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mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
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Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
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CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
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BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40
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HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Ye.S. Sycheva'!, M.S. Mukanova'’, G.B. Sarsenbaeva?, O.T. Seilkhanov?

'A.B. Bekturov Institute of Chemical Sciences, Kazakhstan, Almaty;
2Zh. Zhiembaev Kazakh Research Institute of Plant Protection and Quarantine,
Kazakhstan, Almaty;
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SYNTHESIS AND GROWTH STIMULATING ACTIVITY OF
DITHIOCARBAMINE THIOANHYDRIDES BASED ON SODIUM
S5-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 withacid 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 'H and *C 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-METWJI-1H-BEH30TPHA30.I-1-HATPUIA KAPBOJIUTHOATBI
HEI'I3IHAE AMTUOKAPBAMUWHIIK TUOAHTUAPUATEP
CHUHTE3I ’KOHE OCYII bIHTAJTAHABIPATBIH BEJICEHALJIIT'T

AHHoTanusi. byn xyMmbpIcTa ecyli BIHTalaHABIPAThIH OenceHaAlTiri Oap
5-metun-1H-6en30[d] tpuazon-1-naTpuii kapOOAUTHOATHI HETI3IHAE IUTHO-
KapOaMHH[II THOAHTUAPUITEP CUHTE3IENI. S-METUIOCH30TPUA30NIBIH KYKIPT
KOMIpPTETIMEH KaJMi TUIPOKCUIIHIH KATHICYBIMEH ©3apa OpEKeTTeCy peak-
IUACHl HOTIKECIHAE 77% MIBIFRIMMEH OacTankpl HATPUWA JUTHOKapOamMaThl
cunTe3neninai. YKaHna OMOJIOTHUSIBIK OENCEeHI THOAHTUAPHUATEPAl CUHTE3CY
MakcaTblHJa S5-METHWJIOCH30TPUAZOIWIAUTHOKAapOaMar HaTpUliH  aluiIey
KarJainapel KacajblHAbL. THOAHTHIpHUATEp OelMe TeMIeparypachlHaa XJIO-
podopmaa S-metun-1H-6en3orpuazon-1-natpuii  KapOOAUTHOATHIH XJIOpPAH-
ruapuarepmer (OeH3oi, 2,4-muxnopodensoit, 4-GpropOeH30i koHE H300YyTHI
KBIIIIKBUIAAP) ALY apKbUIbl cHHTE3Ae . CUHTE3IeNTeH KOChUIBICTAP IbIH
KYPBUIBIMBI 37ieMeHTTIK Tanaay, K-cnekrpockonus xone SIMP 'H sxone "*C
CIEKTPOCKOTHUACH MOJIIMETTEpl HeriziHae aonennaeHail. JKaHa cHHTE3de/IreH
THOAHTUAPUATEPAIH OCYiH BIHTANAHABIPATHIH OENCEHAUTIKKE 3epTXaHAbIK
CKPUHUHT XKYprizuiai. bumaii MeH cost TYKbIMIApbIHBIH ©HY JHEPTHUsChl MEH
3epTXaHajbIK OHyl 3epTrenai. bumail TyKeIMaapbiH 2-4 THOAHTHIPUATEPIIH
0,01% xoHLEHTpauusIbl CYNIbl €PITIHAUIEPIMEH OHJIEY Ke3lHAe Ouaail TYKbIM-
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JIApBIHBIH ©HY koHE eHy »Heprusicel — 100% Kypanbl, Oy O6akbulayra Kapa-
rauga 10% - ra xorapel (90%) xoHe stanonra kaparanga 40%(20%)-ra
xorapbl (50%, 70%). Cost TYKBIMBIH 2-5 THOQHTHAPHITEPIHIH CYJBI €piTiH-
ninepimen enyey (koHuentpanuscsl 0,01 sxone 0,001%) omapablH TeMeH
OCYIH BIHTAJIAHIBIPATHIH OCJICEHAUIINIH KOpPCEeTTl. BHOCKPUHUHITIH HOTH-
KeJepl CHHTE3JeNITeH THOAHTMAPUATEpIiH Ouaaiira KaTbhICThl >KOFapbl ecy
BIHTAJAHBIPYIIbI OCJICEH/AUTIIKKE M€ €KEHIH JKOHE OChl JaKbll ecipy Ke3iHJe
6Cy BIHTAJIAH/ABIPFBIIITAPHI PETIH/IE aybll IIAPyalIbLUIBIFbIHIA KOJIIaHyFa Ooa-
TBIH]IBIFBIH KOPCETE/I.

