
SYNTHESIS AND SPECTRAL-LUMINESCENCE PROPERTIES OF STILBENE 

DERIVATIVES WITH TWO UNCONJUGATED FLUOROPHORES 

B. M. Krasovitskii, I. N. Tur, 
L. D. Pchelinova, and L. Sh. Afanasiadi 

UDC 547.636.3'787.2'793.4.07: 
535.372:543.422.6 

Compounds that contain 2,5-diphenyloxazole and 2,5-diphenyl-l,3,4-oxadiazole fluoro- 
phore groupings that are not conjugated with one another were obtained by the phos- 
phonate modification of the Wittig reaction from 2-[4(3)-bromomethylphenyl]-5- 
(2-tosylaminophenyl)-l,3,4-oxadiazoles and 2-phenyl-5-[4(3)-formylphenyl]-l,3-oxa- 
zoles. The absorption and fluorescence spectra of the compounds obtained and the 
individual fluorophores that constitute the molecules of these compounds were in- 
vestigated. Intramoleeular nonradiating transfer of the electronic excitation 
energy between the fluorophores that make up the compounds and in binary mixtures 
of the corresponding luminophores was observed in solutions and in polymeric ma- 

trices. 

Arylethylene derivatives of 2,5-diphenyloxazoles and 2,5-diaryl-l,3,4-oxadiazoles have 
found application as effective activators of liquid and plastic scintillators [i, 2] and are 
used in laser technology [3] and in "cascade" compositions in daylight fluorescent pigments 
and paints [4]. 

We have obtained and investigated compounds that contain simultaneously 1,3-oxazole 
and 1,3,4-oxadiazole structural groupings linked by a vinylene group; the heterorings of the 
two fluorophore fragments are not conjugated with one another (I-III, Table i). 

These compounds were obtained in the form of trans isomers by means of PO olefination 
from the corresponding 2-[4(3)-bromomethylphenyl]-5-(2-tosylaminophenyl)-l,3,4-oxadiazoles 
and 2-phenyl-5-[4(3)-formylphenyl]-l,3-oxazoleso 
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A tosylamino group, which usually easily forms an intramolecular hydrogen bond (!HB) 
with the heteroatoms of the azole rings, was introduced into the ortho position of one Of 
the aromatic rings of the diaryloxadiazole fragments. 

The formation of this sort of bond could promote an increase in the intensity of the 
luminescence of the synthesized substances. In addition, in a number of cases the formation 
of an IHB in the case of compounds that contain an o-tosylamino group leads to an anoma- 
lously large Stokesian shift (Av = 10,000-12,000 cm-~),which is advantageous in the practical 
utilization of luminophores [5, 6]. 
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TABLE i. Spectral-Luminescence Character- 
istics of I-VII in Toluene 

Com- 
pound 

III 
IV 
V 

VI 
VII 

Absorption 

Lmax, nm (s. 1o-4) 

32~* 
345 (6,91) 

370(infiection) 
350 (7,31) 
310 (3,06) 
355 (6,34) 
31o (5,50) 

335* 

Fluorescence 

~max' n m  

455 0,31 
385 0,21 
405 

405, 425 0,59 
365 0,50 
475 ~,88 
355 0,61 

380, 400 0,54 

Av 

9270 
4290 

5040 
4860 
71370 
4090 
4850 

*Only slightly soluble. 

The spectral-luminescence characteristics of toluene solutions of the compounds ob- 
tained and, for comparison, the same characteristics of model compounds (IV-VII), which are 
their individual structural fragments, are presented in Table i: 

IV 

VI 

V 

Ts--HN 

VH 

A large Stokesian shift (A~ = 9272 cm -I) is observed for i, the vinylene group of 
which is not conjugated with the heterorings. The absorption maximum of a toluene solution 
of this substance occupies an intermediate position between the maxima of the individual 
fluorophores. When the vinylene group is conjugated with the heteroring of one of the 
fluorophores (II, III), the Stokesian shift has its normal values. 

It is interesting to compare the fluorescence quantum yields of solutions of the com- 
pounds obtained. Compound III has the highest luminescence intensity. The higher quantum 
yield of this compound is evidently due tothe 2,5-diphenyloxazole fragment with the aryl- 
ethylene grouping conjugated with it (compare III and V). 

