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Abstract. Introduction. Nitrogen-containing heterocycles are structural elements of many synthetic
and endogenous biologically active substances. In this regard, they have particular interest as objects of
study of the relationship between the structure and biological activity. The aim of this work is the
development of new plant growth stimulants, based on nitrogen-containing heterocyclic dithiocarbamic
acids and their inclusion complexes with arabinogalactan, and the study of their root-forming activity.
Results and discussion. Synthesis of sodium dithiocarbamate of 5-amino-1,3,4-thiadiazole-2-thiol and its
carbonyl derivatives cycloprapane, 4-fluoro- and 4-methoxybenzoic thioanhydrides has been carried out.
Conditions for synthesis of the inclusion complexes of thioanhydrides 2-4 with arabinogalactan (AG) have
been developed. The synthesis of the bioorganic inclusion complexes of substrates with AG has been
carried out in the mass ratio of the initial reagents 1:1 in dimethyl sulfoxide, the duration of the reactions
has been 8 hours at the temperature of 55-60 °C. The inclusion complexes with arabinogalactan have been
obtained with the yield of 62-88%. The structure of the synthesized heterocyclic thioanhydrides has been
established based on IR and *H and **C NMR spectroscopy. Field tests have been carried out to identify
the root-forming activity of the obtained compounds and to determine the effect of the growth stimulants
on the growth of the root system of vangutta spirea cuttings. Conclusion. It has been found that
biocomplex 4-methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic thioanhydride with
arabinogalactan 7 increases the rooting and survival of the planting material and at the concentration of
100 mg/I shows a high yield of the rooted spirea cuttings (90%), as compared with the control (13% ) and
standards Kornevin (20%) and AN-16 (36%).
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1. Introduction

At present, an interest in arabinogalactan (AG) has been increased
significantly due to the high content in plant materials and unique properties [1,
2]. AG occupies a special place among polysaccharides. In recent years, studies of
biological activity of AG have intensified sharply. This is facilitated by its
properties such as high solubility in water and biological activity, uniquely low
viscosity of solutions and biodegradability. AG can serve as a targeted carrier for
the delivery of diagnostic and therapeutic agents, as well as enzymes, nucleic
acids, vitamins or hormones to specific cells [3-6]. AG is used in medicine in the
treatment of various gastrointestinal diseases [7], has adhesive properties and
exhibits antimicrobial [8], antimycobacterial [9], antioxidant and immunological
[10], antiviral [11] and anticancer [12] activity.

If earlier AG was used mainly as an auxiliary substance in the production of
various dosage forms, now due to a detailed study of the properties of AG, it is
considered as an independent biologically active additive. Using AG in veterinary
medicine is very promising. Feeds with the addition of AG maintain the level of
bifidobacteria and lactobacilli in the gastrointestinal tract of animals, thereby
improving nutritional efficiency, increasing weight gain and reducing the need for
conventional antibiotics [13].

Another direction of using AG is its use as a matrix for creating bioorganic
complexes of growth-stimulating action to improve solubility and improve the
quality of germination, productivity and yield of plants and crops [14].

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, an eluent was ethanol. IR spectra were
recorded on a Nicolet 5700 spectrometer in a thin layer. The melting points of the
compounds were determined on a Hanon MP450 instrument. The *H and **C
NMR spectra of the compounds were recorded on a JNM-ECA 400 spectrometer
(Jeol) with the operating frequency of 400 (*H) and 100 MHz (*3C) of the
deuterated pyridine-ds solution. All reagents and solvents were received from
Sigma-Aldrich and used without further purification. An elemental analysis was
carried out on a Rapid Micro N Cube elemental analyzer (Elementar, Germany,
2015).

