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Three new mesoionic oxazolo[3,2-b]pyridazin-2-one derivatives, in different solutions have been
investigated by UV-Vis absorption, steady-state and time-resolved fluorescence methods. The effect
of substituents on the extension of conjugation of theπ -electrons from mesoionic oxazolone has
been evidenced by bathochromic shifts of the absorption and fluorescence maxima positions. The
fluorescence decay data could be fitted to single-exponential or double-exponential function. The
lifetime values are much higher in aprotic polar solvents and in the case of the derivatives that
present an extension of the conjugation ofπ -electrons. The properties of the compounds present a
solvent dependence, being tested in micellar solutions as potential molecular probe “sensitive” to the
environment polarity.
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INTRODUCTION

Heterocycles have at least one lone pair of nonbond-
ing n electrons. They can be excited into aπ∗ ring orbital
by an electronic promotion which is commonly referred to
ann→ π∗ transition. The compound, which has a lowest
energy absorption band corresponding to ann–π∗ tran-
sition, is generally not fluorescent, but it is fluorescent
if this band corresponds to aπ–π∗ transition. Solutions
of heterocyclic molecules, pyridine, pyrrole, furan, thio-
phene, and benzofuran do not fluoresce, but indole does
in aqueous solutions [1,2]. Absorption and fluorescence
spectra of heterocycles are very sensitive to solvent effect
and hydrogen bonding plays a key role in that sensitivity.
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The fluorescence of aromatic hydrocarbons gener-
ally depends on the substituent nature and position. In
the case of five atom heterocycles the substituent posi-
tion is critical. Indole (2,3-benzopyrrole) is fluorescent,
whereas pyrrole is not fluorescent. The addition of a dou-
ble bounded N atom to indole can increase or decrease
the fluorescence function of the nature and position of the
substituent.

The mesoionic oxazolo[3,2-b]pyridazin-2-one
(known as m¨unchnones) were prepared by cyclodehy-
dration of N-alkyl-N–acyl α-aminoacids with reagents
such as acetic anhydride, trifluoroacetic anhydride, or
dicyclohexyl carbodiimide [3–9]. The m¨unchnones are
utilized in situbecause they are too unstable to be isolated
[3–9]. At the Institute of Organic Chemistry – Bucharest
the isolation of more stable mesoionic oxazolo[3,2-
b]pyridazin-2-one derivatives has been accomplished.
These compounds exhibit an intense fluorescence.

In this study we present the spectrophotometric char-
acterization (absorption and fluorescence) of three new
mezoionic oxazolones. The UV-Vis absorption, steady
state and time-resolved fluorescence measurements have
been generally conducted in ethanol to evidence the effect
of the substituent, but also in aprotic solvents (acetonitrile,
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DMSO, toluene, cyclohexane) to evidence the interaction
solute-solvent.

EXPERIMENTAL

Materials and Solutions

The mesoionic oxazolo[3,2-b]pyridazin–2-one deri-
vatives of the oxazolones have the molecular struc-
tures I–III , confirmed by elemental analysis, IR spec-
troscopy, mass and NMR spectrometry. Their synthesis
and chemical properties have been communicated [12]
and will be published elsewhere. Solvents (spectro-
scopic grade) from Merck have been used. Sodium
dodecyl sulfate (SDS), especially pure grade (BDH),
hexaethylene glycol monododecylether (C12E6) and oc-
taethylene glycol monohexadecyl ether (C16E8) surfac-
tants (from Nikko Chemicals), poly(ethylene glycol) 200
(CW) (Loba Chemie), and poly(propylene glycol), aver-
age molecular weight 2000 (Aldrich) were used without
purification.

A fresh stock ethanolic solution (ca. 1 mM) was pre-
pared for each oxazolone derivative. Appropriate amounts
of stock solutions were transferred into a volumetric flask
and the ethanol evaporated under a stream of nitrogen, then
the solvents or aqueous surfactant solutions (3% SDS, 2%
C12E6 and 2% C16E8, values above the critical micellar
concentration) were added. The final concentrations of the

oxazolones were in the 10−5 M–5×10−5 M range. The mi-
cellar solutions were magnetically stirred for a few hours.
Solutions were kept in the dark. The study on the photo-
chemical stability of oxazolones in different solvents has
been conducted by us and the results will be published
separately.

