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Abstract. Introduction. Particular attention in the cultivation of industrial and agricultural crops is
paid to the fight against pathogenic fungi, which not only lead to significant yield losses, but they are also
dangerous to humans. The purpose of this work is the synthesis of biologically active compounds in the
series of aromatic dithiocarbamic acids based on N-(4-methoxyphenyl)acetamide and N-phenylacetamide
and the study of their antifungal and antibacterial activities. Results and discussion. Biologically active
aromatic  sodium dithiocarbamates have been synthesized by the reaction of (N-(4-
methoxyphenyl)acetamide and N-phenylacetamide) with carbon disulfide in the presence of NaOH in
ethanol at 22 °C in 78 and 85% yields. Thioanhydrides have been synthesized by the acylation of sodium
acetyl(4-methoxyphenyl)carbamodithioate and sodium acetyl(phenyl)carbamodithioate with acid
chlorides (benzoic, 3,4-dimethoxybenzoic, 2-bromobenzoic, and 4-nitrobenzoic) in chloroform at a
temperature of 22 °C. The structure of the synthesized compounds has been established on the basis of
elemental analysis data, IR spectra, *H and **C NMR spectroscopy. Conclusion. Antifungal and
bactericidal properties of the synthesized compounds were studied against phytopathogenic fungi and
bacteria Fusarium oxysporum and Pectobacterium carotovorum bacteria. It has been found that sodium
acetyl(4-methoxyphenyl)carbamodithioate exhibits high fungicidal and bactericidal activityies compared
to the control and standards tetramethylthiuram disulfide (TMTD) and Fitolavin. It has been established
that sodium acetyl(4-methoxyphenyl)carbamodithioate at a concentration of 0.4% has a high fungicidal
activity and completely inhibits the growth of the Fusarium oxysporum phytopathogen. The maximum
zone of inhibition (18 mm) of Pectobacterium carotovorum bacteria has been at a concentration of 0.4%.
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1. Introduction

In agricultural practice, the main control means against plant fungal diseases,
which guarantees high yields, the preservation of seed material and the quality of
agricultural products, is still fungicide treatment.

Dithiocarbamates receive considerable attention due to their biological
activity and their key role in agriculture [1, 2]. Mancozeb, maneb, ziram,
metiram, zineb, ferbam are well-known dithiocarbamate fungicides that are
widely used in agricultural practice as antifungal agents for cereal and legume
crops, vegetables, fruits and ornamental plants [3, 4].

Dithiocarbamate pesticides are used to treat and prevent a wide range of
plant fungal diseases such as powdery mildew and septoria leaf spot, late blight,
downy mildew, gray mold, scab and bacterial spot [5-11]. Their use improves
seed yield and quality as a post-harvest treatment to prevent fungus or mold
causing food rot during storage or transport. Dithiocarbamates are non-systemic
fungicides that remain on the surface of crops after treatment and prevent fungus
growth without penetrating into plant tissue.

In this regard, there is an increasing interest in the synthesis of new
dithiocarbamates with a wide spectrum of action, which have a protective effect
against diseases and adverse factors.

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, eluent ethanol:acetone/hexane (1/3). IR
spectra were recorded on a Nicolet 5700 spectrometer in tablets with KBr. The
melting points of the compounds were determined on a Hanon MP450 instrument.
The H and BC NMR spectra of the compounds were recorded on a JNM-ECA
400 spectrometer (Jeol) with the operating frequency of 400 (*H) and 100 MHz
(13C) of the deuterated DMSO-ds and CDCls solutions. All reagents and solvents
were received from Sigma-Aldrich and used without further purification.
Elemental analysis was carried out on a Rapid Micro N Cube elemental analyzer
(Elementar, Germany, 2015).

