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Синтезирован ряд тиокарбогидразонов на основе 4-гидрокси-3,5-ди-трет-бу-

тилбензальдегида, салицилового альдегида, ванилина и 2,3-дигидрокси-4,6-ди-трет-бу-

тилбензалдегида. Реакцией между тиокарбогидразонами и бромацетилкумарином полу-

чен и охарактеризован ряд производных тиадиазина, содержащих фенольный фрагмент, 

выходы составили 56-90%. Структурные свойства синтезированных веществ исследо-

вали методами ИК-Фурье, 1Н, 13С ЯМР спектроскопии: в ИК-спектрах тиогидразинов 

присутствуют полосы, характерные для валентных колебаний OH-группы (3622 см-1), 

N-H связи (3450 см-1), двойных связей С=С и C=N 1608 и 1541 см-1 соответственно. В от-

личие от спектра исходных соединений наблюдается пик, соответствующий колебаниям 

связи С=О (1722 см-1), который появился вследствие введения кумаринового фрагмента. В 

спектрах 1Н ЯМР полученных соединений присутствуют пики в области 3,9 м.д., отвеча-

ющие протонам тиадиазинового фрагмента, отсутствуют сигналы в области 6,8 

м.д., относящиеся к СН протону тиазольного кольца, также присутствует набор пиков 

в области 7,5-8,4 м.д., характерный для кумаринового кольца. Антиоксидантную актив-

ность всех продуктов определяли in vitro: активность по ингибированию катион-радика-

лов оценивали с использованием 2,2'-азино-бис(3-этилбензотиазолин-6-сульфоната), а 

электронодонорную активность определяли по способности восстанавливать железо с 

использованием метода феррицианида/берлинской лазури, в обоих случаях в качестве 

стандарта был использован агидол. Все испытанные вещества проявили более высокую 

активность в обоих испытаниях по сравнению со стандартом. Лучшие антиокислитель-

ные свойства в обоих методах проявило производное 2,3-дигидрокси-4,6-ди-трет-бу-

тилбензальдегида, высокую антирадикальную активность также показал тиадиазин на 

основе салицилового альдегида, а хорошие железовосстанавливающие свойства проявил 

тиадиазин с фрагментом 2-метоксифенола. 

Ключевые слова: органический синтез, фенолы, тиадиазины, антиокислители 

 

 

SYNTHESIS AND ANTIOXIDANT ACTIVITY OF THIADIAZINE DERIVATIVES  

WITH PHENOLIC FRAGMENTS 

V.N. Koshelev, O.V. Primerova, A.P. German, A.A. Gladkikh 

Vladimir N. Koshelev (ORCID 0000-0001-5755-5291), Olga V. Primerova (ORCID 0000-0002-0162-2528)*, 

Alisa P. German, Anastasia A. Gladkikh (ORCID 0009-0006-3781-0666) 

Department of Organic Chemistry and Petroleum Chemistry, National University of Oil and Gas «Gubkin 

University», Leninsky ave., 65, Moscow, 119991, Russia 

E-mail: koshelev.v@gubkin.ru, Primerova92@yandex.ru *, anatanielle@yandex.ru, german_al5@mail.ru 

A series of thiocarbohydrazones based on 3,5-di-tert-butyl-4-hydroxybenzaldehyde, salic-
ylaldehyde, vanillin and 4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde were synthesized. The reac-
tion between thiocarbohydrazones and bromoacetylcoumarin was used to obtain and characterize 
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a number of thiadiazine derivatives containing a phenolic fragment. The yields were 56–90%. The 
structural properties of the synthesized substances were studied by IR-Fourier, 1H, 13C NMR spec-
troscopy. In the IR spectra of thiadiazines there are characteristic bands of the stretching vibrations 
of the OH group (3622 cm-1), N-H bond (3450 cm-1), double bonds C=C and C=N 1608 and 1541 cm-1, 
respectively. In contrast to the spectrum of the starting compounds, there is a peak corresponding 
to vibrations of the C=O bond (1722 cm-1), which appeared due to the coumarin fragment. The 1Н 
NMR spectra of the obtained compounds contain peaks at 3.9 ppm, corresponding to the protons 
of the thiadiazine fragment. There are no signals at 6.8 ppm, related to the CH proton of the thiazole 
ring, and there is also a set of peaks in the region of 7.5-8.4 ppm., characteristic of the coumarin 
ring. Antioxidant activity of all products was determined in vitro: radical cation inhibition activity 
was determined using 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate) and electron donating ac-
tivity was determined by ferric reduction ability using the ferricyanide/Prussian blue method. In 
both cases, agidol was used as a standard. All tested substances showed higher activity in both tests 
compared to the standard. The best antioxidant properties in both methods were shown by the de-
rivative of 4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde, thiadiazine based on salicylaldehyde also 
showed high antiradical activity, and thiadiazine with a fragment of 2-methoxyphenol showed good 
ferric-reducing properties. 
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INTRODUCTION 