Methods

The fluorescence spectra (emission and excitation)
were recorded with Spex spectrofluorimeter, at 23◦C. The
emission and excitation spectra were corrected. The rel-
ative fluorescence quantum yields were determinated by
comparison to diluted quinine bisulfate solution in 0.1 N
H2SO4, with 0.55 absolute quantum yield [13]. The flu-
orescence lifetime of oxazolones has been measured, at
21◦C, using a single photon counting technique. The ex-
citation setup uses a mode – locked Nd-YAG laser (Spectra
Physics Model 379.344S) and a dye-laser. The excitation
wavelength was 300 nm. The experimental method is de-
scribed in [14]. Data were fitted by a monoexponential or
a double-exponential function:F(t) = a1 exp(−t/τ1)+
a2 exp(−t/τ2).

Absorption spectra were recorded with a Shimadzu
UV-VIS 2501 PC spectrophotometer, at 23◦C.

RESULTS

Steady-State Spectra of Oxazolones Derivatives

Substituent Effect

The photophysical investigation of these new com-
pounds starts with their UV-Vis absorption characteriza-
tion. The UV-Vis absorption spectra of oxazolones (I–III )
in ethanol exhibit four bands, the absorption maxima (but
only wavelengths grater than 220 nm, because of the ab-
sorption of ethanol) and the molar extinction coefficients,
ε, being presented in Table I. The data shown in Table I
evidence the effect of substituent. By the replacement of
methyl group (compoundI ) with phenyl (compoundII )
the conjugation of theπ -electrons from mesoionic oxa-
zolone is extended with theπ -electrons from benzene ring.
In the case of derivativeII one can observe a bathochromic
shift of 1max= 14 nm for low-energy band (S0 → S∗1
transition) and the modification of theε values. Figure 1
shows for comparison the absorption spectra, in the 230–
500 nm range. In the case of derivativeIII , the low-energy
band is blue-shifted (1max= 22 nm) (see also Table I).
This hypsochromic effect is assigned to the replacement
of fumaryl cathene (inII ) with the methyl group, there-
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Fig. 1. The absorption spectra of the compoundsI–III in ethanol.

fore the conjugation ofπ -electrons being shortened. For
high-enegy absorption band an hyperchromic effect can
be observed.

Table I also shows the positions of emission max-
ima (λem) in fluorescence spectra of oxazolone solutions
(5× 10−5 M) and the fluorescence quantum yield,8f . As
in the case of absorption, one can remark the red shift in the
emission spectrum with the extension of the conjugation
(compareI with II ), and the blue shift in the case ofIII
comparatively withII , but the modifications of the emis-

Table I. Absorption (λabs and ε), Emission (λem and Fluorescence
Quantum Yield (8f )) and Stokes Shift (1ν) of Mesoionic Oxazolones

Solutions in Ethanol

λabs ε (L·mol−1 λem 1ν

Compound (nm) cm−1) ×103 (nm) cm−1 8f

I 431 17.50 488 2877 0.096
328 10.36

II 447 5.71 510.8 2895 0.275
343 2.58
242 7.29

III 427 8.19 508.1 3960 0.289
343 3.27
255 23.45

sion maxima are smaller. This difference of the behavior
of the compoundIII on the excited states can be recover
in larger Stokes shift (1ν) for this compound (Table I).
The quantum yield of compoundI is lowest, pointing to
the role of the methyl group.

Figure 2 shows the excitation spectra of the com-
pounds in ethanol. The positions of the excitation bands
are practically the same as the positions of the absorption
bands, but the long wavelength absorption band is more
efficient for fluorescence excitation.

Solvent Effect

Representative solvents have been selected for this
investigation. Tables II–IV show the absorption band
maxima wavelengths in the 300–500 nm range and the
corresponding molar extinction coefficients,ε, for I, II ,
and III in ethanol (EtOH), acetonitrile (ACN), dimethyl
sulfoxide (DMSO), and toluene (TOL). Figure 3 presents
the normalized absorption and emission spectra in DMSO
for I , II and III . The outlines of the absorption spectra
illustrate the presence of some shoulders due to the over-
lapping of the vibrational bands. For a better evidence of
the modification of absorption spectra in the mentioned
solvents, the spectrum has been decomposed in gaussian
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Fig. 2. The normalized excitation spectra of compoundsI–III in ethanol, measured atλem= 500 nm.

bands using a deconvolution program, the optimal fitting
of the experimental data being obtained by 6 gaussian
bands summing, the number of bands being established
following the values of statistical parameters of the fitting.
Table IV presents the positions of the maxima and ampli-
tudes of the gaussian bands for oxazolones in different
solvents. One can thus better observe the modifications of
the spectra: the increasing of the intensity and the shifts of
the maxima depending on the extension of theπ electrons
and the solvent nature.

