1.12 (t, 6 H, 2 CH); 2.80 (s, 6 H, 2 CH)

lle 71 246 (toluene) 8.09 (s, 1 H, H(14)); 7:68.56 (m, 11 H, arom.); 3.45 (g, 4 H, 2 G}
3.35(q, 4 H, 2 CH); 1.15 (t, 6 H, 2 CH); 1.05 (t, 6 H, 2 CH)

Ilf 60 263 (benzene) 8.14 (s, 1 H, H(14)); 7-&59 (m, 11 H, arom.); 3.45 (g, 4 H, 2 G}
1.15 (t, 6 H, 2 CH)

Ilg 55 253 (benzene) 8.14 (s, 1 H, H(14)); 7-&59 (m, 11 H, arom.); 6.45 (s, 1 H, H(7));
3.45 (g, 4 H, 2 CH); 1.15 (t, 6 H, 2 CH)

Ih 63 263, decomp. (DMF) 8.09 (s, 1 H, H(14)); 7-66.55 (m, 12 H, arom.); 3.40 (q, 4 H, 2 GH
1.10 (t, 6 H, 2 CH); 3.65 (s, 1 H, OCH)

I 60 244 (benzene) 8.10 (s, 1 H, H(14)); 7-8.55 (m, 12 H, arom.); 3.45 (q, 4 H, 2 G®
1.15 (t, 6 H, 2 CH); 9.74 (s, 1 H, OH)

1j 80 252 (methyl alcohol) 8.10 (s, 1 H, H(14)); 7-68.40 (m, 21 H, arom.); 3.45 (g, 4 H, 2 GH

1.10 (t, 6 H, 2 CH)

s, t, g, m denote correspondingly to singlet, triplet, quadruplet, and multiplet. Signal of H(7) could not be identified because of its overlamatith aro
multiplets at 6.5-7.7 ppm.
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1H NMR spectra were measured on Varian Mercury Vx Table 3
spectrometer (200 MHz) in DMSOsavith TMS as internal Fluorescence quantum yieldsldb andlld in solvents of various polarity
standard. Electronic absorption spectra were obtained on HI-solvent EY (30) 0
TACHI U-3210, fluorescence spectra—on HITACHI F-4010

. I1b (p'-OCHs) I1d (p'-N(CHa)2)
spectrometers. Fluorescence quantum yields were evalu-
ated with respect to 3-(2-benzothiazolyl)-7-diethylamino- Ethyl alcohol  0.654 0.99 0.13
. - : - Acetonitrile 0.460 0.96 0.10
coumarin (Coumarin-6) in ethyl alcohops( = 0.89 [10]) Acotone 0.355 - 0.39
taking into account the difference in _the refraction indices gy acetate 0228 0.99 0.99
of the measured and reference solutifit®]. All the fluo- Toluene 0.099 0.87 0.87

rimetric measurements were conducted at concentrations of
the dyes, at which the excitation wavelength absorbancies
were less or equal to 0.15.

Protolytic equilibrium constants in water—ethyl alcohol
media (50 vol.%) were detected by spectrophotometric
method with the use of standarg &-C,HsOH buffer solu-
tions on the basis of hydrochloric, acetic, malonic, and boric
acids and NaCl as background electrolyte at permanent ionic
force 0.05mol/l. The pH measurements were conducted in . .
the cell with glass ang AgCl reference electrodes; the elec- molecule of the StUd'.ed §ene|stb (Tab!e 33
tric compensation scheme included potentiometer P-363-2. The fluorescence lifetime dild, which is close to 2ns .
and pH-meter pH 121. Usage of water—ethyl alcohol KCl in tolugn_e and ethyl acetate_, decreases down to 0.86ns in
solution (0.85 mol/l) in the reference electrode half-unit al- gcetomtnle and to 0.66ns in et_hyl alcohol. A_t the same
lowed to increase the stability of the measurements and also.t'm.e’ quo_rescence decay bfia (R=H) and11b (R=OCHs)
to extend the available pH range for the acidic solutions IS |nsen.5|ble to' the nature .Of solvent anq vary from 2'.1 to
down to 0.6 pH units. Calibration procedures for the above 2.7ns, increasing slightly in polar media. '_I'he descrlt_)ed
described potentiometric cell were presented in details in facts allowed us to_pr_opose the dynamic mechanl_sm
[11]. Activity coefficients for the charged particles were for the solvent polarity-induced fluorescence quenching

