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Abstract. The article discusses the synthesis and characterization of 
5‑(alkenyl)‑3‑aryl‑1,2,4‑oxadiazoles. The synthesis scheme includes two steps: preparation 
of the triphenylphosphonium chloride and its subsequent condensation with aldehydes. 
The synthesis conditions for the target products were improved by replacing the base.  
It increases their yields and allows previously synthetically inaccessible compounds 
obtaining. The ¹H NMR spectra of the products contain doublets characteristic of 
double‑bond protons with a coupling constant J = 16.1–16.4 Hz, indicating the 
E‑configuration of the obtained compounds. Fluorescent and antioxidant properties were 
found for compounds containing electron‑donating substituents.   
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Introduction 

The Wittig reaction is a method for the synthesis of alkenes consisting in the interaction 
of aldehydes or ketones with phosphorus ylides. The advantages of this transformation include 
regioselectivity, relatively mild reaction conditions, and the availability of the starting reagents [1]. 
Of great interest for medicinal chemistry is the synthesis of heterocyclic systems containing an 

 
© A.V. Migalkina, I.K. Proskurina, E.A. Vasilyeva, A.A. Shetnev, M.V. Tarasenko,  
L.A. Komshina, Zh.V. Chirkova, 2026 

https://chemintech.ru/en/nauka/issue/7500/view


 

124 

VOL. 7, ISSUE 3, 2026 

alkenyl fragment. These compounds exhibit antitumor, antiviral, and antiparasitic biological 
activity [2–4]. In addition, the alkenyl fragment is a convenient substance for further chemical 
modifications – addition and cyclization reactions. It provides the construction of new carbo- 
and heterocyclic systems [5, 6]. 

Nitrogen‑containing heterocyclic compounds play a particularly important role in 
medicinal chemistry. According to statistical data for 2013-2023, 82% of 321 FDA‑approved 
drugs were synthesized on the basis of heterocycles containing a nitrogen atom [7]. 
1,2,4‑Oxadiazoles are the structures widely used in drug design due to their diverse biological 
activity [8–13]. In this regard, the synthesis of olefins containing a 1,2,4‑oxadiazole fragment is 
an urgent task of organic synthesis. 

Results and discussions 

Olefins containing a 1,2,4‑oxadiazole fragment were obtained according to  
a two‑step scheme. The first step is the synthesis of 
((3‑aryl‑1,2,4‑oxadiazol‑5‑yl)methyl)triphenylphosphonium chloride 2 (Scheme 1).  
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Scheme 1  

The first step was conducted according to the procedure described in [14], by reacting 
5‑(chloromethyl)‑3‑aryl‑1,2,4‑oxadiazole with triphenylphosphine under an inert atmosphere 
for 12 h at the boiling point of acetone. The reaction progress was monitored by TLC (eluent – 
toluene : acetone : petroleum ether = 3 : 5 : 5). The precipitate of the corresponding 
phosphonium salt was filtered off and washed with acetone. 

Initially, for the synthesis of 5‑alkenyl‑3‑aryl‑1,2,4‑oxadiazoles 3, a protocol for the Wittig 
reaction under phase‑transfer conditions, used for the preparation of trans‑stilbene [14, 15], 
was selected (Scheme 2). 
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Reaction conditions: triphenylphosphonium salt‑to‑aldehyde‑to‑NaOH ratio of 1 : 1 : 12, 
solvent – methylene chloride, stirring at room temperature for 24 h. Under these conditions, 
9 target products were obtained; the yields of some of them are low (27–38%). For this reason, 
optimization of the conditions was conducted using the synthesis of compounds 3e and 3f as 
examples (Table 1).  

Table 1. Optimization of the synthesis conditions for 5‑alkenyl‑1,2,4‑oxadiazoles 3e and 3f 

Product  
Ylide‑to‑aldehyde 

ratio Base, equiv. Solvent T, °C ∆τ, h Yield, % 

3e 1:1 NaOH, 12 CH2Cl2 20 24 36 
3e 1:1 NaOH, 12 CH2Cl2 40 24 39 
3e 1:1.2 NaOH, 12 CH2Cl2 20 24 40 
3e 1:1 tBuOK, 1 CHCl3 20 24 54 
3e 1:1.5 tBuOK, 1 CHCl3 20 24 58 
3e 1:1.5 tBuOK, 1 CHCl3 50 4 76 
3f 1:1 NaOH, 12 CH2Cl2 20 24 27 
3f 1:1 tBuOK, 1 CHCl3 20 24 38 
3f 1:1.5 tBuOK, 1 CHCl3 20 24 40 
3f 1:1.5 tBuOK, 1 CHCl3 50 3 51 

 
Indeed, increasing of the temperature of the reaction mixture in the CH2Cl2/H2O system 

promoted higher yield of reaction product 3e. Therefore, it was decided to replace the solvent 
with the higher‑boiling chloroform. Furthermore, to ensure high conversion of the starting 
triphenylphosphonium salts 2 (a, b), the use of a large excess of aldehyde is required. 

