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RESUMO

Introducao: Diversos métodos foram desenvolvidos para sintetizar compostos organicos que possuem
atividades bioldgicas especificas. Objetivo: O objetivo desta pesquisa foi estudar o efeito de compostos
organicos sintetizados de férmula geral: 1-alquil-2,2,4-trimetil-6-aminocarbotioil-1,2-dihidroquinolina e 1-alquil-
2,2 ,4-trimetil-6-aminocarbotioil-1,2,3,4-tetra-hidroquinolina em indicadores de crescimento (como a germinagao
da semente, a altura, comprimento, largura e nimero de folhas da planta) e o rendimento da colheita agricola.
Métodos: Para identificar os efeitos biolégicos dos compostos organicos sintetizados, foram selecionados
parametros morfométricos de uma cultura anual de hortaligas (Solanum melongena L.). Foi analizasa a
germinagao de sementes, processos de crescimento e produtividade. Os processos de crescimento foram
estudados por indicadores biométricos. Os indicadores biométricos incluiram a altura da planta, comprimento,
largura e numero de folhas. Resultados e discussdo: Os estimuladores de crescimento mais eficazes de
compostos da série 1-alquil-2,2,4-trimetil-6-aminocarbotioil-1,2-di-hidroquinolina e 1-alquil-2,2,4-trimetil-6-
aminocarbotioil-1,2,3,4-tetraidroquinolina para berinjela comum foram revelados. As substancias mais eficazes
para Solanum melongena séo 1,2,2,4-tetrametil-6- (1-piperidinilcarbotioil)-1,2,3,4-tetrahidroquinolina cloridrato e
4-[(1,2,2,4-tetrametil)Cloridrato de -1,2-dihidro-6-quinolinil)carbotioil]-1-piperazinilcarbaldeido nas
concentragdes testadas (0,01%; 0,05% e 0,1%), bem como os compostos da férmula geral: 1- alquil-2,2,4-
trimetil-6-aminocarbotioil-1,2,3,4-tetra-hidroquinolina em concentra¢des de 0,05% e 0,1%. Foi estabelecido que
as substancias quimicas sintetizadas estimulam o crescimento da berinjela em comparagao com a preparagao
comercial existente. Compostos da série 1-alquil-2,2,4-trimetil-6-aminocarbotioil-1,2-di-hidroquinolina e 1-alquil-
2,2 ,4-trimetil-6-aminocarbotioil-1,2,3,4- a tetraidroquinolina aumenta a germinagdo das sementes de Solanum
melongena de 30 a 80%, a massa vegetativa - de 10 a 40%, rendimento - de 28 a 46%. Conclusodes: As
tetraidroquinolinas s&o mais eficazes como estimulantes dos processos de crescimento (e produtividade) da
berinjela comum. Os compostos contendo um substituinte di-hidro-6-quinolinil estimulam o crescimento e
também aumentam o rendimento de Solanum melongena. A conveniéncia dos compostos da série quinolina
para a producdo de cultivo de vegetais € mostrada. Os estimuladores de crescimento usados aumentam o
potencial adaptativo de Solanum melongena.

Palavras-chave: requladores de crescimento, processos de crescimento, compostos organicos sintetizados,
germinagéao de sementes, rendimento.

Peridédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°38)
Downloaded from www.periodico.tchequimica.com. © The Author(s) 2021
DOI: 10.52571/PTQ.v18.n38.2021.9_VOSTRIKOVA_pgs_123_136.pdf
123



ABSTRACT

Background:  Productivity is increased with breeding techniques and modes for obtaining highly
productive cultivars, various agricultural activities, and the use of new technologies for growing planting
material. Some of modes to increase productivity are simple. They use different growth stimulants. Many
methods were developed to synthesize organic compounds that have stimulating biological activity and can be
used as growth stimulants for agricultural crop. Aim: The purpose of this research was to study the effect of
synthesized organic compounds of the general formula: 1-alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2-
dihydroquinoline and 1-alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2,3,4-tetrahydroquinoline on growth indicators
(by which we meant seed germination and plant height, length, width, and the number of leaves) and the yield of
the agricultural crop. Methods: To identify the biological effects of the synthesized organic compounds,
morphometric parameters of an annual vegetable crop (Solanum melongena L.) were selected. It is investigated
seed germination, growth processes, and yield. Growth processes were studied by biometric indicators.
Biometric indicators included the plant height, length, width, and the number of leaves. Results and
Discussion: The most effective growth stimulators from compounds of the series 1-alkyl-2,2,4-trimethyl-6-
aminocarbothioyl-1,2-dihydroquinoline and 1-alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2,3,4-
tetrahydroquinoline for common eggplant were revealed. The most effective substances for Solanum
melongena are 1,2,2,4-tetramethyl-6-(1-piperidinylcarbothioyl)-1,2,3,4-tetrahydroquinoline hydrochloride and 4-
[(1,2,2,4-tetramethyl-1,2-dihydro-6-quinolinyl)carbothioyl]-1-piperazinylcarbaldehyde hydrochloride in tested
concentrations (0,01 %; 0,05 % and 0,1 %), as well as the compounds of the general formula: 1-alkyl-2,2,4-
trimethyl-6-aminocarbothioyl-1,2,3,4-tetrahydroquinoline in concentrations of 0,05 % and 0,1 %. It was
established that the synthesized chemical substances cause stimulation of the eggplant growth compared with
existing commercial preparation. Compounds of the series 1-alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2-
dihydroquinoline and 1-alkyl-2,2,4-trimethyl-6-aminocarbothioil-1,2,3,4-tetrahydroquinoline increase the seed
germination of Solanum melongena from 30 to 80 %, the vegetative mass - from 10 to 40 %, yield - from 28 to
46 %. Conclusions: Tetrahydroquinolines are most effective as stimulants of growth processes (and
productivity) for common eggplant. Compounds containing a dihydro-6-quinolinyl substituent stimulate the
growth and also increase the yield of Solanum melongena. The expediency of quinoline series compounds for
the production of vegetable growing is shown. Used growth stimulators increase the adaptive potential of
Solanum melongena.

Keywords: growth regulators, growth processes, synthesized organic compounds, seed germination, yield.

