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Abstract. The research was conducted to synthesize and study fungicidal activity of synthesized chemical
compounds of various classes, triazole and imidazole, and their mode of action due to the wide spectrum of
action and low application rates. The developed synthesis methods resulted in several groups of nitrogen-
containing heterocyclic compounds and evaluated their fungicidal activity. Inhibitory activity of compounds to
strains of Fusarium solani (medium resistance to fungicides) and Sclerotinia sclerotiorum (susceptible to most
fungicides) from the collection of phytopathogenic microorganisms of Agrobiotechnological Department, RUDN
University, was tested. In the synthesis of new chemical compounds with fungicidal activity, urea derivatives
1-(3-(Difluoromethyl)-1-methyl-1H-pyrazole-5-yl)-3-(2-chlorophenyl) urea were identified and structurally
confirmed. All target compounds were evaluated for their antifungal activity to inhibit mycelium growth.
Preliminary screening results showed that all synthesized compounds have good fungicidal activity against S.
sclerotiorum. The compound 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazole-5-yl)-3-(3-fluorophenyl) urea showed
antifungal activity against S. sclerotiorum. At concentration of 100 ppm, the compound suppressed growth of
S. sclerotiorum strain by 90.5 %. An in vitro experiment revealed that the compound 1-(3-(Difluoromethyl)-
1-methyl-1H-pyrazole-5-yl)-3-(3-fluorophenyl) urea was effective for suppressing white mold —S. sclerotiorum,
at the dose of 100 mg/L. The significance of the research lies in the fact that production of eco-safe products
in agroindustry is impossible without development of new biologically active compounds with low application
rates and toxicity indicators, controlled persistence, corresponding to the world level. The results obtained
can be implemented in real sector of economy engaged in production of chemical plant protection products.
Synthesis and use of new fungicides are relevant in agricultural production as an element of development and
intensification of existing agricultural technologies.
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Introduction

More than 30 % of losses during crop cultivation are largely due to phytopathogenic
fungi and viruses. Thus, modern agricultural production is impossible without fungicides,
therefore, creation of new chemical plant protection products is relevant for modern
agricultural production. Rapid growth of the world’s population and the associated
food shortages have led to development of highly productive agricultural industry
with integrated plant protection system [1]. When affected by phytopathogenic fungi,
agricultural products can suffer heavily during production, and without fungicides, they
can lead to complete destruction of the crop grown. Chemicals used repeatedly in one
growing season without considering mode of action become ineffective due to emergence
of resistant strains of microorganisms, and therefore search for new fungicides remains
invariably relevant [2, 3].

Among different classes of systemic fungicides, triazole and imidazole derivatives
have low toxicity to the environment and humans. A wide spectrum of action and low
application rates have led to their active use in agriculture [4, 5]. It was the global
chemicalization of agriculture that made it possible to solve the problem of food shortages
on a global scale [6, 7]. The mode of action of azole fungicides is to inhibit biosynthesis
of ergosterol (the most important component of fungal cell membranes) at the stage of
oxidative demethylation of 14a-methyl group of lanosterol (sterol-14a-demethylase
(CYP51 enzyme)) [8, 9].

Along with the positive effect, use of agrochemicals in agriculture has negative
consequences associated with pollution of the environment with pesticides and mineral
fertilizers, deterioration of public health indicators, and global climate change [10, 11].
That is why scientists in various countries are conducting research on development of
modern agricultural technologies [12, 13], the search for new chemical compounds that
can reduce negative anthropogenic impact and ensure significant reduction in load on the
environment associated with formation of numerous wastes [14, 15]. Effective approaches
that significantly improve quality of agricultural technologies often consist of a balanced
combination of modern chemical, biological and agro-technological advances at each
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stage of agricultural production, including synthesis of active ingredient, studying its
properties, developing formulations, conducting biological and field tests, creation of
technological maps and recommendations for application [16].

The purpose of the study was to synthesize chemical compounds, to develop
methods for their production, and to assess fungicidal activity in laboratory conditions.

Novelty of the research. General methods were developed for synthesis of several
groups of nitrogen-containing heterocyclic compounds with assessment of their fungicidal
activity. Chemical compounds were obtained that have inhibitory activity against the
fungal strains Fusarium solani (moderate resistance to fungicides) and Sclerotinia
sclerotiorum (susceptible to most fungicides).

Materials and methods

Fungal strains Fusarium solani (moderate resistance to fungicides) and Sclerotinia
sclerotiorum (susceptible to most fungicides) from the collection of phytopathogenic
microorganisms of Agrobiotechnology Department, Agrarian and Technological
Institute, RUDN University, were used in the research (Table 1).