Tyiiin ce3nep: nuTHOKapOaMat, THOAHTHIPUATEP, OCYAl bIHTATAHIbIPATHIH
OenceHaliK, Ouaail xoHe cosl TYKbIMAApHI.
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CHUHTE3 U POCTCTUMVYJIMPYIOIIASA AKTUBHOCTD
JUTUOKAPBAMUMWHOBBIX THOAHI'MIPU/10B HA OCHOBE
5-METHWJI-1H-BEH30TPUA30JI-1-KAPBOAUTHOATA HATPUSA

AHHoTanus. B nanHol pabore CHHTE3UPOBaHbl JUTHOKAPOAMUHOBBIE THOAH-
rUApUbl Ha ocHOBe S-meTmi-1H-6en30[d] Tpuaszon-1-kapOonutrnoara HaTpus,
o0aaroniue poCcTCTUMYIHPYIONEH aKTUBHOCTBIO. Peakiineld B3anMoneicTBus
5-meTnn0eH30TpHua3oa ¢ CepoyriepoaoM B MPHUCYTCTBUU THAPOKCHIA KaJIHs
CHUHTE3MPOBAaH HCXOAHBIM AUTHOKapOamar HaTpus ¢ BbIxogoM 77%. C 1emnbro
CHHTE32 HOBBIX OHOJOTMYECKH AaKTUBHBIX THOAHTHUAPHUIOB pPa3pabOTaHbI
YCIOBHS AlWJIMPOBAHUS S5-METWIOCH30TPHUAZ0IMITUTHOKAapOamMaTa HaTpHUs.
Tuoanruapubl CUHTE3UPOBaHbl AlIMpOBaHUEM S-meTui-1H-0enzorpuason-
l-kapboautnoara Harpusi xjopaHruapugamu  (O6eH3zoiHoOM,  2,4-muxio-
poben3oitHON, 4-PpTOpOEH30MHOM M W30-OyTUIIOBOW KHCJIOT) B XJopodopMme
pu KOMHaTHON Temmeparype. CTpyKTypa CHUHTE3UPOBAHHBIX COEIUHEHUMN
YCTaHOBJIEHA HA OCHOBAHUH JAHHBIX JIEMEHTHOT0 aHanu3a, MK-cnexrpockonuu
n cnekrpockormu SIMP 'H u "C. IlpoBeneH 5abopaTOpHbBI CKPUHUHT
POCTOCTUMYIHPYIOIIEH aKTUBHOCTH HOBBIX CHHTE3UPOBAHHBIX THOAHTUIPHJIOB.
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HccnenoBana »Heprusi mpopacTaHuss W JabopaTropHasi BCXOKECTh CEMSH
TIIIICHUIIB] ¥ COU. YCTAHOBIIEHO, YTO TIPpU 00pabOTKe CeMsIH MIIEHUIIBI BOTHBIMU
pacTBopamu THOAHTUAPUI0B 2 - 4 B KoHUeHTpauuu 0,01%, sHeprust mpopactaHust
M BCXOXKECTh ceMsaH mmeHunsl coctaBmid — 100%, yro Ha 10 % BbIle, yem
B KoHTpose (90%), u Ha 40 % (20%) BbIIIE, yem B atajgone (50%, 70%).
O6paboTka cemsiH cou BogHbIMU pacTBopamu (koHueHTpanus 0,01 u 0,001%)
THOAHTUAPHUIOB 2-5 MOKa3aia uX HU3KYI0 POCTOCTUMYIHUPYIONIYIO aKTUBHOCTb.
[TomydeHHbIe pe3yabTaThl OMOCKPUHHUHTA TOKA3BIBAIOT, YTO CHHTE3UPOBAHHBIC
THOAHTUAPHUIBI 00TaIal0T BBICOKOH POCTCTUMYIIHUPYIONIEH aKTUBHOCTBIO IO
OTHOIIICHUIO K IIIIEHUIE U MOTYT HaliTH MPUMEHCHHE B CEIILCKOM XO3SIICTBE B
Ka4eCTBE CTUMYJIATOPOB POCTA MPH BHIPAIIMBAHUH JJTAHHOW 3€PHOBOU KYJIBTYPHI.