Sodium (5-mercapto-1,3,4-thiadiazol-2-yl)carbamodithioate (1). A solution
of 2.4 g (0.075 mol) of NaOH in 5 ml of distilled water was added to a mixture of
10 g (0.075 mol) 5-amino-1,3,4-thiadiazole-2-thiol in 40 ml of ethanol. Then a

90


mailto:chem_mukan@mail.ru
mailto:appleforest_protection@mail.ru

ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

solution of 5.7 g (0.075 mol) carbon disulfide was added dropwise. The reaction
mixture was stirred at r.t. at 22°C for 4 h. The solvent was distilled off in a water-
jet pump vacuum. The product was purified by recrystallization from acetonitrile.
The yield of the compound 1 was 13.21 g (76%), R 0.79 (ethanol). Found, %: C
15.69; H 1.02; N 18.29; S 55.29. C3H2N3NaS,.Calculated, %: C 15.58; H 0.87; N
18.17; S 55.45. IR spectra, v, cm™: 3309 (N—-H), 1018 (C=S), 686 (C-S). NMR
'H spectra (pyridine—ds), 5, ppm: 7.93 (broad singlet, 2H, SH; NH). NMR **C
spectra (pyridine—ds), 6, m.xa.: 164.7 (SH-CH=N; S—CH=N); 179.3 (C=S).

Cyclopropanecarboxylic  (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride (2). A solution of 0.9 g (0.0086 mol) of cyclopropane chloride was
added dropwise to a solution of 2 g (0.0086 mol) sodium (5-mercapto-1,3,4-
thiadiazol-2-yl)carbamodithioate in 25 ml of chloroform with stirring. The
mixture was stirred at the room temperature of 22°C for two hours. The solvent
was distilled off in a water-jet pump vacuum, the product was isolated by
recrystallization from ethanol. The yield was 1.55 g (65%), m.p. 225 °C. Found,
%: C 30.45; H 2.37; N 15.27; S 46.41. C;H;NsOS,. Calculated, %: C 30.31; H
2.54; N 15.15; S 46.23. IR spectra, v, cm™: 3236 (N-H), 1712 (C=0), 1068
(C=S), 690 (C—S). NMR *H spectra (pyridine—ds), 5, ppm: 0.78 (t, 2H, CH,); 1.04
(t, 2H, CH); 1.82 (m, 1H, CH); 8.07 (br. s, 2H, SH; NH). NMR **C spectra
(pyridine—ds), o, m.o.: 9.1 (2CHp), 145 (CH), 153.7 (S—CH=N); 162.7
(SH-CH=N); 173.1 (C=0); 185.7 (C=S).

4-Fluorobenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic thioanhy-
dride (3) was synthesized in a similar way. The yield was 2.52 g (88%), m.p. 223
°C. Found, %: C 36.37; H 1.95; N 12.80; S 38.55. C1oHsFN3OS.. Calculated, %:
C 36.24; H 1.82; N 12.68; S 38.70. IR spectra, v, cm™: 3221 (N-H), 1666 (C=0),
1060 (C=S), 671(C-S). NMR *H spectra (pyridine—ds), 8, ppm: 6.97 (t, 2H, Ar);
8.24 (t, 2H, Ar); 8.11 (br. s, 1H, SH; 1H, NH). NMR *3C spectra (pyridine—ds), 5,
ppm: 115.5, 130.9, 131.2, 163.8 (Ar); 162.8 (SH-CH=N); 163.9 (S—CH=N);
166.4 (C=0); 183.3 (C=S).

4-Methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhy-dride (4) was synthesized in a similar way. The yield was 2.37 g (81%),
m.p. 225 °C. Found, %: C 38.61; H 2.83; N 12.54; S 37.55. C11HoFN3O3Ss.
Calculated, %: C 38.47; H 2.64; N 12.23; S 37.34. IR spectra, v, cm™: 3278
(N-H), 1651 (C=0), 1026 (C=S), 636(C—S). NMR H spectra (pyridine—ds), 5,
ppm: 3.61 (s, 3H, OCHa); 6.89-7.11 (m, 4H, Ar); 8.16 (br. s, 1H, SH; 1H, NH).
NMR %C spectra (pyridine—ds), 8, ppm: 55.4 (OCHjs); 114.2, 130.1, 130.7 (Ar);
162.7 (SH-CH=N), 163.6 (S—CH=N); 166.3 (C=0); 183.4 (C=S).

