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Abstract

The fluorescence behaviour of a family of new dyes based on the oxazolo[4,5-b]pyridine ring has been investigated. It was found that introduction
of electron withdrawing and electron donating groups into the oxazolo[4,5-b]pyridine molecule causes an increase of the ground and excited state
dipole moments. The observed fluorescence has a strong charge transfer character and was investigated in terms of radiative back electron transfer
theory. In water—acetonitrile solutions the compounds behave as bases forming fluorescing cations in the presence of inorganic acid. The protonation
centres are different depending on the substituent. In the case of 2-(4-N,N-diethylaminophenyl)oxazolo[4,5-b]pyridine the protonation is complex
and formation of a bication of this compound has been determined. These observations are consistent with quantum chemical calculations.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Oxazolo[4,5-b]pyridine derivatives containing different sub-
stituents have been intensively investigated recently because
of their biological activity. Their activity depends usually on
nature of substituents attached to the oxazolo[4,5-b]pyridine
skeleton. For example, 2-aryloxazolo[4,5-b]pyridines show
anti-inflamator [1], anti-pyretic [2] and analgesic properties. A
paper that describes the absorption spectra of 2-diazaderivatives
has been published by Viscardi et al. [3], but the fluores-
cence properties of these dyes have not been investigated yet.
Many oxazolopyridines show fluorescence emission in the vis-
ible region of the spectrum. It makes them good candidates for
construction of LED devices or nonlinear optic systems.

The aim of this work is to investigate the basic fluorescence
properties of some oxazolo[4,5-b]pyridine derivatives with dif-
ferent substituents as well as their acid—base properties. The
presence of strong basic and electron deficient pyridine ring
makes these systems different from the better known benzoxazol
derivatives.
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2. Experimental
2.1. Synthesis of oxazolo[4,5-b]pyridines

The oxazolo[4,5-b]pyridine skeleton is usually obtained via
oxazole ring closure with benzoic acid in polyphosphoric acid
(PPA). The method is simple and convenient but adequately sub-
stituted 2-amino 3-hydroxypyridine derivatives are necessary.
These reactants are hard to obtain commercially. In such cases
the modification of the obtained compound is necessary (as in
the CN derivative). The synthesis routes are presented in Fig. 1.

2.1.1. Oxazolo[4,5-b]pyridin-2(3H)-thione (3)
Obtained according to paper [4]. Mp: 243 °C. Lit.: 245 °C.

2.1.2. Oxazolo[4,5-b]pyridin-2(3H)-one (4)
Obtained according to paper [5]. Mp: 212-213°C. Lit.
211-212°C.

2.1.3. 6-Bromoxazolo[4,5-b]pyridin-2(3H)-one (5)
Obtained according to paper [6]. Mp: 229-230°C. Lit.:
230°C.
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Fig. 1. Synthesis of oxazolo[4,5-b]pyridines.

2.1.4. 2-Amino-5-bromo-3-hydroxypyridine (2)
Obtained according to paper [6]. Mp: 205°C. Lit.:
204-205°C.

2.1.5. 2-Phenyl-oxazolo[4,5-b] pyridine (10) (P1)
Obtained according to paper [1]. Mp: 126°C. Lit.:
127-127.5°C (Fig. 2).

2.1.6. 6-Bromo-2-(4-N,N-diethylaminophenyl)oxazolo[4,5-
b]pyridine (8)
(P3)

Equimolar mixture of 2-amino-5-bromo-3-hydroxypyridine
(2) (1.89g, 10mM) and N,N-diethylaminobenzoic acid (6)
(1.93 g, 10 mM) was heated in 50 g polyphosphoric acid in the
temperature of 145 °C for 12 h. After cooling to room temper-
ature the solution was poured in a mixture of ice and 50 cm3
concentrated ammonium hydroxide. The precipitated solid was
filtered off, dried, and purified by multiple crystallization from
toluene—n-heptane mixture.