The data in Table 1 allow us to conclude that the conditions close to optimal for the 
synthesis of 5‑alkenyl‑1,2,4‑oxadiazoles 3e, 3f are as follows: triphenylphosphonium salt 
2‑to‑aldehyde‑to‑t‑BuOK ratio of 1 : 1.5 : 1; solvent is chloroform; temperature is about 50–70 °C. 
Under these conditions, the yield of the target products increased twofold. 

The use of potassium tert‑butoxide as the base made it possible to obtain a series of target 
products 3 (j–k) in good and moderate yields. It is impossible when using the procedure 
involving sodium hydroxide (Scheme 3).  
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Scheme 3 

At the same time, we did not observe the formation of products of dichlorocarbene 
insertion at the double bond of compounds 3, which could theoretically be formed as a result 
of the interaction of potassium tert‑butoxide with chloroform in the reaction mixture [16, 17]. 
In the 1H NMR spectra of the substances, doublets corresponding to the double bond are 
observed, with spin‑spin coupling constants J = 16.1–16.4 Hz, characteristic of trans‑isomeric 
alkenes. 
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Furthermore, the observed regioselective formation of trans‑olefination products is 
apparently related to the structure of the triphenylphosphonium ylides 2(a, b) stabilized by the 
electron‑withdrawing 1,2,4‑oxadiazole ring. It is in good agreement with known literature data [1]. 

Due to the presence of chromophoric fragments in the structure of the obtained compounds, 
some photophysical and antioxidant properties (AOA) of 3‑aryl‑5‑alkenyloxadiazoles 3(a–n) 
were studied (Table 2). 

Table 2. Photophysical and antioxidant properties of compounds 3(a–n) 

Product  Compound formula  

Antioxidant 
activity 
(AOA), 
µg/mL 

Fluorescence color 
at λmax 365 nm 

UV spectrum 
ƛmax, nm 

3a N

ON

 

- green 

Peaks at 300, 323,  
373 nm 

3b N

ON

N  

- intense green 

Peak at 299 nm,  
trough at 360 nm 

3c N

ON

N

 

- yellow-green 

Peak at 300 nm,  
trough at 351 nm 

3d N

ON
N

OO

 

- orange-yellow 

Peak at 299, 346 nm,  
trough at 344 nm 

3i N

ON

F  

- weak yellow-green 

Peak at 299 nm,  
trough at 356 nm 

3e 
N

ON

N

 

128 green 

Peak at 325, 395,  
404 nm, 

trough at 360 nm 

3f 
N

ON

S

Br  

- weak yellow-green 

Peak at 298, 378 nm, 
trough at 349 nm 

3g N

ON

Cl

Cl  

- not observed 

Peak at 300 nm,  
trough at 358 nm 

3h 
N

ON

O

O

 

256 blue-green 

Peak at 300, 390 nm, 
trough at 206, 254, 278, 

348 nm 
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Conclusion of Table 2 

Product Compound formula 

Antioxidant 
activity 
(AOA), 
µg/mL 

Fluorescence color 
at λmax 365 nm 

UV spectrum 
ƛmax, nm 

3j N

ON
Cl

OH  

256 green 
Peak at 299, 378 nm, 

trough at 344 nm 

3k N

ON
Cl

HO  

256 green 
Peak at 300 nm, 

trough at 358 nm 

3l Cl N

ON

NH  

256 blue-violet 
Peak at 299, 394 nm, 

trough at 348 nm 

3m N

ON

N

Cl

 

256 orange-green 
Peak at 299, 407 nm, 

trough at 350 nm 

3n N

ON
Cl

 

- not observed 
Peak at 287 nm,  

trough at 339 nm 

 
In the series of synthesized (E)-5-(R-styryl)-3-phenyl-1,2,4-oxadiazoles, antioxidant 

activity was evaluated in vitro. Antioxidant activity was determined spectrophotometrically by 
the ability of the compounds to reduce the 2,2-diphenyl-1-picrylhydrazyl radical in an in vitro 
model according to the procedure described in [18]. 