Sodium acetyl(4-methoxyphenyl)carbamodithioate (1). A solution of 2.4 g
(0.06 mol) of NaOH in 5 ml of distilled water was added to a mixture of 10 g
(0.06 mol) N-(4-methoxyphenyl)acetamide in 40 ml of ethanol. Then a solution of
4.6 g (0.06 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. Yield of
compound 1 was 17.27 g (78.5%), R¢0.83 (ethanol). Found, %: C 45.55; H 3.95;
N 5.47; S 24.23. Ci0H10NNaO-S,. Calculated, %: C 45.61; H 3.83; N 5.32; S
24.36. NMR H spectra (DMSO-ds), &, ppm: 1.95 (s, 3H, CHs); 3.62 (s, 3H,
OCHs); 6.77 (d, 2H, Ary); 7.42 (d, 2H, Ar,). NMR *3C spectra (DMSO-ds), 5,
ppm: 24.2 (CHs); 55.6 (O-CHzs); 114.3, 121.2, 132.9, 143.6, 155.6 (Ar); 168.5
(C=0); 230.6 (C=S).
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Sodium acetyl(phenyl)carbamodithioate (2). Yield 14.6 g (85%), Rs 0.80
(ethanol). Found, %: C 46.45; H 3.55; N 5.87; S 27.33. CoHsNNaOS,. Calculated,
%: C 46.34; H 3.46; N 6.00; S 27.49. IR spectra (KBr), v, cm: 1651 (C=0), 1036
(C=S), 685 (C-S). NMR **C spectra (DMSO-ds), 5, ppm: 24.3 (CHs); 119.7,
129.0, 139.2 (Ar); 169.4 (C=0); 230.6 (C=S).

Benzoic acetyl(phenyl)carbamothioic thioanhydride (3). A solution of 1.2 g
(0.0085 mol) of benzoyl chloride was added dropwise to a solution of 2 g (0.0085
mol) sodium acetyl(phenyl)carbamodithioate in 25 ml of chloroform with stirring.
The mixture was stirred at 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 hexane. Yield 1.49 g (56%), R¢ 0.62 (acetone/hexane, 1/3),
an oil. Found, %: C 60.85; H 4.27; N 4.35; S 20.41. C1sH13NO>S,. Calculated, %:
C 60.93; H 4.15; N 4.44; S 20.33. IR spectra (KBr), v, cm™: 1695, 1787 (C=0),
1004 (C=S), 683 (C-S). NMR “C spectra (CDCls), 5, ppm: 24.5 (CHz); 128.1,
128.4, 129.6, 130.6, 134.5, 134.7 (Ar); 166.6 (CH;C=0); 171.8 (SC=0); 205.0
(C=9S).

3,4-Dimethoxybenzoic acetyl(phenyl)carbamothioic thioanhydride (4) was
synthesized in a similar way. Yield 2.4 g (75%), R 0.24 (acetone/hexane, 1/3),
m.p. 92 °C. Found, %: C 57.65; H 4.67; N 3.69; S 17.21. CigH17NO.S,.
Calculated, %: C 57.58; H 4.56; N 3.73; S 17.08. IR spectra (KBr), v, cm™: 1664,
1761 (C=0), 1059 (C=S), 605 (C-S). NMR *H spectra (CDCls), 5, ppm: 2.11 (s,
3H, CHs); 3.89 (s, 6H, OCHs); 6.91 (d, 1H); 7.03 (t, 2H); 7.22 (t, 1H); 7.50 (d,
1H); 7.57 (s, 1H), 7.74 (d, 1H). NMR 3C spectra (CDCls), 8, ppm: 24.3 (CHa);
56.1 (OCHs3); 110.6, 112.5, 120.3, 124.3, 125.3, 128.9, 138.2, 148.5, 149.1 (Ar);
169.6 (CHsC=0); 170.7 (SC=0); 203.1 (C=S).

2-Bromobenzoic  acetyl(phenyl)carbamothioic thiocanhydride (5) was
synthesized in a similar way. Yield 1.85 r (88%), Rs 0.67 (acetone/hexane, 1/3),
m.p. 80 °C. FOUHd, %: C 48.65;: H 3.19; N 3.69; S 16.35. CisH1,BrNO,S;.
Calculated, %: C 48.74; H 3.07; N 3.55; S 16.26. IR spectra (KBr), v, cm™: 1691,
1784 (C=0), 1022 (C=S), 628 (C-S). NMR H spectra (CDCls), 5, ppm: 2.13 (s,
3H, CHs); 7.05 (t, 2H); 7.25 (t, 1H); 7.42 (t, 2H); 7.49 (d, 1H); 7.80 (d, 1H). NMR
13C spectra (CDCls), 8, ppm: 24.5 (CHs); 120.1, 124.3, 128.9, 129.4, 132.0,
138.17, 141.1 (Ar); 169.1 (CH3C=0); 184.3 (SC=0); 202.7 (C=S).