KuroueBsble ciioBa: autnokapOaMar, THOAHTUAPUIBI, POCTCTUMYIHPYIOIAs
AKTUBHOCTH, CEMEHA MIICHULIBI U COM.

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
(Golcetii, 20006), 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 'H and *C NMR spectra of the compounds were recorded on a
JINM-ECA 400 (Jeol) spectrometer with an operating frequency of 400 ('H) and
100 MHz (**C) in deuterated DMSO-D,.

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:

Control (water)

Akpinol KN-2 (standard), (0,01% u 0,001%)
Compound 2 (0,01% and 0,001%)
Compound 3 (0,01% and 0,001%)
Compound 4 (0,01% and 0,001%)

6. Compound 5 (0,01% and 0,001%)

Sodium S5-methyl-1H-benzo[d][1,2,3]|triazole-1-carbodithioate 1. A
solution of 5.7 g (0.075 mol) of CS, 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,
R, =0.71 (H,0). Found, %: C 41.46; H 2.56; N 18.09; S 27.67. C;H /N ,NaS,.
Calculated, %: C41.55; H2.61; N 18.17; S 27.73. IR (KBr, v, cm™): 1110 (C=S),
610 (C-S), 1566, 1446, 1383, 938, 797 (Ph). 'H NMR (DMSO-D6, §, ppm):
2.37 (s, 3H, CH,), 6.84, 6.86, 7.50, 7.62, 7.63 (Ph). "C NMR (DMSO-D6, 6,
ppm): 21.95 (CH,), 115.40, 116.11, 123.29, 129.89, 143.64, 145.30 (Ph), 203.13
(C=S). HMQC NMR (DMSO-D6, cross peaks 'H-"C, 6, 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,R,= 0.5. Found,
%: C 57.28; H3.39; N 13.31; S 20.19. C ,H, N,OS.. Calculated, % C57.49; H

1377117 '3

M
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3.54; N 13.41; S 20.46. IR (KBr, v, cm™): 1695 (C=0), 1046 (C=S), 615 (C-S),
1602, 1446, 1378, 1249, 1173, 950 (Ph). '"H NMR (DMSO-D,, 3, ppm): 2.47 (s,
3H,CH,), 7.15,7.57,7.70, 7.94, 8.03 (Ph). "C NMR (DMSO-D,, 6, ppm): 21.71
(CH,), 113.41, 128.78, 128.88, 131.77, 132.62, 129.67, 130.55, 133.98, 144.29,
146.22 (Ph), 166.98 (C=0), 198.77 (C=S). HMQC NMR (cross peaks 'H-"3C,
o, 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
S-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, R=0.64. Found, %: C 47.01; H
2.19; CI 18.37; N 10.79; S 16.69. C _H,CLN,OS,. Calculated, %: C 47.13; H
2.37; C1 18.55; N 10.99; S 16.78. IR (KBr, v, cm™): 1720 (C=0), 1047 (C=S),
664 (C-S), 1585, 1486, 1378, 1145, 951,917, 812 (Ph). 'H NMR (DMSO-D,, 9,
ppm): 2.42 (s, 3H, CH,), 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, R,.=
0.52. Found, %: C 54.25; H 2.89; N 12.59; S 19.21. C H, FN,OS,. Calculated,
%: C 54.37; H 3.04; F 5.73; N 12.68; S 19.35. IR (KBr, v, cm™): 1706 (C=0),
1052 (C=S), 611 (C-S), 1604, 1497, 1153, 952, 917, 811, 750 (Ph). '"H NMR
(DMSO-D,, 6, ppm): 2.46 (s, 3H, CH,), 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
S5-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%), R.= 0.76. Found, %: C
51.50; H 4.58; N 14.95; § 22.87. C ,H ,N.OS.. Calculated, %: C 51.59; H 4.69;
N 15.04; S 22.95. IR (KBr, v, cm™): 1735 (C=0), 1056 (C=S), 695 (C-S), 1606,
1457, 1308, 1125, 998, 963, 875 (Ph). 'H NMR (DMSO-D, 3, ppm): 1.24 (d,
6H, CH,), 2.36 (s, 3H, CH,), 3.84-3.89 (m, 1H, CH), 7.16-7.19, 7.31-7.33,
7.71-17.75, 7.83=7.85 (Ph). "C NMR (DMSO-D,, 3, ppm): 19.11 (t, 6H, CH,),
21.85 (CH,), 33.86 (CH), 113.73, 119.55, 128.29, 129.38, 131.43, 144.44 (Ph),
178.24 (C=0), 188.24 (C=S). HMQC NMR (cross peaks 'H-"C, &, 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-
I-carbodithioate 1 (yield, 77%) was isolated after appropriate treatment of the
reaction mixture. The scheme of the synthesis is shown in Figure 1.