calculated by the Davis equati¢iv]. of Id. .
Fluorescence decay curves were measured on the flu- Generally, our results display the absence of any correla-

orometer described ifil5] and treated by the standard tion between the discussed fluorescence quenching and sol-
least-squares methd6] vent ability to specific interactions (for example, formation
Quantum—chemical calculations were conducted by PM3 of hydrogen bonds in alcohol solutions). Thus, we concluded

method[17,18], incorporated in MOPAC 200j.9] program this quenching has rather intramolecular then intermolecular

nature.
ackage. o . .
P 9 Taking into account the bichromophoric character of

Ild and lle, the absence of any conjugation between

fluorescence quantum yields bfd andlle in solvents of

low polarity (for example, toluene) are close to the values of

the other representatives of the synthesized series (0.9-1.0).
The clear tendency in the decreasing of the fluores-

cence quantum vyield in polar media was observed for the

side-chain dimethylamino-substituted compound, for

example, in comparison with another donor-containing

3. Results and discussion the w-electron subsystems of these molecules, we as-
sume the intramolecular electron transf20,21] from the
3.1. Fluorescence properties tfa— dialkylamino-phenyl to 3-benzimidazolyl-iminochromene

moieties as a possible reason of the discussed quenching.
The main spectral data for the synthesized compounds The preliminary attempt to estimate the principal pos-
are presented in th@able 2 It must be emphasized, that sibility of electron transfer to the excited molecule of

Table 2

Absorption and emission parameters of compouiids!|j in acetonitrile

Compound 52bs (cm™1) A2 (mm) e (Imol~lcm™1) ol (cm™h) A (nm) APl (em™h) @

lla 22,960 436 51,200 20,080 498 2880 0.98
I1b 22,940 436 50,100 20,060 499 2880 0.96
llc 22,900 437 51,200 20,080 498 2820 0.99
Id 22,960 436 50,500 20,040 499 2920 0.10
lle 22,900 437 51,500 20,060 499 2280 0.03
1f 22,900 437 53,500 20,000 500 2900 0.99
g 22,900 437 - 20,040 499 2260 0.97
Ih 23,080 433 47,600 20,120 497 2960 0.98
i 23,040 434 44,900 20,040 499 3000 0.97
1] 22,920 436 54,300 20,040 499 2880 0.90

Here vmax, Amax, POSitions of the absorption and emission maximamolar extinction at long-wavelength absorption maximaist, stokes shift;p,
fluorescence quantum yield. Extinction data fbg is not available owing to its low solubility in acetonitrile.
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3-diethylamir-7-phenyl-7H-benzo[4,5]imidazo[1,2-c]Jchro- DMA, ). Our calculations clarify the absence of the
meno[3,2-e]pyrimidinel( a) from the ground-state dimethy-  emission quenching dfid—e in non-polar surrounding. At
laniline molecule was conducted by the model calculations the same time, polar solvents stabilize the ionic structures
with semiempirical method PM3. The ionization potential formed as a result of the electron transfer and thus they
(IP) of dimethylaniline was estimated as 7.7 eV, while as must increase the probability of this proc¢22].