AHHOTALUA

MpepnocbINKN: YpoxXakHOCTb MOBbLILIAETCS 3a CYET CENEKLUUNOHHBIX TEXHOMOMMIM 1 CNOCO60B NOMNyYeHus
BbICOKOMPOAYKTMBHBIX COPTOB, Pa3fMYHbIX CEMbCKOXO3ANCTBEHHbBIX PaboT 1 MCMONb30BaHUA HOBbIX TEXHOMOMMN
BblpalLMBaHMs NocagovyHoro Matepuarna. Hekotopblie n3 cnocoboB NOBbILEHMS MPOAYKTUBHOCTM NPOCTbl. OHK
MCMNOMb3yT pasHble CTMMYNSATOpPbl pocta. PaspabaTtbiBaecs MHOXECTBO METOAOB CUHTE3a OpraHU4ecKumx
coefMHeHWN, KoTopble 0bnagalT CTUMYNUPYOLWEen BMONOrMYECKON akTUBHOCTLIO U MOTYT MCMOMb30BaTbCs Kak
CTUMYNATOPbI POCTa CENbCKOXO3ANCTBEHHbIX KynbTyp. Uenb: Llenb uccnegoBaHusi coctosinia B U3YyYeHUU
abhekToB coeguHeHun obwen dopmynbl: 1-ankun-2,2,4-tpyumeTtun-6-ammHokapboTnounn-1,2-gurnapoxXMHONmH
n 1-ankun-2,2,4-tpumeTun-6-ammHokapbotunounn-1,2,3,4-teTparnapoxXMHONMH Ha pPOCTOBbIE MokasaTenu (nog
KOTOPbIMU Mbl MOHUMANU BCXOXECTb CEMSIH U BbICOTY pacTeHUs, AMNWHY, LUMPUHY U KONUYECTBO JIMCTbEB) U
YPOXaANHOCTb CENbCKOXO3ANCTBEHHON KynbTypbl. MeToabl: [ns BbisBNeHMS OMONOrMYeckoro AencTBus
CVYHTE3MPOBaHHbLIX OPraHNYeCKUX COeAMHEHWA Obiny BbiOpaHbl MOPOMETPUYECKME NapameTpbl OAHONETHEN
OBOLWHOW KynbTypbl (Solanum melongena L.). WccnegyeTcsi BCXOXECTb CEMsiH, NpoLecchbl pocta U
ypoxanHocTb. [lpoueccbl pocta u3dydanu no GMoMeTpuyecknMm nokasartensm. buomeTtpudeckue nokasartenu
BKIIOYanu BbICOTY pacTeHus, ONMHY, LUMPUHY W KOonuMyecTBO nucTbeB. PesynbTatbl n O6GcyxaeHue:
BbisiBrieHbl Hanbonee apeKkTUBHbIE CTUMYNATOPbLI pPOCTa U3 coeavHeHun psaga 1-ankvn-2,2,4-1pyumeTvn-6-
aMmunHokapb6oTnonn-1,2-aurnapoxXnHONnHa n 1-ankun-2,2,4-tpumetnn-6-ammHokapbotunounn-1,2,3,4-
TeTparmapoxmHonmHa ansa daknaxaHa o0blkHOBEHHOro. Hanbonee adhdekTMBHBIMK BeLecTBaMu ana Solanum
melongena ABMNSATCSA 1,2,2,4-teTpameTnn-6-(1-nunepnanHnnkapdotmoun)-1,2,3,4-teTparngpoOXMHONNH
rmgpoxnopva " 4-[(1,2,2,4-teTpameTn)-1,2-gurnapo-6-xmHonuHun)kapbotmonn]-1-
nunepasvHunkapbansaernga rmgpoxnopus B Tectupyemolx koHueHTpaumsx (0,01 %; 0,05 % u 0,1 %), a Takke
coefuHeHus obuwen dopmynbl: 1- ankun-2,2,4-tpumeTun-6-ammHokapbotmoun-1,2,3,4-teTparugpoxXuHoOnvH B
koHueHTpaumax 0,05 % n 0,1 %. YcTaHOBMNEHO, YTO CUMHTE3UPOBaHHblE XMMWYECKME BELLEeCTBa Bbi3biBalOT
CTUMYNSLMIO pocTa BaknaxaHoB NO CPaBHEHMIO C CYLLECTBYIOLLMM KOMMeEpPYECKMM npenapatoM. CoeanHeHus
psga  1-ankun-2,2,4-tpumeTun-6-ammHokap6otunonn-1,2-aurngpoxmHond - n- 1-ankun-2,2,4-tpumeTtnn-6-
amMuHokapboTmonn-1,2,3,4-TeTparMapoxXUHONVH YBENNUMBAIOT BCXOXECTb cemsiH Solanum melongena ¢ 30 go
80 %, BeretatmBHyto maccy - ¢ 10 go 40 %, ypoxanHocTb - ¢ 28 o 46 %. BbiBogbl: TeTparngpOXvHONNHBI
Hanbonee ahpeKkTUBHbI B KAYECTBE CTUMYNSITOPOB POCTOBbLIX MPOLECCOB (M NPOAYKTUBHOCTK) AN BaknaxkaHa
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06blkHOBeHHOro. CoeanHeHUs], cogepkaline aurmapo-6-XMHONMMHWIBbHBIA 3aMecTUTEeNb, CTUMYNUPYIOT POCT, a

TaKke yBENUUMBAIOT YpOXaWHOCTb Solanum melongena.

MokasaHa Lenecoobpas3HOCTb MPUMEHEHUS

coeguMHEeHNN XMHOMNUHOBOIO paga ana osouweBoacTBa. MCHOJ‘IbSyeMbIe CTUMYNATOPblI pOCTa nNoBbILWAKT

apjanTaunoHHbIN noTeHumnan Solanum melongena.

KnioueBble cnoBa: peesyrnamopbl  pocma,
COeOUHEHUSI, BCXOXeCmb CEMSIH, ypo>KaL7Hocmb

pocmaosbie rpouecchbl,

CUHMe3upoeaHHble oOpecaHU4YecKue

1. INTRODUCTION

In recent years vegetable growing has
been faced with many problems associated with
an extreme increase in air temperature, lack of
soil moisture, and the search for the most stable
and unpretentious crops that can grow in such
conditions. Breeding and testing are carried out
and aimed at increasing the yield, resistance of
agricultural plants to adverse environmental
conditions (Dyakov et al., 2009). Productivity is
increased with breeding techniques and modes
for obtaining highly productive cultivars, various
agricultural activities, and the use of new
technologies for growing planting material. It is
known that different genetic systems control the
productivity potentials of cultivated plants and
their environmental sustainability and relatively
independent (Zhuchenko, 1994, 1995, 2009;
Kilchevsky, Khotyleva, 1997). It was noted that
the productivity of the fruiting plant and its
resistance to adverse factors are antipodal in
nature since the same metabolites are involved in

their creation but in different quantities
(Doroshenko, 2000). Thus, productivity and
stability are formed from the same

photosynthesis products but redistributed in
different directions following genetic regulation
(Doroshenko et al.,, 2010). Studies show the
presence of negative genetic correlation or even
significant incompatibility between the high yield
potential and tolerance to adverse conditions in
many species of cultivated plants (Azzi, 1959;
Rosielle, Hamblin, 1981; Kadyrov et al., 1984),
which indicates the need for a search other (non-
breeding) methods for solving this problem, which
may be the treatment of planting material with
chemical stimulators.

Last years a lot of new compounds are
recommended for use as plant growth and seed
germination stimulants, fertilizers for vegetables,
field (including sugar beet), and fruit crops used
for food by humans. In this connection,
ecologically safe substances play an important
role. For example, when reproducing sugar beet
hybrids, an increase in yield and sugar content of
mother roots after the treatment of seeds with
humic compounds has been revealed (Tsareva,
2013). Further, planting of these roots for the

reproduction of hybrids improves the yield and
sowing properties (germinating capacity) of seeds
(Tsareva, 2013).