Reactive oxygen species (ROS) are reactive 

oxygen-containing molecules formed as a result of cel-

lular metabolism. They play an important role in ho-

meostasis, cellular signaling, but they also cause oxi-

dative damage under certain stressful environmental 

conditions, such as exposure to heavy metals, UV ra-

diation, while the balance necessary for normal cellular 

homeostasis is disturbed [1]. The overproduction of re-

active oxygen species is associated with the develop-

ment of various degenerative diseases such as cancer 

[2-5], as well as respiratory, neurodegenerative and di-

gestive diseases [6, 7]. Substances that delay or prevent 

substrate oxidation are called antioxidants. A lot of re-

search is currently underway to develop substances 

that exhibit powerful antioxidant activity [8-10]. 

In this regard, thiocarbohydrazones and their 

heterocyclic derivatives are of great interest. Thiocar-

bohydrazone derivatives are used to create antioxi-

dants that suppress reactive oxygen species that cause 

physiological disorders in the human body [11-13]. It 

has been shown that derivatives obtained by condensa-

tion of thiocarbohydrazide with 4-hydroxy-3-ethox-

ybenzaldehyde and 4-hydroxy-3,5-dimethoxybenzalde-

hyde have the highest activity [12]. In addition, thiocar-

bohydrazide derivatives exhibit high activity against 

gram-positive and gram-negative bacteria, fungal 

strains, bacteria of the Mycobacterium tuberculosis 

complex group [14-18]. Dithiocarbohydrazones de-

rived from salicylaldehyde and vanillin showed good 

antibacterial activity against gram-negative bacterium 

Escherichia coli. It was reported that complexes of thi-

ocarbohydrazones with various metal ions have anti-

bacterial and antifungal effects, and can also be used in 

the future to create drugs for the treatment of neuro-

degenerative diseases [15]. 

Thiocarbogirazones are widely used in the 

synthesis of heterocyclic compounds that exhibit anti-

oxidant properties: thiazolinones [19], 1,3-oxadia-

zolan-5-ones [20], isatin derivatives [21]. Compounds 

containing thiadiazine fragments have anticancer ac-

tivity, for example, compound I containing a steroid 

fragment exhibits high cytotoxicity against prostate 

cancer cells [22]. Thiadiazine II showed high inhibi-

tory activity against various matrix metalloproteinases 

(with high affinity for matrix metalloproteinase 9), 

which are overexpressed in various types of cancer, in-

cluding lung cancer, and play a crucial role in tumor 

metastasis [23]. 

In addition to a wide range of biological activ-

ity, thiadiazines also have good antioxidant properties 

[24, 25], however, the scientific literature contains a 
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small number of systematic studies on the antioxidant 

activity of thiadiazines derived from thiocarbohydra-

zones. The aim of this work is the synthesis and study 

of the antioxidant properties of thiadiazines based on 

thiocarbohydrazones with phenolic fragments. 

 

 
Fig. 1. Thiadiazines showing high anticancer activity 

Рис. 1. Тиадиазины, проявляющие высокую противораковую 

активность 

 

EXPERIMENTS AND METHODS 

Reagents and solvents were purchased from 

Acros and Sigma-Aldrich. Melting points were deter-

mined using a Stuart SMP30 instrument. IR spectra 

were recorded using an Agilent Carry 600 spectrome-

ter equipped with an attenuated total reflection (ATR) 

device. 1Н and 13С NMR spectra were recorded at room 

temperature on a Bruker Avance II 300 spectrometer 

(1Н, 300 MHz; 13С, 75 MHz). Me4Si was used as an 

internal standard. Elemental analysis was performed 

on a Vario MicroCube instrument. Antioxidant activity 

was determined using a UV-Vis spectrophotometer 

PB-2201. 