the electron affinity (EA) ofla, evaluated as the difference

in heat of formation values for the basic molecule and its 3.2. Intermolecular fluorescence quenching experiments
anion—radical, was found near 1.6eV in the ground state

and 5.3eV in the excited state. These results evidenced, For the experimental conformation of these theoreti-
that in spite of the significant increase in EA of the excited cal findings we studied the intermolecular fluorescence
Ila molecule, the electron transfer from the unexcited di- quenching oflla by in two solvents, significantly differ by
alkylaniline is still not energetically favorable in the media their polarity—toluene and methyl alcohdFi¢. 1). Both

of low dielectric constant (vacuum, for which these calcula- cases demonstrated the decrease of emission intensity with
tions were made): EAI(a, $) < IP (N,N-dimethylanyline, dimethylaniline content in solution, however, the efficiency
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Fig. 1. Fluorescence spectra Wdfa in (a) toluene and (b) methyl alcohol with the increasing concentratioN,bfdimethylaniline: a, 0-0.3 mol/l; b,
0-0.2mol/l (corrected on the excitation wavelength absorption changing due to the dilution at adding of the quencher).
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Fig. 2. Stern—Vollmer plots for the fluorescence quenchinglafby dimethylaniline in (a) toluene and (b) methyl alcohol.

of the observed quenching was significantly different for acter: it results in decreasing of both their fluorescence quan-
the studied solvents. tum yields and lifetimes. Thus, we consider the discussed

The most evident mechanism of this quenching is the compounds as prospective fluorescence probes, which life-
electron transfer from the DMA to the excited fluores- time could serve as indicator of the polarity of their sur-
cent dye. The bimolecular quenching constants, evaluatedrounding.
from the Stern-Vollmer plotsHig. 2) were the following: The investigation of the emission properties dfd
2.7 x 108Imol~1s~1 for toluene and 0 x 10°Imol~ts1 (Table 4 Fig. 3 in the wide series of solvents of differ-
for methyl alcohol. The last value is close to the diffusion- ent polarity have shown this probe is sensitive exactly to
controlled rate constant in methanol, therefore we concludedthe polarity of the media, while as various specific inter-
that every collision of dimethylaniline molecule with the ex- actions are less important for this molecule. This thesis
citedl1a molecule leads to the radiationless deactivation of is supported by the better correspondence of the reversed
the latter. The probability of radiationless deactivation in the lifetime of 11d and Lippert solvatochromic functiorn.(=
corresponding collision complex is close to 1.0. More than ((¢ — 1)/(¢ + 1)) — ((n? — 1)/ (n? + 1)) [24], which takes
that, the efficient fluorescence quenching should be typical into account only universal interactions), rather than em-
also to the intramolecular analogs of the above describedpirical Reichardt polarity parametef¥(30) [25], which
collision complex oflla and dimethylaniline—the bichro- includes both specific and universal interactions between
mophoric molecules with non-conjugated chromophoric
unitslid andlle.

The additional provement in favor of the proposed elec- Table 4
tron transfer quenching mechanismIéfl andlle in polar Fluorescence lifetimes dfid in solvents of different polarity

surrounding was obtained on the example of compounds sgvent A n L EN (30) 7 (ns)
Ilc andlli, which contains the hydroxy-group in the minor

. . . y y-g P . . Octane 1.95 1.3974 —0.0003 0.012 2.37
chromophoric unit of their molecules. In alkaline media at ;) .16 291 14233 00202 0.164 240
pH 10-11 the dissociation of OH-group with the formation carpon tetrachloride  2.23  1.4601 0.0102 0.052 1.94
of electron rich phenolate moiety takes place. It is character- Toluene 238 1.4961  0.0135 0.099 2.13

ized by the low ionization potential and therefore quenches Glycerol triacetate 6.0 14305 01792 0.299 2.54
Ethyl acetate 6.02 13723  0.1997 0.228 2.08

the fluorescence emission bifc and|li by the analogous
hani ia th lect t f yb tw tﬁ 1,2-Dichlorobenzene 9.93 15515 0.1861 0.225 2.32
mechanism, via the electron transier between the NoN-, ; piehoroethane 104 1.4448 02211 0.327 2.42

conjugated main and minor chromophoric moieties of these n.gutyl alcohol 17.1  1.3993 02625 0.586 1.49
molecules. Propanol-2 18.3  1.3747 0.2739 0.546 1.16
Ethylmethylketone 18.5 1.3788 0.2729 0.327 1.44
3.3. Media polarity sensing withid andlle Acetone 207 1.3588 02843 035 109
P Y 9 Ethyl alcohol 243  1.3611 0.2886 0.654 0.66
. . o _ DMF 36.7  1.4303 0.2744 0.386 0.39
The above discussed changing of the emission propertiesacetonitrile 374 1.3437  0.3055 0.460 0.86
could be utilized in the monitoring of the media polar[m] ¢, dielectric constantsn, refraction indices of the solvent&; Lippert

