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Abstract Selective S-alkoxycarbonylation of isomeric - 5-(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-pyridyl)-

1,3,4-oxadiazol-2-thiones (3) have been studied and novel series of S-substituted derivatives (7-15) have been 

synthesized and characterized by physical methods of research. No formation of the amides - N-substituted 

derivatives (A) was observed. The antimicrobial tests indicated that the 2-alkyloxycarbonylthio-oxadiazole 

derivatives exhibited a remarkable activity against Gram-positive bacteria Bacillus subtilis, Staphylococcus aureus 

and the fungus Candida albicans. 
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Introduction 

Among the five-membered heterocycles, containing three heteroatom such as nitrogen, oxygen and sulfur are 

interesting classes of heterocyclic compounds. Besides, due to a practical application of these heterocyclic 

compounds are of theoretical interest as models to investigate of relationship “structure – reactivity - biological 

activity”, and etc. In this regard the 5-substituted-1,3,4-oxadiazol-2-thiones have a special attention of researchers. 

Many derivatives of these compounds have a wide spectrum of biological activity, such as pesticide, antibiotic, 

antitumor, hypotensive, antidepressant, analgesic, anti-inflammatory, and etc [1-6]. Due to presence of the 

ambifuncional thioamid groups (NH-C=S) in the molecules of oxadiazol-thiones, and depending on the nature of the 

electrophilic and nucleophilic agents and reaction conditions are possible formation of isomers - derivatives of 

exocyclic sulfur atoms and endocyclic nitrogen atoms or simultaneously on both reactionary centers. 

Interesting representative of this class substances are 5-(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-pyridyl)-1,3,4-

oxadiazol-2-thiones (3), consisting of two heterocyclic fragments - pyridine and 1,3,4-oxadiazol-2-thione cycles. 

The combination of these in one molecule could lead to the synthesis of substances with different biological 

activities. Analysis of the literatures related to isomeric 5-pyridyl-1,3,4-oxadiazol-2-tiones showed that they are not 

widely studied. There are available literatures [7-9] related only to isomeric pyridyl thiones - 5-(4-pyridyl)-1,3,4-

oxadiazol-2-thione and the information about other two isomers is very few. 

On the basis of the above mentioned we have studied the effect of the location of the oxadiazole cycle in relation to 

the nitrogen atom of the pyridine cycle (positions 2,3,4) on the product’s yield and the direction of interaction of 5-

(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-pyridyl)-1,3,4-oxadiazol-2-thiones (3) with alkyl chloroformates, as 

well as examine the antimicrobial activity of synthesized compounds. 
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Materials and Methods 

Materials 

All chemicals used were analytical grade, and used as purchased without further purification. 

Physical Measurements 

UV spectra were recorded on a spectrometer EPS-3T Hitachi in ethanol.  
1
НNMR spectra were recorded in CDCl3 

on Varian 400-MR spectrometer operating accordingly at 400 MHz. Hexamethyldisiloxane (HMDSO) was used as 

internal standard, chemical shift of 
1
H was recorded in ppm. IR spectra were recorded on IR Fury System 2000 

(Perkin-Elmer) as KBr pellets.  

Mps were measured on a Boethius and MEL-TEMP apparatus manufactured by Barnstead International (USA) and 

were uncorrected.  

The reactionary process was monitored by TLC on ALUGRAM Xtra (Germany) precoated aluminum plates using 

CHCl3/EtOH (10:1) solvent system and developed plates were visualized under UV lamp and/or iodine tank where 

necessary. Solvents were purified by standard procedures.  

 

The antimicrobial Assay 

The synthetic compounds were tested for antimicrobial activity by the agar disc diffusion method [10-11]. The 

antimicrobial activity was evaluated using five species of microorganism: Gram-positive bacteria Bacillus subtilis 

(RKMUz - 5) and Staphylococcus aureus (ATCC 25923); Gram-negative bacteria Escherichia coli (RKMUz - 221) 

and Pseudomonas aeruginosa (ATCC 27879); the fungus Candida albicans (RKMUz - 247). The RKMUz 

microorganism cultures were obtained from the strain collection of the Institute of Microbiology, Academy of 

Sciences of the Republic of Uzbekistan. Sterile nutrient agar (25g agar/l distilled water) was inoculated with 

bacterial cells (200 µl of bacterial cell in 2 ml 0.9% NaCl suspension and 20 ml medium) and poured into Petri 

dishes to give a solid medium. Candida albicans (1×10
6
 colony forming units per ml) was inoculated into sterile 

Mueller-Hinton-agar. Forty microliters of test material (0.2 mg/per disc of the compounds) was applied on sterile 

paper discs (Whatman No.1, 6 mm diameter). Ampicillin, ceftriaxone and nystatin (20 µg/disc) were used as 

positive controls and the solvents as negative controls. The solvents were allowed to evaporate in a stream of air. 