0]
R
N S, D

H IC/SNa \p/S

N, N N
@[ ‘N __CS; NaOH /@ N RCOCI J@[ '\
H,C N ethanol H,C N chloroform H.C N
1 2-5

R = CgHs (2); 2,4-C1,CHj (3); 4-FCgHy (4); 1-C4Hy (5)

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, 'H and *C NMR spectroscopy.

The IR spectrum of the compound 1 shows the absorption band of stretching
vibrations of the C S group at 1005 cm™'. The C—S bands appear in the region
of 610 cm™. In the IR spectra of the compounds 2 — 5 bands at 1046 - 1056 cm™!
were attributed to the vibrations of the C=S group. The C-S bond stretching
vibrations appear in the range of 611 - 704 cm’'. Intense bands of the C=0 group
in the region of 1695 - 1735 cm™ 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 'H NMR spectrum of the compound 1
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resonate as a singlet at 6 2.37 ppm. Chemical shifts of the aromatic protons are
observed in the downfield region of 6 6.84 - 7.63 ppm. In the *C NMR spectrum,
the carbon atom of the methyl group resonates in the region of & 21.95 ppm. The
signals observed in the downfield region of 6 115.40, 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 6 203.13 ppm.

The '"H NMR spectrum of the thioanhydride 3 shows signal as a singlet at
0 2.47 ppm in the upfield region due to the protons of the methyl group. The
aromatic protons resonate in the downfield region of 6 7.14 - 8.07 ppm. In the
BC NMR spectral analysis, chemical shift at 3 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 6 113.41, 128.78, 128.88, 131.77,
132.62, 129.67, 130.55, 133.98, 144.29, 146.22 ppm. The C=0 and C=S groups
carbon atoms resonate in the downfield region of 6 166.98 ppm and 198.77 ppm,
respectively.

Structure of the thioanhydride 3 was also confirmed by the methods of two-
dimensional NMR spectroscopy COZY (‘H-'H) and HMQC ('H-"*C), which
makes it possible to establish the spin-spin interaction of homo- and heteronuclear
nature. In the "H-'"H COZY spectra of the compound, spin-spin correlations are
observed through three bonds of protons of neighboring methine-methine groups
H-H (6 2.47, 7.53) ppm and H-H (& 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 '"H-"*C HMQC spectroscopy for the following pairs
present in the compound: H-C (3 2.46, 21.44), H-C (8 7.15, 127.39), H-C (6
7.55,113.41),H-C (8 7.70, 115.73), H-C (8 7.96, 114.20), H-C (& 7.89, 119.45),
H-C (6 7.98, 119.90), H-C (& 7.94, 129.70), H-C (5 8.02, 114.28), H-C (5 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 °C 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| Laboratory | Intense seed | Microflora
energy, % | germination, % | germination | 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 +++ e
Compound 3 (0,001%) 90 90 +++ +++
Compound 4 (0,01%) 100 100 +++ e
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, 'H and C NMR spectroscopy. Their growth
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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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