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Abstract: Introduction.Novel activation methods such as ultrasonic activation and microwave
irradiation are becoming increasingly popular in the green synthesis of ionic liquids and ionic compounds.
The use of ionic liquids and ionic compounds is becoming more and more interesting for scientists
precisely because of their growth-stimulating activity.The purpose.Synthesisof trimecaine ethyl
iodoethanoatewascarried out via N-alkylation in classical conditions and using ultrasonicirradiation and
microwave-assisted synthesis. Methodology.Thestructure and functional groups of novel synthesized
substanceidentifiedby!H,13C NMRandIR,and growth-stimulating activity tested fortengenotypes of sweet
sorghum seeds. Thesynthesis of trimecaine ethyliodoethanoate was carried out via N-alkylation in classical
conditions and using microwave radiation and ultrasonic activation. Results.The synthesized ionic
compoundswere characterized by IR, 'H and 3C NMR, growth-stimulating activity was tested on ten
varieties and hybrids of sweet sorghum seeds. Alternative methods for the synthesis of ultrasonic and MW
activation showed a good result in the synthesis of N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodide with a higher isolation yield in a shorter time compared to classical conditions.
Conclusion.The product with the highest yield is formed under MW irradiation in a short time, while
under classical conditions the yield was lower, and the reaction time was longer. The synthesized ionic
compound had a better effect on the energy and germination of all types of sweet sorghum seeds
compared to the control.
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1. Introduction

Alternative activation methods such as ultrasonic activation and microwave
irradiation are getting more popular in green synthesis methodologies of organic
and inorganic substances[1]. The use of ultrasound (US) activation in
chemicalsynthesis in a liquid phase, can generate various physico-chemical
effects [2]. During ultrasonic activations, intense thermal, mechanical,and
chemical effects occur, leading to the phenomenon of cavitation,
throughtheformation, growth, and collapse of gaseousmicrobubbles in the liquid
phase[3,4].Electromagneticradiation with a frequency in the range of 0.3-300
GHz, microwave (MW) band, can heat matter through a dielectricmechanism,
which may include dipolar polarization and ionicconductivity. This is the ability
of a material to absorb microwaveenergy and convert it into heat, causing
volumetric heating [5]. MW and US activation has been used to speed up a lot of
organic reactions with shorter times and higher yields[6].

One of the important applications of ionic liquids and ionic compounds, of
great interest to scientists, is their growth-stimulating activity. Plant growth
stimulants are substances that can speed up the metabolism and stimulate the set
of green mass in representatives of the flora; active compounds of the
physiological class, which in small quantities cause tangible changes of a positive
nature in the process of plant growth[7-8]. They can be of natural or synthetic
origin. The use of growth stimulants allows you to get a more lush, branched, and
voluminous plant, which in the end will bring a rich harvest[9-10]. They may also
include metabolic stimulants, since they speed up the metabolism, without which
it is simply impossible to achieve rapid growth.Various growth regulators such as
gibberellic acid, ethephon, and chlormequat are used to promote germination and
yield in sorghum[11].This report presents the synthesis and growth-stimulating
activity of a new ionic compound obtained by N-alkylation based on trimecaine.
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2. Experimental part

1. Materials and methods. The m. p. of ionic substance was
measuredinopencapillarytubeonanOptiMelt (StanfordResearchSystem). The 1H-
and *C-NMR spectrawererecordedusing a NMReady 60 MHz spectrometerat 25
or 30 °C by using CDCls as a solvent. IR spectra was recordedon a spectrometer
«Nicolet 5700 FT-IR» using KBr pellets. Thepurityofproductweretested by thin
layer chromatography onsilicaplates (SigmaAldrich®, Germany)
withiodinevaporsdevelopment. Thediethylether:ethanolmixtures (4:1 V/V and
5:1V/V) wereusedaseluents. The TLC spotsonthedevelopedplateswereobservedin
UV light (A = 254 nm). AllthereactantsandsolventsfromSigmaAldrich®.
AnultrasonicprobefromColeParmer (42 kHz, 100 W) and a
domesticmicrowavegenerator (80 W) wereusedforthereaction.
Theseparationandpurificationofsubstanceswascarriedout by
crystallizationfromappropriatesolvents.

Trimecainebase - wassynthesizedfromcommerciallyavailablehydrochloride
by neutralization, conditions and methods discussed in [12]. The equation of
synthesis trimecaine ethyl iodoethanoate from trimecaine base is given in
Schemel.

