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Abstract—5-(2-Hydroxyphenyl)-3-methyl-1,2,4-oxadiazole and its O-methyl and O-acyl derivatives, as well 
as zinc(II) and copper(II) chelates, were synthesized. All these compounds showed luminescence with the 
emission maxima ranging from λ = 332 to 490 nm, but only 5-(2-methoxyphenyl)- and 5-(2-acetoxyphenyl)-3-
methyl-1,2,4-oxadiazoles and zinc(II) complex of 5-(2-hydroxyphenyl)-3-methyl-1,2,4-oxadiazole were 
characterized by high luminescence quantum yield (φ = 0.308–0.452, 0.089–0.153, and 0.115–0.334, 
respectively). Stable conformers of 5-(2-hydroxyphenyl)-3-methyl-1,2,4-oxadiazole with different structures of 
the coordination entity were identified by DFT quantum chemical calculations.  

Keywords: 5-aryl-3-methyl-1,2,4-oxadiazoles, electronic absorption and luminescence spectra, luminescence 
quantum yield, quantum chemical calculations 

Bidentate heterocyclic ligands with an =N-(Ophenol) 
chelating moiety are widely used in the preparation of 
highly efficient organic [1, 2] and metal complex 
luminophores [3] and electron transport materials for 
organic light-emitting diodes (OLEDs) [4, 5]. Among 
such compounds, of particular interest are o-hydroxy-
phenyloxadiazoles and their derivatives, which addi-
tionally exhibit high biological activity and structural 
variability and are synthetically accessible. Although 
luminescence properties of 1,3,4-oxadiazoles and their 
dependence on structural factors have been well 
documented [5], analogous information for isomeric 
1,2,4-oxadiazoles is rather poor. It has been reported 
that 1,2,4-oxadiazoles usually show luminescence in 
the visible region with low quantum yields [6]. Taking 
the above stated into account, the goal of the present 
work was to study the effect of structural factors on the 
luminescence properties of both previously known and 

newly synthesized 1,2,4-oxadiazoles with a view to 
revealing highly efficient organic and metal complex 
luminophores in this series of compounds. 

5-(2-Hydroxyphenyl)-3-methyl-1,2,4-oxadiazole (2) 
was synthesized by recyclization of 2-methyl-4-oxo-
1,3-benzoxazinium perchlorate (1) [7] with hydroxyl-
amine, and alkylation of 2 with dimethyl sulfate in the 
presence of sodium hydroxide gave methyl ether 3a. 
Treatment of 2 with acetic anhydride in the presence of 
a catalytic amount of 70% perchloric acid afforded 
acetate 3b, and the reactions of 2 with benzoyl chloride 
in pyridine and with p-toluenesulfonyl chloride in 
ethyl methyl ketone in the presence of anhydrous 
potassium carbonate led to benzoate 3c and p-toluene-
sulfonate 3d, respectively. Zinc(II) and copper(II) 
chelates 4a and 4b with the composition ML2 were 
synthesized by heating oxadiazole 2 with 0.5 equiv of 
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zinc(II) acetate or copper(II) sulfate, respectively, in 
boiling methanol (Scheme 1). 

The structure of the synthesized compounds was 
determined on the basis of their elemental analyses and 
IR, 1H and 13C NMR, and mass spectra. Compounds 2, 
3a–3d, 4a, and 4b were studied by electronic spec-
troscopy and fluorescence analysis. Quantum chemical 
calculations revealed stable conformers of 2 with 
different structures of the coordination entities. 

The IR spectrum of 2 contained a broadened absorp-
tion band at 3179 cm–1 due to stretching vibrations of 
the phenolic hydroxy group involved in intramolecular 
hydrogen bond with the N4 atom of the oxadiazole 
ring. No such band was observed in the spectra of 3 
and 4 due to replacement of the hydroxy proton by 
alkyl or acyl group or metal ion; instead, strong 
absorption bands belonging to the corresponding 
functional group appeared (3b, 1756 cm–1, C=O; 3c, 
1732 cm–1, C=O; 3d, 1171, 1374 cm–1, SO2). The 
complexation of 2 with metal ions was accompanied 
by low-frequency shift of the C5=N4 (1572, 1573 cm–1; 
Δν 10–18 cm–1) and C3–N4 stretching bands (1471, 
1477 cm–1; Δν 8–24 cm–1) relative to the respective 
bands in the spectra of 2 and 3a–3d; the shift of the 
C3=N2 stretching band (1606–1616 cm–1) was smaller 
(Δν 4–10 cm–1) since that bond was not directly 
involved in the complexation. Analogous considerable 
decrease of the C3–N4 stretching vibration frequency 
of a structural analog of 4b, bis[2-(3-phenyl-1,2,4-
oxadiazol-5-yl)phenolato]copper(II), by 21 cm–1 com-
pared to the free ligand, was reported in [8]. 