According to Table 2, not containing strong electron‑donating groups compounds do not 
exhibit AOA in the test used. In contrast, for compounds with 4‑N(CH3)2 substituent (3e) at a 
concentration of 128 µg/mL, as well as for 3,4‑(OCH3)2 (3h), 4‑OH (3j), 2‑OH (3k), 3‑indolyl 
(3l), and N‑methylpyrrolyl (3m), the AOA value was 256 µg/mL. 

Thus, antioxidant activity in the studied series correlates with the donor ability of the 
substituent R. The absence of activity in compounds with acceptor groups (2‑NO2, 4‑F, 
3,4‑dichlorophenyl) confirms the ability of the substituent to stabilize radical intermediates 
through resonance and/or inductive effects as a key factor. 

In addition, the UV absorption spectra and fluorescent properties of the obtained 
products were studied. Upon irradiation at a wavelength of 365 nm, all compounds possessing 
AOA (3e, 3h–3m) have intense fluorescence in the visible region (green, blue‑green, 
orange‑green, blue‑violet). However, the presence of fluorescence alone is not a sufficient 
condition for the manifestation of AOA: compounds 3 (a–d) (substituents Ph, 4‑Py, 3‑Py, 
2‑NO2‑phenyl) also fluoresce but are inactive. The manifestation of antioxidant activity requires 
a combination of two factors: the ability to fluoresce (indicating the presence of an efficient 
π‑conjugated system) and the presence of a donor substituent that provides intramolecular 
charge transfer. In the UV spectra of all compounds, a characteristic peak is observed in the 
region of 298–300 nm, corresponding to the π→π transition in the styryl fragment.  
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Compound 3n (R = cyclohexyl) has no conjugation between the substituent and the styryl 
system. It does not fluoresce, does not exhibit AOA, and its absorption spectrum is represented 
by a single peak at 287 nm without long‑wavelength transitions. Therefore, in this case we use 
as a negative control. It confirms the necessity of an extended π‑system for the manifestation of 
both antioxidant activity and fluorescence. 

Conclusion 

The paper presents a preparative method for the synthesis of (E)-5-(R-styryl)-3-phenyl-
1,2,4-oxadiazoles via the Wittig reaction, using previously undescribed stabilized  
1,2,4-oxadiazole-containing triphenylphosphine ylides as reagents in the potassium  
tert-butoxide–chloroform system, providing yields of trans-olefins up to 73%. For compounds 
with electron-donating substituents providing intramolecular charge transfer, antioxidant 
activity was found at concentrations of 128–256 µg/mL. It correlates with the appearance of an 
additional long-wavelength absorption band (>370 nm) in the UV spectra and intense 
fluorescence in the visible region.  

Experimental part  

Organic and inorganic reagents and solvents were obtained from commercial sources 
(Aldrich, Vekton, Ecos) and used without additional purification. We monitored the reaction 
progress by thin layer chromatography (TLC) on silica gel on Silufol UV aluminium plates 
using the following eluent - toluene : acetone : petroleum ether in the volume ratio of 3:5:5. 
We performed elemental analysis on a PerkinElmer 2400 unit. Melting points were measured 
using a Reach Devices RD-MP melting point apparatus (China). UV spectra were recorded on 
an Ecos PE‑5400 UV spectrophotometer (Russia). NMR spectra were recorded on a Varian 400 
Unity Plus instrument (400 MHz for 1H and 100 MHz for 13C, respectively) for solutions in 
DMSO‑d6. The signals of residual solvent protons were used as a reference for chemical shifts 
in 1H NMR (δ 2.50 ppm) or 13C NMR (δ 39.5 ppm); tetramethylsilane was used as a marker.  

General procedure for the synthesis of 1,2,4‑oxadiazole‑containing 
triphenylphosphonium ylides 

Triphenylphosphine (10 mmol) was added to a solution of 
5‑(chloromethyl)‑3‑aryl‑1,2,4‑oxadiazole (10 mmol) in acetone under a nitrogen atmosphere. 
The reaction mixture was stirred for 18 h at 56 °C. The reaction progress was monitored by TLC 
(eluent: toluene : acetone : petroleum ether in a ratio of 3:5:5 (v/v)). The reaction mixture was 
then cooled, and the resulting precipitate was filtered off and washed with acetone. The 
products required no additional purification. 