Complex of cyclopropanecarboxylic  (5-mercapto-1,3,4-thiadiazol-2-
ylcarba-mothioic thioanhydride with arabinogalactan (5). A mixture of 0.6 g of
AG and 0.6 g of cyclopropanecarboxylic (5-mercapto-1,3,4-thiadiazol-2-
yl)carbamothioic thioanhydride (2) in the mass ratio of 1:1 were dissolved in 10
ml of DMSO and stirred at the temperature of 55-60°C within 8 hours. After
completion of the reaction, the complex was precipitated with acetone. The
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formed precipitate was filtered off and dried. An inclusion complex with AG 5
was obtained as a white powder, the yield was 1.06 g (88%).

Complex 4-fluorobenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride with arabinogalactan (6) was synthesized in a similar way. The
yield was 1.02 g (78%).

Complex 4-methoxybenzoic (5-mercapto-1,3,4-thiadiazol-2-yl)carbamothioic
thioanhydride with arabinogalactan (7) was synthesized in a similar way. The
yield was 0.86 g (62%).

Field tests were carried out in the Institute of Botany and Phytointroduction
to determine the root-forming activity of the new synthesized compounds.

Cuttings of spirea vanhutta (Spiraaeaxvanhouttei) were used in the
experiment. Semi-lignified cuttings of spirea 8-9 cm long with three buds in an
amount of 30 pieces were soaked in the solutions of substances with
concentrations (50 mg/l, 100 mg/l) for 6 hours. The cuttings were planted in a
greenhouse with a prepared substrate (soil:sand). The duration of the experiment
was 5 months. The survival rate of the planted cuttings was determined one
month after planting. The following parameters: the number of rooted cuttings;
the formed roots; the length of the roots were used to determine the biological
activity.

The scheme of the experiments on cuttings:

1. Control (Water);

Kornevin (standard), (50 mg/l, 100 mg/l);
EN-16 (standard), (50 mg/I, 100 mg/l);
Compound 5 (50 mg/l, 100 mg/l);
Compound 6 (50 mg/l, 100 mg/l);
Compound 7 (50 mg/I, 100 mg/l).

ook wN

3. Results and discussion

In order to synthesize new carbonyl dithiocarbamine derivatives,
heterocyclic thioanhydrides have been synthesized from sodium (5-mercapto-
1,3,4-thiadiazol-2-yl)carbamodithioate. Acylation of dithiocarbamate has been
carried out by  reacting sodium (5-mercapto-1,3,4-thiadiazol-2-
yl)carbamodithioate 1 with acid chlorides (cyclopropane, 4-fluorobenzoic and 4-
methoxybenzoic) in chloroform at the room temperature for 3 hours. Heterocyclic
thioanhydrides 2-4 have been obtained in the form of crystals with the yield of
65-88%.

92



ISSN 1813-1107, eISSN 2710-1185 Me 2, 2023

H H
HS S
CS,, NaOH S _N__SNa  pcoc S _N_ _S__R
\T\\I( %NHz C,H,OH HS\< W/ ﬁ CH,CI HS\< 7/ % T
—~N 28 N—N S 3 N—N S O
1

2-4
H AG
SYN\C/S R 55-60 °C, 8h
HS \H/
% 1/\1 X DMSO
N—

*AG 5

2,5 R = cycle-C3H; 3, 6 R = 2-FCgH,; 4, 7 R = 4-CH;0C¢H,.

AG is a promising synthon for the synthesis of water-soluble complexes on
its basis due to its diverse biological activity and the content of hydroxyl groups
in its structure. The synthesis of the supramolecular inclusion complexes of
heterocyclic thioanhydrides with arabinogalactan has been carried out in dimethyl
sulfoxide at the temperature of 55-60°C for 10 hours. As a result, the inclusion
complexes with arabinogalactan have been obtained with the yield of 62-88%.

The structure of the synthesized compounds 2-4 has been established based
on elemental analysis, IR spectroscopy and *H and *C NMR spectroscopy.