Table T
Fungal strains
Strain Plant Species name Growth on PDA medium
20MKKK 1.1 Potato Fusarium solani Slow
KTOPS1 Sunroot Sclerotinia sclerotiorum Fast

After dissolving the synthesized compound in a polar aprotic solvent dimethyl
sulfoxide, a 1 % (1000 ppm) solution of the chemical was obtained. After autoclaving
and solidification of PDA (Potato Dextrose Agar (composition per 1 liter of water,
g: potatoes (200 g), glucose (20 g), agar (15 g), the initial solution was used to
prepare mixtures of fungicides in concentrations of 10 and 100 ppm. The medium
was homogenized and poured into Petri dishes with a diameter of 85 mm at the rate
of approximately 20 ml per dish. An agar block with mycelium from 7-day cultures
was placed in the middle of Petri dish with poisoned PDA medium. For each variant,
2 replicates were used. Control with DMSO without fungicide was grown under
the same conditions. The cultures were incubated in thermostat at 22 + 2 °C for
7 days. Effectiveness of the chemicals was assessed by measuring radial growth of
colonies of each fungus. Radial growth was measured along two perpendicular axes
drawn from the base of each Petri dish and intersecting at the center of the colony.
The experiment had 2 replicates. As efficiency indicator, we used the percentage of
growth suppression, which was calculated using the formula
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D_DO — Dc100
DO ’

where D is suppression of colony growth, %; DO is colony diameter in the control; Dc
is colony diameter in the experiment.

Results and discussion

1. Synthesis of urea derivatives 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-
3-(2-chlorophenyl) urea

F

F
N 0
] SC. 7\
» NH, * @ o T/ N N—L
N H N
| Cl H

2-chlorophenyl isocyanate (0.148 g, 0.96 mmol) was added to the solution of
aminopyrazole (0.129 g, 0.88 mmol) in dichloromethane (5 ml) and boiled for 6
hours. After reaction, the product was purified by column chromatography on SiO,
on automatic chromatograph in mixture of EtOAc/Hexane, which gave 0.176 g
(66 %) of urea."H NMR spectrum (400 MHz, DMSO): § 9.52 (s, 1H), 8.65 (s, 1H),
8.15 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 7 .9 Hz, 1H), 7.32 (t, J = 7.9 Hz, 1H), 7.06
(dd, J = 11.3, 4.5 Hz, 1H), 6.89 (t, J_ = 54.6 Hz, 1H), 6.48 (s, 1H), 3.77 (s, 3H).
NMR¥F (283 MHz, DMSO).

2. Synthesis of 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-3-(o-tolyl) urea

F F
Fﬁ I FH
N (0]
I\ ~C 7\
+ N N
N NH, @ (0] \T H/Z(N
| H

2-tolylisocyanate (0.128 g, 0.96 mmol) was added to the solution of aminopyrazole
(0.129 g, 0.88 mmol) in dichloromethane (5 ml) and boiled for 18 hours. After reaction,
the product was purified by column chromatography on SiO, (Agilent cartridge) on
automatic chromatograph in mixture of EtOAc/Hexane, which gave 0.198 g (80 %)
of urea.'H NMR spectrum (400 MHz, DMSO): § 9.11 (s, 1H), 8.24 (s, 1H), 7.79 (d,
J=7.8 Hz, 1H), 7.29-7 .09 (m, 2H), 6.99 (d, J = 9.0 Hz, 1H), 6.86 (t, J, = 46.4 Hz, 1H),
6.46 (s, 1H), 3.75 (s, 3H), 2.26 (s, 3H). NMR*F (376 MHz, DMSO).
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3. Synthesis of 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-3-(3-fluorophenyl)
urea

F F

N (@)
] sCo M
S ) NH, * ~0 “N H/(N/Q
H

N

| | .

3-fluorophenyl isocyanate (0.131 g, 0.96 mmol) was added to the solution of
aminopyrazole (0.129 g, 0.88 mmol) in dichloromethane (5 ml) and boiled for 4 hours.
After reaction, the product was purified by column chromatography on SiO, (Agilent
cartridge) on automatic chromatograph in mixture of EtOAc/Hexane, which gave 0.195 g
(78 %) urea.'H NMR spectrum (400 MHz, CDCL,): 6 9.23 (s, 1H), 8.86 (s, 1H), 7.49
(d, J=11.7 Hz, 1H), 7.41-7.25 (m, 1H), 7.16 (d, J = 8.0 Hz, 1H), 6.88 (t, J.= 54.8 Hz,
1H), 6.82 (t, J = 8.2 Hz, 1H), 6.45 (s, 1H), 3.72 (s, 3H)."F (376 MHz, DMSO).

