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SYNTHESIS AND GROWTH-STIMULATING ACTIVITY OF IONIC CARBOXYLIC ACID
DERIVATIVES CONTAINING TRIMECAINE MOIETY

Abstract: This research presents a synthesis, growth-regulating activity of ionic carboxylic acid
derivatives containing trimecaine moiety. The novel ionic substances were synthesized by N-alkylation of
trimecaine with iodine-containing carboxylic acids under ultrasound-assisted and microwave irradiation,
with results compared to traditional thermal methods. Alternative synthesis methods have shown higher
yields in a shorter time than traditional synthesis methods. The synthesized compounds were evaluated for
their effects on germination energy and capacity across various varieties and hybrids of sweet sorghum
seeds. Notably, promising results were observed in seeds stored for extended periods, where germination
activity typically declines. The synthesized ionic compounds outperformed the control in terms of
germination energy and capacity across various sorghum seed varieties and hybrids. Furthermore, diluted
ionic compound solutions (102 wt. %) were more effective in promoting seed growth than more
concentrated solutions (102 wt. %) and water. Additionally, certain ionic compounds provided better

stimulation for specific sorghum seed types compared to the commercially available trimecaine
hydrochloride.

Key words: Synthesis, trimecaine, ultrasound activation, microwave-assisted synthesis,
germination, sweet sorghum seeds.

Introduction

Today, the application of green synthesis methods is becoming more and more popular,
which makes it more efficient and environmentally friendly. In many factories, green synthesis is
used to produce new substances, polymers, and other materials. One of the effective methods of
environmentally friendly synthesis is the microwave (MW) method, which is widely used in chemical
synthesis [1]. A lot of organic molecules have been successfully synthesized through this rapid,
efficient, and eco-friendly technique, which is becoming a widely used method in synthetic
chemistry, greatly improving organic synthesis. MW belongs to the category of not ionised radiation,
that not change the structure of compounds. The extent to which a molecula interacts with MW
energy is determined by its dielectric constant. As a result, solvents such as dimethylformamide,
methanol, acetone, and water heat up quickly under MW irradiation, whereas compounds like
tetrachloromethane, methylbenzene, and hydrocarbons exhibit minimal heating. The energetic
power that used in this irradiation quicky convert into heat, affecting to jump in kinetic energy
between reacting reactants. Since MW irradiation fastly affects the reactants, it needs few energy
for heating and eliminates the need to heat surrounding materials, unlike classical heaters. This
targeted energy transfer enhances efficiency and reduces energy consumption [2]. As a result,
samples heated by MW irradiation exhibit distinct temperature profiles compared to those heated
by classical means, with MW heating generating a hotter core and a cooler outside. Finally, MW
heating is nearly instantaneous due to the quick transformation of MW energy into heat and the
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key advantage is its selectivity — since different reagents absorb MW energy to varying degrees,
MW heating enables targeted activation of specific reaction sites rather than normaly heating the
entire test.

Ultrasound activation is a solution-phase method, as cavitation occurs exclusively in liquids.
This way is based on acoustic cavitation, a phenomenon in which microscopic bubbles in this
environment expand and then collapse violently, producing extremely high localized pressures and
temperatures. Although this intense process takes place within the liquid phase, it does not directly
influence the vibrational energy of chemical bonds. However, it can effectively vibrate or rate up
chemical reactions, making it a valuable tool in synthesis [3]. US reactions occuring in just liquid,
liquid—liquid and solid—liquid enviroment. US activation is great tool to break the bonds between
carbon and halogen in aromatic halogens [4]. US assisted synthesis suitable marchine in green
chemistry area, because energy-efficient, do not need toxic sabstances [5].

The organization of United Nations Food and Agriculture (FAO) 2030 «Sustainable
Development Goals» program focuses on promoting sustainable technologies to produce essential
goods and adaptive to harsh farming methods. These types of methods are designed to boost
yields and efficiency while preserving ecological stability. Additionally, the program emphasizes the
gradual improvement of soil quality to support long-term agricultural sustainability [6]. The
unclassical perennial wild sorghum (Sorghum almum) has been studied as a forage crop to various
methods of feeding domestic animals. The research proves [7], some verbs show enough
adaptability to different illnesses, pests and dry climate. These plants sustainable for variety moist
state, producing good survive abilities, and exhibit rapid regrowth after mowing. Furthermore, it is
well-suited for conventional crop cultivation technologies. Research conducted over several years
has shown that Sorghum almum (perennial wild sorghum) can be cultivated on the same
productivity for a long time with higher yields [8]. Nutrient analysis of Sorghum almum revealed the
following composition: average moisture (74%), dry compozition (26%), gross fat (2.3%), crude
protein (10.6%), and crude fiber (39%). The average nutritive value was 0.20 nutrient units per
kilogram, with metabolizable energy reaching 8.54 MJ/kg of not wet materilas. Finally, the plant
gives base minerals, for example phosphorus and calcium, simultaneously with a mean carotene
[9]. A significant focus of sorghum research is the development of phytobiomes enriched with
effective microorganisms to enhance the plant's green mass productivity and nutrient content. To
maximize its potential, it is necessary to advance technologies for its cultivation, optimize fodder
production processes, and develop improved methods for producing haylage from sorghum.

