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SYNTHESIS AND GROWTH STIMULATING ACTIVITY OF 
DITHIOCARBAMINE THIOANHYDRIDES BASED ON SODIUM 

5-METHYL-1H-BENZOTRIAZOL-1-CARBODITHIOATE

Abstract. In this study, dithiocarbamine thioanhydrides were synthesized 
based on sodium 5-methyl-1H-benzo[d] triazole-1-carbodithioate, which have 
growth stimulating activity. The starting original sodium dithiocarbamate was 
synthesized with a yield of 77% by the interaction of 5-methylbenzotriazole 
with carbon disulfide in the presence of potassium hydroxide. Conditions for 
the acylation of sodium 5-methylbenzotriazolyldithiocarbamate were developed 
in order to synthesize new biologically active thioanhydrides, Thioanhydrides 
were synthesized by the acylation of sodium 5-methyl-1H-benzotriazole-1-
carbodithioate with acid chlorides (benzoic, 2,4-dichlorobenzoic, 4-fluorobenzoic, 
and isobutyl acids) in chloroform at room temperature. The structure of the 
synthesized compounds was established based on elemental analysis, IR 
spectroscopy, and 1Н and 13С NMR spectroscopy. Growth stimulating activity 
of a new synthesized thioanhydrides was tested. The germination energy and 
laboratory germination of wheat and soybeans seeds were studied. It was found 
that when wheat seeds were treated with aqueous solutions of thioanhydrides 
2 – 4 at a concentration of 0.01%, the germination energy and germination of 
wheat seeds were 100%, which is 10% higher than in the control (90%), and 
40% ( 20%) higher than in the standard (50%, 70%). Treatment of soybean 
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seeds with aqueous solutions (concentration 0.01 and 0.001%) of thioanhydrides 
2-5 showed their low growth stimulating activity. The obtained results of 
bioscreening showed that the synthesized thioanhydrides have a high growth 
stimulating activity in relation to wheat and can be used in agriculture as growth 
stimulants when growing this grain crop. 

Key words: dithiocarbamate, thioanhydrides, growth stimulating activity, 
wheat and soybean seeds.
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5-МЕТИЛ-1H-БЕНЗОТРИАЗОЛ-1-НАТРИЙ КАРБОДИТИОАТЫ 
НЕГІЗІНДЕ ДИТИОКАРБАМИНДІК ТИОАНГИДРИДТЕР 

СИНТЕЗІ ЖӘНЕ ӨСУДІ ЫНТАЛАНДЫРАТЫН БЕЛСЕНДІЛІГІ

Аннотация. Бұл жұмыста өсуді ынталандыратын белсенділігі бар 
5-метил-1H-бензо[d] триазол-1-натрий карбодитиоаты негізінде дитио-
карбаминді тиоангидридтер синтезделді. 5-метилбензотриазолдың күкірт 
көміртегімен калий гидроксидінің қатысуымен өзара әрекеттесу реак-
циясы нәтижесінде 77% шығыммен бастапқы натрий дитиокарбаматы 
синтезделінді. Жаңа биологиялық белсенді тиоангидридтерді синтездеу 
мақсатында 5-метилбензотриазолилдитиокарбамат натрийін ацилдеу 
жағ  дайлары жасалынды. Тиоангидридтер бөлме температурасында хло-
роформда 5-метил-1H-бензотриазол-1-натрий карбодитиоатын хлоран-
гидридтермен (бензой, 2,4-дихлоробензой, 4-фторбензой және изобутил 
қышқылдар) ацилдеу арқылы синтезделді. Синтезделген қосылыстардың 
құрылымы элементтік талдау, ИҚ-спектроскопия және ЯМР 1Н және 13С 
спектроскопиясы мәліметтері негізінде дәлелденді. Жаңа синтезделген 
тиоангидридтердің өсуін ынталандыратын белсенділікке зертханалық 
скрининг жүргізілді. Бидай мен соя тұқымдарының өну энергиясы мен 
зертханалық өнуі зерттелді. Бидай тұқымдарын 2-4 тиоангидридтердің 
0,01% концентрациялы сулы ерітінділерімен өңдеу кезінде бидай тұқым-
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дарының өну және өну энергиясы – 100% құрады, бұл бақылауға қара-
ғанда 10% - ға жоғары (90%) және эталонға қарағанда 40%(20%)-ға 
жоғары (50%, 70%). Соя тұқымын 2-5 тиоангидридтерінің сулы ерітін-
ділерімен өңдеу (концентрациясы 0,01 және 0,001%) олардың төмен 
өсуін ынталандыратын белсенділігін көрсетті. Биоскринингтің нәти-
желері синтезделген тиоангидридтердің бидайға қатысты жоғары өсу 
ынталандырушы белсенділікке ие екенін және осы дақыл өсіру кезінде 
өсу ынталандырғыштары ретінде ауыл шаруашылығында қолдануға бола-
тындығын көрсетеді. 