with the usage Oﬂc_j andlleas fluorescent probes. The_ﬂu' solvent polarity[24]; EY (30), Reichardt solvent polariti25] functions;
orescence quenching of these compounds has dynamic charr, fluorescence lifetime.
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Fig. 3. Plots of the reversed fluorescence lifetimed laf (1/7, ns™1) in different solvents vs. the solvent polarity functions of (a) Reichardt and (b)
Lippert. Data were interpolated by the smoothing spline functions (dash lines).

the solvent and soluteF{g. 3).Completing the discussion ranges and thus, to develop a series of new probes with
of the spectral properties of bichromophoric derivatives the “emission jump” in the pre-defined ranges of solvent

of 11, we did like to note, that these series of compounds polarity.

allow to shift the sensitivity range to media polarity by

the directed modification of their molecular structure. The 3.4. pH sensing

most prospects have changing of the nature of the alkyl/aryl

substituents at nitrogen atoms in the main (in position The potential sensitivity of several derivatives ldfnot

7 of the iminocoumarinic unit) and minor chromophoric only to polar, but also to the acid—base properties of the me-
moieties. This would allow to vary the donor ioniza- dia owing to the participation of substituents in the main

tion potential and the acceptor electron affinity in wide and in the minor chromophoric units of their molecules in

Table 5
Spectral and protolytic properties of compourdia—e, i in 50% aqueous ethyl alcohol
Compound R Uncharged base Monoprotonated cationic form

Dﬁwbai € f’%ax 12 }‘ﬁwbasx € pKa
lla H 21,220 51,900 19,680 0.92 19,720 72,900 336.01
b n-OCHz 21,220 48,800 19,660 0.96 19,700 71,700 33D.01
Ilc n-OH 21,240 49,700 19,560 0.97 19,700 73,200 3#46.01
Iid n-N(CHg)2 21,180 49,100 19,640 0.04 19,660 72,400 3#4D.02
Ile n-N(CzHs)2 21,180 49,500 19,660 0.03 19,700 75,300 2469.02
i 0-OH 22,420 44,900 19,700 0.90 19,960 63,200 3178.01

R is the substituent in the minor chromophoric moietysay, correspondent positions of the long-wavelength absorption and emission maxima;
extinction coefficient; Ka, ionization constant.
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protolytic interactions, impels us to study their spectral be- dissociation[11,27] Probably, changes in their absorption
havior in the wide pH range. The 50% aqueous ethyl alco- spectra caused by dissociation of OH-groups in the minor
hol was chosen as a media for this investigations, becausechromophoric moiety are hidden by the intensive absorption
it allows to control pH potentiometrically and most of the of the main chromophore. Another possible reason for the
studied compounds have quite satisfactory solubility in this absence of changes in the absorption spectra is the bichro-
mixed solvent system. mophoric nature of the discussed compounds and low in-
The spectrophotometric titration of compountia— teraction between their chromophoric units. That is why,
in 50% aqueous ethyl alcohol displays the existence of the ionization of the minor chromophore reactive groups
only one protolytic equilibrium in pH interval from 1 to  could not be trustworthy detected by the spectrophotometric
9 units (Table 5. OH groups dissociation of the hydroxy- methods. At the same time, the intramolecular fluorescence
compoundslic and Ili has practically no influence onto quenching at OH-group dissociation makes it possible to
their absorption spectra and manifests itself only in de- detect this process by the change in fluorescence intensity
crease of their emission ability in highly alkaline media versus pH.
(see below). Fluorimetric titration of compoundic (pH 8-12) and
All the studied compounds have several potential pro- Ili (pH 6-12) in 50% aqueous ethyl alcohol displays the
tonization centers, thus our first task was the elucidation of decrease of its emission without changing of the shape of
the main reactive group in protolytic interactionslbé—e, the spectra and fluorescence lifetime. The dissociation con-
i. With this purpose, we made a series of quantum—chemicalstants calculated from the obtained classical sigmoid titration
calculations oflla, 11d, andlle molecules in the semiem-  curves were the following: 163+ 0.01 (Ic) and 1073+
pirical PM3 scheme with the purpose to analyze the electron 0.01 (I 1i).
density distribution on their potential protonation centers
(nitrogen atoms). For the first calculations in vacuo the 3.5. Different mechanisms ofd and |1e protolytic
minor chromophoric group nitrogen atom (compoumhbt interactions in the acidic media
andlle) was the most negatively charged. It followed by the