((3-Phenyl-1,2,4-oxadiazol-5-yl)methyl)triphenylphosphonium chloride (2a). Yield is 
9 g (64%), white crystalline substance. Т melt. 240-242°С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 6.31 (d, 2H, СН2Р J 16.0), 7.63 – 7.48 (m, 3H, С6Н5), 7.84 – 7.76 (m, 8H, 
С6Н5, Ph-P), 7.97 – 7.88 (m, 9H, Ph-P). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 
22.63 (d, СН2Р, J 54.3), 118.10 (d, 3С, С-P, J 88.4), 125.90 (C-Het), 127.59 (2С, С6Н4), 130.07 
(2С, С6Н4), 130.89 (d, 6С, Ph, J 13.0), 132.69 (С6Н4) 134.69 (d, 6С, Ph, J 10.7), 136.12 (3C, Ph), 
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168.52 (N-C=Noxadiazole), 171.85 (N=СОoxadiazole). Found, %: C 71.02; H 4.84; N 6.17. 
C27H22ClN2OP. Calculated, %: C 70.98; H 4.85; N 6.13. 

((3-(4-Chlorophenyl)-1,2,4-oxadiazol-5-yl)methyl)triphenylphosphonium chloride 
(2b) Yield is 3.43 g (70%), white powder, Т melt. 256-258°С. NMR spectrum 1H (400 MHz, 
DMSO-d6), δ, ppm: 6.31 (d, 2H, СН2Р, J 16.0), 7.62 (d, 2H, С6Н4, J 8.3), 7.80 (td, 8H, С6Н4, Ph-P, 
J 7.1, 5.7, 2.6), 7.93 (dd, 9H, Ph-P, J 13.6, 7.8). NMR spectrum 13С (101 MHz, DMSO-d6), δC, 
ppm: 22.54 (d, СН2Р, J 54.4), 117.99 (d, 3С, С-Р, J 88.3), 124.77 (С-Het), 129.40 (2С, С6Н4), 
130.28 (2С, С6Н4), 130.91 (d, 6С, C Ph, J 13.1), 134.67 (d, 6C, C Ph, J 11.0), 136.17 (3C, Ph), 
137.44 (С-Cl), 167.78 (N-C=Noxadiazole), 171.97 (N=СОoxadiazole). Found, %: C 66.14; H 4.34; N 5.73. 
C27H21Cl2N2OP. Calculated, %: C 66.00; H 4.31; N 5.70. 

General procedure for the synthesis of 5‑alkenyl‑3‑aryl‑1,2,4‑oxadiazoles (3a–n) 
Method A (compounds 3a–3i): To 1 mmol of the oxadiazole triphenylphosphonium salt 

in methylene chloride, NaOH (12 mmol) in 0.5 mL of water was added dropwise, and the 
aldehyde (1 mmol) was added. The mixture was stirred at room temperature for 24 h. Then the 
reaction mixture was washed with water and dried over Na2SO4. The solvent was evaporated 
under vacuum. The residue was dissolved in hot ethyl alcohol and then cooled with ice. The 
precipitated products were filtered off and purified by recrystallization from ethyl alcohol. 

Method B (compounds 3j–3n): To 1 mmol of the oxadiazole triphenylphosphonium salt 
in chloroform, the corresponding aldehyde (1.5 mmol) and potassium tert‑butoxide (1 mmol) 
were added. The reaction mixture was stirred at 50–70 °C for 2–4 h.  The reaction was stopped 
when the starting materials were consumed (TLC monitoring). The reaction mass was then 
washed with water, dried over Na2SO4, and the solvent was removed under vacuum. The 
obtained substance was purified by recrystallization from ethanol.  

3-Phenyl-5-[(1E)-2-phenylethenyl]-1,2,4-oxadiazole (3a) [19]. Yield is 94 mg (38%), 
white crystalline substance, Т melt. 90-92 °С. NMR spectrum 1Н (400 MHz, DMSO-d6), δ, ppm: 
7.53 – 7.41 (m, 4H, C6H4 and Het-CH=), 7.64 – 7.54 (m, 3H, C6H4), 7.85 (dd, 2H, C6H4, J 6.5, 
2.9), 7.95 (d, 1H, Ar-CH, J 16.4), 8.06 (dt, 2H, C6H4, J 7.6, 1.6). NMR spectrum 13С (101 MHz, 
DMSO-d6), δC, ppm: 110.92 (Het-CH=), 126.98 (CAr), 127.71 (2CAr), 129.09 (2CAr), 
129.69 (2CAr), 129.94 (2CAr), 131.35 (CAr), 132.25 (CAr), 134.92 (CAr), 143.56 (Ph-CH=), 
168.70 (N-C=Noxadiazole), 176.11 (N=СОoxadiazole). Found, %: C 77.45; H 4.89; N 11.31. C16H12N2O. 
Calculated, %: C 77.40; H 4.87; N 11.28.  