This report presents the synthesis of ionic compounds derived from trimecaine, utilizing MW
and US activation alongside conventional thermal activation methods. The synthesized ionic
compounds demonstrated effectiveness as growth regulators for sorghum seeds. Additionally, the
biological activities of these newly synthesized complexes were thoroughly investigated.

Materials and Methods

The ionic substance's m.p. was investigated by using capillary tube OptiMelt (Stanford
Research System). IR spectra were reconstructed using KBr probes on a detector known as the
«Nicolet 5700 FT-IR». The NMR spectra of 13C- and 1H-NMR were recognized by NMReady 60
MHz spectrometer at 25 or 30°C with CDCl; as a solvent. Thin layer chromatography on selective
plates (Sigma Aldrich®, Germany) with appropriately developed vectors was used to test the
product's purity. As eluent the mixtures of ethanol and diethyl ether (3:1 V/V and 6:1 V/V) were
used. A direct current US generator (42 kHz, 100 W) and a conventional home microwave oven
(70-110 W) was used for synthesis. Purification and isolation of the molecules were achieved by
crystallization by selecting suitable solutions.

The original molecula, 2-diethylamino-N-(2,4,6-trimethylphenyl)acetamide (trimecaine
base), was synthesized from commercially available hydrochloride (HUBEI KANGBAOTA FINE
CHEMICAL CO., LTD) through neutralization, with the conditions and methods detailed in [10]. The
general equation for via N-alkylation of trimecaine iodine-containing carboxylic acids is presented

in Figure 1.
I‘-i o]
- CHQ—N RI — N—G—CHE—N —R
Figure 1 — Synthe3|s of trimecaine moiety compounds
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The process under US and MW methods and using classical way was used to synthesize
trimecaine iodine-containing carboxylic acids. Table 2 shows the reaction time of trimecaine base
with iodine-containing carboxylic acids using ultrasonic and microwave activation as well as under
standard circumstances (reflux in acetonitrile). Once the procedure was finished, the solution's
volume was chilled and half of it evaporated. Crystallization was used to separate and purify the
resultant isolated product, and TLC was used to verify the product's purity using a 5:1 diethyl ether
and ethanol mixture.

The 0.01 mol of trimecaine base was dissolved in 15 ml of acetonitrile in a 100 ml flask.
Following that, 0.011 mol of iodine-containing carboxylic acids was added, and the reactants was
then heated using the traditional procedure (78-85 °C). A similar mixture of solutions was used in
various methods. The reactants were added in a US reactor and its accelerated and reacted by US
conditions, which included 42 kHz and 100 W at 25-35°C. Meanwhile, the mixture was put in a
microwave reactor and its contents reacted under 80—160 W of microwave radiation at 25-60°C.

The N-(carboxymethyl)-N,N-diethyl-2-(mesitylamino)-2-oxoethan-1-aminium iodide, 1a,
was separated as white crystals after crystallization process. M.p. 182-184°C. IR (KBr), cm™: 3176
(N-H) 1696 (C=0 amide), 1483 (Csp2=Csp2). *C NMR (CDCls, 25 °C) &, ppm: 161.15 (C=0); 138.87
(CHs3); 135.71 (Csp2-NH); 128.88 ( Csp2); 68.9 (CO-CHa-N+); 53.69 (N+-CH2-CHs3); 21.03 (Csp2-CHy);
20.01 (C sp2-CHg); 8.19 (N+-CH2-CHg). *H NMR (CDCls, 25 °C) 8, ppm: 13.19 (s, N-H); 6.81 (s,
Haromaiic); 3.93 (S, CO-CH2-N+); 3.75 (g, (-CHz-) N+-CH2-CHsa); 2.54 (Csp2-CHa); 2.43 (Csp2-CHg); 1.57
(t, (-CHsz) N+-CH»-CHs).