Table II. Absorption (λmax andε) and Fluorescence (I f andλem)
Properties of CompoundI in Different Solutions ([I ] = 5× 10−5 M)

ε (L·mol−1 cm1)
Solvent λmax (nm) ×103 λem (nm) I f a.u.

EtOH 328 10.36 488.1 14
431 17.50

ACN 330.7 12.29 488.2 65
434.9 20.16

DMSO 334.4 21.77 501.8 100
436.5 31.85

TOL 322.1 3.95 513.5 22
360.3 4.61
450.2 12.18

Toluene favors the extension of the conjugation.
Tables II–IV also show the fluorescence parameters (fluo-
rescence intensity in arbitrary units and maxima positions,
λem). The fluorescence intensity is greater in DMSO prob-
ably because the compounds do not interact with the sol-
vent. The shoulders in emission spectra of compoundIII
were better positioned by decomposing the spectrum in
three gaussian bands. The maximum positions and inten-
sity (in counts per second) of these bands are mentioned
in Table IV.

Table III. Absorption (λmax andε) and Fluorescence (I f andλem) of
CompoundII Solutions ([II ] = 5× 10−5 M)

Solvent λmax (nm) ε (L·mol−1 cm1) ×103 λem (nm) I f a.u.

EtOH 242 7.29 510.8 53
343 2.58
447 5.71

ACN 359 8.32 502.0 61
444 11.76

DMSO 349 15.11 530.0 63
452 30.43

TOL 319 2.29 514.5 39
362 2.33 548.0
461 6.76
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Table IV. Absorption (λmax andε (L·mol−1 cm−1)) and Fluorescence (I f andλem) Properties of CompoundIII
in Different Solutions ([III ] = 5× 10−5 M)

Solvent λmax (nm) ε×103 λmax (nm) ε×103 I f a.u λem (nm) I f 106CPS λem (nm)

EtOH 255.0 23.45 264 7.87 38 508.1 0.771 490
343.7 3.27 267 3.09 0.991 513
426.9 8.19 342 3.24 0.970 555

397 2.50
424 7.33
448 2.46

ACN 352.4 4.76 266 10.65 13 505.2 0.293 496
433.6 10.08 325 1.80 13 529.4 0.463 529

354 3.57 0.185 584
397 1.93
423 9.06
453 5.81

DMSO 270.4 11.64 269 6.39 37 525.8 0.75 503
354.8 4.69 337 1.79 0.80 533
436.4 10.76 353 4.44 0.78 570

395 1.47
424 9.13
453 5.17

TOL 283.3 0.43 286 0.39 17 501.1 0.404 497
364.4 0.67 336 0.23 17 530.5 0.651 529
444.8 1.38 365 0.51 0.204 584

416 0.63
447 1.25
473 0.37

Fig. 3. The normalized absorption and emission spectra in DMSO ofI , II andIII .
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Fig. 4. The fluorescence decay curve (λem= 515 nm) ofII in toluene and random distribution of weighted residuals (r (ti )).

Fluorescence Decay

The fluorescence decay of oxazolones in all investi-
gated solvents is measured on the nanosecond time scale.
After deconvolution, a monoexponential or a biexponen-
tial decay curve is obtained (indicating in these cases that
two different fluorescent conformers could be present).
Figure 4 shows as an example the fluorescence decay curve
(λem= 515 nm) ofII in toluene and random distribution
of weighted residuals (r (ti )). The measured fluorescence
lifetime values are presented in Table V. One can observe
that in aprotic polar solvents the values are much higher
than in a protic polar solvent (ethanol). The extension of
the conjugation leads to the increase ofτ values (compare
I with II ).

In ACN the lifetime value is highest because it con-
tributes to the extension of the conjugation and the stability
of the compound to the UV radiation during the lifetime
measurement is better. The effect of EtOH is reverse. By
hydrogen bonding it can perturb the extension of the con-
jugation, and the stability of the compounds will be lower.
In the case of similar mesoionic compounds protonation
takes place at the exocyclic oxygen [15] and is a ground
state process.15N NMR studies on similar compounds
(sydnones) have confirmed the assertion that exocyclic
oxygen could be involved in formation of hydrogen bonds
[16].