(Е)-3-Phenyl-5-(2-(pyridin-4-yl)ethenyl)-1,2,4-oxadiazole (3b) Yield is 313 mg(63%), 
yellow crystalline substance, Т melt. 103-105 °С. NMR spectrum 1Н (400 MHz, DMSO-d6), 
δ, ppm: 7.54 (d, 3H, CHAr, J 7.2), 7.63 (d, 1H, Het-CH=, J 16.4), 7.73 (d, 2H, С5Н4N pyridin, 
J 5.1), 7.83 (d, 1H, Ar-CH=, J 16.4), 8.01 (d, 2H, CHAr, J 6.9), 8.64 (d, 2H, С5Н4N pyridin, J 5.1). 
NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm.: 115.45 (Het-CH=), 122.56 (2Сpyridin), 
127.06 (CAr), 127.78 (2CAr), 129.77 (2CAr), 132.11 (CAr), 140.84 (Ph-CH=), 142.04 (Сpyridin), 
151.08 (2Сpyridin), 169.07 (N-C=Noxadiazole), 175.37 (N=СОoxadiazole). Found, %: C 72.30; H 4.48; 
N 16.90. C15H11N3O. Calculated, %: C 72.28; H 4.45; N 16.86. 

(Е)-3-Phenyl-5-(2-(pyridin-3-yl)vinyl)-1,2,4-oxadiazole (3c) Yield is 132 mg (26%), 
yellow crystalline substance, Т melt. 105-107 °С. NMR spectrum 1Н (400 MHz, DMSO-d6), 
δ, ppm: 7.49 (s, 1H, С5Н4Npyridin), 7.59 (t, 4H, CHAr, Het-CH=, J 7.8), 7.97 (d, 1H, Ar-CH=, 
J 16.3), 8.05 (d, 2H, CHAr, J 6.8), 8.30 (d, 1H, С5Н4Npyridin, J 7.9), 8.62 (s, 1H, С5Н4Npyridin), 
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8.99 (s, 1H, С5Н4Npyridin). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm.: 112.85 (Het-
CH=), 124.66 (Сpyridin), 126.88 (CAr), 127.71 (2CAr), 129.95 (2CAr), 130.81 (CAr), 132.29 (Сpyridin), 
135.29 (Сpyridin), 140.27(Ph-CH=), 150.66 (Сpyridin), 151.76 (Сpyridin), 168.76 (N-C=Noxadiazole), 
175.73 (N=СОoxadiazole). Found, %: C 72.31; H 4.47; N 16.89. C15H11N3O. Calculated, %: C 72.28; 
H 4.45; N 16.86. 

5-[(1E)-2-(4-Nitrophenyl)ethenyl]-3-phenyl-1,2,4-oxadiazole (3d). Yield is 187 mg 
(64%), white crystalline substance, Т melt. 142-144 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 7.49 (d, 1H, Het-CH=, J 16.2), 7.67 – 7.54 (m, 3H, С6Н5), 7.77 – 7.68 (m, 1H, 
С6Н5), 7.85 (t, 1H, С6Н4NO2 J 7.3), 8.09 – 8.02 (m, 2H, С6Н5), 8.13 (t, 2H, С6Н4NO2 J 8.0), 8.23 
(d, 1H, Ar-CH=, J 16.3). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 115.24 
(Het-CH=), 125.58 (СAr-Het), 126.76 (C6H4NO2), 127.77 (2CAr), 129.97 (2CAr), 130.75 
(C6H4NO2), 131.87 (C6H4NO2), 132.37 (C6H4NO2), 134.69 (C6H4NO2), 138.53(C6H4NO2), 
141.65 (CAr), 148.95 (Ph-CH=), 168.86 (N-C=Noxadiazole), 175.40 (N=СОoxadiazole). Found, %: C 
65.57; H 3.80; N 14.35. C16H11N3O3. Calculated, %: C 65.53; H 3.78; N 14.33. 