The N-(3-carboxyethyl)-N,N,-diethyl-2-(mesitylamino)-2-oxoethan-1-aminium iodide, 1b,
was separated as white crystals after crystallization process. M.p. 160-163°C. IR (KBr), cm™: 3180
(N-H) 1699 (C=0 amide), 1486 (Csp2=Csp2). 2*C NMR (CDCls, 25 °C) 3, ppm: 161.15 (C=0); 138.96
(CHs3); 135.09 (Csp2-NH); 129.1 ( Cgp2); 69.1 (CO-CH2-N+); 53.9 (N+-CH2-CHz3); 21.05 (Csp2-CHz);
20.09 (C sp2-CHg); 8.19 (N+-CH2-CHs3). *H NMR (CDCls, 25 °C) d, ppm: 13.15 (s, N-H); 6.85 (s,
Haromaiic); 3.96 (s, CO-CH2-N+); 3.77 (q, (-CHz-) N+-CH2-CHa); 2.59 (Csp2-CHa); 2.45 (Csp2-CHg); 1.59
(t, (-CHsz) N+-CH»-CHs).

The N-(4-carboxypropyl)-N,N,-diethyl-2-(mesitylamino)-2-oxoethan-1-aminium iodide, 1c,
was separated as white crystals after crystallization process. M.p. 142-144°C. IR (KBr), cm™: 3185
(N-H) 1701 (C=0 amide), 1490 (Csp2=Csp2). 2*C NMR (CDCls, 25 °C) 5, ppm: 161.21 (C=0); 139.01
(CHs3); 134.93 (Csp2-NH); 129.1 ( Cgp2); 69.2 (CO-CH2-N+); 54.1 (N+-CH2-CHz3); 21.06 (Csp2-CHz);
20.11 (C sp2-CHg); 8.20 (N+-CH2-CHs). *H NMR (CDCls, 25 °C) , ppm: 13.19 (s, N-H); 6.86 (s,
Haromaiic); 4.01 (s, CO-CH2-N+); 3.81 (q, (-CHz-) N+-CH2-CHs); 2.61 (Csp2-CHs); 2.69 (Csp2-CHg); 1.71
(t, (-CHs) N+-CH»-CHs).

The experiment's next step was to determine how the trimecaine iodine-containing
carboxylic acids solution affected the germination vigor and ability of sorghum seed sorts, like Kaz-
16 2017, Kiz-20 2017, Kiz-9 2015, Kiz-7 2017, and AC-76 2015, which are commercially available.
The solutions with concentration 10 % and 102 % (by mass) using the newly synthesized products
to accomplish this aim. Glassware used for chemicals, including utensils, was cleaned and dried in
an oven set to 110°C for 50 minutes. After being sterilized with alcohol for five to seven minutes,
all genotypes of sweet sorghum seeds were repeatedly cleaned with distilled water. The seeds
were positioned carefully and spaced apart to prevent any contact with the dish's walls. For the
filter paper was added water for the control and synthesized products solutions for stimulation prior
to seeding. The prepared examples were kept at a temperature between 20 and 25°C in an opaque
cabinet. The standard was followed while measuring germination and germination capacity. Two
measurements of the root and shoot lengths of the seeds that germinated — four and nine days
after sowing — were made.

Results and discussions

When used in synthetic formulations for organic chemicals and ionic liquids, MW or US
activation provides excellent stimulation and efficacy. These techniques can increase reaction rates
and yields while saving energy. The non-toxicity of MW radiation and US activation is crucial for
the fields of organic chemistry, bioorganic chemistry, and the chemical industry. Synthesized and
tested ionic compounds based on trimecaine are shown in Table 1.
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Table 1 — Synthesized and tested compounds
Core structure R, the substituent on the tertiary nitrogen Code

. “CH2COOH 1a
e - CH2CH2COOH 1b
o L - CH2CH2CH2COOH 1c

All reaction results were gathered and presented in Table 2.