4. Synthesis of 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-3-(2-methoxyphenyl)
urea

F

F
F‘?_)\ COOMe F’?_)\
N @)
I SCy , I\
o+ (" Py,
| H

I
OOMe

2-(carboxymethyl) phenyl isocyanate (0.170 g, 0.96 mmol) was added to the solution
of aminopyrazole (0.129 g, 0.88 mmol) in dichloromethane (5 ml) and boiled for 4 hours.
After reaction, after evaporation and washing with ether and hexane mixture, the crude
product was obtained; 0.035 g (12 %) of urea was used without purification.

To evaluate fungicidal properties by in vitro method, we used strains of Fusarium
solani (moderate resistance to fungicides) and Sclerotinia sclerotiorum (susceptible to
most fungicides) (Fig.).

Table 2 shows that the compounds 1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-
3-(2-methoxyphenyl) urea have higher fungicidal activity compared to widely used
triazole (Control).
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Effect of synthesized compounds on fungal growth
Source: made by authors
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Characteristics of synthesized compounds

Table 2

Weight, | Molecular Base solution

OOMe

Compound mg weight (1000 ppm)
- F
FJ?/_B\ v FJR/_B\ o i 280 43 mg + 4300 pl
P+ Qe — e
) cl I H
|
. F
. F
" / o 40 mg + 4000 pl
T e ey [ e | e
|
. F
. F
h - h o " 084 42 mg + 4200 pl
WoNH, (P/ o — N N/[(N/Q DMSO
| L
- F
Fh COOMe F
N, o 35 mg + 3500 pl
B . o — v W) b ’
N NH, © NN 3 340 bMSO
|

The result of the synthesis is chemical compound 1-(3-(Difluoromethyl)-1-methyl-1H-
pyrazol-5-yl)-3-(3-fluorophenyl) urea, which has fungicidal activity (Table 3).

Table 3
Fungicidal activity of synthesized chemical compounds
Reduced growth
of mycelium, %
compared to control
Compound Variant
Fusarium S.
solani | sclerotiorum
Control 49.5 65
F F
F F
7 Nec 7\ 2
O, @ 0 oA 10 ppm 60 75
| Cl | H N
|
100 ppm 79.5 85
Control 49.5 75
F F
F F
n Ne N 7 10ppm | 59.5 73
o+ O hyh ey | e |
I | H
100 ppm 79.5 77.2
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Ending of table 3
Reduced growth
of mycelium, %
compared to control
Compound Variant
Fusarium S.
solani | sclerotiorum
F F Control 49.5 65
Fh N Fh o 10ppm | 49.5 70
‘N\ NH, o —— ‘N\ N /@
H N
[ l H F 100 ppm 49.5 72
F F Control 49.5 75
FJR_L COOMe F
Ny o 10 ppm 54.3 85
{N\ NH, * @/ Co — - N{N\ WA
! PR 100 65.5 90.5
OOMe Ppm : :
Conclusion

Structures with fungicidal activity were identified, containing the synthesis of
1-(3-(Difluoromethyl)-1-methyl-1H-pyrazol-5-yl)-3-(2-methoxyphenyl) urea, at the
concentration of 100 mg/L in the solvent Dimethyl sulfoxide.

F COOMe F

7\ sC I\ 2
+ N ——.
‘N~ NH, O N ”/Z(N

I I H
OOMe
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Pa3paboTka u cMHTe3 coeguHeHun ¢ GyHrMunaHom
aKTUBHOCTbIO B NOJaBJ/IEHUM PpOCTa rpnu6oB

®. /1. JaxaeBa' ~, C. bBaxman® =, M.C. I'uuc*3 g’ M. Basar?

"YeueHCKuit TOCYapCTBeHHBIN YHUBepcUTeT UM. A.A. KaznwipoBa, e. I posHbiii, Poccutickas
Dedepayus
’POCCHICKUM YHUBepCHTET JPY>KObI HAPOZJOB, 2. Mockea, Pocculickas dedepayus
3edepanbHblll HAay4HbIll YeHmp osoujesoocmed, Mockoeckas 061., Pocculickas Pedepayus
< gins-ms@rudn.ru