Maintenance of seed quality is mandatory
for the sale of seed and assuring required plant
population and final yields to end-user. Seed lots
are evaluated based on their germination
capabilities and vigor (Sudhakar et al., 2016).
However, many tests used to evaluate seed
physiological characteristics require time and
skilled labor, making it a costly process
(Baranova, 2013; Sudhakar et al., 2016).
However, there are simple characteristics, for
example, biometric indicators included plant
height, length, width, and several leaves. They
are suitable for the study of the agricultural crop.

One of the agricultural plants cultivated in
recent years in Russia, in the Central Black Earth
region, and even in the Non-Chernozem zone
due to the more cold-resistant varieties obtained
in breeding tests is an ordinary eggplant
(Mamedov, 2002; Guber and Shentseva, 2011).
Its fruits are tasty and healthy; they contain
antioxidants in the seeds — steroid glycosides.
These natural compounds delay the aging of
living organisms and thereby contribute to their
resistance to stress and disease (Mamedov,
2002). Due to the long vegetation period of
eggplant common (Solanum melongena L.) in
this zone, accelerated production of planting
material is necessary, which is achieved using
growth stimulators and seed germination,
including synthesized chemical compounds.

Several researches have been carried out
related to the development of methods for the
synthesis of organic compounds that have certain
types of biological activity and are promising
drugs (Kashaev et al., 2010 a, b, 2011). At the
same time, one of the key problems of the
functionally-oriented molecular design of new
pharmacologically active compounds was and
remained the problem of choosing an accessible
substrate with great preparative capabilities
(Kashaev et al., 2010 a, b, 2011).

Heterocyclic series, including quinoline
derivatives, being polyfunctional substrates, fully
meet these requirements. A significant amount of
data on the biological activity of compounds
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containing a quinoline fragment, including the
activity and toxicity, has been published in the
literature (Abadi, Brun, 2003; Saudi et al., 2003;
Abdel-Gawad et al., 2005; Kashaev et al., 2010
a, b, 2011). Some compounds have found
application as chemotherapeutic drugs with
antimicrobial, antiprotozoal, antifungal, and
bronchodilatory activity (montelukast, quinifuril,
chlorquinaldol, hydroxychlorin, chlorin) (Abadi,
Brun, 2003; Saudi et al., 2003; Abdel-Gawad et
al., 2005; Kashaev et al., 2010 a, b, 2011;
Ghoneim and Assy, 2015). Effective antimalarial
drugs have been found among aminoquinolines.
Iso-propylamide 2- (4-chloroanilino) cinchoninic
acid exhibits anti-inflammatory and analgesic
activity (Kashaev et al., 2010 a, b, 2011).

Despite the fairly widespread use of
derivatives quinolines, the potential for their
research is far from being exhausted. A
promising area of work, in connection with the
growing need for the development of effective
and safe preparation, is the synthesis of new
heterocyclic systems containing other groups
along with a quinoline fragment. It was shown
that the most stable is the quinoline nucleus by
the mass spectrometric method (Kashaev et al.,
2010 a, b, 2011).

Last years there are a lot of organic and
inorganic compounds (Pentelkina and Pentelkina,
2002; Vasin et al., 2008, 2009; Ostroshenko and
Ostroshenko, 2011; Kadyrov and Schuchka,
2005; Baranova, 2013; Khodaei-Joghan et al.,
2018; Nesterkina et al., 2019) and other original
modes for growth-regulating (Shibaeva et al.,
2018). In the greenhouse production of several
vegetables and ornamental plant species, a short
diurnal temperature drop is used to reduce stem
elongation as an alternative to chemical growth
retardants (Shibaeva et al, 2018). It was
determined the effects of applying organic and
chemical fertilizers under different irrigation
regimes on sunflower (Helianthus annuus L.)
morphological traits, yield components, grain
yield, and grain quality (Khodaei-Joghan et al.,
2018). There are new effective synthesized
quinoline compounds (Abadi and Brun, 2003;
Saudi et al., 2003; Abdel-Gawad et al., 2005;
Shujiang et al.,, 2005; Denmark, Venkatraman,
2006; Kashaev et al., 2010 a, b, 2011; Mosalam
et al., 2011 a, b; Azizian et al., 2014; Shikhaliev
et al., 2014; Ghoneim and Assy, 2015).

A wide range of derivatives of 4-
quinolinecarboxylic acid hydrazides has been
obtained, containing 1,3,4-oxadiazole, 1,2,4-
triazine, and 1,2,4-triazole rings, along with the
quinoline fragment (Kashaev et al., 2010 a, b,

2011). The synthesis of 2-R-6-R"-(5-X-2-ox0-1,2-
dihydro-3H-indol-3-ylidene) quinoline-4-
carbohydrazides was carried out by condensation
of hydrazides of 4-quinolinecarboxylic acids with
isatins (Kashaev et al., 2010 b). Based on 2-
methyl-4- (1,3,4-oxadiazol-2-yl) quinolines, the
corresponding 2- [2- (2-nitrophenyl) -1-ethenyl] -
6-R-4- (1,3 , 4-oxadiazol-2-yl) quinolines of the E-
configuration. The cyclization of 2-[2-(2-am_
inophenyl)-1-ethenyl]-4-(1,3,4-oxadiazol-2-yl)qui__
noline, which is a reduction product of 2-[2- (2-
nitrophenyl) -1- ethenyl] -4- (1,3,4-oxadiazol-2-yl)
quinoline, 4-(1,3,4-oxadiazol-2-yl)-2,3-biquinoline
was synthesized under the conditions of the
Vilsmeier reaction (Kashaev et al, 2010 a).
Based on the results of biological tests of the
synthesized substances, the expediency of
searching for new physiologically active
compounds in the series of 4-hetarylquinolines
was confirmed (Kashaev et al., 2011). Thus a lot
of newly synthesized compounds containing the
quinoline fragment show physiological activity.

The main objectives of this research were
to study the effect of synthesized organic
compounds of the general formula: 1-alkyl-2,2,4-
trimethyl-6-aminocarbothioyl-1,2-dihydroquinoline
and 1-alkyl-2,2,4-trimethyl-6-aminocarbothioyl-
1,2,3,4-tetrahydroquinoline on growth indicators
(by which we meant seed germination and plant
height, length, width, and the number of leaves)
and the yield of Solanum melongena.

2. MATERIALS AND METHODS

2.1. The synthesis of organic compounds

Acrylonitrile was copolymerized with 8-
methacryloxy-quinoline in  Dimethylformamide
using azobisisobutyronitrile as the initiator. Both
homopolymer and copolymers were
characterized by different spectral and thermal
methods (Mosalam et al., 2011 b).

The monomer 8-methacryloxy-quinoline
(MAQ) was prepared by the reaction of 8-
hydroxyquinoline with either methacryloyl chloride
or methacrylic acid in the presence of
triethylamine and N,N'-dicyclohexylcarbodiimide,
respectively (Mosalam et al., 2011 a). Binary
copolymerization of this new monomer with
methyl acrylate (MA), acrylonitrile (AN) methyl
methacrylate (MMA), styrene (ST), were
performed in Dimethylformamide, using 1 mol%
azobisisobutyronitrile as initiator at 65 °C
(Mosalam et al., 2011 a). The monomer reactivity
ratios for the systems MAQ-MA, MAQ-AN, MAQ-
MMA and MAQ-ST were found to be r1 = 0.695 +
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0.036, r2 = 0.62 + 0.235; r1 = 0.273 £ 0.087, r2 =
0.259 £ 0.67; r1 = 0.356 + 0.015, r2 = 1.615 %
0.052 and r1 = 0.097 £ 0.003, r2 = 0.339 + 0.027
respectively (Mosalam et al., 2011 a).