Table 2 — The conditions and yields of N-alkylation reaction

Products Reaction conditions Time, [min] Yield, [%)]

Classical 180 73

la us 60 71
MW 20 84

Classical 240 71

1b us 80 69
MW 25 82

Classical 300 49

1c us 100 63
MW 40 80

In all approaches, initial compound trimecaine dissolved in acetonitrile and heated with
iodine-containing carboxylic acids in conventional conditions as well as utilizing microwave (MW)
radiation and ultrasound (US) assisted synthesis. The use of US and MW techniques proves to be
more efficient in minimizing exposure time and enhancing chemical efficacy when compared to
conventional syntheis. By incorporating ionic conductivity and dipolar polarization through a dielectric
mechanism, it is possible to heat the reactants within an electromagnetic radiation frequency range
of 0.3 to 300 GHz. This leads to a uniform temperature rise throughout the entire sample, in contrast
to conventional conductive heating. In MW heating, the material’s ability to absorb microwave energy
and convert it into heat results in significantly more efficient and localized heating. Each molecule
does not absorb the heat generated from ultrasound; instead, it can rotate or vibrate within a
frequency range of 20 to 100 kHz, without altering the ultrasonic frequencies.

Certain derivatives of trimecaine have demonstrated growth-regulating properties, prompting
an investigation into the effects of synthesized compounds on the germination of sweet sorghum
seeds [11]. Prior to the field sowing of various sweet sorghum genotypes, their germination potential
was assessed under laboratory conditions. The germination of sweet sorghum seeds was influenced
by multiple factors, such as the parent plant's genotype, the length of seed storage, and the
inoculation of seeds with various microorganisms. Experiments were conducted using solutions at
concentrations of 102 % and 102 % to assess the effects of synthesized ionic compounds derived
from trimecaine on the germination energy and capacity of sweet sorghum seeds. The results shown
in Table 3 demonstrate the impact of trimecaine-based ionic compounds on the germination energy
of sweet sorghum seeds and compared to a control solution water and trimecaine hydrochloride
(1-HCI), as well as trimecaine ionic compounds 1a, 1b, and 1c at a concentration of 0.001%,
including standard deviation.

Table 3 — Germination energy of sweet sorghum seeds with solutions 1-HCI, 1a, 1b, 1c
(0.001%) including standard deviation. (rl — root length; sl — shoot length; cm).

Control 1-HCI 1a 1b 1c

Ne | Genotype rl sl % rl sl % rl sl % rl sl % rl sl %
1 Kiz-9 1.4£0.1 | 12401 | 31%2 | 46+0.2 | 0.820.1 | 36+2 | 3.940.2 | 2.3x0.1 | 463 | 4.6+0.3 | 3.6+0.2 | 31#1 | 1.5+0.1 | 2.6x0.2 | 161
(2015)
2 Kiz-20 3.4£0.2 | 0.940.1 | 312 | 3.120.2 | 1.84¢0.2 | 86+3 | 1.6+0.1 | 24%0.2 | 100 | 4.7+0.3 | 49+0.2 | 863 | 3.320.2 | 4.1x0.2 | 46%3
(2017)
3 AC-76 0.9£0.1 | 0.4£0.1 | 46+3 | 3.1£0.2 | 1.8%0.2 | 662 | 0.8+0.1 | 0.6+0.1 | 41+2 | 2.3+0.1 | 4.6+0.3 | 613 | 2.8£0.2 | 3.120.1 312
(2015)
4 Kiz-7 21%0.1 | 1.820.1 | 16%1 | 2.4+0.2 | 1.620.1 | 111 | 2.620.1 | 2.120.1 | 41+2 | 3.1£0.2 | 5520.3 | 1641 | 3.320.2 | 5.2#0.2 | 11x0.3
(2017)
5 Kaz-16 24+0.2 | 1.120.1 | 56£2 | 1.1£0.1 | 1.10.1 | 211 | 1.1£0.1 | 11201 | 11x1 | 7.1£0.3 | 4720.3 | 100 | 5.2£0.3 | 4.6+0.2 100
(2017)
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The study reveals that applying ionic compound solutions during pre-sowing treatments
affects both seed germination and germination energy, thereby stimulating gemmogenesis (shoot
formation) and enhancing rhizogenesis (root system development). Affecting with 1-HCI gives a
moderate rise in rhizogenesis in the genotypes AC-76 and Kiz-9 than control group. The longest
growth activity of the root system was got in the varieties Kiz-20 and Kiz-7 by the effect of 1a. The
effect of growth regulants on the intensity of gemmogenesis in germinated sweet sorghum seeds,
with treatment 1a, revealed that the cultivar Kiz-20 exhibited the greatest values. The effect of
germination energy of sweet sorghum seeds with control solutions (water and 1-HCI) and 1a, 1b,
and 1c ionic compounds of trimecaine with a concentration of 0.01% (Table 4).

Table 4 — Germination energy of sweet sorghum seeds with solutions 1a, 1b, and 1c (0.01%)

including standard deviation. (rl — root length; sl — shoot length; cm).