5-[(1E)-2-(4-Fluorophenyl)ethenyl]-3-phenyl-1,2,4-oxadiazole (3e) [20]. Yield is 
95 mg (35%), white crystalline substance, Т melt. 130-132 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 7.29 (t, 2H, CHAr, J 8.7), 7.38 (d, 1H, Het-CH=, J 16.4), 7.57 (d, 3H, CHAr, 
J 6.9), 7.96 – 7.87 (m, 3H, CHAr, Ar-CH=), 8.07 – 8.00 (m, 2H, CHAr). NMR spectrum 13С (101 
MHz, DMSO-d6), δC, ppm: 110.73 (Het-CH=), 116.69 (d, 2C, Ph-F, J 21.7), 126.97 (CAr), 127.68 
(2CAr), 129.88 (2CAr), 131.42 (d, 2C, Ph-F, J 8.5), 131.89 (d, C, Ph-F, J 59.6), 142.25 (Ph-CH=), 
164.06 (d, C, Ph-F, J 249.2), 168.66 (N-C=Noxadiazole), 176.01 (N=СОoxadiazole). Found, %: C 72.19; 
H 4.86; N 10.54. C16H11FN2O. Calculated, %: C 72.17; H 4.84; N 10.52. 

(E)-4-(2-(3-Phenyl-1,2,4-oxadiazol-5-yl)ethenyl)-N,N-dimethylaniline (3f). Yield is 
79 mg (27%), yellow crystalline substance, Т melt. 139-141 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 2.98 (s, 6H, 2CH3), 6.73 (d, 2H, С6H4N, J 8.4), 7.05 (d, 1H, Het-CH=, J 16.1), 
7.57 (d, 3H, CHAr, J 6.4), 7.64 (d, 2H, С6H4N, J 8.4), 7.79 (d, 1H, Ar-CH=, J 16.2), 8.04 (dd, 2H, 
CHAr, J 7.3, 2.8). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 104.44 (Het-CH=), 
111.82 (NCH3), 112.45 (2C С6H4N), 122.25 (С6H4N), 127.34 (CAr), 127.65(2CAr), 129.84 (2CAr), 
130.75 (2C С6H4N), 132.01(CAr), 133.41 (NCH3), 144.11 (Ph-CH=), 152.54 (С6H4N), 168.45 
(N-C=Noxadiazole), 176.95 (N=СОoxadiazole). Found, %: C 74.50; H 5.90; N 14.47. C18H17N3O. 
Calculated, %: C 74.20; H 5.88; N 14.42. 

(E)-5-(2-(5-Bromothiophen-2-yl)ethenyl)-3-phenyl-1,2,4-oxadiazole (3g). Yield is 
193 mg (58%), beige crystalline substance, Т melt. 108-110 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 7.08 (d, 1H, Het-CH=, J 16.1), 7.34 (d, 1H, СНthienyl, J 3.8), 7.51 (d, 1H, 
СНthienyl, J 3.9), 7.65 – 7.57 (m, 3H, СНAr), 8.08 – 8.00 (m, 3H, СНAr, Ar-CH=). NMR spectrum 
13С (101 MHz, DMSO-d6), δC, ppm: 109.71 (Het-CH=), 116.81 (Cthienyl), 126.92 (Cthienyl), 
127.68 (2CAr), 129.93 (2CAr), 132.26 (CAr), 132.71 (Cthienyl), 133.61 (Cthienyl), 135.29 (CAr), 141.58 
(Het-CH=), 168.69 (N-C=Noxadiazole), 175.66 (N=СОoxadiazole). Found, %: C 50.49; H 2.75; N 8.45. 
C14H9BrN2OS. Calculated, %: C 50.47; H 2.72; N 8.41.  

5-[(1E)-2-(3,4-Dichlorphenyl)ethenyl]-3-phenyl-1,2,4-oxadiazole (3h). Yield is 
218 mg (69%), white crystalline substance, Т melt. 164-166 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 7.59 (k, 4H, С6Н5, Het-CH=, J 9.3, 7.8), 7.72 (d, 1H, С6Н3, J 8.4), 7.85 (dd, 
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1H, С6Н3, J 8.3, 2.1), 7.91 (d, 1H, Ar-CH=, J 16.4), 8.04 (dd, 2H, С6Н5, J 7.5, 2.1), 8.19 (s, 1H, 
С6Н3). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 113.12 (Het-CH=), 126.85 (CAr), 
127.70 (2CAr), 129.06 (C6H3), 129.95 (2CAr), 130.71 (C6H3), 131.75 (CAr), 132.30 (C6H3), 
132.57 (C6H3), 133.51 (C6H3), 135.77 (C6H3), 140.83 (Ph-CH=), 168.77 (N-C=Noxadiazole), 
175.70 (N=СОoxadiazole). Found, %: C 60.62; H 3.21; N 8.85. C16H10Cl2N2O. Calculated, %: C 60.59; 
H 3.18; N 8.83. 