In the 1H NMR spectra of 2, 3a–3d (CDCl3), and 4a 
(DMSO-d6), protons of the methyl group in the oxa-

diazole ring gave a signal at δ 2.31–2.63 ppm, and 
aromatic protons resonated in the region 6.09–        
8.29 ppm. The spectra of 2, 3a, 3b, and 3d also 
contained signals of hydroxy (2), methoxy (3a), acetyl 
(3b), and tosyl methyl protons (3d) at δ 10.47, 3.92, 
2.47, and 2.40 ppm, respectively. The 13C NMR 
spectra of 2 and 3a–3d displayed signals of all 
structural fragments of their molecules. The 13C signals 
were assigned by analysis of long-range 13C–1H coupling 
constants for quaternary carbon atoms and the cor-
responding chemical shifts. For example, the C3 signal 
appeared as a quartet due to long-range coupling with 
protons of the 3-CH3 group [δC 173.80 ppm, 2JCH =          
7.5 Hz (2); 167.64 ppm, 2JCH = 7.6 Hz (3a); 167.93 ppm, 
2JCH = 7.6 Hz (3b); 167.85 ppm, 2JCH = 7.6 Hz (3c); 
167.69 ppm, 2JCH = 7.6 Hz (3d)]. The C5 signal was a 
doublet due to long-range coupling with the 6′-H 
proton in the phenol ring [δC 168.31 ppm, 3JCH = 3.2 Hz 
(2); 174.88 ppm, 3JCH = 4.4 Hz (3a); 173.18 ppm, 3JCH = 
4.2 Hz (3b); 173.38 ppm, 3JCH = 4.4 Hz (3c), 172.99 ppm, 
2JCH = 4.4 Hz (3d)]. The C2′ atom in the phenol 
fragment showed couplings with 3′-H and 4′-H, so that 
its signal was a doublet of doublets [δC 161.26 ppm, 
2JCH = 5.8 Hz, 3JCH = 5.6 Hz (2); 158.74 ppm, 2JCH = 
6.9 Hz, 3JCH = 6.7 Hz (3a); 149.64 ppm, 2JCH = 7.9 Hz, 
3JCH = 7.7 Hz (3b); 149.90 ppm, 2JCH = 6.5 Hz, 3JCH = 
6.4 Hz (3c); 147.59 ppm, 2JCH = 7.5 Hz, 3JCH = 7.3 Hz 
(3d)]. The C1′ nucleus resonated in a stronger field 
than the other quaternary carbons (due to the presence 
of phenolic oxygen atom in the neighboring position), 
and its signal had the same multiplicity due to long-
range couplings with 5′-H and 6′-H [δC 114.10 ppm, 
2JCH = 4.4 Hz, 3JCH = 4.3 Hz (2); 113.78 ppm, 2JCH = 
4.4 Hz, 3JCH = 4.3 Hz (3a); 118.25 ppm, 2JCH = 5.2 Hz, 

3, R = Me (a), Ac (b), Bz (c), Ts (d); 4, M = Zn (a), Cu (b). 
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3JCH = 5.1 Hz (3b); 118.43 ppm, 2JCH = 5.3 Hz, 3JCH = 
5.2 Hz (3c); 119.29 ppm, 2JCH = 5.8 Hz, 3JCH = 5.7 Hz 
(3d)]. The other quaternary carbon signals were 
observed in the proton-coupled 13C NMR spectra at δC 
170.09 [q, 2JCH = 6.9 Hz, C=O (3b)], 129.88 [t, 2JCH = 
5.3 Hz, C6H5 (3c)], 165.72 [t, 3JCH = 4.5 Hz, C=O 
(3c)], 132.36 [t, 2JCH = 8.8 Hz, C–SO2 (3d)], and 
146.07 [q, 2JCH = 6.9 Hz, C–CH3 (3d)]. This spectral 
pattern was consistent with the 13C NMR spectra of 
structurally similar triazoles [9, 10]. 

The mass spectra of oxadiazoles 2 and 3 and metal 
complexes 4 contained the molecular ion peaks whose 
fragmentation involved mainly synchronous cleavage 
of the N4–C3 and C5–O bonds, as well as N4–C5 and 
N2–O bonds, of the oxadiazole ring with formation of 
[ArC≡NH]+ and [ArC≡O]+ fragment ions. Subsequent 
decomposition of the latter produced low-molecular-
weight ions. The low intensity (5–15%) of the 
molecular ions of O-acyl derivatives 3c and 3d is 
related to their instability. These molecular ions readily 
decompose into the initial oxadiazole fragment and 
acyl group whose intense peaks are observed in the 
mass spectra. Apart from the molecular ion peaks, 
complexes 4a and 4b showed in the mass spectra 
fragment ions resulting from elimination of one ligand 
and those corresponding to fragmentation of the ligand. 

Molecules of oxadiazoles 2 and 3 are confor-
mationally nonrigid due to free rotation of the phenol 
and oxadiazole fragments about the C–C single bond 
connecting them. This rotation could give rise to metal 
complexes with structurally different coordination 
entities. Therefore, we performed a theoretical study of 
the electronic and steric structure and relative 

stabilities of conformers of 5-(2-hydroxyphenyl)-3-
methyl-1,2,4-oxadiazole (2) with different chelating 
moieties in terms of the density functional theory 
(DFT) and calculated energy barriers for rotation about 
the single bond connecting the hydroxyphenyl and 
oxadiazole rings, as well as about the C–OH bond 
(Scheme 2). 