CHj CHs

+ CH,I-COO-C,H, ——=

H3C CH3 H3C CH3 |
CoHs /CHZCOOCZH5
HN\C/CHZ\N/ HN\C/CHZ\N+—C2H5
\ |
CoH
ﬂ C2H5 0 25

Scheme 1 — SynthesisofN,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodide.

Thesynthesis of the trimecaine ethyl iodoethanoate had been carriedout under
conventional method and using MW and US activation. The reaction time of
trimecaine base with ethyl iodoethanoate under normal conditions (reflux in
acetonitrile) and using ultrasonic and microwave activation is presented in Table
1. After completion of the process, the volume of the solution was evaporated by
half and cooled. The resulting isolated product was separated and purified by
crystallization, and the purity of the product was checked by TLC using a mixture
of diethyl ether and ethanol (5:1).

2. Spectral and other data for the N,N-diethyl-N-ethylethanoate-N-(2-
(mesitylamino)-2-oxoethyl)aminium iodide. 15 ml of acetonitrile was added to a
100 ml flask and 0.01 mol of trimecaine base was dissolved. After that, a solution
of 0.011 mol of ethyl iodoethanoate was added and the resulting solution was
boiled according to the classical method (75-82 °C). The same mixture of

94



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

solutions was used in alternative methods, and the reaction mixture was placed in
a US reactor, and the contents were reacted under US conditions, parameters: 42
kHz, 100 W at 25-35 °C, while the solution of mixture wasplaced in a microwave
reactor, and the contents reacted under microwave irradition at 80-160 W at 25—
60 °C.

The N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodide was separated as pale-yellow crystals after crystallization process. M.p.
125-128°C. IR (KBr), cm: 3179 (N-H), 1699 (C=0Oamide), 1481 (C s2=C sp2). ‘H
NMR (CDCls, 25 °C) 8, ppm: 13.11 (N-H); 6.79 (C sp2H); 3.91 (CO-CH2-N");
3.71 (g, (-CH2-)N*-CH2-CHz3); 2.55 (Cspa-CHa); 2.42 (Csp2-CHa); 1.56(t, -CH3)N*-
CH2-CHs). *C NMR (CDCls, 25 °C) &, ppm: 161.11 (C=0); 134.89 (C sp2-NH);
128.9 (Csp2); 68.8 (CO-CH2-N); 53.7 (N*-CH2-CHs); 21.01 (Csp2-CHz); 20.07
(Csp2-CHs3); 8.17 (N*-CH2-CH).

The next stage of the experiment was to find out how the trimecaine ethyl
iodoethanoate solution affects the vigor of germination and the ability of
genotypes of sweet sorghum seeds, like Kiz-9 2015, Kaz-20 2015, UNL 3016
2014, Black top 2015, Kaz-8 2013, Victoria-4 2013, Baikadam 2019, Rio 2014,
Topper 76 2015, Kaz-16 2017. To achieve this goal, 0.01 and 0.001 % (by mass)
solutions were made with the new synthesized substance. Utensils and other
chemical glasswares were cleaned and dried in oven at 110°C for 50 min. All
genotypes of sweet sorghum seeds were sterilized with alcohol for 5-7 min and
washed several times with distilled water. For every sample, 10 Petri dishes were
used for standard and 50 dishes (20 seeds) for one solution of trimecaine ethyl
iodoethanoate. Seeds were added and arranged far from to each other without
touching the wall of dish. Before planting the seeds, the filter paper wetted with
water for control and solutions of trimecaine ethyl iodoethanoate for the
stimulating. The prepared examples were placed in an opaque cabinet with a
temperature of 22 to 25°C. Germination and and germination capacity were
measured according to the standard. The root length and shoot length of
germinated seeds were measured twice, i.e.,, 4 and 9 days after sowing. The
number of germinated seeds counted from every batch, which had 100 seeds. If
thefinalresultsofthegerminationofindividualbatchees didn’t exceedthe SD, as a
result, the arithmetic mean was determined with an exactly of one percent, the
batches were considered comparable.