5-[(1E)-2-(3,4-Dimetoxyphenyl)ethenyl]-3-phenyl-1,2,4-oxadiazole (3i). Yield is 
170 mg (55%), white crystalline substance, Т melt. 110-113 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 3.81 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 7.02 (d, 1H, С6Н3, J 8.3), 7.39 – 7.30 
(m, 2H, С6Н3, Het-CH=),7.50 (d, 1H, С6Н3, J 2.0), 7.64 – 7.53 (m, 3H, СНAr), 7.85 (d, 1H, 
Ar-CH=, J 16.3), 8.05 (dd, 2H, СНAr, J 7.3, 2.3). NMR spectrum 13С (101 MHz, DMSO-d6), δC, 
ppm: 56.25 (ОСН3), 56.34 (ОСН3), 108.35 (Het-CH=), 110.90 (C6H3), 112.19 (C6H3), 
123.95 (C6H3), 127.13 (CAr), 127.66 (2CAr), 127.79 (C6H3), 129.89 (2CAr), 132.14 (CAr), 143.70 
(Ph-CH=), 149.75 (C6H3), 151.89 (C6H3), 168.58 (N-C=Noxadiazole), 176.49 (N=СОoxadiazole). Found, 
%: C 70.14; H 5.25; N 9.13. C18H16N2O3. Calculated, %: C 70.12; H 5.23; N 9.09. 

(E)-4-(2-(3-(4-Chlorophenyl)-1,2,4-oxadiazol-5-yl)ethenyl)phenol (3j). Yield is 
263 mg (73%), yellow crystalline substance, Т melt. 198-200 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 6.85 (d, 2H, С6H4OH, J 8.1), 7.18 (d, 1H, Het-CH=, J 16.1), 7.65 (d, 2H, 
С6H4Cl, J 7.9), 7.69 (d, 2H, С6H4OH, J 8.1), 7.85 (d, 1H, Ar-CH=, J 16.3), 8.05 (d, 2H, С6H4Cl, 
J 7.9), 10.13 (s, 1H, OH). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 106.90 
(Het-CH=), 116.54 (2CAr), 126.01 (CAr), 128.12 (CAr), 129.47 (2CAr), 130.09 (2CAr), 131.20 (2CAr), 
136.86 (2CAr), 144.01 (Ph-CH=), 160.81 (CAr), 167.76 (N-C=Noxadiazole), 176.82 (N=СОoxadiazole). 
Found, %: C 64.35; H 3.74; N 9.41. C16H11ClN2O2. Calculated, %: C 64.33; H 3.71; N 9.38. 

(E)-2-(2-(3-(4-Chlorophenyl)-1,2,4-oxadiazol-5-yl)ethenyl)phenol (3k). Yield is 
277 mg (77%), white crystalline substance, Т melt. 193-195 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 6.88 (t, 1H, С6H4OH, J 7.5), 6.96 (d, 1H, С6H4OH, J 8.3), 7.28 (t, 1H, 
С6H4OH, J 8.4), 7.38 (d, 1H, Het-CH=, J 16.5), 7.63 (d, 2H, С6H4Cl, J 8.5), 7.73 (d, 1H, С6H4OH, 
J 7.8), 8.05 (d, 2H, С6H4Cl, J 8.5), 8.10 (d, 1H, Ar-CH=, J 16.4), 10.47 (s, 1H, ОН). NMR 
spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 105.83 (Het-CH=), 115.00 (CAr), 119.68 (CAr), 
121.82 (CAr), 126.30 (CAr), 129.48 (2CAr), 130.01 (2CAr), 130.85 (CAr), 132.59 (CAr), 136.65 (CAr), 
142.76 (Ph-CH=), 161.73 (CAr), 167.60 (N-C=Noxadiazole), 178.07 (N=СОoxadiazole). Found, %: C 
64.36; H 3.73; N 9.42. C16H11ClN2O2. Calculated, %: C 64.33; H 3.71; N 9.38. 