Түйін сөздер: дитиокарбамат, тиоангидридтер, өсуді ынталандыратын 
белсенділік, бидай және соя тұқымдары.
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СИНТЕЗ И РОСТСТИМУЛИРУЮЩАЯ АКТИВНОСТЬ 
ДИТИОКАРБАМИНОВЫХ ТИОАНГИДРИДОВ НА ОСНОВЕ 

5-МЕТИЛ-1H-БЕНЗОТРИАЗОЛ-1-КАРБОДИТИОАТА НАТРИЯ

Аннотация. В данной работе синтезированы дитиокарбаминовые тиоан-
гидриды на основе 5-метил-1H-бензо[d] триазол-1-карбодитиоата натрия, 
обладающие ростстимулирующей активностью. Реакцией взаимодействия 
5-метилбензотриазола с сероуглеродом в присутствии гидроксида калия 
синтезирован исходный дитиокарбамат натрия с выходом 77%. С целью 
синтеза новых биологически активных тиоангидридов разработаны 
условия ацилирования 5-метилбензотриазолилдитиокарбамата натрия. 
Тиоангидриды синтезированы ацилированием 5-метил-1H-бензо триазол-
1-карбодитиоата натрия хлорангидридами (бензойной, 2,4-дихло-
робен зойной, 4-фторбензойной и изо-бутиловой кислот) в хлороформе 
при комнатной температуре. Структура синтезированных соединений 
установлена на основании данных элементного анализа, ИК-спектроскопии 
и спектроскопии ЯМР 1Н и 13С. Проведен лабораторный скрининг 
ростостимулирующей активности новых синтезированных тиоангидридов. 
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Исследована энергия прорастания и лабораторная всхожесть семян 
пшеницы и сои. Установлено, что при обработке семян пшеницы водными 
растворами тиоангидридов 2 - 4 в концентрации 0,01%, энергия прорастания 
и всхожесть семян пшеницы составили – 100%, что на 10 % выше, чем 
в контроле (90%), и на 40 % (20%) выше, чем в эталоне (50%, 70%). 
Обработка семян сои водными растворами (концентрация 0,01 и 0,001%) 
тиоангидридов 2-5 показала их низкую ростостимулирующую активность. 
Полученные результаты биоскрининга показывают, что синтезированные 
тиоангидриды обладают высокой ростстимулирующей активностью по 
отношению к пшенице и могут найти применение в сельском хозяйстве в 
качестве стимуляторов роста при выращивании данной зерновой культуры. 

Ключевые слова: дитиокарбамат, тиоангидриды, ростстимулирующая 
активность, семена пшеницы и сои.

Introduction. Dithiocarbamates have received tremendous attention for 
their synthesis of various sulfur-containing compounds, high reactivity and 
biological activities. Dithiocarbamates are analogs of carbamates, in which 
two oxygen atoms are replaced by sulfur atoms and can be synthesized by the 
reaction of primary or secondary amines with carbon disulfide in the presence 
of alkali. Dithiocarbamates derivatives can be easily synthesized from simple 
starting materials without the use of harsh conditions. Over the past years, 
functionalized dithiocarbamate derivatives have been synthesized by using one-
pot three- or four-component reactions (Azizi et al., 2013). Dithiocarbamate 
derivatives possess distinguished activities, making them useful in medicine, 
agriculture and industry. In many studies have been successfully synthesized 
dithiocarbamates with cytotoxic (Yu Jia-Ying et al., 2019), anticancer (Sun Ya-
Xin et al., 2022), antifungal (Singh et al., 2013), antiproliferative (Fu Dong-Jun 
et al., 2016), antitumor (Wang Xiao-Juan et al., 2011), anti-tubercular (Horita et 
al., 2011) and antimicrobial activities (Ghabraie et al., 2013). Dithiocarbamates 
have complexing properties, forming stable coordination complexes with metals, 
including the transition metals. Dithiocarbamate metal compounds show also the 
vast array of biological properties. Notable among these are their antioxidant 
(Gölcü, 2006), antileishmanial (Hayat et al., 2022), antibacterial (Ahmed, 2018), 
antifungal activity (Hussain Dar et al., 2021). We had previously reported about 
synthesis of dithiocarbamates with root-forming and growth-stimulating activity 
(Sycheva et al., 2018).