Novel pyrimido[4,5-b]quinoline-tetraones (4
a-m) were prepared by the three-component
reaction of 2-hydroxynaphthalene-1,4-dione (1),
6-amino-uracils (2), and aromatic aldehydes (3)
in aqueous media and catalyzed by p-
toluenesulfonic acid (Figure 1). This reaction
provides a simple one-step procedure with the
advantages of easy workup, good vyield of
products, and environmental friendliness (Azizian
et al., 2014). Sulfur as the element present in the
synthesis of new hydroquinoline derivatives.

2—Amino—4-phenyl-5,6,7,8—tetrahydroqui_
noline—3—carbonitrile (3) was synthesized by
treating cyclohexanone (1) with 2—
benzylidenemalononitrile (2) in the presence of
ammonium acetate (Elkholy and Morsy, 2006).
The treatment of cyclohexanone (1) with the a,B-
unsaturated nitrile derivative 2 in the presence of
ammonium acetate afforded the
tetrahydroquinoline derivative 3 (Elkholy and
Morsy, 2006). A solution of cyclohexanone (1,
0.01 mol) in absolute ethanol (30 mL) containing
an excess of ammonium acetate and the
arylidene derivative 2 (0.01 mol) was heated
under reflux from 3 to 5 h (Elkholy and Morsy,
2006). The separated solid material during the

heating was collected by filtration and
recrystallized from ethanol to vyield the
tetrahydroquinoline derivative 3 (Elkholy and

Morsy, 2006). The reactivity of compound 3
towards dimethylformamide dimethyl acetal,
carbon disulfide, urea, thiourea, formamide,
formic acid, acetyl chloride, and isothiocyanate
was studied (Elkholy and Morsy, 2006).

It was developed a three-component
method for the synthesis of  new
thiocarboxamides containing in their composition
the gidroquinoline cycle. The elemental sulfur
was used in Wilgerodt-Kindler reaction for the
thioamides synthesis. The thioamides series
synthesis of hydroquinoline derivatives is based
on Wilgerodt-Kindler reaction for 1-
alkylhydroquinoline-6-carbaldehydes, amines,
and sulfur. The structures of compounds were
characterized by NMR-1H spectroscopy and
elemental analysis. The data of NMR-1H (nuclear
magnetic resonance) thioamides spectra are
presented below.

Figure 2 is a general scheme for the
synthesis of organic compounds of the series 1-
alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2-

dihydroquinoline and 1-alkyl-2,2,4-trimethyl-6-
aminocarbothioyl-1,2,3,4-tetrahydroquinoline.

A mixture of the corresponding
hydroquinoline carboxaldehyde (1 mmol), amine
(1.33 mmol), and elemental sulfur (1.33 mmol) in
dimethylformamide (2 ml) was heated under
reflux until the completion of the reaction (the
control by the thin layer chromatography). After
cooling, the reaction mass was poured into 5 ml
of ice water with vigorous stirring. The solidified
after grinding, and the precipitate was filtered,
washed with water, and recrystallized from 75%
ethanol. Non-hardening thiocarboxamides were
treated with a double excess of hot 2M
hydrochloric acid, filtered, and recrystallized from
ethanol.

The structures of synthesized organic
compounds are presented in Figures 3-7.

| *HCI

Figure 3. 1,2,2,4-tetramethyl-6-(1-
piperidinylcarbothioyl)-1,2-dihydroquinoline
hydrochloride (compound 1).

The data of NMR-1H thioamides spectra:
1.29 (6H, s, (CH3 ) 2 -C2); 1.45-1.60 (6H, br.s,
3CH2 - piperidine); 1.89 (3H, s, CH3 -C4); 2.76
(3H, s, N-CH3 ); 3.60-4.30 (4H, br.s, 2CH2 -
piperidine); 5.39 (1H, s, CH-DHC); 6.44 (1H, d, J
= 8.54, arom); 6.95 (1H, d, J = 2.18, arom); 7.05
(1H, dd, J = 8.46, J = 2.18, arom.).

| *HCI

Figure 4. 1,2,2,4-tetramethyl-6-(1-
piperidinylcarbothioyl)-1,2,3,4-tetrahydroquinoline
hydrochloride (compound 2).

The data of NMR-1H thioamides spectra:
1.17 (3H, s, (CH3 ) 2A-C2); 1.26 (3H, s, (CH3 )
2B-C2); 1.27 (3H, d, J = 6.59, CH3 -C4); 1.40
(1H, t, J = 12.85, CH2A); 1.44-1.65 (6H, br.m.,
3CH2 -piperidine); 1.83 (1H, dd, J = 13.04, J =
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4.44, CH2B); 2.76 (1H, m, CH); 2.78 (3H, s, N-
CH3 ); 3.50-4.30 (4H, br.m., 2CH2 -piperidine);
6.47 (1H, d, J = 9.18, arom); 7.03 (1H, dd, J =
6.79, J = 2.16, arom.); 7.04 (1H, s, arom.).

L0
| S

Figure 5. 1-benzyl-2,2,4-trimethyl-6-(4-
morpholinylcarbothioyl)-1,2,3,4-
tetrahydroquinoline (compound 3).

The data of NMR-1H thioamides spectra:
1.24 (3H, s, (CH3 ) 2A-C2); 1.26 (3H, s, (CH3 )
2B-C2); 1.32 (3H, d, J = 6.59, CH3 -C4); 1.64
(1H, t, J = 12.98, CH2A); 1.90 (1H, dd, J = 13.03,
J = 4.72, CH2B); 2.96 (1H, m, CH); 3.50-4.20
(8H, m br, 4CH2 - morpholine); 4.26 (1H, d, J =
18, CH2A-benzyl); 4.78 (1H, d, J = 18.07, CH2B-
benzyl); 6.13 (1H, d, J = 8.65, aroma.); 6.90 (1H,
dd, J = 8.63, J = 2.13, arom); 7.15- 7.35 (6H, m,
arom).

S

.

N ™~

| *HCl

Figure 6. 1,2,2,4-tetramethyl-6-[(4-methyl-1-
piperazinyl)carbothioyl]-1,2,3,4-
tetrahydroquinoline hydrochloride (compound 4.)

The data of NMR-1H thioamides spectra:
1.19 (3H, s, (CH3 ) 2A-C2); 1.28 (3H, s, (CH3)
2B-C2); 1.30 (3H, d, J = 7.31, CH3 -C4); 1.42
(1H, t, J = 12.45, CH2A); 1.85 (1H, dd, J = 13.08,
J =452, CH2B); 2.75 (3H, d, J = 4.55, N-CH3 -
piperazine); 2.81 (3H, s, N-CH3 -TGQ); 3.08 (1H,
m, CH); 4.10-4.70 (8H, br.m., 4CH2 -piperazine);
6.50-7.35 (3H, m, aroma.); 11.25 (1H, s, HCI).