As a result, structures I–IV were localized as 
minima on the potential energy surface (PES) of 5-(2-
hydroxyphenyl)-3-methyl-1,2,4-oxadiazole (2) (Fig. 1, 
Table 1). Rotamers I and II resulting from rotation 
about the C1′–C5 bond are characterized by fairly 
similar energies (ΔEZPE = 4.1 kcal/mol), and structure I 
corresponds to the global minimum on the PES. The 
energy barrier to the transformation I→II through 
transition state TS-1 is 12.0 kcal/mol (Fig. 2, Table 1). 
The benzene and oxadiazole rings in TS-1 are almost 
orthogonal to each other (torsion angle C2′C1′C5N4 
94.3°). The calculations predict the existence of both 
these rotamers which are rapidly interconverted via 
rotation about the C1′–C5 bond. In fact, in the 1H and 
13C NMR spectra of 2 at room temperature we ob-
served a set of signals assignable to an averaged 
structure, and the downfield shift of the OH signal in 
the 1H NMR spectrum (δ 10.47 ppm) indicates strong 
intramolecular hydrogen bond between the OH proton 
and N4 or oxygen atom of the oxadiazole ring. 

Rotamer III with exo orientation of the hydroxy 
group (rotation about the C–OH bond) is less stable 
than I by 10.0 kcal/mol, so that the probability of its 
formation is very low. The energy barrier to the 
transformation I → III through transition state TS-2 is 
12.3 kcal/mol (Fig. 2, Table 1, Scheme 3). The 
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hydroxy group in TS-2 is forced out from the benzene 
ring plane so that the torsion angle C1′C2′O2′H is                  
–113.3°. The large difference in the thermodynamic 
stabilities of structures I and III may be rationalized 
by stabilization of the former by intramolecular 
hydrogen bond (Fig. 1). This hydrogen bond is also 
responsible for the high energy barrier to the rotation 
about the C–OH bond which is not typical of such 
processes. 

Intramolecular hydrogen bond between the OH 
proton and nitrogen atom of the oxadiazole ring should 
favor hydrogen transfer with formation of quinoid 
tautomer V (Scheme 4). However, structure V turned 
out to be unstable, and it was not localized on the PES 
of 2. The ketone structure was identified as local 
minimum IV with the oxadiazole fragment turned 

through an angle of 180° with respect to V. Isomer IV 
is less stable than rotamer I by 33.0 kcal/mol (Table 1); 
therefore, proton transfer in the ground state is 
impossible. 

However, the formation of quinoid isomer V is 
possible via excited-state intramolecular proton transfer 
(ESIPT) from the phenolic OH group on the oxa-

                                               III, C1                                                                                            IV, C1 

                                               I, C1                                                                                               II, C1 

Fig. 1. Calculated [B3LYP/6-311++G(d,p)] geometric parameters and charges on atoms (italicized numbers) of structures I–IV in the 
ground state (gas phase). Hereinafter, bond lengths are given in Å. 
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diazole nitrogen atom, which is facilitated by 
considerable increase of the acidity of the phenolic 
hydroxy group and basicity of the imino nitrogen atom 
in going to the excited state. Excited-state intramole-
cular proton transfer was observed for structurally 
related 2-(2-hydroxyphenyl)-5-aryl-1,3,4-oxadiazoles [11]. 

In the electronic absorption spectra of oxadiazoles 2 
and 3 in both polar (DMSO, acetonitrile, methanol) 
and nonpolar solvents (isooctane, toluene), the long-
wave absorption maximum arising from π–π* transi-
tions is located in the λ range 248–315 nm (Table 2), 

which is typical of benzoid structure I. There is no 
distinct relation between the position of the long-wave 
absorption maximum and solvent polarity; however, an 
appreciable blue shift is observed as the acceptor 
power of the substituent on the phenolic oxygen atom 
increases. For instance, the blue shift is as large as 52–
67 nm in all solvents in going from compound 2 to 
tosyloxy derivative 3d. Analogous shift for O-acetyl 
and O-benzoyl derivatives 3b and 3c is smaller                
(Δ λ = 13–56 nm), and the long-wave absorption 
maximum of 3c appears at shorter wavelength than 
that of 3b, in keeping with the acceptor power of the 
O-substituent (Table 2). 

Even greater differences were observed in the 
luminescence spectra of compounds 2 and 3. Oxa-
diazole 2 showed in the luminescence spectrum two 
bands with their maxima at λ 341–361 and 440–       
490 nm (Table 2). The short-wave band may be 
assigned to emission of the initial benzoid structure I, 
and the long-wave band, to photoinduced tautomer V 
generated by ESIPT from the phenolic hydroxy group 
to the nearest nitrogen atom of the heterocycle. As 
followed from the corresponding luminescence excita-
tion spectra, oxadiazole 2 in the ground state is 
represented by two rotamers I and II existing in a 
dynamic equilibrium. Excitation of rotamer II gives 
rise to luminescence with a normal Stokes shift (2616–
4453 cm–1), whereas excited-state intramolecular 
proton transfer in rotamer I leads to photoinduced 
tautomer V which shows luminescence with an 

                                        TS-1, С1 

                                           TS-2, С1 
Fig. 2. Calculated [B3LYP/6-311++G(d,p)] geometric parameters and charges on atoms of transition states TS-1 and TS-2. 