Mp: 147-148°C. Yield 71.70% after first crystallization.
HRMS: Calculated exact mass for C;gH¢BrN3O: 345,0477.
Found: 345,0454. '"H NMR (CDCl3) 8: 1205-1250 (t, 6 H,
Hethy1), 3412-3482 (q, 4H, Hethy1), 67186748 (d, J=9232 Hz,
2H, Harom), 77807775 (d, J=2052, 1H, H-7), 8077-8107 (d,
J=9232Hz, 2H, Hyrom), 8475-8515 (d, /=2052, 1H, H-5).

2.1.7. 2-(4-N,N-diethylaminophenyl)oxazolo[4,5-b]-
pyridine (9) (P2)

Equimolar mixture of 2-amino-3-hydroxypyridine (1)
(1.10 g, 10 mM) and N,N-diethylaminobenzoic acid (6) (1.93 g,
10 mM) was heated in polyphosphoric acid in the temperature of
145 °C for 12 h. After cooling to room temperature the solution
was poured in a mixture of ice and 50 cm? concentrated ammo-
nium hydroxide. The precipitated solid was filtered off, dried,

and purified by multiple crystallization from toluene—n-heptane
mixture.

Mp: 205-207°C. Yield 84.9% after first crystallization.
HRMS: Calculated exact mass for CigH;7N3O: 267,1372.
Found: 267,1318. 'H NMR (CDCl3) 8: 1218 (t, 6 H, Hetny1),
3403-3473 (q, 4H, Hemy1), 6726-6755 (d, J=8719 Hz, 2H,
Harom), 7138-7181 (dd, 1H, H-6), 7719-7775 (dd, J=9232, 1H,
H-7), 8111-8141 (d, J=9232 Hz, 2H, Hyrom), 8475-8554 (dd,
J=6155, 1H, H-5).

2.1.8. 6-Cyano-2-(4-N,N-diethylaminophenyl)oxazolo[4,5-
b]pyridine (11)
(P4)

The mixture of 1.73g (0.005mole) of 6-bromo-2-(4-
N,N-diethylaminophenyl)oxazolo[4,5-b]pyridine (8) and 0.89 g
(0.01 mole) of CuCN was heated in N,N-dimethylpyrolidon at
200 °C over night. After cooling the mixture was added to con-
centrated ammonium hydroxide and the resulting solid was
filtered off. Several crystallization cycles from EtOH yielded
yellow needle-shaped crystals.

Mp: 233-235°C. Yield 49.5% after first crystallization.
HRMS: Calculated exact mass for C;7HigN4O: 292,1324.
Found: 292,143. 'H NMR (CDCl3) &: 1229-1277 (t, 6 H,
Hetny1), 3444-3516 (q, 4H, Hegny1), 6807-6836 (d, J=8719 Hz,
2H, Harom), 7945-7952 (d, J=2052, 1H, H-7), 8146-8177 (d,
J=9232Hz, 2H, Harom), 8744-8752 (d, J=2052, 1H, H-5).

The investigated compounds are presented below with their
chemical names and the abbreviations used in text. The C!3
NMR spectra of the novel compounds (P2—P4) are presented in

Fig. 2.
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190 M. Mac et al. / Journal of Photochemistry and Photobiology A: Chemistry 192 (2007) 188—196

14,16

180.0 160.0 140.0 1200 1000 80.0 600 400 200 0.0

8,12
14,16
13,15
; 5 ol
1 26|10 v
O VO W
180.0 160.0 1400 1200 1000 80.0 600 400 200
8,12
14,16
o1t 13,15 ,
; 45
6|10 LA
VLT

T T T T T T T T
180.0 160.0 140.0 1200 1000 80.0 600 400 200 0.0

1'7C

AN
2Csx. O 5c=2 13014
c 6C7 N , ,C C C—C

AT - L SV¢
C., 2C« 12~ 114 15 16,
N c—C Cc—=C

Fig.2. C'3 NMR spectra of P2, P3 and P4 (bottom, middle and top, respectively)
in CDCl3 (P2 and P3) and DMSO-dg (P4). The NMR signals of the solvents
were removed from the spectra. NMR signals were ascribed to the carbon atoms
whose positions are indicated on the structure.

