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Three new mesoionic oxazolo[3,2-b]pyridazin-2-one derivatives, in ethanol solutions and in solid state have been 

investigated by UV-Vis absorption, steady-state and time-resolved fluorescence methods. The effect of the fluorine 

(compound II) and ethyl (compound III) substitution in para position of the phenyl group on the spectroscopic 

properties, comparatively with the compound with the phenyl group unsubstituted (I), has been evidenced. In the case 

of solutions, the modifications of the absorption spectra are small, but in the case of powders the inductive effects of 

fluorine (–I) and ethyl (+I) are more obvious. Fluorescence intensity and lifetime values, both in solution and solid-

state, are lower than in case of I owing to the quenching effect of these substituents. 

INTRODUCTION 

Generally, the mesoionic oxazolo-5-ones (known as münchnones) are prepared by cyclodehydration of 

N-alkyl-N–acyl α-aminoacids with reagents such as acetic anhydride, trifluoroacetic anhydride, or 

dicyclohexyl carbodiimide.1–7 The münchnones are utilized in situ because they are too unstable to be 

isolated.1–7 At the Institute of Organic Chemistry-Bucharest the isolation of more stable mesoionic 

oxazolo[3,2-b]pyridazin-2-one derivatives has been accomplished.8 The heterocyclic molecule which has a 

lowest energy absorption band corresponding to a n-π* transition is generally not fluorescent, and it is 

fluorescent if this band corresponds to a π-π* transition. Some authors consider that mesoionic compounds 

are aromatic,9 others that they are not aromatic although strongly stablized by π electrons and charge 

delocalization.10  

The oxazolo[3,2-b]pyridazin-2-one compounds exhibit an intense fluorescence in different solvents as 

we have reported.11 We have found that the spectroscopic properties of the compounds (A, B and C) present 

a solvent dependence. They have been tested in micellar solutions as potential molecular probe “sensitive” 
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A : R = Me B : R = Ph                                                      C : R= 4-ClC6H4 

the environment polarity. The aim of this work is the spectrophotometric characterization (absorption and 

fluorescence) of three new mesoionic oxazolones, with fluorine and ethyl substituted in para position of 

phenyl group, in solid state and in ethanol solution, to evidence comparatively the effects of the substitution 

and of the solvation. 

EXPERIMENTAL 

Materials and Solutions. The three derivatives of the oxazolones have the molecular structures I–III, confirmed by elemental 

analysis, mass and NMR spectrometry. Their synthesis and chemical properties have been communicated8 and will be published 

elsewhere. Ethanol (spectroscopic grade) from Merck was used. 
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I: R = C6H5; II : R=C6H4F-p; III: R = C6H4Et-p 

Methods. The fluorescence spectra (emission and excitation) were recorded with a Perkin-Elmer spectrofluorimeter, at 23°C. 

The relative fluorescence quantum yield for ethanolic solutions was determined by comparison to diluted quinine bisulfate solution 

in 0.1 N H2SO4, with 0.55 absolute quantum yield.12 The solid-state fluorescence spectra were recorded using frontal face 

ilumination. The fluorescence lifetimes of solutions were measured, at 21°C, using a single photon counting technique. The 

excitation 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 described in another article.13 Data were fitted by a double exponential function: 

F(t) = a1exp(–t/τ1) + a2exp(–t/τ2). 

Absorption spectra were recorded with a UV-VIS-NIR V-570 JASCO spectrophotometer, at 23°C. For powders the 

reflectance attachment was used. 

RESULTS  AND  DISCUSSION 

1. UV-Vis absorption spectra of oxazolones derivatives in ethanol 

The UV-Vis absorption spectra of I–III oxazolones in ethanol exhibit four bands, the absorption maxima 

and the molar extinction coefficients, ε, being presented in Table 1 (only wavelengths greater than 220 nm). 

The data shown in Table 1 evidence the effect of the phenyl substitution. The replacement of the hydrogen 

 
Table 1 

Absorption (λabs and ε) and emission (λem and fluorescence quantum yield Φf) for solutions in ethanol and λabs and λem for powders  

of compounds I–III 

Compound λabs (nm) ε (L⋅mol–1 cm–1)×103 λem (nm) Φf λabs (nm) powder λem (nm) powder 

  

I 

447 

343 

242 

5.71 

2.58 

7.29 

  

510.8 

 

0.275 

409 

477 

508 

 

540 

 

II 

450 

343 

249  

5.54 

2.49 

4.87 

 

511.2 

 

0.262 

404 

473 

506 

 

536 
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III 

449 

344 

250 

13.30 

6.10 

11.94 

 

507.5 

 

0.239 

431 

461 

512 

 

542 

atom of the phenyl group from derivative I with fluorine, in the case of derivative II, or ethyl in para position, 

in the case of derivative III, brings no important modifications of the absorption band maxima wavelengths. 