Thus, synthesis of dithiocarbamates and their derivatives is assessed as a 
promising direction in chemistry of biological active compounds and opens up 
wide opportunities for research.

Research materials and methods. The course of the reaction and purity 
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of the products were monitored by thin-layer chromatography on Silufol UV-
254 plates, eluent was acetone - hexane (1:3) or water with the appearance of 
substances spots with iodine vapor. The melting point was determined on a Hanon 
MP450 apparatus. IR spectra were recorded on a Nicolet 5700 spectrometer in 
KBr tablets. The 1H and 13C NMR spectra of the compounds were recorded on a 
JNM-ECA 400 (Jeol) spectrometer with an operating frequency of 400 (1H) and 
100 MHz (13C) in deuterated DMSO-D6. 

The study of growth stimulating activity was carried out at S. Zh. Zhiembaev 
Kazakh Research Institute of Quarantine and Plant Protection in the laboratory 
of biotechnology. Water-soluble N-hydrochlorides of the thioanhydrides 2-5 
were prepared for bioscreening.  The objects of laboratory bioscreening were 
wheat seeds (Steklovidnaya 24 variety) and soybean seeds (Zhansaya variety). 
The determination of growth stimulating activity was carried out according to 
the known method (Chumakov et al., 1974). 

The laboratory experiment options on wheat and soybean seeds:
1. Control (water)
2. Akpinol KN-2 (standard), (0,01% и 0,001%)
3. Compound 2 (0,01% and 0,001%)
4. Compound 3 (0,01% and 0,001%)
5. Compound 4 (0,01% and 0,001%)
6. Compound 5 (0,01% and 0,001%)
Sodium 5-methyl-1H-benzo[d][1,2,3]triazole-1-carbodithioate 1. A 

solution of 5.7 g (0.075 mol) of CS2 in 5 ml of ethanol was added dropwise with 
stirring to a solution of 3 g (0.075 mol) sodium hydroxide dissolved in 3 ml of 
water and 10 g (0.075 mol) 5-methyl-1H-benzo [d] [1,2,3] triazole in 20 ml of 
ethanol. The reaction mixture after the addition of carbon disulfide was stirred 
at room temperature for 2 hours. The reaction mixture was concentrated and the 
residue was washed with hexane. The yield was 13.4 g (77%), m.p. 86 − 88°C, 
Rf = 0.71 (H2O). Found, %: C 41.46; H 2.56; N 18.09; S 27.67. C8H6N3NaS2. 
Calculated, %: C 41.55; H 2.61; N 18.17; S 27.73. IR (KBr, ν, cm-1): 1110 (C=S), 
610 (C–S), 1566, 1446, 1383, 938, 797 (Ph). 1H NMR (DMSO-D6, δ, ppm): 
2.37 (s, 3H, CH3), 6.84, 6.86, 7.50, 7.62, 7.63 (Ph). 13С NMR (DMSO-D6, δ, 
ppm): 21.95 (СН3), 115.40, 116.11, 123.29, 129.89, 143.64, 145.30 (Ph), 203.13 
(C=S). HMQC NMR (DMSO-D6, cross peaks 1H−13C, δ, ppm): 2.35 − 21.35, 
6.81 − 123.43, 6.85 − 23.31, 6.95 − 115.44, 7.48 − 115.45.   

Benzoic 5-methyl-1H-benzo [d] [1,2,3] triazole-1-carbothioic 
thioanhydride 2 was synthesized similarly from 2 g (0.008 mol) sodium 
5-methyl-1H-benzo[d][1,2,3]triazole-1-carbodithioate and 1.21 g (0.008 mol) of 
benzoic acid chloride. The yield was 2.4 g (88%), m.p. 72−73 °C, Rf = 0.5. Found, 
%: C 57.28; H 3.39; N 13.31; S 20.19. C13H11N3OS2. Calculated, %: C 57.49; H 
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3.54; N 13.41; S 20.46. IR (KBr, ν, cm-1): 1695 (C=O), 1046 (C=S), 615 (C–S), 
1602, 1446, 1378, 1249, 1173, 950 (Ph). 1Н NMR (DMSO-D6, δ, ppm): 2.47 (s, 
3H, CH3), 7.15, 7.57, 7.70, 7.94, 8.03 (Ph). 13С NMR (DMSO-D6, δ, ppm): 21.71 
(CH3), 113.41, 128.78, 128.88, 131.77, 132.62, 129.67, 130.55, 133.98, 144.29, 
146.22 (Ph), 166.98 (C=O), 198.77 (C= S). HMQC NMR (сross peaks 1H−13C, 
δ, ppm): 2.46−21.44, 7.15−127.39, 7.55−113.41, 7.70−115.73, 7.96−114.20, 
7.89−119.45, 7.98−119,90, 7.94−129,70, 8.02−114.28, 7.47−132.72.