Structure Etot, a.u. ΔEZPE, kcal/mol ω1, cm–1 

I –607.87467 0b     69 

TS-1 –607.85437 12.0   –79c 

II –607.86771   4.1     49 

TS-2 –607.85326 12.3 –409c 

III –607.85771 10.0     18 

IV –607.82011 33.0     48 

Table 1. Total and relative energies of conformers and 
tautomers of compound 2 in the ground state and transition 
states for their mutual transformations in the gas phase, 
calculated by the B3LYP/6-311++G(d,p) methoda 

a Etot is the total energy, 1 a. u. = 627.5095 kcal/mol; ΔEZPE is the 
 relative energy corrected for zero-point harmonic vibration 
 energy; ω1, cm–1 is the least harmonic vibration frequency.  
b EZPE = –607.71516 a. u. for compound 2.  
c The single imaginary harmonic vibration frequency. 
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anomalously large Stokes shift (9427–11 541 cm–1). 
Strong intramolecular hydrogen bond between the 
phenolic hydroxy proton and N4 in I favors photo-
induced proton transfer with formation of excited 
quinoid structure V. The existence of rotamers I and II 
in the ground state is also confirmed by the depen-
dence of the emission intensity of 2 upon excitation 
wavelength. Unlike electronic absorption spectra, sol-
vent polarity essentially affects the position of lumine-
scence maxima and their intensity in the emission 
spectra of 2 (Table 2). In polar solvents, the short-wave 
emission maximum shifts red by 5–20 nm and the 
long-wave maximum shifts blue by 6–50 nm relative 
to their positions in nonpolar solvents (Table 2). 
Furthermore, the long-wave emission band of 2 in 
nonpolar solvents is more intense (by a factor of 1.6–
2.5) than the short-wave maximum, while the opposite 
pattern is observed in polar solvents. The low 

luminescence quantum yield of 2 may be accounted for 
by nonradiative deactivation of the excited state ac-
cording to the ESIPT mechanism [11] through rotamer 
I; insofar as the latter predominates in nonpolar 
medium due to stabilization by intramolecular hydro-
gen bond, the overall quantum yield in polar solvents 
is somewhat higher [φ = 0.015 (methanol), 0.019 
(acetonitrile), 0.031 (DMSO)] than in nonpolar 
medium [φ = 0.007 (isooctane), 0.008 (toluene)]. 
Analogous pattern was observed previously for 
structurally related 5-aryl-2-(2-hydroxyphenyl)-1,3,4-
oxadiazoles [11, 12] and 5-aryl-2-(2-hydroxyphenyl)-
1,3,4-triazoles [10, 13]. 

Unlike oxadiazole 2, methoxy derivative 3a showed 
intense luminescence with a quantum yield φ of 0.308–
0.452, and its luminescence spectrum contained only 
one short-wave emission maximum at λ = 440–490 nm 

λmax, nm (ε × 10–4, L mol–1 cm–1) λf
m

l
ax, nm (φ) 

toluene acetonitrile DMSO toluene acetonitrile DMSO 
2 
 
 
 
3a 
 
 
 
3b 
 
3c 
 
 
 
3dd 
 
 
 
4ae 
 
4be 

315 (0.623) 
 
256b (0.770) 
313 (0.333) 
304 (0.619) 
 
 
 
295 (1.603) 
 
285 (1.231) 
 
 
 
227b (2.174) 
248 (1.143) 
 
 
 
 
 

255 (1.543) 
312 (0.637) 
248c (1.564) 
311 (0.604) 
251 (1.242) 
303 (0.587) 
252c (1.410) 
304 (0.660) 
249 (1.555) 
280 (0.277) 
234 (0.968) 
260 (0.527) 
234c (0.833) 
259 (0.474) 
230 (2.179) 
251 (1.216) 
230c (2.674) 
250 (1.475) 
316 (2.125) 
362 (1.644) 
300 (0.882) 
361 (1.548) 

311 (0.892) 
 
 
 

306 (0.589) 
 
 
 

290 (0.327) 
 

290 (0.945) 
 
 
 
 
 
 
 

364 (1.75) 
 

366 
(1.623) 

350, 482  
(0.008а) 

341, 490b  

(0.007а) 
344  

(0.452) 
 
 

337 
(0.095) 

340  
(0.003) 

 
 

345b  

(0.001) 
 
 
 
 
 
 

355, 476  
(0.019а) 

360, 450c  

(0.015а) 
353  

(0.387) 
357c 

 (0.429) 
332 

(0.153) 
351 

(0.001) 
337c 

(0.002) 
349 

(0.002) 
346c 

(0.001) 
427 

(0.115) 
421 

(0.001) 

361, 440  
(0.031а) 

 
 

356  
(0.308) 

 
 

339  
(0.089) 

360 
(0.002) 

 
 
 
 
 
 

429 
(0.334) 

430 
(0.001) 

Comp. 
no. 

Table 2. Electronic absorption and fluorescence spectra (λexcit = 250–360 nm) of compounds 2–4 

a Overall quantum yield.  
b In isooctane.  
c In methanol.  
d Toluene and DMSO were not used since these solvents obscured the absorption of 3d.  
e Complexes 4a and 4b are insoluble in toluene. 
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(Table 2). The lack of acidic hydroxy proton in 
molecule 3a makes ESIPT process leading to quinoid 
structure impossible, so that the only short-wave 
emission band should be assigned to the benzoid 
structure. This is also confirmed by the position of the 
luminescence maximum of 3a, which (as with 
compound 2) shifts red in going to polar solvents, and 
by the luminescence excitation spectra. Analogous 
spectral behavior was found for 2-styrylquinolines in 
which the labile 8-OH proton was replaced by methyl 
or benzyl group [14, 15]; as a result, highly efficient 
luminophores emitting in the short-wave part of the 
visible region were obtained. 