There is an absorption band of stretching vibrations of the C=S group in the
region of v 1026-1068 cm™ in the IR spectra of thioanhydrides 2-4. Stretching
vibrations of the C-S bond are manifested in the region of v 636-690 cm™ and
absorption bands are also observed in the regions of v 3221-3278 cm*, which are
characteristic for the NH group. The presence of a characteristic absorption band
in the region v 1651-1712 cm* confirms the introduction of the C=0 group into
the molecules of the new compounds.

In the *C NMR spectra of compounds 2-4, the signals for the carbon atoms
of the C=0 and C=S groups are found in the low field region ¢ 166.3-173.1 ppm
and 183.3-185.7 ppm, respectively.

The study of the effect of root-forming activity of the synthesized
compounds on cuttings of spirea vanhutte (Spiraaeaxvanhouttei) has been carried
out in the field.

The treatment of cuttings with the compounds has led to an increase in the
survival rate of the rooted cuttings. A more stable positive trend of root formation
has been noted in variants 6 and 7, taking into account the applied concentration
and the degree of development of the root system.

A high percentage of rooting of semi-lignified cuttings has been recorded at
the concentration of 100 mg/l for the compound 7-90%, which exceeds the
control by 6.9 times, and the reference standard (Kornevin) by 4.5 times and (AN-
16) by 2.5 times (Figure 1).
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Figure 1 — Influence of the compounds 5-7 on the number of rooted cuttings of spirea vanhuttei
(Spiraaeaxvanhouttei) at the concentrations of 50 and 100 mg/I.

An analysis of the test results has shown that the compound 7 at the
concentration of 50 mg/l exhibits a high root-forming activity on the cuttings as
compared with the control and standards (Kornevin and AN-16). The number of
roots and the length of the formed roots at the concentration of 50 mg/l have been:
for the control 2.75 pcs and 4.01 cm, respectively; for Kornevin standard 3.67
pieces and 3.4 cm; for AN-16 4 pcs and 2.42 cm and using the compound 7, 4.62
pcs and 2.29 cm.

The compounds 5, 6 have shown the same root-forming activity at the level
of the reference standard AN-16 (Figure 2).
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Figure 2 — The effect of the compounds 5-7 on the number and length of roots of spirea vanhuttei
(Spiraaeaxvanhouttei) at a concentration of 50 mg/I.
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The compound 7 has shown a high number of root-forming centers (4.88
pcs) at the concentration of 100 mg/l as compared with the control (2.75 pcs),
Kornevin standard (3.2 pcs) and AN-16 (3.5 pcs) (Figure 3).
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Figure 3 — An influence of the compounds 5-7 on the number and length of roots of spirea vanhuttei
(Spiraaeaxvanhouttei) at a concentration of 100 mg/I.

4. Conclusion

New heterocyclic thioanhydrides of dithiocarbamic acids, based on sodium
(5-mercapto-1,3,4-thiadiazol-2-yl)carbamodithioate, and their supramolecular
inclusion complexes with the natural polysaccharide arabinogalactan have been
synthesized as a result of the performed study.