Oxazolones in Micellar Aqueous Solutions

The absorption and fluorescent probes are frequently
used to investigate the structure of micellar solutions
[17,18] or the interaction of proteins with ionic or non-
ionic micelles [19,20]. Because the oxazolones present

Table V. Fluorescence Lifetimes,τ , for CompoundsI , II andIII

Compound Solvent λem (nm) τ (ns) χ2

I EtOH 508 0.22 (55%) 1.09 (45%) 1.05
EtOH 480 0.24 (88%) 1.09 (2%) 1.06
Cyclohexane 480 4.53 1.05
ACN 6.09 1.13
DMSO 500 0.68 1.16

II EtOH 545 0.47 (65%) 4.46 (35%) 1.11
515 0.37 (63%) 4.24 (37%) 1.01

ACN 510 15.02 1.09
DMSO 529 0.80 (82%) 7.08 (18%) 1.09
TOL 515 1.73 (56.4%) 6.58 (43.6%) 1.07

545 1.53 (50%) 5.96 (50%) 1.07
Chloroform 450 6.87 1.12
CW 513 5.13 1.02
C16E8 510 0.50 (65%) 4.32 (35%) 1.13
C12E6 510 1.05 (56%) 10.01 (44%) 1.19

III EtOH 500 0.26 (1%) 3.15 (99%) 1.11
ACN 510 18.88 1.04
DMSO 530 2.40 (78%) 5.52 (22%) 1.14
TOL 540 3.20 1.07
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Fig. 5. Normalized absorption spectra (low-energy band) ofII in various environments.

solvatochromic properties, the applicability of these com-
pounds as molecular probes in micellar aqueous solutions
has been investigated. CW has been selected as solvent
because it reproduces the polar part of the non-ionic mi-
celles C12E6 and C16E8, and PPO as hydrophobic medium.
Absorption spectra of the compoundII in SDS, C12E6

and C16E8 micellar solutions and in water, CW, methanol
and polypropylene glycol (PPO) are presented in Figure 5.
One can observe that in SDS (anionic surfactant) mi-
celles, there is a noticeable red shift in absorption max-
ima, compared with water,II experiences a polarity be-
tween water and methanol. Some of the molecules rest
probably in water, but the others are bounded to micel-
lar surface by coulombic interaction. In non-ionic sur-

Table VI. Absorption (Lowest Energy Band), Fluorescence Emission
Maxima, Stokes Shift, and Relative Fluorescence Quantum Yields ofII

in Various Solvents and Micelles

Solution λmax (nm) λem (nm) 1ν (cm−1) 8f

Water 422 436.6 792 0.229
EtOH 447 510.8 2779 0.275
CW 450 501.0 2262 0.213
ACN 444 502.0 2602 0.357
PPO 458 505.1 2033 0.538
SDS 438 457.2 959 0.298
C12E6 450 500.0 2222 0.231
C16E8 448 503.0 2440 0.222

factants C12E6 and C16E8 micellar solutions, the spec-
tral parameters ofII are close to those in CW. The sol-
ubility in water is very low and therefore the oxazolone
molecules prefer a more hydrophobic environment, being
solubilised near the oxyethylenic-hydrated chains of the
surfactant.

One can observe from Table VI that relative quan-
tum yields (calculated considering the aria of fluorescence
band and absorbance at 365 nm), are greater forII in ACN,
PPO and SDS, and comparable for hydrophilic environ-
ments: CW, ethanol, C12E6 and C16E8. The fluorescence
lifetime in C12E6 micelle is higher than in C16E8 (Table V)
because of the longer ethylenic chain in C16E8, that is a
higher hydrophilicity in the solublity zone.

CONCLUSIONS

The absorption spectra and steady-state fluorescence
of three new mesoionic oxazolone derivatives in different
solutions have been measured. The absorption spectra of
II have evidenced bathochromic shifts because the con-
jugation of theπ -electrons from mesoionic oxazolone is
extended with theπ -electrons from benzene ring. The flu-
orescence spectra present the same behavior. In the case of
derivativeIII , the hypsochromic shift of the spectra, com-
pared withII is due to the fumaryl cathene contribution to
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the extension of the conjugation of theπ -electrons from
mesoionic oxazolone.

The fluorescence decay data could be fitted to a
mono- or double-exponential function. The fluorescence
lifetime values are much higher in aprotic polar solvents
and are higher forII and III derivatives that present an
extension of the conjugation ofπ -electrons.

The spectroscopic properties of the compounds
present a solvent dependence. This is whyII has been
tested in micellar solutions as a potential molecular probe
“sensitive” to polarity of the environment.
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