Likewise, no ESIPT is possible for oxadiazoles 3b–
3d, and only one short-wave maximum was present in 
their luminescence spectra (λf

m
l
ax = 332–360 nm;     

Table 2). The luminescence quantum yield of acetoxy 
derivative 3b (φ = 0.089–0.153) is considerably higher 
than those of 3c and 3d (φ = 0.001–0.003). The low 
luminescence quantum yields of 3c and 3d may be 
rationalized by the lower energy of singlet and triplet 
n–π* states arising from the presence of heteroatoms in 
the substituents on the phenolic oxygen atom, in 
comparison to the corresponding π–π* states. The 
same also applies to 5-aryl-2-(2-benzoyloxyphenyl)-
1,3,4-oxadiazoles [16, 17], quinolin-8-yl benzoates 
[18], and 2-styrylquinolin-8-yl p-toluenesulfonates [15]. 
Increased probability of singlet–triplet intersystem 
crossing between the π–π* and n–π* levels of non-
conjugated oxadiazole and benzoyl (toluenesulfonyl) 
fragments favors nonradiative deactivation of the 
excited state [19], which reduces the luminescence 
quantum yield of 3c and 3d as compared to oxadiazole 
3b with higher energy of the n–π* levels of the acetyl 
fragment [20].  

Although metal complexes 4a and 4b absorb at 
longer wavelengths than do oxadiazoles 2 and 3 (Table 2), 
their luminescence spectra show only one emission 
band whose maximum (λf

m
l
ax = 421–430 nm) occupies 

an intermediate position between the emission maxima 
of benzoid and quinoid structures I and V due to the 
presence of ligand–metal charge-transfer band in the 
absorption spectra (λmax = 361–366 nm). Zinc complex 
4a (L2Zn) is characterized by a rigid tetrahedral 
coordination entity which hampers nonradiative 
deactivation of the excited state, and it shows intense 
luminescence (φ = 0.115–0.334) in the violet region 
(λf

m
l
ax = 427–429 nm); therefore, it may be regarded as 

an efficient metal complex luminophore. The emission 
maximum of complex 4b is located closely to that of 

4a (λf
m

l
ax = 421–430 nm), but its luminescence quantum 

yield is very low (φ 0= .001; Table 2) because of its 
paramagnetic properties. The effective magnetic 
moment of 4b at 298 K is μeff = 2.23 μB, where μB is 
the Bohr magneton equal to 927.4009 × 10–26 J/T, and it 
shows a strong broadened signal in the ESR spectrum 
(g|| = 2.086, g┴ = 2.027). 

In summary, we have shown that the luminescence 
properties of oxadiazoles 2 and 3a–3d and metal com-
plexes 4a and 4b strongly depend on the substituent on 
the phenolic oxygen atom, which actively participates 
in photophysical processes responsible for stabilization 
and deactivation of the excited states. Our results make 
it possible to rationalize, and in some cases predict, 
spectral behavior of the compounds under study and 
their closest analogs. Quantum chemical calculations 
have revealed two stable conformations (I and II) of 5-
(2-hydroxyphenyl)-3-methyl-1,2,4-oxadiazole with 
different structures of the coordination entities, which 
are stabilized by intramolecular hydrogen bond between 
the phenolic hydroxy proton and nitrogen or oxygen 
atom of the heterocycle. It has been found that the 
excited-state intramolecular proton transfer in 5-(2-
hydroxyphenyl)-3-methyl-1,2,4-oxadiazole involves more 
stable rotamer I. 

EXPERIMENTAL 

The IR spectra were recorded from films on a 
Varian Excalibur 3100 FT-IR spectrometer. The 1H and 
13C NMR spectra were measured at 22°C on a Bruker 
DPX-250 instrument (250.13 and 62.90 MHz, respec-
tively) from solutions in CDCl3 or DMSO-d6. The 
mass spectra (electron impact, 70 eV) were obtained 
on a Finnigan MAT INCOS 50 mass spectrometer with 
direct sample admission into the ion source. The 
electronic absorption spectra were recorded on a Cary 
Scan 100 spectrophotometer. The luminescence spectra 
were measured on a Cary Eclipse spectrofluorimeter. 
All spectral measurements were made at room 
temperature. The fluorescence quantum yields were 
determined relative to a solution of anthracene in 
acetonitrile using the formula φ = φ0 I D0/I0 D n2/n0

2, 
where φ and φ0 are the fluorescence quantum yields of 
a compound under study and anthracene in acetonitrile, 
I and I0 are the integral intensity of the fluorescence 
spectra, D and D0 are the optical densities at the 
excitation wavelength, and n and n0 are the refractive 
indices of the solutions, respectively. Quadratic 
corrections for the difference in the refractive indices 
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of acetonitrile and substrate solutions were included 
into that formula [11, 21]. The luminescence quantum 
yields were determined for dilute solutions with an 
optical density of 0.10–0.12 at the excitation wave-
length. The solvents used (isooctane, toluene, me-
thanol, acetonitrile, DMSO) were purified and dried 
according to standard procedures [22].  