nitrogen atom of diethylaminogroup in the iminochromenic  The polarity-induced fluorescence quenching, discussed
unit (position 3) and the least negatively charged were the ahove for compoundd d and!le allows us to assume their
nitrogen atoms in positions 6 and 13. The media polarity spectral properties are affected by pH as well. The dialky-
effects were not taken into account in such calculations, |amino groups in the minor chromophoric unit of these
therefore they were repeated in the dielectric continuum molecules act as the additional protolytic centers, which, ac-
model (COSMO(26]) with ¢ = 37 (arbitrary modeling  cording to our calculationsTable §, are protonated nearly
the aqueous ethyl alcohol surrounding). In this more polar in the same pH range as the nitrogen atom in position 6.
media the most negative charge was localized on the ni- The fluorescence spectra of these compounds, normal-
trogen atom in position 6, a little bit less—on the minor jzed to their total quantum yield, are presentedrig. 4.
chromophore dialkylamino groups, the iminochromenic di- Both band shape and fluorescence quantum yielddfe-
alkylamino nitrogen and nitrogen atom in position 13 were mained unchanged at decreasing pH from 11 to 5.6. Progres-
the last in this sequenc@dble §. Surely, such calcula-  sjve increase of emission intensity (first arrdwig. 49 and
tions could not reflect all the peculiarities of the protolytic  starting from pH 4.2—also the changes in the shape of the
interactions in the real solutions, however, they are able spectrum (second arrow) were observed down to pH 2-1.5,
to display definite tendencies in the changing of the elec- and then definite decrease in intensity took place (third ar-
tron density redistribution under the influence of the polar row)_ At titration of Ile the quantum y|e|d increasing was
solvent. started at pH 6.6 (first arrowig. 4b), while as changing in

In accordance with the experimental dfdd] and our  the shape of the fluorescence spectrum was detected only at
calculations we consider the fO”OWing equilibrium as the pH 3.4 (Second an’ow), when the emission intensity reaches

first step in the protolytic interactions ¢fa—e, i in polar  jts maximal value. The final emission bandslbd andlle
surrounding. were quite similar by their shape, this allowed us to suppose
13 N
N
/ " /
N N _— N N
N R Nt R
Et,N” 3 o° N | Et,N Y ll‘l H
6 H

The protolytic behavior of compoundlsc andl i seemed they belong to the analogous products of protolytic interac-
to us somewhat unusual. It was logical to expect for them tions, possessing protonated nitrogen atom in position 6 and
in the alkaline media the products for their hydroxy-groups protonated dialkylamino group in the minor chromophoric
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Table 6

Calculated charges on the potential centers of protolytic interactions at different polarity of the media (dielectric cgnstant,

Compound R € ane) aN(13) ON(NER) AN(R)
lla H 1 —0.210 —0.132 —0.247 -

Iid n-N(CHz)2 1 —0.208 —0.133 —0.246 —0.259
Ile n-N(CzHs)2 1 —0.207 —0.133 —0.248 —0.288
lla H 37 —0.325 —0.250 —0.262 -

Iid n-N(CHz)2 37 —0.325 —0.251 —0.262 —0.270
Ile n-N(CzHs)2 37 —0.324 —0.251 —0.262 —0.280

See the scheme below for the atoms numbering. The most negative values are presented in italics.