3. Results and discussion

The rightimplementation of US and MW in the field of green
chemistrydepends on the scalability of the excellentlaboratory research results for
industrial use. Some preliminaryresults were encouraging on a continuous or
experimental scale, but it is important to demonstrate the possibleUS and MW
contributions that open doors for industrialapplications. Compared with the
classical method, the use of US and MW is a good method in organic synthesis, to
obtaining products with higher yields in a shorter time. The results of theN-
alkylation reaction with the different type of condition and an average yield of
productgiven in Table 1.
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Table  1-Thereaction time and yieldofN,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodide

Synthesis / reaction conditions Time, min Yield, %
Classical method (thermal activation) 90-120 82.8
US activation 30-40 79.4
MW activation 15-20 92.2

The greatest productivity is obtained with microwave-assisted synthesisinthe
shorter time, while in classical conditions the reaction time was 6 times longer at
a poor yield. Ultrasonic irradiation had almost the same yield results as the
classical method, but the reaction speed was faster.To study the growth-
stimulating activity of trimecaine ethyl iodoethanoatetowards the sweet sorghum
seeds, experimentshave been carried outwith a solution (concentration 0.001 and
0.01% by mass).Theaveragenumber of the resultsoftrimecaine ethyl
iodoethanoateon the effect of germination energy and capacity ofsweet sorghum
seeds with control (water), includingstandard deviation (SD)is given in Table 2.

Table 2-The results of N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodideeffect on germination energy and capacity ofsweet sorghum seeds (concentration of solutions are
0.01 and 0.001 %; lengths of shoot and root in cm)

Germination energy, % Germination capacity, %

o Length of | Length of % Length of | Length %

N Genotype root shoot (Sb root of shoot | (SD +£3)
(SD (sD +3) (SD (SD
+0.05) +0.05) +0.05) +0.1)
Control(water

1 | Kiz-9 2015 0.7 1.2 10 0.4 14 10
2 | Kaz-20 2015 0 0 0 0 0 0
3 | UNL3016 2014 0 0 0 0 0 0
4 | Black top 2015 0 0.3 5 0 0 0
5 | Kaz-82013 0.2 0.4 10 0.7 14 10
6 | Victoria-4 2013 0 0 0 0 0 0
7 | Baikadam 2019 0.4 0.6 45 0.8 1.7 55
8 | Rio2014 0 0 0 0 0 0
9 | Topper 762015 0.9 1.6 35 0.9 24 25
10 | Kaz-16 2017 0.3 0.5 45 0.5 1.2 50

Tr.CH21-COO-C2Hs(0.01%)

1 | Kiz-92015 2.1 0.8 5 3.9 45 10
2 | Kaz-20 2015 1.9 1.2 15 3.7 49 20
3 UNL3016 2014 1.2 1.7 5 1.7 34 15
4 | Black top 2015 0.2 0.5 5 2.8 4.8 15
5 | Kaz-82013 0 0 0 0 0.3 5
6 | Victoria-4 2013 0 0 0 0 0 0
7 | Baikadam 2019 0.8 2.1 55 2.7 4.8 75
8 Rio 2014 0.7 1.2 30 1.6 2.7 35
9 | Topper 76 2015 0.7 1.7 45 14 4.8 50
10 | Kaz-16 2017 2.0 2,4 75 3.7 2.9 95
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Tr.CH21-CO0O-C2H5(0.001%)

1 | Kiz-92015 0.2 0.4 10 1.9 2.9 35
2 | Kaz-20 2015 0.3 0.4 5 0.4 0.6 20
3 | UNL3016 2014 0 0 0 0 0 0

4 | Black top 2015 0.2 0.3 5 0.7 2.3 25
5 | Kaz-8 2013 1.2 0.5 15 5.7 5.2 20
6 | Victoria-4 2013 0 0 0 0 0 0

7 | Baikadam 2019 0.9 2.2 80 3.2 5.7 80
8 Rio 2014 2.3 2.1 25 4.3 5.3 30
9 | Topper 76 2015 3.2 1.7 70 1.7 4.7 55
10 | Kaz-16 2017 2.7 2.9 80 3.6 5.8 100

The germination capacity in ethalon(water)was 55 %, in ionic substance
solution (0.01%) 75 % and in dilute solution (0.001%) 80 % in the genotype of
Baikadam 2019. Studies have shown that the solution of an ionic substancecan
improve the germination of seeds, and the energy of germination, increasing the
processes of gemmogenesis (the process of shoot growth) and the intensity of
rhizogenesis (the process of formation of the root system).Solutionof ionic
compoundwith different concentrationsaffected better to intensity of rhizogenesis
in genotypes Topper 76 2015and Kaz-16 2017than standard solution. The
germination ability and energy, including the intensity of rhizogenesis and
gemmogenesis, were higher when using a solution of trimecaine ethyl
iodoethanoatein all varieties of sweet sorghum seedthan standard solution
(control).Effect of a solution of ionic compound on gemmogenesis ofBaikadam
2019, Rio 2014, Topper 76 2015, and Kaz-16 2017 presented in Figure.