Synthesis of thiocarbohydrazones 1a-d 

2 mmol of aldehyde was dissolved in ethyl al-

cohol (20 ml), 2.4 mmol of thiocarbohydrazide and 

three drops of acetic acid were added. The reaction was 

carried out for 2 h with constant stirring and reflux. Af-

ter cooling, the resulting precipitate was filtered off. 

1a N'-(3,5-di-tert-butyl-4-hydroxybenzylidene)hy-

drazinecarbothiohydrazide 

White crystals, m.p. 201-203 °C (yield 74%). 
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 11.22 s (1H, 

NH), 9.65 s (1H, NH), 7.93 s (1H, CH), 7.45 s (2H,  

H-Ar), 7.33 s (1H, OH), 4.84 s (2H, NH2). FT-IR, ν, cm-1: 

OH – 3600, С-O – 1010, NH – 3174, 3228, С=С – 1234, 

C=N – 1514. Calc., %: C, 59.59; H, 8.13; N, 17.37; S, 

9.94. Found, %: C, 59.41; H, 8.35; N, 17.32; S, 9.91. 

1b N'-(2-hydroxybenzylidene)hydrazinecarbot-

hiohydrazide 

White crystals, m.p. 217-218 °C (lit. 217-218 °C 

[26]) (yield 67%). NMR 1Н (DMSO-d6, δ, ppm, JНН, 

Hz): 11.35 s (1H, NH), 9.87 s (1H, OH), 8.30 s (1H, 

CH=N), 7.93 d (3J = 9, 1H, H-Ar), 6.70-6.77 m (3H, 

Har). 13C NMR (DMSO-d6, δ, ppm): 175.8, 156.4, 

140.4, 131.8, 127.0, 121.5, 119.1, 116.2. FT-IR, ν, cm-1: 

OH – 3600, NH – 3075, C=N – 1615, С-O – 1010. 

Calc., %: C, 45.70; H, 4.79; N, 26.65; S, 15.25. Found, 

%: C, 45.52; H, 4.88; N, 26.64; S, 15.20. 

1c N'-(4- hydroxy-3-methoxybenzylidene)hy-

drazinecarbothiohydrazide 

White crystals, m.p. 197-198 °C (yield 75%). 
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 11.3 s (1H, 

OH), 9.8 s (1H, NH), 9.4 s (1H, NH), 7.9 s (1H, 

N=CH), 7.6 s (1H, H-Ar), 7.0 d (3J = 9, 1H, Har), 1.4 

s (9H, t-Bu), 6.8 d (3J = 9Hz, 1H, H-Ar), 3.9 s (3H, 

OCH3). 13C NMR (DMSO-d6, δ, ppm): 176.4, 149.1, 

148.6, 143.3, 126.1, 123.0, 115.6, 109.6, 56.3. FT-IR, 

ν, cm-1: OH – 3420, С-O – 1010, NH – 3190, 3220, 

C=N – 1620. Calc., %: C, 44.99; H, 5.03; N, 23.32; S, 

13.34 Found, %: C 44.75, H 5.12, N 23.16, S 13.36 

1d N'-(4,6-di-tert-butyl-2,3-dihydroxybenzyli-

dene)hydrazinecarbothiohydrazide 

White crystals, m.p. 228-230°C (yield 73%). 
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 13.15 s (1H, 

OH), 9.36 s (2H, NH2), 8.23 s (1H, N=CH), 6.75 s (1H, 

H-Ar), 1.39 s (9H, t-Bu), 1.36 s (9H, t-Bu). 13С NMR 

(DMSO-d6, δ, ppm): 181.7, 172.0, 147.7, 142.7, 138.6, 

135.3, 114.2, 113.6, 35.6, 35.2, 32.9, 29.6. FT-IR, ν, 

cm-1: OH – 3600, С-O – 1010, NH – 3174, 3228, С=С – 

1234, C=N – 1514. Calc., %: C 45.49; H 4.29; N 19.89; 

S, 15.18. Found, %: C 45.62, H 4.43, N 19.76, S 15.03 

Synthesis of thiadiazines 2a-d 

To 1.5 mmol of thiocarbohydrazone was added 

20 ml of isopropyl alcohol and 1.5 mmol of 3-bromo-

acetylcoumarin. The reaction was carried out for 2 h 

with constant stirring under reflux. After cooling, the 

resulting precipitate was filtered off and dried. The 

compounds were purified by column chromatography 

on silica gel (DuraSil N with a particle size of 40-60 

microns), dichloroethane:ethanol 10:1 mixture was 

used as an eluent. 