4-Nitrobenzoic acetyl(4-methoxyphenyl)carbamothioic thioanhydride (6) was
synthesized in a similar way. Yield 1.27 r (49%), Rs 0.47 (acetone/hexane, 1/3),
m.p. 109-110 °C. Found, %: C 52.42; H 3.79; N 7.09; S 16.35. C17H14N20sS.
Calculated, %: C 52.30; H 3.61; N 7.17; S 16.43. IR spectra (KBr), v, cm™: 1687,
1765 (C=0), 1055 (C=S), 678 (C—-S). NMR *H spectra (DMSO-dg), 3, ppm: 1.95
(s, 3H, CHzs); 3.64 (s, 3H, OCHs); 6.78 (d, 2H); 7.42 (d, 2H); 8.09 (d, 2H); 8.22
(d, 2H). NMR C spectra (DMSO-ds), 8, ppm: 24.1 (CHs); 55.6 (O-CHs); 114.2,
121.0, 124.0, 131.1, 133.0, 150.5, 155.5 (Ar); 166.2 (CH3C=0); 168.2 (SC=0);
201.7 (C=S).
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The fungicidal activity of the synthesized compounds was studied at the
Kazakh Research Institute of Plant Protection and Quarantine named after Zh.
Zhiembaev.

The study of fungicidal properties was carried out by the disk-diffusion
method on Potato Dextrose Agar (PDA). Test object: pure culture of the fungus
Fusarium Sp. Paper discs 10 mm in diameter were placed in Petri dishes with
PDA agar medium at a distance of 2 mm from the edge of the dish and at an equal
distance from each other, impregnated with a solution of the test substance.
Afterwards micromycetes were sown in Petri dishes on a nutrient medium by the
surface method. Incubation lasted for 7-14 days in a thermostat at a temperature
of 27 °C. The presence of a inhibition zone of fungal growth was noted after 3
days. At the end of the incubation was measured the zone of fungal growth
inhibition around the disk.

Determination of bactericidal properties was carried out by the well method
on Potato Agar (PA). Test object: pure culture of bacteria Pectobacterium
carotovorum, which was identified by PCR analysis. A daily culture of the test
object was inoculated into Petri dishes with a nutrient medium, turbidity standard
was 10°. In the center of the Petri dish inoculated with the test object, 12 mm
wells were made, into which solutions of the compounds were added. Petri dishes
were placed in a thermostat at a temperature of 25-26 °C, which was optimal for
bacterial growth. The presence of a zone of inhibition of bacterial growth was
noted after 2 days.

Lab experience options:

Control (water);

TMTD (standard), (0.4%);
Phytolavin (standard), (0.5%);
Compound 1 (0.1%, 0.2%, 0.4%);
Compound 6 (0.1%, 0.2%, 0.4%).

agrwdE

3. Results and discussion

The aim of the study is the targeted synthesis of new potential biologically
active aromatic dithiocarbamic acids.

Sodium dithiocarbamates were obtained by reacting amines (N-(4-
methoxyphenyl)acetamide and N-phenylacetamide) with carbon disulfide in the
presence of NaOH in ethanol at 25 ©°C. Sodium acetyl(4-
methoxyphenyl)carbamodithioate 1 (78.5%) and sodium
acetyl(phenyl)carbamodithioate 2 (85%) were individually isolated after
completion of the reactions and appropriate treatment of the reaction mixtures.

New carbonyl derivatives of thioangirides were synthesized by acylation of
sodium dithiocarbamates. Acylation of dithiocarbamates 1, 2 was carried out by
reacting sodium acetyl(4-methoxyphenyl)carbamodithioate 1 and sodium
acetyl(phenyl)carbamodithioate 2 with acid chlorides (benzoic, 3,4-
dimethoxybenzoic, 2-bromobenzoic and 4-nitrobenzoic) in chloroform medium at
a temperature of 25 °C within 3 h.
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As a result of isolation from reaction mixtures, thioanhydrides 3-6 were
obtained individually in 49-88% yields, respectively.