It has been previously shown that the fluorescence of compounds that consist of two 
fluorophore groupings with a common aromatic ring that are not included in a single conju- 
gated system is due to the nonradiating transfer of energy via an inductive-resonance mech- 
anism [7, 8]. Considering these data, we assumed that intramolecular transfer of the elec- 
tronic excitation energy is realized in the case of I-III in toluene solutions. 

In order to make a more detailed study of this problem we investigated the spectral- 
luminescence properties of II, which is more soluble in toluene than III. 

To ascertain the existence of energy transfer between the fluorophores in this mol- 
ecule we made a parallel study of the intermolecular transfer of energy between compounds 
with structures similar to the component fluorophores in solutions of mixtures of them in 
toluene and in polystyrene. 

Primarily the 2,5-diphenyloxazole group absorbs when solutions of II (c i'i0-" mole/ 
liter) are irradiated with light with a wavelength of 313 nm, and the character of the 
fluorescence spectrum is similar to the spectrum of the arylethylene derivative of 2-(o- 
tosylaminophenyl)-5-phenyl-l,3,4-oxadiazole (VII). The intensity of the luminescence of II 
both in toluene and in polystyrene increases by a factor of two as compared with VII (Fig. 
i), and this constitutes evidence for the nonradiating transfer of the electronic excitation 
energy from the fluorophore donor to the fluorophore acceptor of Ii. A similar pattern is 
also observed when the concentration of the solution is increased (c 5.10-" mole/liter). 
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Fig. i. Fluorescence spectra of 2,5-diphenyloxazole 
(i), l-phenyl-2-[5-phenyl-2-(2-tosylaminophenyl)-l,3,4- 
oxadiazolyl]ethylene (2), an equilibrium mixture of the 
former (3), and II (4) in toluene (a) and in polystyrene (b). 

Quenching of the fluorescence of the donor and an increase in the intensity of the 
luminescence of the acceptor were observed in an equimolar mixture of 2~5-diphenyloxazole 
(donor) and the arylethylene derivative of 2-(2-tosylaminophenyl)-5-phenyl-l,3,4-oxadiazole 
(acceptor) at concentrations of 1.10 -4 and 5"10 -" mole/liter in toluene and polystyrene. It 
should be noted that, as a consequence of the lower effectiveness of the transfer of energy~ 
the increase in the intensity of the luminescence of this mixture is smaller than in the 
case of II. As in the case of the compounds that we previously described [8] D the mutual 
orientation of the molecules evidently plays an important role in this system. 

EXPERIMENTAL 

The absorption spectra of I-III in toluene (concentration 3.10 -5 mole/liter) were measured with 
an SF-4 spectrophotometer. An apparatus consisting of a ZMR-3 mirror monochromator, an FEU-18 opti- 
cal emission detector, and an M-95 microammeter was used to investigate the fluorescence (c 10 -3 
mole/liter). The photoluminescence was excited with an SVDSh-500 lamp, from the spectrum of 
which the exciting light with a wavelength of 313 nm was isolated by means of a DMR-4 quartz 
monochromator. The spectra obtained were corrected with allowance for the spectral sensi- 
tivity of the apparatus. The absolute fluorescence quantum yields were determined by the 
equal-absorption method [9]. 

The films were prepared by dissolving a weighed sample of the investigated substance 
(from calculation, 10 -3 mole/liter) and 0.5 g of polystyrene by heating in i0 ml of toluene, 
after which i ml of the resulting solution was applied to glass (30 by 30 mm) with a pipette 
and allowed to stand for i0 h. The average fluorescence intensities obtained in the measure- 
ment of three films are presented. 