2a 3-(2-(2-(4-hydroxy-3,5-di-tert-butyl-4-hy-

droxybenzylidene)hydrazinyl)-6H-1,3,4-thiadiazin-5-

yl)-2H-chromen-2-one 

Yellow crystals, m.p. 157-159 °C. (yield 90%).  
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 9.98 s 

(1H, CH=N), 8.55 s (1H, H-Ar coumarin), 8.27 d (2J = 4, 

1H, H-Ar coumarin), 8.07 t (3J = 6, 1H, H-Ar couma-

rin), 7.87 d (2J = 4, 1H, H-Ar coumarin), 7.69 s (2H, 

H-Ar phenol), 7.48 s (1H, OH),) 7.47- 7.34 m (1H, H-
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Ar coumarin), 3.89 s (2H, CH2), 1.42 s (18H, t-Bu). 13C 

NMR (DMSO-d6, δ, ppm): 192.5, 168.4, 160.4, 158.9, 

156.0, 143.4, 140.3, 139.7, 139.5, 139.1, 129.4, 128.7, 

127.3, 123.6, 116.4, 110.9, 102.6, 34.9, 30.6, 30.2. FT-

IR, ν, cm-1: С=O – 1716 , С-N – 1097  1, C=C – 1664 , 

C=N – 1577.  
2b 3-(2-(2-(2-hydroxybenzylidene)hydrazinyl)-

6H-1,3,4-thiadiazin-5-yl)-2H-chromen-2-one 

Yellow crystals, m.p. 238-240 °C (yield 56%).  
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 11.91 

s (1H, OH), 8.58 s (1H, CH), 7.90 d (3J=9, 1H, H-Ar), 

7.72 t (3J = 9,1H, H-Ar), 7.55 - 7.39 m (3J = 9, 4H, H-

Ar), 7.34 t (3J = 4, 1H, H-Ar), 6.98-6.90 m (3J = 3, 2H, 

H-Ar), 3.83 s (2H, СH2). 13C NMR (DMSO-d6, δ, 

ppm):  161.6, 159.7, 158.4, 155.9, 153.9, 144.9, 142.1, 

133.2, 131.9, 131.2, 129.8, 125.3, 123.9, 120.0, 119.8, 

119.3, 119.2, 116.6, 116.5. FT-IR, ν, cm-1: С=O – 

1712 , С=С – 1612 , C=N – 1535 . Calc., %: C, 60.31; 

H, 3.73; N, 14.81; S, 8.47. Found, %: C, 60.12; H, 3.95; 

N, 14.78; S, 8.42. 

2c 3-(2-(2-(4-hydroxy-3-methoxybenzylidene)hy-

drazinyl)-6H-1,3,4-thiadiazin-5-yl)-2H-chromen-2-one 

Yellow crystals, m.p. 177-180 °C (yield 80%).  
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 9.87 s 

(1H, OH), 8.54 (1H, CH=N), 8.46 s (1H, H-Ar couma-

rin), 7.86 d (3J = 9, 1H, H-Ar coumarin), 7.53- 7.29 m 

(3J = 6, 4H, H-Ar), 7.20- 7.11 m (3J = 6, 1H, H-Ar), 

6.90-6.78 m (3J = 9, 1H, H-Ar), 3.85 s (2H, CH2), 3.83 

s (3H, O-CH3). 13C NMR (DMSO-d6, δ, ppm):  167.6, 

159.3, 154.0, 152.1, 150.6, 148.5, 146.7, 137.2, 133.9, 

129.8, 125.6, 125.3, 124.5, 123.0, 118.8, 116.8, 116.2, 

110.4, 108.8, 56.0. FT-IR, ν, cm-1: С=O – 1710 , С=С – 

1608 , C=N – 1523 , С-O-C – 1241 . Calc., %: C, 58.82; 

H, 3.95; N, 13.72; S, 7.85. Found, %: C, 58.60; H, 3.88; 

N, 13.66; S, 7.82. 