R1=H, R2=N(C;yHs);
oxazolo[4,5-b]pyridine (P2);
R1=Br, R2=N(C;Hj5);, 6-bromo-2-(4-N,N-diethylamin-
ophenyl)oxazolo[4,5-b]pyridine (P3);

R1=CN, R2=N(C;Hs)7, 6-cyano-2-(4-N,N-diethylamin-
ophenyl)oxazolo[4,5-b]pyridine (P4).

2-(4-N,N-diethylaminophenyl)

2.2. Fluorescence measurements (steady state and
time-resolved)

The solvents: cyclohexane (CHX), dibutyl ether (DBE), ethyl
acetate (EtAc), tetrahydrofuran (THF), ethyl bromide (EtBr),
ethyl iodide (EtI), glycerol triacetate (GTA), dichloromethane
(MeClp), acetone (ACE), aliphatic alcohols (from methanol

to octanol), acetonitrile (ACN), dimethylformamide (DMF),
propylene carbonate (PC) and dimethyl sulfoxide (DMSO)
were of spectroscopic grade and were used as received (all
from Aldrich). All of the solvents did not show any traces of
fluorescence. For fluorescence and transient absorption mea-
surements the solutions of the dyes were degassed using multiple
freeze—pump—thaw cycles. The sample concentration of the
dyes for spectroscopic measurements was ca. 107> M (this
corresponds to absorbances of ca. 0.2-0.3 at the excitation wave-
lengths used in the fluorescence investigations).

Fluorescence measurements were performed on a home-built
spectrofluorimeter and a time-correlated single photon counting
setup. For time-resolved fluorescence measurements a picosec-
ond diode laser (A =400 nm, 70 ps pulse duration) or nanosecond
diode (A=370nm, 1ns pulse duration) (both from IBH-UK)
were used as the excitation source. For steady-state fluorescence
measurements a 313, 365 or 405-nm line of medium-pressure
mercury lamp was used. The fluorescence quantum yields mea-
surements were carried out with quinine sulphate in water
(@4 =0.55) [7] as an actinometer.

2.3. Calculations

Electron transfer parameters were recovered using the CT
fluorescence band shape analysis, as described in previous
papers [8]. The MINUITS procedure from the CERN Library
was used to fit the experimental spectra with model band
shapes.

Quantum chemical calculations were done using the GAUS-
SIAN 03 quantum chemistry computational package [9]. The
DFT (B3LYP/6-31+G*) method was used for ground state
geometry optimization of P1, P2, P3 and P4, and subsequent
calculation of dipole moments and atomic charges in these
molecules. The atomic charges were obtained by fitting the elec-
trostatic potential at the Van der Waals surface, as implemented
in Gaussian.

3. Results

Absorption spectra of the compounds P1, P2, P3, and P4 in
acetonitrile are presented in Fig. 3.

As we can see, the introduction of the electrodonating
and electroaccepting groups into oxazolo[4,5-b]pyridine ring
causes the vibrational structure of the spectra to vanish.
This vibrational structure is observed in “bare” oxazolo[4,5-
b]pyridine in all solvents. A batochromic shift is observed in
the absorption spectra in systems containing amine, Br and CN
groups.

The absorption spectra of all compounds except the “bare”
oxazolo[4,5-b]pyridine show a behaviour typical for charge
transfer compounds, i.e. the position of the first absorption band
shifts to lower wavenumbers when the solvent polarity increases,
as it is shown for the compound P2 in Fig. 3.

Fluorescence spectra of the compounds P2-P4 exhibit a
well-known solvent polarity dependence, i.e. increasing solvent
polarity causes a batochromic shift of the position of the maxi-
mum of fluorescence spectra. For the compound P1, a vibrational
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Fig. 3. Normalized absorption spectra of the compounds P1, P2, P3 and P4 in
acetonitrile (top) and that of P2 in solvents of varying polarities (bottom).

structure in the fluorescence is observed, almost unchanged in
all solvents—only a slight diffusion occurs when the polarity of
the solvent increases. An example of the fluorescence behaviour
is presented in Fig. 4.
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Fig. 4. Fluorescence of P4 in solvents of varying polarity (as indicated by the
acronyms in the figure).
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Fig. 5. Lippert—-Mataga plot for the dependence of the difference between the
position of the maxima of the absorption and fluorescence bands on solvent
polarity function flgs, n%)=(((gs — 1)/(25 + 1)) — (n* — 1)/(2n* + 1)) for P2
(black triangles), P3 (open circles) and P4 (black circles) (correlation coefficient
R=0.97 in all cases).