The discs were deposited on the surface of inoculated agar plates. Plates were kept for 3 h in refrigerator to enable 

the diffusion of the substances into the agar. Plates with bacteria were incubated for 24 h at 37°C and plates with 

yeasts for 48 h at 26°C. The inhibition zone (including the disc diameter) was measured and recorded after the 

incubation time. An average zone of inhibition was calculated for the three replicates in independent assays. 

 

Synthesis Method 

Synthesis of 2-alkiloxycarbonylthio-5-(2,3,4-pyridyl)-1,3,4-oxadiazoles (7-15) 

The reaction is conducted by refluxing of equimolar amounts of 5-(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-

pyridyl)-1,3,4-oxadiazol-2-thiones (3), alkyl chloroformates 4-6 and К2СО3 in dry acetone for 3-5 hours. Reactions 

were monitored by TLC (chloroform-ethanol, 10:1). After removing of acetone, solid residue was washed with 

water, alkali solution and water again. The resulting product was dried in the air and recrystallized from hexane or 

cyclohexane. 

 

The characterization data of the 2-alkoxycarbonylthio-5-(2-,3-,4-pyridyl)-1,3,4-oxadiazoles (7-15). 

2-Propoxycarbonylthio-5-(2-pyridyl)-1,3,4-oxadiazole (7) 

Yield: 88%, pale brown color powder, mp 111-112С (hexane). UV-spectra (λmax): 279 nm. 
1
H NMR (CDCl3, δ, 

ppm): 8.75 (1H, m, СН-6, pyridyl), 8.22 (1H, dt, СН-3, pyridyl), 8.01 (1H, td, СН-4, pyridyl), 7.83 (1H, m, СН-5, 

pyridyl), 4.32 (2Н, t, ОСН2), 1.64 (2Н, m, -ОСН2СН2), 0.98 (3Н, t, СН3). IR (νmax/cm
-1

): 1765 (С=О), 1600 (C=N, 

oxadiazole), 1210 (C-O-O, oxadiazole). 

2-Propoxycarbonylthio-5-(3-pyridyl)-1,3,4-oxadiazole (8) 

Yield: 86%, pale yellow powder, mp 96-97С (hexane). UV-spectra (λmax): 286 nm. 
1
H NMR (CDCl3, δ, ppm): 9.25 

(1H, br.s , СН-2, pyridyl,), 8.78 (1H, br.s, СН-6, pyridyl), 8.22 (1H, d, СН-4, pyridyl), 7.42 (1H, dt, СН-5, pyridyl), 
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4.41 (2Н, t, О-СН2), 1.82 (2Н, m, ОСН2СН2), 1.01 (3Н, t, СН3). IR (νmax/cm
-1

): 1771 (С=О), 1633 (C=N, 

oxadiazole), 1220 (C-O-O, oxadiazole). 

2-Propoxycarbonylthio-5-(4-pyridyl)-1,3,4-oxadiazole (9) 

Yield: 88%, pale brown color powder, mp 113-114С (hexane). UV-spectra (λmax): 282 nm. 
1
H NMR (CDCl3, δ, 

ppm): 8.75 (2H, d, СН-2,6 pyridyl), 7.81 (2H, dd, СН-3,5 pyridyl), 4.22 (2Н, t, ОСН2), 1.78 (2Н, m, ОСН2СН2), 

1.01 (3Н, t, СН3). IR (νmax/cm
-1

): 1770 (С=О), 1630 (C=N, oxadiazole), 1190 (C-O-O, oxadiazole). 

2-Isobutoxycarbonylthio-5-(2-pyridyl)-1,3,4-oxadiazole (10). 