2d 3-(2-(2-(4,6-di-tert-butyl-2,3-dihydroxyben-

zylidene)hydrazienyl)-6H-1,3,4-thiadiazin-5-yl)-2H-

chromen-2-one 

Yellow crystals, m.p. 227-229 °C (yield 76%).  
1Н NMR (DMSO-d6, δ, ppm, JНН, Hz): 12.65 

s (1H, OH), 11.97 s (1H, OH), 9.29 s (1H, N=CH), 8.36 

s (1H, H-Ar coumarin), 7.91- 7.88 dd (2J = 2, 3J= 8, 

1H, H-Ar, coumarin), 7.66 d (3J = 9, 1H, H-Ar couma-

rin), 7.53-7.42 m (3J = 9, 2H, H-Ar, coumarin), 6.83 s 

(1H, H-Ar), 4.03 s (2H, CH2), 1.42 s (9H, t-Bu), 1.37 s 

(9H, t-Bu). 13C NMR (DMSO-d6, δ, ppm): δ 174.8, 

159.6, 156.3, 154.0, 149.0, 147.6, 144.8, 142.7, 139.0, 

138.7, 136.7, 136.3, 129.8, 125.4, 123.8, 119.3, 116.5, 

114.7, 113.3, 35.5, 35.3, 33.1, 29.5. FT-IR, ν, cm-1: OH 

– 3615, С=O – 1730 , С=С – 1617 . Calc., %: C, 64.01; 

H, 5.97; N, 11.06; S, 6.33. Found, %: C, 64.01; H, 5.97; 

N, 11.06; S, 6.33. 

 

Antioxidant activity 

ABTS assay 2,2’-Azinobis(3-ethylbenzothia-

zoline-6-sulfonic acid) (Sigma) radical cation 

(ABTS+.) was produced by reacting 7 mM ABTS water 

solution with 2.45 mM potassium persulfate and allow-

ing the mixture to stand in the dark at room temperature 

for 12-16 h before use. A dark blue color should be de-

veloped. The working solution was prepared by taking 

a volume of the previous solution and diluting it in eth-

anol until its absorbance was 0.70 ± 0.02 at 734 nm. To 

2.7 ml of working solutions 300 μl of 1 mmol solution 

of prepared compounds in DMSO were added. After 

10 min the absorbance at 734 nm was measured using 

a spectrofotometer. The percentage inhibition calcu-

lated as ABTS radical scavenging activity (%)=(Ab-

scontrol−Abssample)/Abscontrol where Abscontrol is 

the absorbance of ABTS radical in methanol; Ab-

ssample is the absorbance of ABTS radical solution 

mixed with sample extract/standard. All determina-

tions were performed in triplicate. 

Ferric ion-reducing capacity assay. Sample 

dilutions were prepared in 50 mM phosphate buffer, 

pH 7.0 and 500 μL of dilutions were mixed with 250 μL 

of 1% potassium ferricyanide solution followed by in-

cubation for 20 min at 50 °C. After the incubation 500 μL 

of 10% trichloroacetic acid was mixed with 500 μL of 

the incubated sample, 100 μL of 0.1% ferric chloride 

and 500 μL of distilled water. The mixture was left to 

incubate for 10 min at room temperature and the ab-

sorbance was immediately measured at 700 nm, 

against blank, which consisted of phosphate buffer and 

appropriate volume of solvent. The results were ex-

pressed as absorbance units at 700 nm which was con-

sidered as a measure of reducing power. 

RESULTS 

The synthesis of target compounds was carried 

out in accordance with Fig. 2, 3. At the first stage, thi-

ocarbohydrazones were obtained by reacting of thio-

carbohydrazide with a number of aromatic aldehydes: 

4-hydroxy-3,5-di-tert-butylbenzaldehyde, salicylic al-

dehyde, vanillin, 2,3-dihydroxy-4,6-di-tert-butylben-

zaldehyde, and thiocarbohydrazide. The reaction was 

carried out by reflux the initial reagents in ethanol with 

the addition of catalytic amounts of acetic acid for 2 h, 

as described in [27].  

The yields of thiocarbohydrazones were 63-

74%. The IR-spectrum of the thiocarbohydrazone of 4-

hydroxy-3,5-di-tert-butylbenzaldehyde 1d is typical 

for compounds 1a-d. Since the substance contains a 

phenolic fragment, there is a peak corresponding to the 

stretching vibrations of the OH group (3600 cm-1) and 

the stretching vibrations of the C-O bond (1010 cm-1). 
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It is possible to distinguish peaks of stretching vibra-

tions of bonds in amino groups (3174, 3228 cm-1). In-

tense peaks are also observed at 1534 cm-1 and 1514 

cm-1, which are characteristic of C=C and C=N double 

bonds, respectively [28, 29]. 