Dependence of the difference between the position of the
maximum of the first absorption band and that of the fluores-
cence on solvent polarity function is given by the well-known
Lippert—-Mataga equation [10]. We observe a considerable
batochromic shift in the position of the fluorescence maximum
for molecules P3 and P4 as presented representatively for P4
in Fig. 4. This shift can be accounted for by assuming that
the emitting singlet state has a dipole moment much larger
than the ground state, strongly suggesting that it has an inter-
nal charge transfer character. For such a biradical-type state
the dipole moment can be experimentally calculated from the
Lippert—Mataga relationship, neglecting the mean solute polar-
izability (o~ ae ~ ag ~ 0) [10].

The changes of the dipole moments upon excitation estimated
from the Lippert—-Mataga analysis (Fig. 5) are: 10.4, 12.2, and
13.5 D for P2, P3 and P4, respectively. The estimated (in vacuo)
ground state dipole moments obtained from quantum chemical
calculations are 6.3, and 7.8 and 11.2 D for P2, P3 and P4, respec-
tively. This suggest that the excitation of the molecule (P2-P4)
increases the dipole moment significantly and in the excited state
the dipole moments for P2, P3 and P4 have a magnitude of about
17, 20 and 25 D, respectively.

The fluorescence of these compounds can therefore be anal-
ysed in terms of the Marcus’ radiative back electron transfer
theory [11]. The CT fluorescence profile is described by the
following formula [12] as:

2 2 2 0 o
CT(v) = n’v ( 3 ) M Zﬁmmskn
j=0
_(AGe + jhvy + A5 + h)?
40kT ’

X exp

ey

where M is the transition dipole moment, A the solvent reorgani-
zation energy and A Gy, is the energy difference between the CT
and ground states. S is the displacement parameter, connected
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Fig. 6. Corrected and normalized CT fluorescence spectra of P4 in EtAc and
DMSO and their theoretical predictions given by Eq. (1). The fitted parameters
are AGe=—2.98 (—2.85)eV, A;=0.217 (0.303) eV and A, =0.11 eV for both
solvents. The values in parentheses correspond to DMSO solution.

with the internal reorganization energy (Ai,) and aromatic ring
skeletal vibration (hvy = 1600 cm™1) by the relation:

_ )\in
hvy

The integer j appearing in Eq. (1) is the number of quanta of this
mode.

The band-shape fitting procedure applied for theses systems
in solvents of different polarity showed that the internal reorga-
nization energy parameter (1i,) does not depend on the polarity
of the solvents and achieves a common (mean) value equal to
0.11£0.02eV.

The solvent reorganization energy, which describes the
motions of the solvent molecules during the charge transfer
process may be calculated using the following formula [13]:

Aji? (as—l n2—1) (1b)

(1a)

A

s drthcsoad \ 26 +1 202 + 1

Eq. (1) describes experimental findings remarkably well. This
can be seen in Fig. 6, which presents a fit of the calculated
fluorescence profile to the experimental data for P4 measured in
two solvents of different polarity.

According to this pattern, fluorescence of both molecules was
analysed to obtain the values of the free enthalpy change (AGe)
and solvent reorganization energy (Ag). The results for P4 are
presented in Fig. 7.

Similar results were obtained for the compound P3, however
systematic reductions of these parameters were observed (the
values of AG¢; were smaller (more negative) by 0.15eV and A
by 0.03 eV). For P2 similar analysis yields even smaller values
of AGe by 0.1 eV and smaller in values of A4 by 0.05 eV (for sol-
vents of higher polarities). These results indicate that the excited
singlet state of cyanoderivative of oxazolo[4,5-b]pyridine is
lower in energy than that of bromo derivative P3 and unsub-
stituted compound P2.