OcHoBHOM
OcHoBHOM
OcHoBHOM
OcHoBHOM /
OcHoBHOM
OcHoBHOM
OcHoBHOM

OcHOBHO1
Baikadam 2019 Rio 2014 Topper 76 2015 Kaz-16 2017
e Contro| e===(0.01 0.001

Figure — The effect of growth regulatoron intensity of gemmogenesis.
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The germinated sweet sorghum seed of Baikadam 2019root length wastwice
longer in synthesized ionic compound than in control, as well as in genotype Kiz-
9 2015 root length in control was 0.7 cm when it was 2.1 ¢cm in 10 % solution.
The dilute solution of ionic compoundshowed the highest intensity to
thegemmogenesisand rhizogenesis of Kaz-16 2017.

4. Conclusion

Alternative methods of synthesis US and MW activationshowed greater
result in  synthesis  N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodidewith a higher isolated yield in shorter time compared
with classical condition. The greatest mass of product is formed under
microwave-assisted synthesis, in a shorter time, while in classical
conditiontheproductivity was poor and reactionrate wasgreater. The synthesized
trimecaine ethyl iodoethanoatebetter influencedthe germination capacity and
energyfor all genotypes of sweet sorghum seeds compared with thecontrol. The
germinationenergy in control was 45 % while in ionic compound solution(0.01%)
it was75 % and in dilute solution (0.001%)showed80%germination energyfor
genotype of Kaz-16 2017. Thedilute solution of ionic compoundstimulates sweet
sorghum seeds better than water and concentrated solution.
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Tyitinneme. Kipicne. VIOHABIK CYHBIKTBIKTap MEH HMOHIBIK KOCBUIBICTAP/BIH KAChUl CHHTE3iHE
YIIBTPAABIOBICTHIK OCICEHIIPY JKOHE MHUKPOTOJKBIHIBI COYICICHIIPY CHSIKTHI KaHa OeJICeHIIpy dicTepi
OapraH caifblH TaHbIMan Ooibin Kenedi. VIOHIBIK CYHBIKTBIKTAp MEH HMOHJIBIK KOCBUIBICTAPIIbI KOJJIaHY
OJApABIH 6CYAl BIHTAIAHABIPATHIH OCICEHIUIIrHE GailIaHbICTEI FaNbIMIAp YIIiH OapFaH CalbIH KBI3BIKTHI
Oonbin  keneni.Maxcamol. TpUMEeKanH STHIHOAITAHATHIHBIH CHHTE3l KIIACCHUKAJIBIK JKardaiiia JKoHe
MHKPOTOJIKBIH/BI COYJICJICHY Il JKOHE YJIbTPaIbIOBICTHIK O€JICEHAIpyai KOJAaHy apKbuibl N-aJKuiaey
apKBUIBI JKY3€Te aChIPbUIIBEL. Memoodonozuscet. CuaTesnenren nonablk Kocsuisic UK, TH xone 13C SIMP-
MEH CHIMATTAI/bl, 6CY/I BIHTAIAHABIPYIIBI OCICEHAUTIK TOTTI KyMail TYKBIMIAPBIHBIH OH COPTTApbl MEH
OynanaapblHAa ChIHAIBL YJIBTPaIbIOBICTHIK KOHE MHUKPOTOJIKBIHIBIKOEICeH ipy Oanama aaictepi N,N-
nuatin-N-stiranar-N-(2-(MecHTHIIAMIH ) -2-0KCOITHT)aMAH  HOJMAIH CHHTE3Eye JKAKCHI HOTHKE
KepceTTi. MUKPOTOJIKBIHIBI COyJENeHIIPY OMICIeH >KOFapbl IIBIFBIMABL, KbICKa Mep3imue Tysce, al
KJIACCHKAJIBIK  JKaFjaiiapaa OHIMIUTIK TOMEH JKOHE peakius YyakbIThl — Y3aFrblpak  OOJIIbL.