2,4-Dichlorobenzoic 5-methyl-1H-benzo [d] [1,2,3] triazole-1-carbothioic 
thioanhydride 3. A solution of 1.8 g (0.008 mol) of 2,4-dichlorobenzoic acid 
chloride was added dropwise with stirring to a solution of 2 g (0.008 mol) sodium 
5-methyl-1H-benzo[d][1,2,3]triazole-1-carbodithioate in 25 ml of chloroform. 
The reaction mixture was stirred at room temperature for 2 hours. The solvent 
was evaporated, the solid residue was purified by recrystallization from hexane. 
The yield was 2.44 g (74%), m.p. 141−142 °C, Rf=0.64. Found, %: C 47.01; H 
2.19; Cl 18.37; N 10.79; S 16.69. C15H9Cl2N3OS2. Calculated, %: C 47.13; H 
2.37; Cl 18.55; N 10.99; S 16.78. IR (KBr, ν, cm-1): 1720 (C=O), 1047 (C=S), 
664 (C–S), 1585, 1486, 1378, 1145, 951, 917, 812 (Ph). 1Н NMR (DMSO-D6, δ, 
ppm): 2.42 (s, 3H, CH3), 7.19, 7.45, 7.57, 7.65, 7.83, 7.90, 8.11 (Ph). 

4-Fluorobenzoic 5-methyl-1H-benzo [d] [1,2,3] triazole-1-carbothioic 
thioanhydride 4. was synthesized similarly from 2 g (0.008 mol) sodium 
5-methyl-1H-benzo[d][1,2,3]triazole-1-carbodithioate and 1.37 g (0.008 mol) of 
4-fluorobenzoic acid chloride. The yield was 2.59 g (90%), m.p. 96−98 °C, Rf = 
0.52. Found, %: C 54.25; H 2.89; N 12.59; S 19.21. C15H10FN3OS2. Calculated, 
%: C 54.37; H 3.04; F 5.73; N 12.68; S 19.35. IR (KBr, ν, cm-1): 1706 (C=O), 
1052 (C=S), 611 (C–S), 1604, 1497, 1153, 952, 917, 811, 750 (Ph). 1H NMR 
(DMSO-D6, δ, ppm): 2.46 (s, 3H, CH3), 7.32−7.40, 7.50, 7.95−7.98, 8.00−8.02; 
8.12−8.15 (Ph).

Isobutyric 5-methyl-1H-benzo [d] [1,2,3] triazole-1-carbothioic 
thioanhydride 5. was synthesized similarly from 1.81 g (0.0078 mol) sodium 
5-methyl-1H-benzo[d][1,2,3]triazole-1-carbodithioate and 0.83 g (0.0078 mol) 
of isobutyric acid chloride. The yield was 1.66 g (79%), Rf = 0.76. Found, %: C 
51.50; H 4.58; N 14.95; S 22.87. C12H13N3OS2. Calculated, %: C 51.59; H 4.69; 
N 15.04; S 22.95. IR (KBr, ν, cm-1): 1735 (C=O), 1056 (C=S), 695 (C–S), 1606, 
1457, 1308, 1125, 998, 963, 875 (Ph). 1Н NMR (DMSO-D6, δ, ppm): 1.24 (d, 
6H, CH3), 2.36 (s, 3H, CH3), 3.84−3.89 (m, 1H, CH), 7.16−7.19, 7.31−7.33, 
7.71−7.75, 7.83−7.85 (Ph). 13С NMR (DMSO-D6, δ, ppm): 19.11 (t, 6H, CH3), 
21.85 (CH3), 33.86 (CH), 113.73, 119.55, 128.29, 129.38, 131.43, 144.44 (Ph), 
178.24 (C=O), 188.24 (C=S). HMQC NMR (cross peaks 1H−13C, δ, ppm): 
1.20−18.46, 2.34−21.32, 3.87−33.92, 8.27−113.74, 7.19−128.20, 7.32−132.40.