It has been established that using the inclusion complexes of heterocyclic
thioanhydrides with arabinogalactan increases the rooting and survival of the
planting material. The complex of 4-methoxybenzoic (5-mercapto-1,3,4-
thiadiazol-2-yl)carbamothioic thioanhydride with arabinogalactan at the
concentration of 50 mg/l has provided up to 90% survival of semi-lignified spirea
cuttings, and contributed to the increased root formation in the initial period of
growth.
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Tyiiingeme. Kipicne. Kypambinia a3ot 6ap rerepouukigep KONTEreH CUHTETHKAJBIK KOHE dHAOTCHIIK
OHONIOTHSIIBIK, OENICeHAl 3aTTapIblH KYPhUIBIMJBIK dJieMeHTTepl 00JbIin Tadbutanbl. OckiFaH OaiIaHbICThI
oJIap KYPbUIBIM MEH OHOJOTHSIBIK OEJICeHAUTIKTIH OaiaHbICBIH 3€pTTey OOBEKTUIep] peTiHie epeKiie
KBI3BIFYIIBUIBIK TYIbIpaabl. JKymeicmoly Makcamvl KYpaMbIHAa a30T 0ap reTepOLUKIIl TUTHOKapOaMUuH
KBILIKBUIIAPBI, OJAP/IbIH apaOMHOraTakTaHMEH KElIeH I KOChLIBICTAaphl HETi31He JKaHa OCIMIIKTIH 6CyiH
BIHTAIAH/BIPFBIIITAD Ay >XOHE OJIAPABIH TaMBIPTY3rilll OeJNCEHIUNriH 3epTTey OONBIN TaObLIAMIbL.
Homuorcenep owcone mankpiiay. 5-amun-1,3,4-traana3on-2-Ton HaTpUi JUTHOKApOAMATBHIHBIH JKOHE
OHBIH KapOOHWIAl HuKIonponaH, 4-Gprop- xoHe 4-METOKCHOCH30# THOAHTUAPHATEP] TYBIHABLIAPBIHBIH
CHUHTE31 )KYy3€ere achIpbUIIbl. 2-4 THOAHTHAPUATEPAiH apabuHoranakTanMen (Al') KemeHai KOChUIBICTapbIH
CHUHTE3/ICY XKaFJailiapbl )KacalblHIbl. ApaOUHOraTaKTaHMEH CyOCTpaTTap/IbiH OHOOPraHMKAIIBIK KEIICH I
KOCBUIBICTAPbIHBIH ~ CHHTE31  JuMeTHiICYIbGoKcHaTeri OacTanmkpl peareHTrepaid 1:1  Maccaibik
KATBIHACKIHIA JKYPri3ifijl, peakuusuiapiably y3akThirbl 55-60 °C temmepaTypaga 8 caraTThl Kypasbl.
CHHTe3IeNreH TeTePOLUKIIAl THOAHTHAPUATEPAIH KypbuibiMbl MK crieKTpoCKOMUsIChI xKoHe 1H sxome 1BC
SIMP CHEKTPOCKOMHUACHI MOIIMETTEPi HETi3iHAE aHBIKTANIbl. AJIBIHFAH KOCBUIBICTAPIBIH TaMbIPTY3Tilll
OCJNCEHAUNIIH  aHBIKTAY JKOHE BAHTYTTa CIHUPEACHl KECIHIUIEpiHIH TaMblp KyieciHe ecyiH
BIHTAJIAH/IBIPATHIH OCEPIH aHBIKTAYy YIIIH [aiaiblK ChIHAKTAap Xyprizinmi. Kopeimeinowi. Kapbamotno
KBIIKBLTBI 4-meTOKCHOEH30i (5-mepkanTo-1,3,4-trHaanazon-2-ui) THOQHTHJIPUIHIH
apaOuHOraakTaHMeH 7 GHOKEIIeHI OTBIPFBI3Y MATEPHAJBIHBIH TAMBIPJIAHYBl MEH JKEpPCIHYIH apTThIpabl
xoHe 100 wmr/m koHuentpaumsga Oaxputaymen (13%), KopueBun (20%) sxome AH-16 (36%)
CTaH/MAPTTApPbIMEH CAaJBICTBIPFAHIA CIUPESHBIH TaMBIPJIbl KECIHIJIEPIiHIH IKOFapbl IIBIFBIMABLIBIFBIH