= N/\
N K/
| *HCI o)

Figure 7. 4-[(1,2,2,4-tetramethyl-1,2-
dihydro-6-quinolinyl)carbothioyl]-1-
piperazinylcarbaldehyde hydrochloride
(compound 5).

2.2. The treatment of planting material

As an object of research, common eggplant
(Solanum melongena L.) cv. Black Beauty was
chosen. The material was purchased seeds of
“Aelita” (Moscow) with a guaranteed shelf life, the
quality of which corresponds to Russian
Standards of high quality (varietal purity - 92-98
%, germination - not less 60%, humidity - no
more 11 %). Seeds were soaked in water
solutions of the synthesized compounds. The
seeds of Solanum melongena were kept in water
solutions of the above chemical compounds at
concentrations of 0.01%, 0.05%, and 0.1% for 18
hours. As a traditional stimulator, the commercial
preparation Epin-Extra (Russian produced by
NNPP NEST M) in a working concentration
according to the instructions for use - 0.05%. The
control seeds were soaked in tap water. The
experiment was carried out in triplicate (100
seeds in each). Seeds were germinated under
laboratory conditions at a constant temperature of
22 °C.

The eggplant seedlings were counted to
study laboratory germination and planted in
boxes in a covered ground (greenhouse) on the
14th day after the germination. The laboratory
germination of seeds was determined as the ratio
of the number of germinated seeds to the total
number of seeds and was expressed in %.
Biometric indicators (the plant height, length, and
width of leaves) were measured on the 50th day
of the start of the experiment using a ruler. The
plants were transferred from the greenhouse to
the open ground on the 50th day of the beginning
of the experiment, after preliminary hardening the
seedlings (from 30 days). A field experiment was
laid according to B. A. Dospehov (1985) by the
method of split plots in triplicate. Eggplant
seedlings were planted in open ground at the rate
of 5 plants per 1 m? (50 thousand plants per 1
ha). Biometric indicators included the plant
height, length, width, and the number of leaves.
The number of leaves, which is considered the
most objective sign of the degree of plant
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development (Korovkin, 2007, Zhidkih et al.,
2012), was calculated on the 50th day of the start
of the experiment. The number of leaves was
counted from 50 plants of each variant and was
found the average value. The vyield was
determined after fruit harvesting on 70th day after
planting in open ground (120th day of the start of
the experiment). The mass of fruits was
measured using a balance from 4 m? and
calculated for 1 m? (was devided at 4). The yield
was expressed in kg/m?2.

Computer  statistical processing was
performed using the Stadia software package.
Data on 50 plants of each variant were analyzed.
The seed germination in control and experimental
variants was compared according to the
frequency agreement criterion using Z-statistics.
The comparison of the mean values was carried
out using Student's t-test according to A. P.
Kulaichev (2006) work. The influence of the
chemical treatment factor at  different
concentrations on growth rates was determined
using a two-way analysis of variance.

3. RESULTS AND DISCUSSION:

The virtual screening of the obtained
compounds is carried out with the help of PASS
programe developed at the Institute of Bioorganic
Chemistry of the Russian Academy of Medical
Sciences (Moscow). Therefore opportunities for
the practical use of substances were predicted.
As it turned out, hydroquinoline thioamides with a
high degree of probability (more than 70%) are
biologically active compounds. Pharmacological
side effects such as mutagenicity,
carcinogenicity,  teratogenicity = ness, and
embryotoxicity for synthesized substances are
not predicted. It should also be marked that it is
predicted the high growth-stimulating activity
regarding plants for all thioamides.

The results of the influence of tested
chemical compounds on the germination capacity
of common eggplant (Solanum melongena L.)
seeds of cv. Black Beauty is presented in Table
1. The greatest effect of increasing the
germination capacity of ordinary eggplant was
produced by compounds of the series 1-alkyl-
2,2,4-trimethyl-6-aminocarbothioyl-1,2,3,4-
tetrahydroquinoline, which are
tetrahydroquinolines. There is a distinct tendency
to increase seed germination with decreasing
concentration in all considered compounds
belonging to this series. Stimulators 1
(dihydroquinoline) and 5 (containing the dihydro-

6-quinolinyl  substituent) did not stimulate
germination. The germination of eggplant seeds
under the influence of synthesized organic
substances in the tested concentrations
increases from 32.4 to 89.3 %.

The height of the common eggplant plant
grown from seeds treated with synthesized
chemical compounds is shown in Table 2. It can
be found from the table that stimulators 2 and 5
express the greatest stimulating effect in all
tested concentrations. Stimulators 3 and 4 are
effective in concentrations of 0.05 % and 0.1 %.
All tested compounds exhibit a stimulating effect
at a concentration of 0.1 %. Plant height under
the influence of synthesized organic substances
in the tested concentrations increases from 13.9
to 43.1%.

The leaf length of Solanum melongena after
treating the seeds with synthesized chemical
compounds is presented in Table 3. The table
shows that their effect is similar to that on the
plant height: stimulators 2 and 5 exhibits the
greatest stimulating effect in all tested
concentrations. Stimulators 3 and 4 are effective
in concentrations of 0.05 % and 0.1 %. All tested
compounds exhibit a stimulating effect at a
concentration of 0.1%. The leaf length increases
from 15.9 to 20.6 %.

All tested compounds at a concentration of
0.05 % and 0.1 % had a stimulating effect on the
leaf width of common eggplant (Table 4), except
for stimulator 1, which was effective only in a 0.1
% solution. The greatest effect was stimulators 2
and 5. The leaf width increases from 21.7 to 45.7
%.

The stimulating effect of chemical
compounds on the number of leaves of Solanum
melongena (Table 5) differed from that of the
height of the plant and the leaf length. The most
effective stimulator was 2. The number of leaves
under the influence of synthesized organic
substances in the tested concentrations
increases from 3.9 to 28.9 %.

All  the tested compounds at all
concentrations, except for a 0.01 % solution of
the stimulator 1, had a stimulating effect on
eggplant yield (Table 6). The vyield under the
influence of synthesized organic substances in
the tested concentrations increased from 28.1 to
46.9 %. The results of two-way analysis of
variance confirm the influence of the factor of
seed treatment with chemical compounds and
concentration on biometric indicators: plant height
(P<0.01), leaf length (P<0.01), leaf width
(P<0.01), number of leaves (P<0.05) and yield
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(P<0.05). Therefore, the obtained data shows
that used growth stimulators increase the
adaptive potential of Solanum melongena.
Though productivity potentials of cultivated plants
and their environmental sustainability are
controlled by different genetic systems
(Zhuchenko, 2009), it was noted that productivity
and environmental sustainability is risen by
several chemical substances (Titov et al., 2011;
Bashmakov et al., 2012). Our data is confirmed
by the results of other authors. The investigations
about the influence of organic and inorganic
compounds for woody plants seedlings that leads
to the growth activity increase (Pentelkina and
Pentelkina, 2002; Ostroshenko and Ostroshenko,
2011), to the better development of oilseed radish
seedlings (Raphanus sativus L. var. oleiferus
Metzg.) (Nesterkina et al., 2019). The effect of
seed treatment with growth stimulants were
positive for corn and barley growing (Vasin et al.,
2008, 2009), for soybean yield (Kadyrov and
Schuchka, 2005) for sunflower (Helianthus
annuus L.) morphological ftraits, vyield
components, grain yield and grain quality
(Khodaei-Joghan et al., 2018).