H3C
>:0 CSuNaOH i > N> O Rycoct < >
Ri— >—NH 1
C,H;0H \C:S CH3C1

/

NaS
1,2 > 0
Ry
1: Ry =0OCHj;; 2: Ry =H; 3:R; =H; R, =C¢Hs; 4: R; =H; R, =3,4-(OCH;),C4Hj;
5:R; =H; R, =2-BrC4Hy; 6: R; = OCH3; R, =4-NO,C¢Hy;

The composition of the synthesized compounds was confirmed by elemental
analysis, thin layer chromatography and physicochemical characteristics. The
structure of the compounds 3-6 was established based on the analysis of IR and
1H, 3C NMR spectroscopy data. The characteristic signals of protons and carbon
atoms in the synthesized molecules 1-6 are presented in the experimental part.

The synthesized compounds 1 and 6 were tested for antibacterial activity
against the phytopathogen Fusarium oxysporum and bacteria Pectobacterium
carotovorum (Table 1, Figure 1).

Table 1 - Fungicidal and bactericidal properties of compounds 1 and 6

Preparation Concentration, % Suppression zone, mm Suppression zone, mm
Fusarium Sp. P. carotovorum

Control (Water) - -
TMTD (Standard) 0.4 5
Phytolavin 0.5 - 4
(Standard)
Compound 1 0.1 10 12

0.2 17 15

0.4 clean 18
Compound 6 0.1 - 3

0.2 - 3

0.4 - 3
Note — «-» - No zone of suppression of fungal and bacterial infection.

Analysis of the test results shows that compound 1 exhibits the highest
fungicidal and bactericidal activity compared to the control and standards TMTD
and Phytolavin.

The highest degree of antimicrobial activity was shown by compound 1 at
the concentration of 0.4% against Fusarium Sp. completely inhibited the growth
of the phytopathogen and P. carotovorum the zone of inhibition was 18 mm.

It was found that sodium dithiocarbamate 1 has a high antimicrobial activity
against Fusarium Sp. and Pectobacterium carotovorum. Whereas dithiocarbamic
acid thioanhydride 6 showed no activity.
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)

Control (water)

Compound 1 (0.1%) Compound 1 (0.2%) Compound 1 (0.4%)

7

)

Compound 1 (0.1%) Compound 1 (0.2%) Compound 1 (0.4%)