AnnoTtanms. [IpoBe/ieHo HcciieZloBaHue C Lie/bI0 CHHTe3a U U3yueHHs! (hyHTHULIUHOM aKTUBHOCTH CHHTe3H-
POBaHHBIX XMMHUYeCKHUX COeJUHEeHH pa3/IMUHbIX K/IaCCOB, B YaCTHOCTU TPHa3o/ia ¥ UIMHAA30/1a, BBUAY IIMPOKOTO
CrieKTpa AeHCTBUS U MaslbIX HOPM pacxoZa. Pa3paboTaHHbIMM METO/jaMH CHHTe3a I10/1y4eHbl HeCKOJIbKO TPYIIT
a30TCofeprKallllX reTepOLUKINIeCKUX CoeJHEeHNH 1 TIpoBe/ieHa OLjeHKa MX (QyHIULHHOM akTUBHOCTU. ITpo-
BepeHa MHrUOUPYIOLIiast aKTUBHOCTb COEJIMHEHUI K IiTaMmaM rpuboB Fusarium solani (iitamm, o61azaronuii
CpefiHeli yCTOMUMBOCTRIO K QyHrHimaam) u Sclerotinia sclerotiorum (irraMm, BOCIIPUMMYHBBIN K OO/IBIIMHCTBY
GbyHTULM0B) U3 KOJIIEKLUY Ky/IBTYP (DUTONATOreHHbIX MUKPOOPTaHW3MOB arpo6HOTeXHO/IOTHYeCKOro flernap-
tameHTa PY/TH. IIpu cuHTe3e HOBBIX XMMHYECKUX COeJUHEeHHUH, 001ajatoux GyHrULUJHONW aKTHBHOCTEIO,
YCTaHOBJIEHBI ¥ CTPYKTYPHO TIOATBEP KAeHBI TIPOU3BOJHBIE MOoueBHHEI 1-(3-(Judropmerun)-1-metun-1H-mum-
pazon-5-un)-3-(2-xmopdeHun) MoueBrHa. Bce 1ieneBble coefUHEHNs OLIeHUBAIUCh Ha UX IPOTUBOTPHOHYIO
aKTMBHOCTb 110 MHT'MOMPOBaHUIO POCTa MuLienusl. [1pejBapyTebHble pe3y/bTaThl CKDMHHUHTA M0Ka3a/Id, UTo BCe
CHHTe3UPOBaHHbIE COeIMHeHHs 00/1aJat0T XOpoliiell yHIUIMAHON aKTUBHOCTBIO B OTHOLIEHUH S. sclerotiorum.
Coepunenue 1-(3-(Judropmerwn)-1-metun-1H-mmpazon-5-mn)-3-(3-bTopdeHrn) MoueBrHa MPOSIBIsIa MPOTH-
BOrpUOHYIO aKTUBHOCTh B OTHOILIeHUU S. sclerotiorum. B koutenTtpauuu 100 ppm coefuHeHue MOAABIIsIO POCT
mramma S. sclerotiorum Ha 90,5 %. DKcriepyMeHT in vitro BbIsIBUJ, UTO coeguHeHue 1-(3-(Judropmerin)-1-me-
tun-1H-nupasosn-5-mn)-3-(3-dropdennn) mouesrHa 66110 3P HEKTUBHBIM /115 TIOABIEHNS CKJIEPOTUHUO3HOM
rHw™ — S. Sclerotiorum — B go3e 100 mr/a. 3HAUUMOCTB UCC/IeJOBAaHUIM COCTOUT B TOM, UTO IPOU3BOJCTBO
9KO/IOTHUecKH 6e301acHO# MPOAYKLMK B arpoIIPOMBIILIEHHOM KOMIUIEKCE HEBO3MOXKHO 0e3 pa3paboTKH HOBBIX
O1oJIOrYecKy aKTUBHBIX COeIMHEHNH, 00/1aZlaroluX HU3KMMHM HOPMaMH PacXo/l0B U N0Ka3are/ssMyd TOKCHYHO-
CTH, KOHTPOJIUPYeMOii IepCUCTEHTHOCTBI0, COOTBETCTBYIOIIMU MUPOBOMY YPOBHIO. [To/yueHHbIe pe3y/ibTarThl
MOJKHO BHeZIDUTb B PeasIbHbIi CeKTOP S5KOHOMUKH, 3aHUMAIOILUICS IPOU3BOJCTBOM XUMUYECKUX CPeZICTB 3allUThI
pacTenuit. CHHTe3 U HUCII0/Ib30BaHNe HOBBIX (DYHIULIMJ0B aKTyasIbHbI B CeJIbCKOXO03sHCTBEHHOM IIPOM3BO/ICTBE
Kak 3/1eMeHT Pa3sBUTHs U MHTeHCU(HKALIMK CYLI[eCTBYIOLIUX arpapHbIX TeXHOJIOTHil.

KitroueBble cj10Ba: TpHasoJbl, MOUEBHUHA, CPeAICTBA 3all{UThl paCTeHUH, a30/Ibl, eCTULU/bI, 3eMIefieslHe,
XMMUUeCKHe reTepoLIMK/IMYecKre coeiHeHus], bronornyeckas 3p¢eKTHBHOCTh

3asB/ieHHe 0 KOHQIMKTe HHTEPeCcoB. ABTOPHI 3asIB/ISOT 06 OTCYTCTBHY KOH(IMKTa MHTEPECOB.
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