Results and discussion. In this study, heterocyclic dithiocarbamate thioan-
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hydrides were synthesized and their growth stimulating activity was investigated.
The starting sodium dithiocarbamate was prepared by the interaction of 

5-methyl-1H-benzotriazole with carbon disulfide in the presence of sodium 
hydroxide at room temperature in ethanol. Sodium 5-methyl-1H-benzotriazole-
1-carbodithioate 1 (yield, 77%) was isolated after appropriate treatment of the 
reaction mixture. The scheme of the synthesis is shown in Figure 1. 

 
Figure 1 - Scheme of the synthesis of sodium dithiocarbamate and thioanhydrides

Conditions for acylation of sodium 5-methyl-1H-benzotriazole-1-
carbodithioate 1 were developed in order to synthesize new dithiocarbamine 
thioanhydrides. The acylation of heterocyclic dithiocarbamates was carried out 
by the interaction of potassium 5-methyl-1H-benzotriazole-1-carbodithioate 1 
with acid chlorides (benzoic, 2,4-dichlorobenzoic, 4-fluorobenzoic and isobutyl) 
at room temperature in chloroform for 2 hours (Fig. 1). 

The following compounds were synthesized in appropriate yields as a 
result of acylation: benzoic 5-methyl-1H-benzo[d][1,2,3]triazole-1-carbothioic 
thioanhydride 2 (88%), 2,4-dichlorobenzoic 5-methyl-1H-benzo[d][1,2,3]
triazole-1-carbothioic thioanhydride 3 (74%), 4-fluorobenzoic 5-methyl-
1H-benzo[d][1,2,3]triazole-1-carbothioic thioanhydride 4 (90%), isobutyric 
5-methyl-1H-benzo[d][1,2,3]triazole-1-carbothioic thioanhydride 5 (79%), 
respectively. 

The structure of the synthesized compounds 1 - 5 was established based on 
the data of elemental analysis, IR, 1H and 13C NMR spectroscopy.

The IR spectrum of the compound 1 shows the absorption band of stretching 
vibrations of the C S group at 1005 cm-1. The С─S bands appear in the region 
of 610 cm-1. In the IR spectra of the compounds 2 – 5 bands at 1046 - 1056 cm-1 

were attributed to the vibrations of the C=S group. The C-S bond stretching 
vibrations appear in the range of 611 - 704 cm-1. Intense bands of the C=O group 
in the region of 1695 - 1735 cm-1 in the IR spectra indicate the formation of 
thioanhydrides. 

Structure of the synthesized compounds was confirmed by NMR spectroscopy. 
The protons of the methyl group in the 1H NMR spectrum of the compound 1 
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resonate as a singlet at δ 2.37 ppm. Chemical shifts of the aromatic protons are 
observed in the downfield region of δ 6.84 - 7.63 ppm. In the 13C NMR spectrum, 
the carbon atom of the methyl group resonates in the region of δ 21.95 ppm. The 
signals observed in the downfield region of δ 115.40, 116.11, 123.29, 129.89, 
143.64, 145.30 ppm were assigned to the aromatic carbon atoms. The carbon 
atom of the C=S group resonates in the downfield region of δ 203.13 ppm. 

The 1H NMR spectrum of the thioanhydride 3 shows signal as a singlet at 
δ 2.47 ppm in the upfield region due to the protons of the methyl group. The 
aromatic protons resonate in the downfield region of δ 7.14 - 8.07 ppm. In the 
13C NMR spectral analysis, chemical shift at δ 20.88 ppm was assigned to the 
methyl carbon atom for the thioanhydride 3. The signals of the aromatic carbon 
atoms are found in the downfield region of δ 113.41, 128.78, 128.88, 131.77, 
132.62, 129.67, 130.55, 133.98, 144.29, 146.22 ppm. The C=O and C=S groups 
carbon atoms resonate in the downfield region of δ 166.98 ppm and 198.77 ppm, 
respectively. 