Yield: 86%, white color powder, mp 122-123С (hexane). UV-spectra (λmax): 284 nm. 
1
H NMR (CDCl3, δ, ppm): 

8.75 (1H, m, СН-6, pyridyl), 8.02 (1H, dt, СН-3, pyridyl), 7.84 (1H, t.d, СН-4, pyridyl), 7.45 (1H, m, СН-5, 

pyridyl), 4.22 (2Н, d, ОСН2), 2.11 (1Н, m, СН2СН), 0.99 (6Н, d, СН(СН3)2). IR (νmax/cm
-1

): 1768 (С=О), 1610 

(C=N, oxadiazole), 1200 (C-O-O, oxadiazole). 

2-Isobutoxycarbonylthio-5-(3-pyridyl)-1,3,4-oxadiazole (11) 

Yield: 84%, white color powder, mp 48-49С (hexane). UV-spectra (λmax): 285 nm.
1
H NMR (CDCl3, δ, ppm): 9.20 

(1H, d, СН-2, pyridyl), 8.78 (1H, dd, СН-6, pyridyl), 8.21 (1H, ddd, СН-4, pyridyl), 7.41 (1H, dd, СН-5, pyridyl), 

4.23 (2Н, d, ОСН2), 2.10 (1Н, m, СН2СН), 1.01(6Н, d, СН(СН3)2). IR (νmax/cm
-1

): 1770 (С=О), 1626 (C=N, 

oxadiazole), 1210 (C-O-O, oxadiazole). 

2-Isobutoxycarbonylthio-5-(4-pyridyl)-1,3,4-oxadiazole (12) 

Yield: 85%, yellow color powder, mp 99-100С (hexane). UV-spectra (λmax): 283 nm. 
1
H NMR (CDCl3, δ, ppm): 

8.83 (2H, d, СН-2,6 pyridyl), 7.86 (2H, d, СН-3,5 pyridyl), 3.15 (2Н, d, ОСН2), 1.60 (1Н, m, СН2СН), 0.82 (6Н, d, 

СН(СН3)2). IR (νmax/cm
-1

): 1772 (С=О), 1632 (C=N, oxadiazole), 1205 (C-O-O, oxadiazole). 

2-Benzoxycarbonylthio-5-(2-pyridyl)-1,3,4-oxadiazole (13) 

Yield: 90%, white color powder, mp 98-99С (cyclohexane). UV-spectra (λmax): 289 nm. 
1
H NMR (CDCl3, δ, ppm): 

8.69 (1H, m, СН-6, pyridyl), 8.13(1H, dt, СН-3, pyridyl), 7.80 (1H, td, СН-4, pyridyl), 7.42-7.24 (1H, m, СН-5, 

pyridyl; 5Н, m, Ar), 4.50 (2Н, s, ОСН2Ar). IR (νmax/cm
-1

): 1776 (С=О), 1615 (C=N, oxadiazole), 1182 (C-O-O, 

oxadiazole). 

2-Benzoxycarbonylthio-5-(3-pyridyl)-1,3,4-oxadiazole (14) 

Yield: 86%, pale brown color powder, mp 76-77С (hexane). UV-spectra (λmax): 281 nm. 
1
H NMR (CDCl3, δ, ppm): 

9.16 (1H, d, СН-2, pyridyl), 8.70 (1H, dd, СН-6, pyridyl), 8.22 (1H, dt, СН-4, pyridyl), 7.43-7.25 (1H, m, СН-5, 

pyridyl; 5Н, m, Ar), 4.49 (2Н, s, ОСН2Ar). IR (νmax/cm
-1

): 1768 (С=О), 1610 (C=N, oxadiazole), 1195 (C-O-O, 

oxadiazole). 

2-Benzoxycarbonylthio-5-(4-pyridyl)-1,3,4-oxadiazole (15) 

Yield: 89%, white color powder, mp 115-116С (hexane). UV-spectra (λmax): 284 nm. 
1
H NMR (CDCl3, δ, ppm): 

8.78 (2H, d, СН-2,6, pyridyl), 7.79 (2H, dd, СН-3,5, pyridyl), 7.36 (5H, m, ArН), 4.49 (2Н, s, ОСН2Ar). IR 

(νmax/cm
-1

): 1755 (С=О), 1610 (C=N, oxadiazole), 1214 (C-O-O, oxadiazole). 