Obtained results are consistent with earlier
studies by R. G. Gafurov and co-workers on
carbon N- and O-benzyl-containing compounds
that have bright auxin activity, which is ensured
by the presence of a benzyl group at the nitrogen
or oxygen atom (Gafurov and Makhmutova,
2003, 2005). These compounds contain effector
fragments that together determine the stress-
protective activity, namely, the quaternary
ammonium and benzyl groups and the
hydroxyethyl group - an analog of the
benzoxyethyl group (Budykina et al., 2005;
Timeyko et al., 2005). Tested substances contain
similar fragments, so they also show bright auxin
activity. Based on the literature data (Budykina et
al., 2005; Timeyko et al., 2005; Titov et al., 2011;
Bashmakov et al., 2012) and the results of our
research, it can be assumed that used
compounds have the stress-protective activity for
important  vegetable culture -  Solanum
melongena. They can be accepted as growth
stimulators.

4. CONCLUSIONS:

Compounds 2 and 5 were the most effective
from the tested chemical substances. The
compounds carry out the greatest stimulation of
the growth processes and productivity of the
common eggplant (Solanum melongena L.):
1,2,2,4-tetramethyl-6-(1-piperidinylcarbothioil)-

1,2,3,4-tetrahydroquinoline hydrochloride and 4-
[(1,2,2,4-tetramethyl-1,2-dihydro-6-
quinolinyl)carbothioyl] -1-piperazinylcarbaldehyde
hydrochloride in all tested concentrations.
Compounds of the series 1-alkyl-2,2,4-trimethyl-
6-aminocarbothioyl-1,2,3,4-tetrahydroquinoline at
concentrations of 0.05 % and 0.1 % are effective.
All tested compounds increase the plant height,
length, width, the number of leaves, and the yield
of common eggplant at a concentration of 0.1%.
The synthesized chemical compounds cause
stimulation of these characteristics compared
with existing commercial preparations, for
example, Epin-Extra. Compounds of the series 1-
alkyl-2,2,4-trimethyl-6-aminocarbothioyl-1,2-
dihydroquinoline and 1-alkyl-2,2,4-trimethyl-6-
aminocarbothioyl-1,2,3,4-tetrahydroquinoline can
be used as growth stimulants. They can increase
the germination capacity of Solanum melongena
seeds from 30 to 80 %, increase the vegetative
mass from 10 to 40 %, and yield from 28 to 46 %.
Thus, tetrahydroquinolines are most effective as
stimulators of growth processes (and productivity)
for common eggplant. Compounds containing a
dihydro-6-quinolinyl substituent stimulate growth
and also increase the yield of Solanum
melongena.

5. ACKNOWLEDGMENTS:

The study received financial support from
the Ministry of Science and Higher
Education of the Russian Federation within the
framework of State Contract with universities
regarding scientific research in 2020-2022,
project No. FZGU-2020-0044.

6. REFERENCES:

1. Abdel-Gawad, S. M., El-Gagy, M. S. A,
Heiba, H. I., Aly, H. M., Ghorab, M. M.
(2005). Synthesis and radiation stability of
some new biologically active
hydroquinoline and pyrimido[4,5-
b]quinoline derivatives. J. Chin. Chem.
Soc., 52, 1227-1236.

2. Abadi, A. H., Brun, R. (2003). Synthesis
and evaluation of novel 7-trifluoromethyl-
4-(4-substituted anilino) quinolines as
antiparasitic and antineoplastic agents
Arzneimforsch. Drug. Res., 53, 655-663.

3. Azizian, J., Delbari A. S., One-Pot, K. Y.
(2014). Three-Component Synthesis of
Pyrimido[4,5-b]quinoline-tetraone
Derivatives in Water. Synthetic Commun,
44 (22), 3277-3286. DOI:
10.1080/00397911.2011.626139

Periédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°38)
Downloaded from www.periodico.tchequimica.com

130



10.

11.

12.

13.

14.

Azzi, J. (1959).
Moscow: IL.

Agricultural Ecology.

Baranova, T. V. (2013). Accelerated
production of plants resistant to urban
conditions. Ecology and Industry of
Russia, 4, 65-67.

Bashmakov, D. I, Pynenkova, N. A.,
Sazanova, K. A., Lukatkin, A. S. (2012).
Effect of the synthetic growth regulator
Cytodef and heavy metals on oxidative
status in cucumber plants. Russian
Journal of Plant Physiology, 59(1), 59-64.

Budykina, N. P., Drozdov, S. N., Kurets,
V. K., Timeyko, L. V., Gafurov, R. G.
(2005). The effect of etiol and benzihole
on tomato plants due to changes in
temperature conditions. Agricultural
chemistry, 4, 32-36.

Davidchuk, N. V. Borodina, N. N,
Demidova, V. P. (2007). The use of
wastewater for the correction of seed
germination and morphogenesis of plant
seedlings of the species Cerasus vulgaris.
Problems of regional ecology, 3, 99-103.

Davidchuk, N. V., Eremeeva, N. V.
(2011). Comparison of the response of
Brassica napus L. plants to the use of
wastewater. Bulletin of Tambov
University. Series: Natural and Technical
Sciences, 16(6), 1583-1585.

Denmark, S., Venkatraman, S. (2006). On
the mechanism of the Skraup-Doebner-
Von Miller quinoline synthesis. J. Org.
Chem., 71, 1668—-1676.

Doroshenko, T. N. (2000). Physiological
and environmental aspects of southern
fruit growing. Krasnodar: KubSAU.

Doroshenko, T. N., Zakharchuk, N. V.,
Ryazanova, L. G. (2010). Adaptive
potential of fruit plants in the south of
Russia: Monograph. Krasnodar:
Publishing House LLC "Enlightenment-
South".

Dospekhov, B. A. (1985). The
methodology of field experience (with the
basics of statistical processing of research
results). Textbook: benefits for high
school. Moscow: Agropromizdat.

Dyakov, A. B. Trunova, M. V., Vasiliev, T.
A. (2009). Evaluation of the potentials of
productivity and drought tolerance of
soybean varieties. Oilseeds. Scientific and
Technical Bulletin of the All-Russian

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Research Institute of Oilseeds, 2 (141),
78-86.

Elkholy, Y. M., Morsy, M. A. (2006). Facile
Synthesis of 5, 6, 7, 8-Tetrahydropyrimido
[4, 5-b]- quinoline Derivatives. Molecules,
11, 890-903.

Gafurov, R. G., Makhmutova, A. A.
(2003). A new group of synthetic auxin
biomimetics: N- and O-benzyl-containing

compounds. Reports of the Russian
Academy of Sciences, 391, 562-565.
Gafurov, R. G., Makhmutova, A. A.

(2005). Growth-regulating activity of N-
and O-benzyl-containing compounds - a
new group of synthetic analogues of
natural auxins. Applied Biochemistry and
Microbiology, 41(2), 245-249.