It has been found that for compounds P2-P4 the fluores-
cence quantum yields are close to unity in all investigated

-3,05 . ’ : , , ,
0,35 0,40 045 0,50

fles)

Fig. 7. Dependence of solvent reorganization energy (top) and free enthalpy
change (bottom) on solvent polarity functions, as defined by the formulas f(n?,
&)= (((es — /(25 + 1)) — (1> = 1)/2n? + 1)) and fles) = (65 — D/(es + 1)) for
P4.

aprotic solvents, and the fluorescence lifetimes are rather short
(1.4-2ns for PQ3 and PQA4, respectively, in polar solvents such
as acetonitrile), only slightly dependent on the solvent polar-
ity. Noteworthy is the fact that the introduction of bromine into
pyridine ring brings only a small decrease of the fluorescence
lifetimes and quantum yields. More significant changes in fluo-
rescence properties are observed in aliphatic alcohols, where the
lifetimes and fluorescence quantum yields increase with increas-
ing aliphatic chain length of the alcohol. Moreover, the position
of the maximum of the first absorption band for P2 is completely
insensitive to the polarity of the alcohol. This may indicate for-
mation of complexes of the dye with the proton of the alcohol
OH group.

3.1. Acid-base properties of oxazolo[4,5-bpyridine
derivatives

The last results from the previous paragraph inspired us to
perform absorptiometric titrations of the all the investigated
compounds in protic—aprotic (acetonitrile-water) mixtures.
Addition of small amounts of inorganic acids causes a signifi-
cant change in absorption spectra of these compounds. However,
the substances behave differently, i.e. significant difference is
observed when we added hydrochloric acid to solutions contain-
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ing P1 and P2 or P3 and P4. In the case of P1 the acid addition
causes clearly a batochromic shift of the position of the first
absorption band. For P2 we observe, beside the batochromic shift
of the absorption band, a formation of an absorption band shifted
hypsochromically with respect to the first absorption band of the
dye in the absence of acid. This case will be discussed at the end
of this paragraph in more detail. In the case of the P3 and P4
compounds only a hypsochromic shift was observed.

For the determination of pK}, (the association constant for the
reaction B+ H* < BH*, where B denotes the dye) a procedure
described in detail in our previous paper has been used [14].

The value of Ky, is defined as:

CBH

Ky = ()

CH+CB ’
A simple applicoation of the Lambert—Beer relation yields the
following equation for K3,

> A(W)py Y e(v)p
> AW > e(W)pn

where the left side of the above equation denotes the ratio of
the integrated absorption spectra of the cation BH* and that
of the neutral dye B multiplied by the ratio of the integrated
extinction coefficients of the dye B and its cation BH*. The

F(acid, base) = = Kpcy+, 3

18
1,6
147 !
1,2 !
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Fig. 8. Top: Absorption spectra of P3 in water—acetonitrile mixtures
(7.5/2.5 vol./vol.) in the presence of different hydrochloric acid concentrations
(in the range of 0-0.05 M). Arrows indicate the decrease and increase of appro-
priate absorption bands due to the added acid. Bottom: Dependence of the relative
integrated absorption (see Eq. (3)) on molar concentration of the acid.

above parameters may be easily obtained if the spectra of neutral
and cationic forms of the dye are available. If so, then one can
easily divide the absorption spectra of the dye in the presence
of inorganic acid of concentration cy+ into two components:
the cation and the neutral dye. An example is presented below
(Fig. 8).

Similar investigations were performed for other dyes (P1,
P2 and P4) in acetonitrile—water mixtures at the same water
concentrations. The association constants are 13.7, 1470, 361.3
and 94.2M for the compounds P1, P2 (in the low range of
HCI concentration up to 0.01 M), P3, and P4, respectively. This
means that association of a proton with the amine nitrogen atom
decreases with increasing electron attraction ability of the group
introduced in pyridine ring in the 6th position.