Figure 1 — Fungicidal and bactericidal properties of compound 1.
4. Conclusion
As a result of this research, new thioanhydrides of aromatic dithiocarbamates
based on N-(4-methoxyphenyl)acetamide and N-phenylacetamide were
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synthesized. The structure of the compounds was established based on the
analysis of *H and *C NMR spectroscopy data. It was established that sodium
acetyl(4-methoxyphenyl)carbamodithioate has a high antibacterial activity
compared to the well-known preparations TMTD and Phytolavin.
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N-(4-METOKCU®EHNU)ALETAMHJA U N-OEHIJIALIETAMUJA
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Pe3tome. Bseoenue. Ocoboe BHUMaHME IIPU BBIPALIMBAHUM TEXHHUYECKHX M CEIbCKOXO3SHCTBEHHBIX
KyJbTYp ynensercs 0opb0e ¢ NaTOreHHbIMU IPUOAaMHM, KOTOPBIE HE TOJBKO MPUBOASAT K 3HAUUTEIBHBIM
MOTEePsSM YPOXKAaHOCTH, HO W ONACHBI JUIsl uenoBeka. [lenvlo OanHoll pabomei SIBISETCS CUHTE3
OUOJIOTMYECKH aKTHBHBIX BEIIECTB B PS/ly apPOMATHUCCKHX AUTHOKApOAMIHOBBIX KUCJIOT Ha ocHOBe N-(4-
Merokcuenmn)aneramuna 1 N-peHwnanerammpa, ¥ M3ydeHME WX  IPOTHBOIPHOKOBOH M
aHTHOAKTepHaNbHOW  aKTUBHOCTH.  Pezyabmamer  u  o6cysucoenue.  BHOTOTHYECKH — aKTHBHBIC
apoMaTHyYecKUe IUTHOKapOamMaThl HaTpusi C BbIXxozamu 78 u 85% CHHTE3MpOBaHBI B3aUMOJCHCTBHEM
amuHOB (N-(4-meroxcudennmm)aneramuna u N-phenylacetamide) ¢ cepoyrieponom B mpucyTcTBUH
THUAPOKCHIA HATPHS B JITWIOBOM crnupTe mpu Temiepatype 22 °C. TuoaHrHIpHasl CHHTE3MPOBAHBI
alIMpOBaHreM aneTui(4-MeTokcudeHun)kapdamoauTiHoara HaTpus u aneTuia(heHmn)kapoaMouTHOATa
HaTpus XJopaHrujapunamu (OeH30WHBIN, 3,4-TMMETOKCHOCH30WHBIH, 2-OpoMOeH30WHBIH W 4-
HUTPOOEH30lHBIN) B cpene xiopodopma mpu temmneparype 22 °C. CTpyKTypa CHHTE3MpPOBaHHBIX
COEIMHEHUH YCTaHOBJICHA HA OCHOBAHHMH JTAHHBIX MJIEMEHTHOTO aHaim3a, K-CIeKTpoB 1 CIeKTpOCKOITHH
AMP H wu BC. 3axwouenue. W3ydeHs TIpOTHBOTPUOKOBEIE M OAKTEPUIMIHEIE CBOKMCTBA
CHHTC3UPOBAHHBIX COCWHEHMH B OTHOIICHHM (HTONMATOrCHHBIX IpuOOB M Oakrepmii Fusarium
oxysporum u Pectobacterium carotovorum. BersiBiieHo, uTo anerun(4-MeToKCH(pEHMI)KapOaMOIUTHOAT
HATpPUsI POSIBIISET BBICOKYIO (D)YHIHLHMIHYIO U OAKTEPUIUIHYIO aKTHBHOCTB 110 CPAaBHEHHIO C KOHTPOJIEM
u oranoHaMu TerpaMeruntuypamaucynsdun (TMT) u dutonaBun. YcraHoBieHO, 4TO aueTui(4-
MeToKcH(eHMT)kapoaMoIuTHoaT HaTpust B KoHueHTpauuu 0.4% obnamaet BBICOKOH (yHTHIMIHOM
aKTHBHOCTBIO U TIONHOCTBIO MHTHOYPYET pocT duromaToreHa Fusarium oxysporum. MakcumansHast 30Ha
nnarubuposanms (18 mm) Gaxrepuit Pectobacterium carotovorum cocrasuna npu konuentpamuu 0.4 %.

KnroueBsie cioBa: N-¢enunaneramun, AuTHOKapOaMaTbl, THOAHTHIAPHIBI, (yHrUUMAHAsS U
OaKTepHIUIHAS AKTUBHOCTh