2-(3-Phenylformyl)-5-phenyl-l,3-oxazole. A 21-g (0.15 mole) sample of urotropin was 
added to a solution of 15.7 g (0.05 mole) of 2-(3-bromomethylphenyl-5-phenyloxazole in 250 ml 
of 50% acetic acid, and the mixture was refluxed for 1.5 h. Hydrochloric acid (15 ml) was 
added, and the mixture was refluxed for another 5 min. It was then cooled, and the resulting 
precipitate was removed by filtration and recrystallized from methanol to give 8.4 g (68%) of 
a light-yellow precipitate with mp 136-137~ Found: C 77.4; H 4.5; N 5.5%; M 249. 
CI~H,~N02. Calculated: C 77.1; H 4.4; N 5.6%. 

3(4)-[5-(2-T~sy~amin~pheny~)-~3~4-~xadiaz~-2-y~]-3~(4~)(5-pheny~-2-~xaz~y~)sti~- 
benes (I-III). A 0.8-ml (0.01 mole) sample of triethyl phosphite was added to a solution ~f 
7.5 g (0.01 mole) of 2-[4(3)-bromomethylphenyl]-5-(2-tosylaminophenyl)-l,3,4-oxadiazole in 
20 ml of xylene, and the mixture was refluxed on an oil bath at 150~ for 4 h. The xylene 
was removed by distillation, and the residual phosphonate in the form of a yellow oil, which 
solidified upon cooling, was dissolved in 15 ml of dimethylformamide (DMF), and 0.23 g 
(0.01 mole) of sodium metal in 2 ml of methanol and 2.5 g (0.01 mole) of 2-[4(3)-phenyl- 
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formyl]-5-phenyl-l,3-oxazole in I0 ml of DMF were added. The reaction mixture was then 
allowed to stand at 20~ for 2 h. Compounds I-III were purified by chromatography on activity 
II aluminum oxide by elution with benzene. 

Compound I, with mp 255-256~ was obtained in 23% yield. Found: C 71.7; H 4.4; 
S 5.0%. C3sH=sN404S. Calculated: C 71.7; H 4.4; S 5.0%. 

Compound II, with mp 214-215~ was obtained in 25% yield. Found: C 71.9; H 4.4; 
S 5.1%. C~sH28N404S. Calculated: C 71.7; H 4.4; S 5.0%. 

Compound III, with mp 198-199~ was obtained in 30% yield. Found: C 71.5; H 4.6; 
S 5.3%. CssH=sN~O4S. Calculated: C 71.7; H 4.4; S 5.0%. 

LITERATURE CITED 

. 

2. 

. 

4. 

5. 

6. 

7. 

8. 

9. 

L. D. Shcherbak and I. V. Lysova, in: Scintillators and Organic Luminophores [in 
Russian], Vol. 4, Izd. VNII Monokristallov, Kharkov (1975), p. 28. 
V. I. Grigor'eva, V. F. Poduzhailo, and B. M. Krasovitskii, in: Single Crystals, 
Scintillators, and Organic Luminophores [in Russian], Vol. 5, Part I, Izd. VNII 
Monokristallov, Kharkov (1969), p. 99. 
L. M. Podgornaya, L. P. Snagoshchenko, L. D. Shcherbak, Yu. A. Nestrizhenko, and 
V. I. Grigor'eva, Izv. Akad. Nauk SSSR, Ser. Fiz., 39, 2359 (1975). 
D. G. Pereyaslova, D. A. Zvyagintseva, Yu. M. Vinetskaya, and B. M. Krasovitskii, 
Zh. Prikl. Spektrosk., 20, 417 (1974). 
L. Sh. Afanasiadi, I. N. Tur, and B. M. Bolotin, Khim. Geterotsikl. Soedin., No. 3, 
390 (1980). 
N. I. Chernova, M. V. Loseva, B. M. Bolotin, R. N. Nurmukhametov, and Yu. S. Ryabo- 
kobylko, Khim. Geterotsikl. Soedin., No. 4, 472 (1973). 
V. F. Morina, L. D. Shcherbak, V. I. Grigor'eva, and B. M. Krasovitskii, Zh~ Prikl. 
Spektrosk., 21, 653 (1974). 
B. M. Krasovitskii, L. D. Shcherbak, and V. F. Morina, Izv. Akad. Nauk SSSR, Ser. 
Fiz., 39, No. 9, 1851 (1975). 
A. S. Cherkasov, Zh. Fiz. Khim., 29, No. 12, 2209 (1955). 

909 