A detailed inspection of the acid concentration dependent
absorption spectra of P2 shows that the situation is not so clear
as in other investigated systems, especially at higher acid con-
centrations. In the same mixture (7.5 water 2.5 ACN) in the HC1
concentration range of 0—1.5 M we observe that upon addition of
acid the absorption band located at 380 nm decreases uniformly
with simultaneous increase of the bands at 311 nm and 436 nm.
However, at higher acid concentration (higher than 0.19 M) the

10
0.9
0.8
0,74
06

<054 (436 nm)

L S A S R L p—
250 300 350 400 450 500 550
viem™!

log(Crcy)

Fig. 9. Top: Absorption spectra of P2 in water—ACN mixture in the absence (thin
solid) and presence of HCI of concentrations: 2.5 x 1073 (dashed), 0.025 (dot-
ted), 0.375 (dash-dot), and 1.875 M HCI (bold solid line). Bolded line represents
the spectrum of unprotonated P1 in water—acetonitrile mixture. Botfom: Con-
centration profiles of the absorption at 381 (black squares), 436 (open circles)
and 311 nm (open triangles), respectively.
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Fig. 10. Protonation of the P2 (2-(4-N,N-diethylaminophenyl)oxazolo[4,5-b]pyridine). In the brackets the positions of the maximum of the absorption bands are

indicated.

second band begins to disappear and the first shifts towards lower
wavenumbers. Obviously, this result suggests further protona-
tion. Simple comparison of the spectra reveals that the location
of the new bands is identical with that of the unprotonated and
protonated P1 system.

This is depicted in Fig. 9.

Thus, the complete sequence of the protonation is given in
Fig. 10.

We performed also fluorescence titration of all investigated
systems. The systems P3 and P4 behave trivially. Addition of
the acid causes a decrease of the fluorescence CT band and

1,0

0,8+

0,61

0,44

Fluorescence/norm.

0,24

0,0

g T T T T T Ty
20000 22000 24000 26000 28000 30000 32000

v/iem™

Fig. 11. Fluorescence of P1 in ACN-water mixture (2.5/7.5vol./vol.) in the
absence (dashed line) and in the presence of HCI (excitation: 313 nmHg line).
Concentration of acid spans the region 0-0.725M. The fluorescence at the
highest acid concentration is depicted by a dotted line.

an appearance of a structured fluorescence (at higher wavenu-
mers) attributed to the protonated species (at the amine nitrogen).
Fluorescence of P1 upon addition of the acid is presented in
Fig. 11. The structured spectrum of P1 observed in acid-free
solution (maximum intensity at 27,930 cm™~!) changes at higher
acid concentrations to the structureless one, and shifts to higher
wavelengths (27,170 cm™ ).

Similar feature was observed in the P2 system at medium and
high acid concentrations, when monocation P2H,* was formed,
i.e. in the presence of 0.005M HCI. Again, a slightly struc-
tured spectrum is observed (with the maximum of intensity at
27,930 cm™!) which shifts to the red (maximum at 27,170 cm™1)
upon further addition of acid. Using the Forster cycle [15] we
have determined the pKy, difference for P1 and P2 at medium and
higher acid concentration when the P2H,* product is formed
(see Figs. 8 and 9). From the intersection of normalized fluo-
rescence and absorption bands of the appropriate substances the
values of 0-0 transitions for the unprotonated (i.e. P1 and P2H,*)
and the protonated (i.e. PIH and P2H, H,%") species were esti-
mated. The differences of pKy, values (i.e. pK} — pKyp) are —3.7
and —2.0 for P1 and P2H,*, respectively. This means that the
molecules exhibit a stronger basic character in the excited singlet
state.

We performed quantum chemical calculations for the com-
pounds P1, P2 and P4 with special attention to charge
distribution in the investigated molecules (in vacuo). For these
compounds, the most negative atoms which are accessible to
accept protons are: the nitrogen atom in the pyridine ring (No.
1 in Table 1), the N atom located in the oxazole ring (No. 3
in Table 1) and the nitrogen of the amine group in compounds
P2-P4 (No. 18 in Table 1).