Quantum chemical calculations in terms of the 
density functional theory were performed using the 
B3LYP three-parameter functional and 6-311++G(d,p) 
split-valence basis set [23] (Gaussian-03). Stationary 
points on the potential energy surface were localized 
by calculating the corresponding Hessian matrices. 
Charges on atoms were calculated by the natural bond 
orbital (NBO) method. 

2-(3-Methyl-1,2,4-oxadiazol-5-yl)phenol (2) was 
synthesized by reaction of 2-methyl-4-oxo-1,3-benz-
oxazinium perchlorate (1) with hydroxylamine ac-
cording to the procedure described in [24]. Yield 67%, 
colorless crystals, mp 77–79°C; published data [24]: 
mp 76–77°C. IR spectrum, ν, cm–1: 644, 657, 708, 745, 
833, 1167, 1229, 1240, 1255, 1316, 1350, 1393, 1427, 
1475; 1487 (C–N); 1512; 1533, 1556 (C=C); 1590, 
1616 (C=N); 3179 br (OH). 1H NMR spectrum 
(CDCl3), δ, ppm: 2.51 s (3H, CH3), 6.09–7.06 m (2H, 
3′-H, 5′-H), 7.48 d.d (1H, 4′-H, 3J = 7.5, 7.6 Hz), 7.94 
d (1H, 6′-H, 3J = 7.5 Hz), 10.47 s (1H, OH). 13C NMR 
spectrum (CDCl3), δC, ppm: 25.96 (CH3), 114.10 (C1′), 
118.68 (C3′), 119.73 (C5′), 127.84 (C4′), 136.01 (C6′), 
161.26 (C2′), 168.31 (C5), 173.80 (C3). Mass spectrum, 
m/z (Irel, %): 32 (45), 39 (34), 43 (12), 51 (15), 58 (17) 
[CH3C=NOH]+, 63 (48), 66 (35), 65 (34), 77 (45) 
[C6H5]+, 78 (10), 82 (9), 91 (25) [C7H7]+, 92 (98) 
[C6H4O]+, 93 (22) [C6H4OH]+, 105 (68) [C7H5O]+, 106 
(15), 119 (100) [2-HOC6H4CN]+, 120 (87) [2-
HOC6H4C=NH]+, 121 (53) [2-HOC6H4CO]+, 137 (55), 
138 (12), 148 (7) [M – CO]+, 161 (9) [M – CH3]+, 176 
(86) [M]+, 177 (25) [M + H]+. M 176. 

5-(2-Methoxyphenyl)-3-methyl-1,2,4-oxadiazole 
(3a) was synthesized as described in [24]. Yield 65%, 
colorless crystals, mp 67–68°C; published data [24]: 
mp 68–69°C. IR spectrum, ν, cm–1: 710, 748, 1016, 
1049, 1074, 1145, 1258, 1280, 1299, 1307, 1336, 
1390, 1430, 1463; 1492 (C–N); 1531, 1563 (C=C); 
1583, 1610 (C=N). 1H NMR spectrum (CDCl3), δ, 
ppm: 2.43 s (3H, CH3), 3.92 s (3H, OCH3), 6.94–7.07 
m (2H, 3′-H, 5′-H), 7.47 d.d (1H, 4′-H, 3J = 7.5, 7.6 Hz), 
7.96 d (1H, 6′-H, 3J = 7.5 Hz). 13C NMR spectrum 
(CDCl3), δC, ppm: 12.14 (CH3), 56.46 (OCH3), 112.47 
(C3′), 113.78 (C1′), 121.12 (C5′), 131.75 (C4′), 134.36 

(C6′), 158.74 (C2′), 167.64 (C3), 174.88 (C5). Mass 
spectrum, m/z (Irel, %): 32 (30), 39 (28), 43 (12), 50 
(30), 51 (33), 63 (41), 64 (37), 77 (42) [C6H5]+, 78 
(17), 89 (10), 90 (27), 91 (30) [C7H7]+, 92 (32) 
[C6H4O]+, 93 (15) [C6H4OH]+, 103 (30), 104 (80) 
[C7H4O]+, 105 (100) [C7H5O]+, 107 (8) [CH3OC6H4]+, 
119 (33) [CH3OC7H4]+, 122 (7), 123 (8), 133 (37) [2-
CH3OC6H4CN]+, 134 (38) [2-CH3OC6H4C=NH]+, 135 
(8) [2-CH3OC6H4CO]+, 148 (16) [M – CH3C=NH]+, 
160 (9) [M – NO]+, 161 (17) [M – CHO]+, 173 (7)            
[M – OH]+, 189 (14) [M – H]+, 190 (23) [M]+. M 190. 