In the case of derivative III the hyperchromic effect observed (see ε values in Table 1) is a consequence of 

the fact that the alkyl group, beside the inductive effect, can exert an influence owing to the possibility of  

σ-electrons of the C-H bond to interact with π-electrons of the phenyl group (the Nathan-Backer effect).14 

2. Fluorescence of oxazolones derivatives in ethanol 

Table 1 shows the positions of emission maxima (λem) in fluorescence spectra of oxazolone solutions 

(10–5 M) and the fluorescence quantum yield, Φf. A weak quenching effect of fluorine (in -C6H4F) on the 

compound II fluorescence and ethyl in (in -C6H4Et) on the compound III fluorescence has been observed. 

The fluorescence decay of oxazolones in ethanol is measured on the nanosecond time scale. After 

deconvolution, a biexponential decay curve is obtained indicating that two different fluorescent conformers are 

present in the excited state. In Table 2 the obtained τ value are presented. One can observe lower τ values 

for II and III. The lifetimes measured at two different λem (511 and 545 nm) have about the same values, 

therefore these two wavelengths belong to the emission band of the same emissive conformer. Fig. 1 shows as an 

example the fluorescence decay curve (λem = 511 nm) of I and the random distribution of weighted residuals 

(r(ti)). 

Table 2 

Fluorescence lifetimes for compounds I–III; Χ2 is a statistical parameter  

which reflect the goodness of the fit 

 Compound λem (nm) τ (ns) Χ2 

I 
545 

511 

0.47 (65%) 

0.37 (63%) 

4.46 (35%) 

4.24 (37%) 

1.11 

1.01 

II 511 0.26 (10%) 3.85 (90%) 1.09 

III 511 0.26 (11%) 3.15 (89%) 1.12 
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Fig. 1 – The fluorescence decay curve (λem = 511 nm) of I in ethanol and the random distribution  

of weighted residuals (r(ti)).  

The photostability of the compounds in ethanol is lowered due to the solute-solvent interaction with 

hydrogen bonding. It is very probable that, like in the case of similar mesoionic compounds (sydnones) 

protonation takes place at the exocyclic oxygen15 and is a ground state process. 15N NMR studies have 

confirmed the assertion.16  

3. UV-Vis absorption and fluorescence spectra of oxazolones derivatives in solid state (powder) 

The compounds are much more stable in the solid state than in ethanol solution. Even after two years 

storage the optical properties of powders are unchanged. 

From Table 1 and Fig. 2 one can observe that in solid the absorption spectra are red shifted compared 

with solutions and the visible band is better resolved. Table 2 shows the positions of the three peaks 

observed in the visible band (they have been better positioned using a deconvolution program). 

Although the two substituents in discussion, fluorine and ethyl in para position, are well-known to 

manifest opposite inductive effects, negative (fluorine) and positive (ethyl), the modifications of the 

positions of the solution absorption bands are small and similar (a small bathochromic shift). In the case of 

the powders, the modifications are more obvious. In comparison with the spectrum of I, one can observe the 

hypsochromic shift for II and the bathochromic shift for III (Table 1 and Fig. 2). 

The fluorescence of the powders is very bright, and about 20 times more intense compared with the 

fluorescence of solutions, which is smaller because of the solvation effect. The fluorescence of 4-arylidene-

2-aryl-5-oxazolones derivatives (compounds with the oxazolone ring) has been investigated in solutions and 

very low fluorescence yields have been found.17,18 The solid-state emission of these compounds are much 

more intense than in solution.17 Fig. 3 shows the normalized emission spectra of powdered I–III 

compounds. The inductive substituent effect on the position of the emission band can be noticed. Thus, a 

bathochromic shift in the case of II and a hypsochromic shift in the case of III are recorded. The emission 

maximum  
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Fig. 2 – The absorption spectra of the powders of compounds I–III.  
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Fig. 3 – The normalized emission spectra of compounds I–III in solid-state, measured at λex = 360 nm. 

position is red shifted (about 30 nm, Table 1) in solid compared with solution. The fluorescence intensity of 

I decreases from 100 to 66 for III and 14 for II. In the case of II and III a second band is observed. 

CONCLUSIONS 

The absorption spectra and steady-state fluorescence of three mesoionic oxazolone derivatives in 

ethanolic solutions and solid state (powders) have been measured. 

1. In ethanol no important modifications of the absorption maxima wavelengths are observed, but in 

solid some modifications could be noticed. 

2. The solutions are fluorescent with a high enough quantum yields (0.275–0.239), but the fluorescence 

is about 20 times more intense in solid-state. This finding can be explained by the effect of solvation and 

due to the instability of the derivatives in solution by the protonation at the exocyclic oxygen. The 

fluorescence decay data could be fitted to a double-exponential function. The fluorescence lifetime values 

are lower in the case of II (3.85 ns) and III (3.15 ns) compared with I (4.46 ns) due to the weak 

fluorescence quenching effect of fluorine (compound II) and ethyl (compound III). 
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