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Hamuoiceci. [loctypai omicnieH canblcThiprania, yiabTpaiblObicThIK (Y]I) cHHTe3neyle ©HIM UIBIFBIMBI
Oipneit OoiraHMeEH, peakiuus yakbITel YJ| cuHTe3neyne onie Kaipa TeMeH Oosuiabl. CHHTE3ZENreH
HMOHJIBIK KOCBUIBIC 0aKblTayMeH (CyMeH) CajbICTBIPFaH/A TOTTI KyMail TYKBIMIApPBIHBIH OapibIK Typiepi
MEH TCHOTHUNTEPIHIH OJHEPruschl MEH OHrimTiriHe Jkakcel ocep erri. Kaz-16 2017
reHoTUIlIHE,GaKbUIAY JaFbl OHY dHeprusichl 45% 6osica, MOHIBIK Kockuibic epitinaicinme (102%) 75%, an
KOHLeHTpaLmsichl ToMeH epitinaine (10-3%) eny sueprusicsl 80% kepcerti.Kopbimubinobl. Kapanaiibim
nmocTypii onicteH Kaparanna MT xone Y] Gencenaipy omictepi anje Kaiaa jKOFapbl HOTHXKE KOPCETTI.
MoOHABIK KOCBUIBICTBIH CYHWBITBUIFAH EPITIHIICI TOTTI KyMai TYKBIMIAPBIHBIH OapibIK TYPIEpPIHIH 6HY
KYIIIl MEH OHTIIITIriHe, 0aKbUIay MEH KOHICHTIPIII epiTIHIICIHE KapaFaH/a )KaKChl 9Cep eTTi.
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Pe3tome. Bsedenue. CoBpeMEHHbIE METO/bl AKTUBALMM, TaKHe KaK YJIbTPa3ByKOBas aKTHBALUS H
MHKPOBOJIHOBOE OOJIy4eHHE, CTAHOBSTCS BCe Oojee MOMYJSPHBIMA B 3€JICHOM CHHTE3¢ HOHHBIX
JKUIKOCTE W HMOHHBIX coequHeHuH. [IpuMeHeHWe WOHHBIX JKHUAKOCTEH W WOHHBIX COEAWHEHUH
CTaHOBHTCS Bce 0oJiee HWHTEPECHBIM JUIi  YYCHBIX HMEHHO HMX  POCTOCTHMYJIHPYIOIICH
aKTUBHOCTBIO./[e1b. CHHTE3 ATHIIIHOI03TAaHOATa TPUMEKAWHA OCYIISCTBISUTH 1yTeM N-alKWiIMpoBaHUs B
KJIACCHYECKUX YCIOBHMSAX M C HCIIOJIb30BAaHHEM MHKPOBOJHOBOTO M3JIyYeHUS M YJIBTPa3BYKOBOH
akTuBauuu. Memooonoeus. CUHTE3UPOBAaHHOE MOHHOE COCAMHEHHE OXapaKTepu3oBaHO ¢ nomoupio MK,
1H u 18C SIMP, pocT-CTUMyIMpYIOIIasi aKTHBHOCTh MPOBEPEHA HA JECATH COPTaX M IUbpHUAax CeMsH
CJIQJIKOTO COpPro. AJIbTepHATHBHBIC METO/IbI CHHTE3a Y3 1 MB akTHUBalMK [OKa3ali BEICOKUI pe3ysibTaT
B cunrese N,N-muaTiin-N-stumsranoar-N-(2-(Me3u THIAMIHO)-2-0KCOITHII)aMUHKS  Hojuaa ¢ Golee
BBICOKHM BBIXO/IOM BBICJICHHUS 3a O0Jiee KOPOTKOE BPEMs 110 CPABHEHHIO C KJIACCHMYECKHMH YCIOBHSMH.
Peszynomamor. IIpogyKT ¢ HauOONBIINM BBIXOIOM 00paszyercsi mpu MB o0nydeHHH 3a KOPOTKOE BpeMms,
TOrJa Kak B KJIACCHYECKHUX YCJOBHSX BBIXOZ OBLT HIDKE, a BpeMsi peakuuu Oosbine. CHHTE3UPOBaHHOE
HMOHHOE COCAMHEHHE JIy4llle BIMSIO Ha SHEPrHI0 M BCXOXKECTh BCEX BHJOB CEMSH CIAAKOTO COpro o
CPaBHEHHIO C KOHTPOJEM. DHEprusi MpopacTaHus B KOHTposie cocTaBiia 45 %, Torma kak B pacTBope
nonnoro coexunenus (102%) oma cocraBunma 75 %, a pacTtBop ¢ MeHbliel Konuentpanueit (102 %)
nokasain 80 % sneprum npopactanus uis reHotura Kasz-16 2017. 3axmouenue.Mertoas! aktuBaiuu MB u
V3  mnokasaam  ropazgo  Ooiee  BBICOKME  pe3yldbTaThl, 4YeM  KJIACCHYECKHE  METOJBI
cunTe3a. CHHTE3UpOBaHHOE MOHHOE COSITMHEHHE JIyUIlle BIIMSUIO Ha SHEPrHIO MPOPACTaHHs U BCXOXKECTh
KO BCEM BHJIaM CEMsH CJIaJIKOr'0 COPro MO CPAaBHEHHIO C KOHTPOJIEM.
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