2-(3-Methyl-1,2,4-oxadiazol-5-yl)phenyl acetate 
(3b) was synthesized as described in [24]. Yield 54%, 
colorless crystals, mp 62–63°C; published data [24]: 
mp 61–62°C. IR spectrum, ν, cm–1: 704, 720, 749, 770, 
824, 869, 907, 1010, 1033, 1045, 1077, 1191, 1220, 
1338, 1371, 1394, 1440; 1485 (C–N); 1528, 1567 
(C=C); 1588, 1614 (C=N); 1756 (C=O). 1H NMR 
spectrum (CDCl3), δ, ppm: 2.43 s (3H, CH3), 2.47 s 
(3H, CH3CO), 7.24 d (1H, 3′-H, 3J = 7.5 Hz), 7.43 d.d 
(1H, 5′-H, 3J = 7.5, 7.6 Hz), 7.63 d.d (1H, 4′-H, 3J = 
7.5, 7.6 Hz), 8.19 d (1H, 6′-H, 3J = 7.5 Hz). 13C NMR 
spectrum (CDCl3), δC, ppm: 12.09 (CH3), 21.53 
(CH3CO), 118.25 (C1′), 124.62 (C3′), 127.03 (C5′), 
130.93 (C4′), 134.19 (C6′), 149.64 (C2′), 167.93 (C3), 
170.09 (C=O), 173.18 (C5). Mass spectrum, m/z (Irel, 
%): 32 (15), 39 (11), 43 (100) [CH3CO]+, 50 (14), 58 (9) 
[CH3C=NOH]+, 63 (10), 64 (8), 65 (6), 77 (8) [C6H5]+, 
79 (5), 83 (7), 91 (14) [C7H7]+, 92 (22) [C6H4O]+, 93 
(9) [C6H4OH]+, 102 (4), 105 (8) [C7H5O]+, 109 (5), 
117 (3), 119 (30) [2-HOC6H4CN]+, 120 (34) [2-
HOC6H4C=NH]+, 121 (22) [2-HOC6H4CO]+, 130 (5), 
137 (3), 147 (6) [M – CH3CO – CO]+, 155 (4), 169 (3) 
[M – CH3CH=NH]+, 176 (85) [M + H – CH3CO]+,          
218 (5) [M]+. M 218.  

2-(3-Methyl-1,2,4-oxadiazol-5-yl)phenyl benzoate 
(3c). Benzoyl chloride, 0.47 mL (2 mmol), was added 
to a suspension of 0.35 g (2 mmol) of oxadiazole 2 in 
0.5 mL of anhydrous pyridine. The mixture was 
refluxed until it became homogeneous, left to stand for 
24 h at room temperature, and diluted with 50 mL of 
water. The precipitate was filtered off, washed with 
water (3 × 30 mL), dried in air, and recrystallized from 
propan-2-ol. Yield 51%, colorless crystals, mp 101–
103°C. IR spectrum, ν, cm–1: 703, 746, 780, 1024, 
1061, 1078, 1175, 1201, 1254, 1338, 1390, 1439, 
1451; 1486 (C–N); 1520, 1558 (C=C); 1584, 1611 
(C=N); 1732 (C=O). 1H NMR spectrum (CDCl3), δ, 
ppm: 2.31 s (3H, CH3), 7.34–7.58 m (4H, Harom), 7.59–
7.71 m (2H, Harom), 8.18–8.29 m (3H, Harom). 13C NMR 
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spectrum (CDCl3), δC, ppm: 11.94 (CH3), 118.43 (C1′), 
124.77 (C3′), 127.01 (C5′), 128.97 (2C, C6H5), 129.88 
(Cquat), 130.85 (2C, C6H5), 131.00 (C6H5), 131.10 (C4′), 
134.11 (C6′), 149.90 (C2′), 165.72 (C=O), 167.85 (C3), 
173.38 (C5). Mass spectrum, m/z (Irel, %): 32 (7), 39 
(4), 43 (5), 50 (6), 51 (18), 63 (7), 64 (5), 77 (68) 
[C6H5]+, 83 (4), 91 (6) [C7H7]+, 92 (8) [C6H4O]+, 93 (9) 
[C6H4OH]+, 105 (100) [C6H5CO]+, 106 (15), 119 (5) 
[2-HOC6H4CN]+, 120 (3) [2-HOC6H4C=NH]+, 121 (2) 
[2-HOC6H4CO]+, 130 (2), 139 (2), 147 (3), 152 (2), 
175 (5) [M – C6H5CO]+, 209 (5), 218 (4), 236 (3) [M – 
N2O]+, 254 (4), 280 (15) [M]+. Found, %: C 68.40; H 
4.30; N 9.80. C16H12N2O3. Calculated, %: C 68.57; H 
4.32; N 9.99. M 280. 