unit. However, the reaction pathways from the starting to the nitrogen atom in position 6 of the main chromophoric
the final equilibrium forms were quite different in these two moiety). The other two constants correspond to the proto-
compounds. nation of dialkylamino groups in the minor chromophoric
Protolytic equilibria constants, calculated from the flu- unit, which regulate the possibility of intramolecular elec-
orimetric titration data at the assumption of the static tron transfer and the emission efficiency of compounrdis
mechanism of the observed two-step processes (“static’andllein polar surrounding.
means ground-state protolytic interactions determine all The sequence of the starting two stages of protolytic
the changes in fluorescence spectra), were the follow-interactions in the acidic media is different for the dis-
ing: 353+ 0.02 and 223+ 0.04 (I1d); 4.49 4+ 0.02 and cussed two molecules: nitrogen atom in position 6 was
2.5440.02 (11€). Comparing these values with the results of initially protonated for I1d, then proton was attached
our spectrophotometric titratiorfdble 5, we can conclude, to dialkylamino group in the minor chromophoric moi-
that despite the insignificant deviations in the numerical ety. Ile displays the opposite behavior, when the dialky-
data, protolytic equilibria with i§ 3.53 forlld and 2.54 for lamino group in minor chromophore reacted first and the
Ile correspond to the analogous interactions, which were main chromophoric unit was protonated only at the next
observed in the absorption spectra as well (protonation of stage.

1.07 (a)
¢ -’
0.8 T

0.6 7

0.4 7

0.2 1

0.0 s 4
Wavenumbers, 107, cm”

476 500 526 556 588 625 Wavelength, nm

1.0 (b)

2 20 19 18 17 16 Wavenumbers, 103, em™
476 500 526 556 588 625 Wavelength, nm

Fig. 4. Fluorimetric titration of compounds (&)d and (b)lle in 50% aqueous ethyl alcohol, normalized to the total quantum yield. Changes in the
emission spectra with the decrease of pH from 11 down to 1.5 units are shown by arrows.
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4, Conclusion [10] A.N. Fletcher, D.E. Bliss, Laser dye stability. Part 5. Effect
of chemical substituents of bicyclic dyes upon photodegradation

. . parameters, Appl. Phys. 16 (1978) 289-295.
The excited state intramolecular electron transfer was [11] AA. Karasev, LL. Lukatskaya, M.|. Rubtsov, EK. Zhykol, S.N.

shown to be the reason for the fluorescence quenching of the' ~ yamolenko, 0.A. Ponomarev, Synthesis, protolytic equilibrium and
bichromophoric derivatives with electron donor substituents stability of 2-amino-3-(2-benzimidazolyl)-1-benzopyrylium salts in
in the minor chromophoric moiety_3-diethy|a_mino-7- aqueous alcoholic medium, Russ. J. Gen. Chem. 65 (1995) 1416—
phenyl-7H-benzo-[4,5]-imidazo—[l,2-c]-chromeno-[3,2-e]- [12] ;4§S.Grabowski K. Rotkiewicz, A. Semiarczuk, D.J. Cowley, W.
pyrlmldlngs, SymheSlZ.ed. by the. .Condensatlon Of, ’- Baumann, Twist’ed intramolecuI’ar charge transfer states (TIéT). A
diethylamino-3-(2-benzimidazolyl)-iminochromene  with new class of excited states with a full charge separation, Nouv. J.
aromatic aldehydes. Prospects for the usage of these com-  chim. 3 (1979) 443-453.

pounds as fluorescence probes sensitive to polarity and pH[13] C.A. Parker, Photoluminescence of Solutions, Elsevier, Amsterdam,

of their surrounding were outlined. London, New York, 1968,

[14] C.W. Davis, lon Association, Butterworths, London, 1962.

[15] A.O. Doroshenko, A.V. Kirichenko, V.G. Mitina, O.A. Ponomaryov,
Spectral properties and dynamics of the excited state structural
relaxation of the ortho analogs of POPOP—effective abnormally
large Stokes shift luminophors, J. Photochem. Photobiol. A Chem.
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