 

Results and Discussion 

Interaction of 5-(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-pyridyl)-1,3,4-oxadiazol-2-thiones (3) with alkyl 

chloroformates 4-6 gave only the S-alkoxycarbonyl derivatives 7-15 in high yields (85-91%). No formation of the 

N-substituted derivatives was observed.  

The structures of the synthesized compounds 7-15 were investigated by UV-, 
1
H NMR and IR- spectra. The UV 

spectra of S-alkoxycarbonyl derivatives 7-15 have an absorption maxima in the range 279-285 nm, which is typical 

for S-substitution [12,13], whereas the absorbance of amides - N-derivatives (A) observed at 295-315 nm [12-15]. 
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In the 
1
H NMR spectra of the synthesized compounds (7-15) the signals of the pyridine ring protons have chemical 

shifts as singlet, doublet and multiplet with the range of 7.41-9.25 ppm. The presence of signals of protons of the 

alkyl (propyl, butyl) and phenyl groups corresponding to 2-alkoxycarbonylthio derivatives also confirm the structure 

of the obtained compounds. 

In the IR spectra of compounds 7-15 are observed an absorption bands in the region of 1755-1776 cm
-1

 

corresponding to the C=O bond in alkoxycarbonyl, 1600-1635 cm
-1

 and 1180-1220 cm
-1

 of C=N, C-O-C oxadiazole 

ring, and also sufficiently intensive absorption near 1500 cm
-1

 which can be attributed to the C=N, C=C pyridine and 

aromatic rings. 

The antimicrobial activity of the compounds 1-3 and 7-15 against Gram-positive bacteria: Bacillus subtilis, 

Staphylococcus aureus, and Gram-negative bacteria: Pseudomonas aeruginosa, Escherichia coli as well as fungi 

Candida albicans were determined using the agar disc diffusion method. The results of the current research were 

displayed in Table 1 and revealed that the 2-propyl-, 2-isobutyl- and 2-benzoxycarbonylthio- derivatives of 2-

alkoxycarbonylthio-5-(2-,3-,4-pyridyl)-1,3,4-oxadiazoles (7-15) had an antibacterial activity against Gram-positive 

bacteria - B. subtilis and S. aureus, and fungi Candida albicans, displaying inhibition zone diameters between 6-9 

mm (Tab.1). The primary oxadiazolthiones 1-3 were showing activity against only S. aureus. The remarkable 

activity of derivatives 7-15 may be attributed to the presence of the 2-alkoxycarbonyl group in the oxadiazolthiones. 

Table 1: Antimicrobial activity of compounds 1-3 and 7-15 

Compounds Gram-positive bacteria Gram-negative bacteria Fungi 

B. subtilis 

(RKMUz – 

5) 

S. aureus 

(ATCC 

25923) 

P. aeruginosa 

(ATCC 

27879) 

E. coli 

(RKMUz - 

221) 

C. albicans 

(RKMUz - 

247); 

1 na 6 na na na 

2 na 6 na na na 

3 na 6 na na na 

7 6 7 na na 6 

8 7 8 na na 6 

9 7 7 na na 6 

10 7 8 na na 6 

11 6 6 na na 6 

12 7 8 na na 6 

13 6 6 na na 6 

14 6 6 na na 6 

15 8 9 na na 6 

Ampicillin  

(20µg/disc) 

26 25 nt 26 nt 

Ceftriaxone (20 

µg/disc) 

nt nt 25 nt nt 

Nystatin (20 µg /disc) nt nt nt nt 20 

   na- not active; nt – not tested 
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Conclusion  

Thus selective S-alkoxycarbonylation of isomeric - 5-(2-pyridyl)- (1), 5-(3-pyridyl)- (2), and 5-(4-pyridyl)-1,3,4-

oxadiazol-2-thiones (3) have been studied and due to more polarizability of sulfur atom the novel series of S-

substituted derivatives (7-15) have been synthesized in high yields and characterized by physical methods of 

research. No formation of the amides - N-substituted derivatives (A) was observed. The nature of oxadiazolinthione 

and alkyl chloroformate is not significant on the reaction’s direction of and the yield of the products. The 2-

alkoxycarbonylthio-derivatives of isomeric 5-pyridyl-1,3,4-oxadiazol-2-thiones showed remarkable antimicrobial 

activity against Gram-positive bacteria B. subtilis, S. aureus, and fungi Candida albicans. Nowadays the 

investigations in this field are continued.  
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