Ghoneim, A. A., Assy, M. G. (2015).
Synthesis of Some New Hydroquinoline
and Pyrimido[4,5-b] Quinoline Derivatives.
Current Research in Chemistry, 7(1), 14-
20. DOI: 10.3923/crc.2015.14.20)

Guber, K. V., Shentseva, E. V. (2011).
Growing early eggplants using tunnel
shelters. Melioration and water
management, 1, 36-38.

Kadyrov, M. A., Grib, S. I., Baturo, F. N.
(1984). Some aspects of selection of
varieties with wide agroecological
adaptation. Selection and seed
production, 7, 8-11.

Kadyrov, S. V., Shchuchka, R. V. (2005).
The effect of seed treatment with growth
stimulants on soybean yield. Aspects of
modern technologies: Sat. scientific tr.
VSAU, Voronezh, 38-40.

Kashaev, A. G., Zimichev, A. V., Rybakov,
V. B., Klimochkin, Y. N., Zemtsova, M. N.
(2010 a). 2,6-Dimethyl-4—(1,3,4-
oxadiazol-2—yl)quinoline. Acta
Crystallogr, 66, 3333.

Kashaev, A.G., Zimichev, A.V., Rybakov,
V.B., Klimochkin, Y.N., Zemtsova, M.N.
(2010 b). 4-Allyl-3-(2-methyl-4-quinolyl)-
4,5-dihydro-1H-1,2,4-triazole-5-thione.
Acta Crystallogr, 66, 3090.

Kashaev, A. G., Zimichev, A. V.
Zemtsova, M. N., Klimochkin, Yu. N.
(2011). Synthesis and anti-tuberculosis
activity of quinoline isosteres of isoniazid.
Chem-farm. Magazine, 45(4), 21-23.

Khodaei-Joghan, A., Gholamhoseini, M.,

Periédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°38)
Downloaded from www.periodico.tchequimica.com

131



26.

27.

28.

29.

30.

31.

32.

33.

Agha-Alikhani, M., Habibzadeh, F.,
Sorooshzadeh, A., Ghalavand, A. (2018).
Response of sunflower to organic and
chemical fertilizers in different drought
stress conditions. Acta agriculturae
Slovenica, 111(2), 271-284.
doi:10.14720/aas.2018.111.2.03.

Kilchevsky, A. V., Khotyleva, L. V. (1977).
Ecological plant breeding. Minsk:
Tekhnologiya.

Korovkin, O. A. (2007). Anatomy and
morphology of higher plants: a dictionary
of terms. Moscow: Drofa.

Kulaichev, A. P. (2006). Methods and
tools for integrated data analysis.
Moscow: FORUM: INFA-M.

Lopatina, E. A. (2011). Change in the
properties of sod-podzolic soil,
productivity, and environmental quality of
plant products in the aftermath of sewage
sludge (WWS). Ph.D. in Biological thesis.
Moscow.

Mamedov, M. [I. (2002). Scientific
substantiation and development of
methods for breeding varieties and
heterosis hybrids F1 of nightshade crops

for  adaptability: Tomato, pepper,
eggplant: Ph.D. in Agriculture thesis.
Moscow.

Mosalam, M. A., El Hamouly, S. H.,,
Mahmoud, A. A., Khalil, A. (2011 a).
Binary copolymerizations of 8-
methacryloxy-quinoline with methyl

methacrylate, methyl acrylate, styrene,
and acrylonitrile. Journal of Polymer
Research, 18(6), 2141-2150.
doi:10.1007/s10965-011-9624-4

Mosalam, M. A., El Hamouly, S. H.,

Mahmoud, A. A., Khalil, A. (2011 b).
Thermal Behavior of 8-methacryloxy-
quinoline-Acrylonitrile Copolymers.

International Journal of Chemistry, 3(2),
14-22. DOI: 10.5539 / ijc.v3n2p14

Nesterkina, |. S., Musalov, M. V., Gurina,
V. V., Ozolina, N. V., Spiridonova, E. V.,
Tretyakova, A. V., Potapov V. A,
Amosova, S. V., Yakimov, V. A. (2019).
The effect of a new non-toxic, water-
soluble selenorganic substance on
antioxidant protection and development of
seedlings of oilseed radish (Raphanus
sativus L. var. oleiferus Metzg.). Acta
agriculturae Slovenica,114(1), 61-67.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ostroshenko, V. V., Ostroshenko, L. Yu.
(2011). Influence of the seed pretreatment
with growth stimulators on their sowing
qualities. Bulletin of Krasnoyarsk State
Agrarian University, 5, 12-15.

Pentelkina, N. V. Pentelkina, Yu. S.
(2002). Stimulating effect of zircon on the
growth of coniferous seedlings
anditroducents. Forestry Bulletin, 2 (22),
24-29.

Rosielle, A. A., Hamblin, J. (1981).
Theoretical aspects of selection for yield
in stress and non-stress environments.
Crop Science, 21(6), 943-946.

Saudi, M. N. S., Rostom, S. A., Fahmy,
H. T. Y., EI-Ashmawy I. (2003). Synthesis
of 2-(4Biphenylyl)quinoline-4-carboxylate
and Carboxamide Analogues. Article in
Chem Inform, 34(39).doi:10.1002 /
chin.200339123

Shibaeva, T. G., Sherudilo, E. G.,
lkonen, E. N., Titov, A. F. (2018).
Responses of young cucumber plants to a
diurnal temperature drop at different times
of day and night. Acta agriculturae
Slovenica, 111-3, 567-573.

Shikhaliev, H. S., Selemenev, V. F.,
Medvedeva, S. M., Ponomareva, L. F.,
Kopteva, N. |. (2014). Mass-spectrometric
analysis of 1-acyl-2,2,5-trimethyl-4,4-
dichlorocyclopropane [c] quinolines.
Sorption and chromatographic processes,
14 (2), 332-337.

Shujiang, T. U., Fang, F., Tuanjie, L.,

Songlei, Z., Xiaojing, Z. (2005). An
efficient one-pot synthesis of novel
pyrimidoquinoline derivative under

microwave irradiation without catalyst. J.
Heterocycl. Chem., 42, 707-710.

Sudhakar P., Latha P., Reddy P. V.
(2016). Seed physiological and
biochemical traits In: Phenotyping Crop
Plants for Physiological and Biochemical
Traits, 17-24.

Timeyko, L. V., Drozdov, S. N., Budykina,
N. P., Gafurov, R. G. (2005). The effect of
etiol on the thermal resistance and
productivity of cucumber in spring film
greenhouses in Karelia. Agricultural
chemistry, 7, 36-42.

Titov, V. N., Smyslov, D. G., Dmitrieva, G.
A., Bolotova, O. I. (2011). Plant growth
regulators as a biological factor in

Periédico Tché Quimica. ISSN 2179-0302. (2021); vol.18 (n°38)
Downloaded from www.periodico.tchequimica.com

132



44 . Tsareva,

45. Valitova,

48. Zhidkih, O. Yu.

reducing the level of heavy metals in a
plant. Vestnik OrelGAU, 31(4), 4-6.