 

 
Fig. 2. Synthesis of thiocarbohydrazones 1a-d 

Рис. 2. Схема синтеза тиокарбогидразонов 1a-d 

 

The reaction of thiocarbohydrazones with 

halogenoketones can lead to the formation of thiadia-

zines or aminothiazoles, which is mainly determined by 

the structure of the starting thiocarbohydrazone [30, 31]. 

During the cyclization of the thiocarbohydrazones with 

phenolic fragments with 3-bromoacetylcoumarin in 

isopropyl alcohol by reflux for 2 h [32, 33] thiadiazines 

2a-d were obtained in 56-82% yields. 

 

 
Fig. 3. Synthesis of thiadiazine 2a-d 

Рис. 3. Схема синтеза тиадиазинов 2a-d 

 

In the IR spectra of thiadiazines, there are 

bands of the stretching vibrations of the OH group 

(3622 cm-1), N-H group (3450 cm-1), C=C and C=N 

double bonds 1608 and 1541 cm-1, respectively. In con-

trast to the spectrum of the starting compounds 1a-d, a 

peak corresponding to the vibrations of the C=O bond 

is observed (1722 cm-1), which appeared due to the in-

corporation of the coumarin fragment. The 1Н NMR 

spectra of the obtained compounds contain peaks at 

3.9 ppm, corresponding to the protons of the thiadia-

zine fragment, there are no signals at 6.8 ppm, related 

to the CH proton of the thiazole ring, and there is also 

a set of peaks in the region of 7.5-8.4 ppm., character-

istic of the coumarin ring. 

The antioxidant activity of the obtained com-
pounds was investigated by the ABTS and PFRAP 
methods, which are based on electron transfer reac-
tions. The antioxidant activity is estimated by spectro-
photometric methods based on the change in the color 
intensity of the solution during the reduction of oxidiz-
ing agents. The change in color depends on the concen-
tration of the antioxidant in the test sample [34]. 

The ABTS method is based on the formation of 
the ABTS radical cation. (2,2'-Azino-bis(3-ethylbenzthi-
azoline-6-sulfonic acid)) due to the loss of an electron 
by the nitrogen atom during the oxidation of the solu-
tion with potassium persulfate. The resulting solution 
has a bright blue color and absorbs radiation at a wave-
length of 743 nm. In the presence of antioxidants, the 
radical cation is inhibited, and a decrease in their 
amount is accompanied by discoloration of the solution 
[35]. The results obtained are shown in Fig. 2. 

All synthesized substances showed antiradical 
activity higher than that of agidol chosen as a standard. 
At the same time, the best results were observed for 
thiadiazine obtained on the basis of 2,3-dihydroxy-4,6-
di-tert-butylbenzaldehyde 2d, which is explained by 
the presence of a larger number of hydroxy groups ca-
pable of scavenging radicals. 

 

 
a 

 
b 

Fig. 4. The results of the study of antioxidant capacity: а) ABTS, 
б) PFRAP 

Рис. 4. Результаты исследования антиокислительной способ-
ности: а) метод ABTS, б) метод PFRAP 
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The study of the reducing ability of thiadia-

zines was carried out in relation to Fe (III) ions and 

potassium hexacyanoferrate (III). When antioxidants 

are added to the working solution, Fe is reduced with 

the formation of Prussian blue. 

It can be seen from the data presented that thi-

azines obtained from vanillin (2c) and 2,3-dihydroxy-

4,6-di-tert-butylbenzaldehyde (2d) showed the best re-

ducing ability with respect to Fe (III) ions, which can 

be explained by the presence of strong electron-donat-

ing groups, which is associated with a high ionization 

potential of these molecules, as well as the stability of 

the radicals formed from them. 

CONCLUSIONS 

A number of new thiadiazines based on thio-

carbohydrazones of salicylaldehyde, vanillin, 2,6-di-

tert-butylphenol, and alkylated pyrocatechol have been 

synthesized. The structural properties of the synthe-

sized substances were studied by IR-Fourier and 1Н, 
13С NMR spectroscopy. The data obtained showed that 

thiadiazines derived from thiocarbohydrazones can be 

effective antioxidants. All synthesized compounds 

showed high efficiency both in the inhibition of radical 

cations and in the evaluation of electron-donating 

properties. The best antioxidant properties in both 

methods were shown by the derivative of 2,3-dihydroxy-

4,6-di-tert-butylbenzaldehyde, thiadiazine based on sa-

licylaldehyde also showed high antiradical activity, 

and thiadiazine with a fragment of 2-methoxyphenol 

showed good ferric-reducing properties. 
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