(90%) xepcerrTi.
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Pe3rome. Bsedenue. A30TcOnepiKallye I'eTEPOLMKIBI SBIAIOTCS CTPYKTYPHBIMH DIEMEHTAMH MHOTIHX
CHHTCTHYECKUX U HIOTCHHBIX OMOJIOTMYECKH aKTUBHBIX BELIECTB. B CBA3M C 3THM, OHU HPEACTABIIOT
0cO0bIH UHTEPEC KaK OOBEKTHl M3YUESHUs B3aUMOCBSI3U CTPYKTYpPBl U OMOJIOTHYECKOI aKTUBHOCTH. [{enbio
JAHHOH paboThl ABIAETCS pa3paboTKa HOBBIX CTHMYIATOPOB pPOCTa PACTCHUH HA OCHOBE
A30TCOZICPIKAIMX TEeTEPOLUKINIECKAX NUTHOKApPOAMUHOBBIX KHCIOT, MX KOMIUICKCOB BKIIIOYCHHS C
apa0MHOraJakTaHOM M H3Y4eHHE WX KOpHEOoOpasylollleid aKTUBHOCTU. Pezyibmamvl u 006CydcoeHue.
Ocyl1iecTBICH CUHTE3 AUTHOKapOamarta HaTpus S-amuno-1,3,4-THaaua3on-2-THosa U ero KapOOHUIIBHBIX
IPOM3BONHBIX IHUKJIOIPONAHOBOTO, 4-GTop- M 4-METOKCHOCH30MHBIX THOAHTUIPHIOB. Pa3paboTaHbI
YCJIOBHSL CHHTE3a KOMIUICKCOB BKIIIOYEHHS THOAHIHAPUIOB 2-4 ¢ apabunoramakraHoM (AI). CuHre3
OMOOPraHNYECKUX KOMIUIEKCOB BKJIIOUEHHUS cyOcTpaTtoB ¢ Al mpOBOAMIM MPU MacCOBOM COOTHOLIEHHU
HCXOJHBIX peareHToB 1:1 B quMetnicyab(okcuae, IpoJoKUTEIbHOCTh PEaKInil cCoCTaBuiIa 8 4acoB Mpu
Temneparype 55-60 °C. KoMIUIeKChl BKIIOUCHUS ¢ apaOHHOralaKTaHOM HOJIYYEHBI ¢ BeIXogamu 62-88%.
CTpoeHHE CHHTE3UPOBAHHBIX I'ETEPOLUKIMYCCKUX THOAHTUJPHUIOB YCTAHOBJICHO HA OCHOBAHHY JAHHBIX
UK crextpockomuu u crekrpockonuu SIMP 'H u °C. [IpoBefens! moneBble UCIIBITAHIS 110 BEIBIEHHIO
KOpHEoOpa30BaTeIbHON aKTHBHOCTH MOJIYYCHHBIX COCAUHCHHUN U OIPEACNICHUIO JEeHCTBUS CTUMYIISTOPOB
pocta Ha POCT KOPHEBOW CHCTEMBI YEPEHKOB CIHMPEH BaHIYTTA. 3axmouyeHue. Y CTAHOBJICHO, 4YTO
OHMOKOMILIEKC 4-MeTOKCHUOEH30MHOr0O (5-mepxkanro-1,3,4-Tuagnua3zon-2-mi) THOAHTUPUA
KapOaMOTHEBOH KHCIIOTBI C apaOWHOTaJaKTaHOM 7 TMOBBIIAET YKOPEHSIEMOCTh M IPHKHMBAEMOCTh
[I0CaI0YHOr0 MaTepuana M B KoHIeHTpamuu 100 MI/n mokasblBacT BBICOKHII BBIXOJ YKOPCHEHHBIX
yepenkoB crmpen (90%) mo cpaBHeHuto ¢ koutponeM (13%), crannapramu KopreBun (20%) u AH-16
(36%).

KuaroueBsbie ciioBa: 5-amino-1,3,4-Tuanua3on-2-Tuol, AMTHOKapOaMar, THOAHTHIPHU/IbI, OHOKOMILIEKCHI,
KOpHeoOpasyromiast aKkTHBHOCTh

Cuviueea Enena Cepzeeena Kanouoam xumuyeckux nayx

Anyapoexosa Hnoupa Hun30eKKbi3ol PhD

Mapxkuna /{lapus bazapoexoena Mazucmp mexnuueckux nayx

Mpykanosa Mepyepm Cucenbexosna Kanouoam xumuueckux Hayk

Mpyxkanoesa I'ayxap Cucenbdexoena Kanouoam buonocuueckux nayx
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