Cotueea Enena Cepzeesna Kanouoam xumuueckux Hayk

Mapxuna /lapus bazapoexogna Mazucmp mexnuueckux Hayx

Mpyxkanoea Mepyepm Cucenbekoena  Kanouoam xumuueckux Hayxk

bonmaeea JIazam Azabaesna Mazucmp cenbckoxo3sCMEEeHHbIX HAYK

Ceiinxanoe Oncac Tynezenosuu Mazucmp ecmecmeerHbIX HAYK
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Tyiiinaeme. Kipicne. TeXHHUKAIBIK XKOHE aybUIIIAPYaIIbLIBIK AaKbUIIAPBIH ©CIPY KE3iHAe MaTOreHIiK
caHpIpayKyJIaKTapMeH Kypecyre epeKIiie Ha3ap ayaapbliaibl, OV OHIMIUTIKTIH alTapIIbIKTal KOFaTybIHA
OKeIlIN KaHa KoiiMaii, agamuap yuiH ae Kayinri. XXymeicmory maxcamor N-(4-MeTokcudeHmI)aneTaMu
neH N-deHunaneraMu] HEri3iHIe apOMATHKANbIK AWTHOKApOAMUH KBILIKBUIIAPBIHBIH KAaTapbIHAAFbI
OHOJIOTHSIIBIK OCJICeH/I 3aTTap/bl CHHTE3/ICY JKOHE OJIap/IblH CaHBIPAyKYJIaKKa Kapchl )KOHE OaKTepusFa
Kapchl OEJICEeHIUIITIH 3epTTey 00ibIn Tabbutanbl. Haomuoicenep scone manxvinay. buonorusnbeix 6encenai
apOMAaTUKANBIK HATpHUil OUTHOTHOKapOamartapel 78 koHe 85% wbiFeiMven amumszepain  (N-(4-
metokcudenmn)aneramuaa xone N-denennaneramua) kykiprkemipreknen NaOH kateichiHma 3Tui
crmpringe 22 °C  TeMmeparypaga CHHTE3ZCTIN QJIBIHABL. THOAHTHAPUATED HaTpuil aneTwi(4-
MeTOKCH(EeHHIT)KapOaMOIUTHOATHI JKOHE HaTpui anermi(peHnn)kapOaMoINTHOATHIHBIH
xnopanruapuarepmet (0eH30ibl, 3,4-TMMETOKCHOCH30MIIbI, 2-0pOMOCH30MIbI KoHE 4-HUTPOOCH3OMIIBI)
xmopodopm opraceiHga 22 °C  Temmeparypaga auuiaey apkpuibl cuHTe3genai. CHHTe3menreH
KOCBUTBICTAP/IBIH, KYPBUIBIMBL 371eMeHTTIK Tanaay, MK-crektpiepi, IMP 'H sxone 3C cnektpockonuschl
Herizinge monenueHmi. Kopeimeinows. CHHTE3IENTEH KOCBUIBICTApABIH Fusarium oxysporum skone
Pectobacterium carotovorum (uTOIATOreH/I CaHBIPAYKYJIaFbIHA KOHE OAKTEpHSChIHA CaHBIpAyKyJlaKKa
Kapchl jkoHe OaKTepUIMITIK KacueTTepi 3epTTelinii. bakplmayMeH jkoHE TeTpaMeTHITHYpaMAUCYIb(UI
(TMTL) JKOHE ®dutonaBuH 3TajOHAapbIMEH caJbICTBIpFaHa HaTpui anermi(4-
MeTOKCH()EHMIT)KapOaMOIUTHOATHI JKOFaphl (DYHTUIHMITIK JKOHE OaKTEPUIMATIK OCICEHAITIK KOPCETKEeHI
anpikTanapl. ChlHAKTAp HOTWKeCiHAe Hartpuil —anermwi(4-merokcudenun)kapbamoantroatst  0.4%
KOHLICHTPALMSACHIHIA JKOFapbl (GyHTHIMUATI OeNCeHAUTKKe He eKeHHiri skoHe Fusarium oxysporum
(uTONATOreHIHIH OCIMIH TOJIBIKTal TeXEUTIHI aHBIKTANIBL. Pectobacterium carotovorum 6akTepUsICHIHBIH
MaKCHMaIIbI Texeny aiMarsl (18 mm) 0.4 % KoHIEHTpaIHsAaa OOIIbL.

Tyiiin ce3nep: N-¢penunaneramun, IuTHOKapOamMarTap, THOAHTHUAPUATEP, (GYHIMIMATIK OKOHE
OaKTEepUIUATIK OEICEHITIK

Cuviueea Enena Cepzeesna Xumus 26116IMOAPBIHBIY KAHOUOAN b

Mapxkuna /lapus bazapoexosna Texnuxanvlx eblubimoap macucmpi

Mykanosa Mepyepm Cucenbexosna — Xumus eblmbIMOAPbIHbIY KAHOUOAbL

bonmaesa JIazam Azabaesna AyvLn wiapyauviivlesl 6L1bIMOapbIHbIY MASUCTP]

Ceinxanos Onocac Tynezenosuu Kapamuiivicmarsy 2bi1biMOapbIHbIY MALUCMPIE
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