Structure of the thioanhydride 3 was also confirmed by the methods of two-
dimensional NMR spectroscopy COZY (1H-1H) and HMQC (1H-13C), which 
makes it possible to establish the spin-spin interaction of homo- and heteronuclear 
nature. In the 1H-1H COZY spectra of the compound, spin-spin correlations are 
observed through three bonds of protons of neighboring methine-methine groups 
H–H (δ 2.47, 7.53) ppm and H–H (δ 7.14, 7.73; 7.50, 8.06; 7.53, 8.03 and 7.57, 
8.04) ppm Heteronuclear interactions of protons with carbon atoms through one 
bond were established using 1H-13C HMQC spectroscopy for the following pairs 
present in the compound: Н-С (δ 2.46, 21.44), Н-С (δ 7.15, 127.39), Н-С (δ 
7.55, 113.41 ), H-C (δ 7.70, 115.73), H-C (δ 7.96, 114.20), H-C (δ 7.89, 119.45), 
H-C (δ 7.98, 119.90), H-C (δ 7.94, 129.70), Н-С (δ 8.02, 114.28), Н-С (δ 7.47, 
132.72) ppm. 

Water-soluble N-hydrochlorides of the thioanhydrides 2-5 were tested for 
growth stimulating activity. It was investigated influence of the thioanhydrides 
2-5 on wheat and soybean seeds germination in laboratory conditions. Wheat 
and soybean seed samples were moistened in the solutions of the thioanhydrides 
2-5 with 0,01 % and 0,001% concentrations. The control seeds were moistened 
with water. Wheat and soybean seeds were placed in the test humid chambers 
and they placed in the thermostat at 25 0C for 7 days. About 50 pieces of seeds 
were used in 3-fold repetition in each variant. Germination energy and laboratory 
germination were determined by the number of germinated seeds on the 3-rd 
day and the 7-th day, respectively. Growth stimulating activity of the studied 
compounds 2-5 was characterized by the germination energy and laboratory 
germination. Results of the laboratory bioscreening are presented in the table 1.
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Table 1 - Influence of the compounds 2-5 on wheat and soybean seeds germination
Variant Germination 

energy, %
Laboratory 

germination, %
Intense seed 
germination

Microflora 
infection

Wheat seeds  
Control (water) 90 90 ++ ++
Akpinol KN-2 (standard), (0,01%) 50 70 - ++
Akpinol KN-2 (standard), (0,001%) 80 90 + ++
Compound 2 (0,01%) 100 100 ++ ++
Compound 2 (0,001%) 90 90 ++ ++
Compound 3 (0,01%) 100 100 +++ +++
Compound 3 (0,001%) 90 90 +++ +++
Compound 4 (0,01%) 100 100 +++ +++
Compound 4 (0,001%) 100 100 +++ +++
Compound 5 (0,01%) 90 90 ++ +++
Compound 5 (0,001%) 90 100 ++ ++

Soybean seeds

Control (water) 80 80 ++ ++
Akpinol KN-2 (standard), (0,01%) 40 20 + -
Akpinol KN-2 (standard), (0,001%) 30 20 - +++
Compound 2 (0,01%) 40 40 + ++
Compound 2 (0,001%) 40 40 + ++
Compound 3 (0,01%) 60 60 ++ +++
Compound 3 (0,001%) 40 40 ++ +++
Compound 4 (0,01%) 50 50 + +++
Compound 4 (0,001%) 80 80 ++ +++
Compound 5 (0,01%) 70 70 ++ +++
Compound 5 (0,001%) 70 70 + ++

The compounds 2-4 exhibited significant growth stimulating activity on 
wheat seeds in comparison with the control and the KN-2 standard. Thus, the 
compounds 2-4 showed 100% of germination energy and laboratory germination 
at 0,01% concentration. Whereas, the germination energy and laboratory 
germination at this concentration were 90% and 50 (70) % for the control and 
the KN-2 standard. 

It is shown that soybean seeds treated with the compounds 2-5 had 
low germination energy and laboratory germination. This indicates a low 
sensitivity of soybean seeds to the studied compounds. However, as a result, of 
phytoexamination was found, that wheat and soybean seeds were infected by 
microflora of saprophytic fungi Mucor, Penicillium and Alternaria.

Conclusion. In this study, a new heterocyclic dithiocarbamine thioanhydrides 
based on sodium 5-methyl-1H-benzotriazole-1-carbodithioate were synthesized 
and characterized using the IR, 1H and 13C NMR spectroscopy. Their growth 



199

Volume 3, Number 452 (2022) 

stimulating activity was studied on wheat and soybean seeds in laboratory 
conditions. It was established that the synthesized compounds 2-4 possess growth 
stimulating activity and are an effective stimulators of wheat seed germination in 
comparison with the control and the KN-2 standard.
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