(E)-5-(2-(1H-Indol-3-yl)ethenyl)-3-(4-chlorophenyl)-1,2,4-oxadiazole (3l). Yield is 
184 mg (48%), beige crystalline substance, Т melt. 185-187 °С. NMR spectrum 1Н (400 MHz, 
DMSO-d6), δ, ppm: 7.07 (d, 1H, Het-CH=, J 16.4), 7.29 – 7.17 (m, 2H, Ind), 7.54 – 7.47 (m, 1H, 
Ind), 7.69 – 7.62 (m, 2H, С6Н4), 8.11 – 8.01 (m, 4H, С6Н4, Ind), 8.15 (d, 1H, Ar-CH=, J 16.3), 
11.91 (s, 1H, NH). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 108.53 (Het-CH=), 
118.04 (d, J 26.7, СInd), 124.17 (СInd), 125.79 (СInd), 126.90 (CAr), 128.47 (СInd), 130.49 (СInd), 
131.28 (СInd), 134.46 (2CAr), 135.07 (2CAr), 138.19 (CAr), 141.74 (СInd), 143.09 (СInd), 143.42 (Ph-
CH=), 164.14 (N-C=Noxadiazole), 172.61 (N=СОoxadiazole). Found, %: C 67.21; H 3.79; N 13.10. 
C18H12ClN3O. Calculated, %: C 67.19; H 3.76; N 13.06. 
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(E)-5-(2-(1-Methyl-1H-pyrrol-2-yl)ethenyl)-3-(4-chlorophenyl)-1,2,4-oxadiazole 
(3m). Yield is 74 mg (21%), beige crystalline substance, Т melt. 105-107 °С. NMR spectrum 1Н 
(400 MHz, DMSO-d6), δ, ppm: 3.78 (s, 3H, СН3), 6.21 – 6.15 (m, 1H, Pyr), 7.00 – 6.90 (m, 2H, 
Het-CH=, Pyr), 7.07 (t, 1H, Pyr, J 2.1), 7.68 – 7.60 (m, 2H, С6H4), 7.78 (d, 1H, Ar-CH=, J 16.0), 
8.07 – 8.01 (m, 2H, С6H4). NMR spectrum 13С (101 MHz, DMSO-d6), δC, ppm: 34.66 (N-CH3), 
109.65 (CPyr), 110.14 (CPyr), 113.72 (CPyr), 117.91 (Het-CH=), 126.10 (CAr), 129.46 (2CAr), 129.70 
(CPyr), 130.05 (2CAr), 131.78 (Ph-CH=), 136.79 (CAr), 167.68 (N-C=Noxadiazole), 177.08 
(N=СОoxadiazole). Found, %: C 63.08; H 4.25; N 14.74. C15H12ClN3O. Calculated, %: C 63.05; H 
4.23; N 14.71. 

(E)-5-(2-Cyclohexylethenyl)-3-(4-chlorophenyl)-1,2,4-oxadiazole (3n). Yield is 92 mg 
(26%), white crystalline substance, Т melt. 68-70 °С. NMR spectrum 1Н (400 MHz, DMSO-d6), 
δ, ppm: 1.40 – 1.02 (m, 5H, С6Н11), 1.65 (d, 1H, С6Н11 J 11.7), 1.84 – 1.68 (m, 4H, С6Н11),  
2.35 – 2.26 (m, 1H, С6Н11), 6.55 (dd, 1H, CH=, J 16.3, 1.5), 7.11 (dd, 1H, Ar-CH=, J 16.2, 6.8), 
7.63 (d, 2H, С6H4, J 8.2), 8.01 (d, 2H, С6H4, J 8.2). NMR spectrum 13С (101 MHz, DMSO-d6), 
δC, ppm: 25.84 (2Ccyclohexane), 26.08 (Ccyclohexane), 31.67 (2Ccyclohexane), 41.05 (Ccyclohexane),  
111.57 (Het-CH=), 125.81 (CAr), 129.45 (2CAr), 130.05 (2CAr), 136.91 (CAr), 154.00 (Ph-CH=), 
167.68 (N-C=Noxadiazole), 175.96 (N=СОoxadiazole). Found, %: C 66.58; H 5.97; N 9.73. C16H17ClN2O 
Calculated, %: C 66.55; H 5.93; N 9.70.  
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