The results are compiled in Table 1.
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Table 1
Atom charges in atomic units (top table) and interatomic distances in A (bottom table)
11
™~
10\ s 7 5 17 — 16
8 \ 6 —
| | 4 — 12 15 ——18
9 2
\ 1 / ™~ 3/ \13 —_— 14/
Atom P1 P2 P3 P4
1(N) —0.65 —0.67 —-0.73 —0.65
2 0.81 0.82 0.85 0.82
3(N) —0.67 —0.70 —0.67 —0.68
4 0.41 0.54 0.44 0.49
5(0) —0.31 —0.30 —0.28 —0.28
6 0.10 —0.01 —0.05 0.00
7 —0.11 —0.02 0.13 —0.05
8 —0.41 —0.45 —0.50 -0.32
9 0.26 —0.30 0.51 0.29
10 —0.02 (Br) 0.45 (C)
11 —0.49 (N)
12 0.13 —0.10 0.03 —0.04
13 —0.11 —0.03 —0.09 —0.04
14 —0.13 —0.38 —-0.37 -0.39
15 —0.11 0.42 0.49 0.47
16 —0.09 —-0.34 —0.35 —-0.33
17 —0.19 —0.12 —0.15 —0.14
18 —0.38 (N) —0.47 (N) —0.43 (N)
Atom pair P1 P2 P3 P4
1-2 1.334 1.334 1.333 1.336
2-3 1.389 1.387 1.385 1.379
34 1.300 1.304 1.304 1.308
4-5 1.388 1.392 1.395 1.392
5-6 1.368 1.368 1.365 1.365
6-7 1.382 1.381 1.380 1.375
7-8 1.400 1.402 1.400 1.413
8-9 1.408 1.406 1.405 1416
9-1 1.340 1.342 1.339 1.335
62 1.406 1.408 1.407 1411
8-10 1.903 1.431
10-11 1.165
4-12 1.459 1.449 1.446 1.443
12-13 1.406 1.407 1.408 1.409
13-14 1.393 1.385 1.384 1.384
14-15 1.400 1.422 1.422 1.422
15-18 1.381 1.379 1.377

Numbering according to the scheme at the top. If not specified otherwise, the atoms listed in the table are carbon atoms.

Comparison of the bond lengths in phenyl ring of P1 and
P2 molecule shows significant changes upon substitution of the
hydrogen atom by the N(CyHs)> group (especially in bonds
13—14 and 14-15). This is consistent with the isomeric structures

shown in Fig. 12.

O, LC,H, X0 C,H; -0 _
| ) = )= o= _ —
N/ N C,H, N N + G,H; N N

Fig. 12. Resonance structures of P2.

For unsubstitued molecule, only pyridine or oxazole nitrogen

atom is a centrum of protonation, whereas for P3 and P4 where
the negative charge shifts to the vicinity of the electroaccepting
group (Br and CN) only an amine nitrogen atom is suscepti-
ble to accept a proton. At this stage of investigation we cannot

C,H,
N< 2775
+ CH;
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distinguish which atom is protonated in P1 and P2. However, in
the case of P3 and P4, where only a hypsochromic shift of the
first absorption band is observed, with the formation of the struc-
tured spectrum similar to P1 these results show that protonation
is mostly at the nitrogen atom of the amine group. The lower
association constant for P4 is due to higher electron attractivity
of the CN group than bromine. A more pronounced charge trans-
fer character of P4 is visible also in the singlet excited state as,
can be observed from the electron transfer parameters obtained
from the CT fluorescence analysis.

4. Conclusions

The dyes P2—P4 possess a charge transfer character in the
ground and excited states. Very high fluorescence quantum
yields of these dyes and rather short fluorescence lifetimes can
be explained by very high extinction coefficients of the first
absorption band (up to 50,000 dm> mol~!' cm~"). This makes
the radiative transition very efficient (5 x 108s~!), making
other possible deactivation processes negligible (i.e. intersystem
crossing and internal conversion). Low-temperature phospho-
rescence (at 77 K) has been observed only for P1 with the lifetime
equal to 0.3 s. This is probably responsible for the lack of the
internal heavy atom effect, for P3 only a small reduction of
the fluorescence parameters (the lifetimes and quantum yields)
is observed. For P1 the intersystem crossing seems to play an
important role in the deactivation of the singlet excited state (we
observed liquid nitrogen phosphorescence and a clear transient
absorption attributable for T-T absorption).

The compounds behave like proton indicators. In the case
of P2 we can distinguish a complex protonation leading at
higher acid concentration to the formation of bication of
P2.
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