2-(3-Methyl-1,2,4-oxadiazol-5-yl)phenyl 4-methyl-
benzenesulfonate (3g). Oxadiazole 2, 0.34 g (2 mmol), 
was dissolved in 10 mL of methyl ethyl ketone, 5.52 g 
(8 mmol) of freshly calcined potassium carbonate and 
0.37 g (2 mmol) of p-toluenesulfonyl chloride were 
added, and the mixture was refluxed for 3 h and 
diluted with 30 mL of ice water. The precipitate was 
filtered off, washed with water (3 × 30 mL), dried in 
air, and recrystallized from propan-2-ol. Yield 0.46 g 
(47%), colorless crystals, mp 87–89°C. IR spectrum, ν, 
cm–1: 699, 734, 767, 783, 802, 823, 861, 1043, 1088; 
1171 (SO2); 1198, 1298, 1312, 1343; 1374 (SO2); 
1448, 1467; 1495 (C–N); 1556, 1588 (C=C); 1595, 
1615 (C=N). 1H NMR spectrum (CDCl3), δ, ppm: 2.38 
s (3H, CH3), 2.40 s (3H, CH3C6H4), 7.23 d (2H, o-H,              
3J = 7.5 Hz) , 7.41 d.d (1H, 5′-H, 3J = 7.5, 7.6 Hz), 7.45 
d (1H, 3′-H, 3J = 7.6 Hz), 7.57 d.d (1H, 4′-H, 3J = 7.5, 
7.6 Hz), 7.65 d (2H, m-H, 3J = 7.5 Hz), 7.96 d (1H, 6′-
H, 3J = 7.5 Hz). 13C NMR spectrum (CDCl3), δC, ppm: 
11.97 (CH3), 22.11 (CH3C6H4), 119.29 (C1′), 125.10 
(C3′), 127.95 (C5′), 129.01 and 129.98 (Co, Cm), 131.52 
(C4′), 132.36 (Ci), 134.05 (C6′), 146.07 (Cp), 147.59 
(C2′), 167.69 (C3), 172.99 (C5). Mass spectrum, m/z 
(Irel, %): 32 (5), 39 (8), 43 (6), 50 (7), 51 (6), 63 (10), 
64 (9), 65 (25), 76 (7), 77 (8) [C6H5]+, 89 (5), 91 (100) 
[C7H7]+, 92 (18) [C6H4O]+, 102 (4), 105 (8) [C7H5O]+, 
119 (4) [2-HOC6H4CN]+, 120 (4) [2-HOC6H4C=NH]+, 
121 (3) [2-HOC6H4CO]+, 132 (2), 139 (3), 147 (4), 155 
(53) [CH3C6H4SO2]+, 164 (3), 176 (8) [M + H – 
CH3C6H4SO2]+, 182 (4), 208 (5), 245 (5), 266 (48)          
[M – SO2]+, 330 (6) [M]+. Found, %: C 58.30; H 4.30; 
N 8.60; S 9.60. C16H14N2O4S. Calculated, %: C 58.17; 
H 4.27; N 8.48; S 9.71. M 330. 

Bis[(3-methyl-1,2,4-oxadiazol-5-yl)phenolato]-
zinc(II) (4a) was synthesized as described in [25]. 
Yield 55%, colorless crystals, mp 267–269°C; pub-

lished data [25]: mp 266°C. IR spectrum, ν, cm–1: 715, 
752, 959, 1044, 1084, 1138, 1164, 1245, 1320, 1352, 
1393, 1435; 1477 (C–N); 1530, 1552 (C=C); 1573, 
1606 (C=N). 1H NMR spectrum (DMSO-d6), δ, ppm: 
2.63 s (3H, CH3), 6.51 d.d (1H, 5′-H, 3J = 7.5, 7.6 Hz), 
6.72 d (1H, 3′-H, 3J = 7.6 Hz), 7.26 d.d (1H, 5′-H, 3J = 
7.5, 7.6 Hz), 7.73 d (1H, 6′-H, 3J = 7.5 Hz). Mass 
spectrum, m/z (Irel, %): 32 (15), 39 (27), 41 (33), 43 
(9), 51 (18), 53 (19), 58 (14) [CH3C=NOH]+, 64 (31), 
66 (17), 77 (12) [C6H5]+, 78 (9), 91 (29) [C7H7]+, 92 
(37) [C6H4O]+, 93 (6) [C6H4OH]+, 94 (78), 105 (8) 
[C7H5O]+, 119 (44) [2-HOC6H4CN]+, 120 (52)                   
[2-HOC6H4C=NH]+, 121 (28) [2-HOC6H4CO]+, 143 
(11), 155 (4), 176 (100) [LH]+, 183 (31), 185 (7), 242 
(63) [L2

64Zn – L]+, 244 (35) [L2
66Zn – L]+, 291 (3), 

327 (5), 363 (6), 379 (4), 400 (3), 414 (22) [L2
64Zn]+, 

416 (12) [L2
66Zn]+. M 415. 

Bis[(3-methyl-1,2,4-oxadiazol-5-yl)phenolato]-
copper(II) (4b) was synthesized as described in [25]. 
Yield 59%, light brown crystals, mp 230–232°C; 
published data [25]: mp 228°C. IR spectrum, ν, cm–1: 
715, 748, 772, 854, 959, 1051, 1085, 1141, 1167, 1252, 
1306, 1336, 1394, 1429; 1471 (C–N); 1533, 1548 
(C=C); 1572, 1607 (C=N). Mass spectrum, m/z (Irel, 
%): 32 (18), 39 (35), 40 (12), 43 (8), 50 (14), 51 (20), 
52 (15), 53 (13), 58 (17) [CH3C=NOH]+, 63 (72), 64 
(42), 65 (32), 76 (9), 77 (8) [C6H5]+, 78 (10), 91 (31) 
[C7H7]+, 92 (82) [C6H4O]+, 93 (13) [C6H4OH]+, 104 (17), 
105 (8) [C7H5O]+, 106 (9), 119 (64) [2-HOC6H4CN]+, 
120 (83) [2-HOC6H4C=NH]+, 121 (67) [2-HOC6H4CO]+, 
129 (4), 139 (4), 141 (11), 155 (4), 176 (100) [LH]+, 
181 (19), 183 (40), 185 (15), 238 (65) [L2

63Cu – L]+, 
239 (8), 240 (29) [L2

65Cu – L]+, 254 (3), 272 (2), 291 
(3), 300 (3), 327 (3), 342 (2), 363 (4), 379 (3), 400 (2), 
413 (16) [L2

63Cu]+, 414 (2), 415 (7) [L2
65Cu]+. M 414. 
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