L. E. (2013). Technique of
improving yielding features of seeds in
reproduction of sugar beet hybrids.
Bulletin of Altai State Agrarian University,
1(99), 17-19.

A.R. (2006). Agroecological
assessment of phytomelioration of sandy
loamy sod-podzolic soil contaminated with
heavy metals as a result of fertilizer by
sewage sludge. PhD in Biolgical thesis.
Moscow.

46.Vasin, A. V., Darmin, A. V., Brezhnev, V.

V. (2009). Using growth stimulators for
corn and barley growing. Fodder
Production, 2, 17-18.

47.Vasin, V. G., Darmin, A. V., Vasin, A. V.

(2008). Effective use of growth stimulators
for corn growing. Proceedings of Samara
State Agrarian University, 4, 22-24.

Sorokopudov, V. N.,
Sorokopudova, O. A., Brindza, |. (2012).
Some features of the ontogenesis of
Mahonia  aquifolium  (Pursh)  Nutt.
Scientific reports of Belgorod State
University. Ser. Natural Sciences, 21—
1(140), 62-67.

49. Zhuchenko, A. A. Strategy for adaptive
intensification of agriculture (concept).

Pushchino: ONTI PNC RAS, 1994.

50. Zhuchenko, A. A. (1995). Ecological
genetics of cultivated plants: theory and
practice. Agricultural biology, ser. biol.
rast, 3, 4-31.

51. Zhuchenko, A. A. Trukhanov, A. |. (2009).
Environment-Improving
Phytotechnologies in Northern Megacities.
Moscow: KRASAND.

7. OPEN ACCESS

This article is licensed under a Creative
Commons Attribution 4.0 (CC BY 4.0)
International License, which permits use, sharing,
adaptation, distribution, and reproduction in any
medium or format, as long as you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made. The
images or other third-party material in this article
are included in the article’s Creative Commons
license unless indicated otherwise in a credit line
to the material. If material is not included in the
article’s Creative Commons license and your
intended use is not permitted by statutory
regulation or exceeds the permitted use, you will
need to obtain permission directly from the
copyright holder. To view a copy of this license,
visit http://creativecommons.org/ licenses/by/4.0/.

o O Q Ar o
NR  H,0/Refl NR
0w 1 emse (LY Y
OH HNT N o P N N7 0
R H R
Q o
E=H, Me
1 2 3 4a-m

Figure 1. The general scheme for the synthesis of pyrimido[4,5-b]quinoline-tetraones.
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Figure 2. The general scheme for the synthesis of 2,2,4-tetramethylhydroquinolin-6-
ylcarbothioamides 1-5.

Table 1. The seed germination (in %) of Solanum melongena (cv. Black Beauty) treated with
synthesized organic compounds

Concentration Control Epin compound compound compound compound compound
group group 1 2 3 4 5
0,01% 33.3 61.1**2 77.8***3 62.2**2 47.8
422
0,05% 411 32.2 55.6*" 75.6***3 48.9 43.3
0,1% 31.1 54 .4*1 73.3***3 46.7 42.2

Note for Table 1-6:

* — differences with the control group are reliable (p<0.05)

** — differences with the control group are reliable (p<0.01)
*** _— differences with the control group are reliable (p<0.001)
' - differences with the Epin group are reliable (p<0.05);

2 - differences with the Epin group are reliable (p<0.01);

3 - differences with the Epin group are reliable (p<0.01);

1,2,2,4-tetramethyl-6-(1-piperidinylcarbothioyl)-1,2-dihydroquinoline hydrochloride (compound 1);
1,2,2,4-tetramethyl-6-(1-piperidinylcarbothioyl) -1,2,3,4-tetrahydroquinoline hydrochloride (compound 2);
1-benzyl-2,2,4-trimethyl-6-(4-morpholinylcarbothioyl)-1,2,3,4-tetrahydroquinoline (compound 3);

1,2,2,4-tetramethyl-6-[(4-methyl-1-piperazinyl)carbothioyl]-1, 2, 3,4-tetrahydroquinoline hydrochloride
(compound 4);

4-[(1,2,2,4-tetramethyl-1,2-dihydro-6-quinolinyl)carbothioyl]-1-piperazinylcarbaldehyde hydrochloride
(compound 5).
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Table 2. The height (in cm) of Solanum melongena plant grown from seeds treated with synthesized
chemical compounds

Concentration Control Epin compound compound compound compound compound
group group 1 2 3 4 5

0.01% 6.4+0,1" 8.1£0,2***3 6.610,1 6.7+0.2 7.8£0.2***3

80.05% 6.510,1 6.610,1 6.610,1 8.8+0,2***3 7.6£0,1***3 7.6£0.1***3 8.8+0.2***3

0.1% 7.410,1***2 9.3+0,2***3 8.6+0.1***3 7.7£0.2***3 9.0+0.1***3

Table 3. The leaf length (in cm) of Solanum melongena after treating the seeds with synthesized
chemical compounds

Concentration Control Epin compound compound compound compound compound
group group 1 2 3 4 5

0.01% 6.0+0,2 7.610,2***3 6.410,1 6.40.1 7.6£0.2***3

0.05% 6.30,1 6.410,1 6.5+0,1 8.7+0,2***3 7.6£0,2***3 7.5£0.1***3 8.6+0.2***3

0.1% 7.3+0,1***2 9.0+0,2***3 8.310.2***3 7.6£0.1***3 8.8+0.1***3

Table 4. The leaf width (in cm) of Solanum melongena after treating the seeds with synthesized
chemical compounds

Concentration Control Epin compound compound compound compound compound
group group 1 2 3 4 5

0.01% 4.8+0,2' 5.7+0,1***3 5.4+0,2 4.5+0.1 5.7+0.1***3

0.05% 4.540,1 4.610,1 5.1+0,1 6.4+0,1***3 6.0+0,2***3 5.0£0.1***3 6.3+0.2***3

0.1% 5.6+0,1***2 6.7+0,1***3 6.3+0.1***3 5.240.1***3 6.8+0.2***3

Table 5. The number of leaves of Solanum melongena after treating the seeds with synthesized
chemical compounds

Concentration Control Epin compound compound compound compound compound
group group 1 2 3 4 5
0.01% 5.4+0,2*1 5.6+0,2** 5.4+0,1*1 5.4+0.2*1 5.3+0.1"
0.05% 5.240,1 5.6+0,2** 5.6+0,2** 6.5+0,2***3 5.6+0,2** 5.6+0.2** 5.8+0.1**1
0.1% 5.7+0,2** 6.7+0,2***3 5.7+0.2** 5.8+0.2**1 5.8+0.1**1
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Table 6. The yield (in kg/m?) of Solanum melongena plant grown from seeds treated with synthesized

chemical compounds

. Control Epin compound compound compound compound compound
Concentration group group 1 2 3 4 5
0.01% 3.540,1 5.1%0,1**? 4.2+0,2* 4.5+0.1**2 5.3£0.1**2
0.05% 3.240,1 3.310,1 4.1+0,1*1 5.4+0,1***3 4.40,2**? 4.8+0.1**2 5.50.2***3
0.1% 4.6+0,1**2 5.6£0,1***3 4.6£0.1**2 4.8+0.1**2 5.7+0.2***3
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