Ne | Genotype

rl

_ Control
sl

l

1.HCI
sl

%

rl

1a
sl

%

fl

1b
sl

%

rl

1c
sl

Kiz-9
(2015)

0.310.1

0.5£0.1

562

0.5£0.1

0.820.1

35£2

0.3201

0.4:0.1

51

| 03201

0.6£0.1

8612

0.4£0.1

0.3£0.1

Kiz-20
(2017)

0.7£0.1

0.610.1

35¢1

0.610.1

0.4x01

5612 |

AC-76

0.1

0.1

0.510.1

0.720.1

0.1

0.4x0.1

51£1

| 03201

0.5£0.1

71£1

0.4£0.1

0.2£0.1

(2015)

Kiz-7
@017) 0.5%0.1 | 0.7201 *

| 07201 0.7£0.1 812 1.3201 0.9£0.1 762

In our experiments evaluating different seed pretreatment ways, it was observed that in 1b,
the cultivars Kiz-9 and AC-76 achieved germination rates of 86% and 71%, respectively. In contrast,
water gives smaller germination rates of only 56% and 16%. Additionally, these genotypes exhibited
pronounced sensitivity to the 1-HCI solution used for seed pretreatment, leading to a substantial
improvement in root growth and overall development.

Conclusion

The results of our experiments suggest that US-assisted synthesis and MW irradiation
techniques can serve as effective alternatives to classical synthesis methods. This study aligns
with existing literature, indicating a rising trend in reaction efficiency, ranked as follows: classical
methods, ultrasound activation, and microwave activation. In certain reactions, ultrasound
activation yielded products that were marginally lower than those obtained under classical
conditions; however, the synthesis duration was reduced by a factor of three. Seeds from genotype
Kiz-9 (2015) treated with 1b demonstrated 86% increase in germination compared to the control
when treated with 1-HCI. Notably, the Kiz-20 cultivar achieved a germination rate of 100%, while
the control group recorded only 30%. The growth intensity of the root and shoot systems in 1b was
superior to both the control and 1-HCI treatments across all sweet sorghum seed types. The ionic
compound solutions were responsive to seed pretreatment agents, significantly enhancing
germination rates. Most synthesized ionic compounds outperformed the control in terms of
germination energy and capacity across various sorghum seed varieties and hybrids. Furthermore,
diluted ionic compound solutions (10 wt. %) were more effective in promoting seed growth than
more concentrated solutions (102 wt. %) and water. Additionally, certain ionic compounds provided
better stimulation for specific sorghum seed types compared to the commercially available
trimecaine hydrochloride.
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TPUMEKAUH Beir BAP MOHObIK KAPBEOH KbILWKblNbl TYbIHABbINAPbIHbIH CUHTESI
XXOHE ©CYIH bIHTAJNTAHObIPATbIH BENICEHAOIT

byn 3epmmey KypambiHOa mpumekauH 6eniei 6ap UoOHObIK KapbOH KbIWKbIIbI MYybIHObIIapbIHbIH
CuHme3si MeH ecyiH pemmelimiH 6enceHdinieiH Kapacmbipadbl. XaHa uoHObIK 3ammap yribmpadbibbicmbIK
JXKOHEe MUKPOMOIKbIHObI caynesneHyOiH ocepiHeH KypambiHOa (00 6ap kapboH KbiwKbiidapbl 6ap
mpumekauHdi N-arnkundey apkblnibl cuHme3sdendi, 6y dacmypsii mepmusinbIK 80icmepMeH callbicmbipyFa
bonambiH Homuxenepae Ko xemkisoi. AnbmepHamuemi cuHmes adicmepi dacmyprii cuHme3s adicmepiHe
KaparaHOa KbiCKa yakbim iwiHoe xorfapbi eHiMOinikmi kepcemmi. CuHme3adernieeH Kocblnbicmap onapobiH
OHY 3HepausiCbiHa XeHe mammi Kymal myKbiMOapbiHbIH apmypni copmmapbl MeH 6ydaHdapbiHOa 6Hy
kabinemiHe acepi ywiH 6aranaHobl. bip Kbi3bifbl, 6Hy 6ernceHdiniai edemme memeHOelmiH myKbiMOapdbl
y3aK yakbim cakmay apKbiibl epcriekmueasnsl Hemuxesnep anbiHObl. CuHme3oenzeH UOHObIK
Kocblnbicmap Kymal myKbIMbIHbIH apmypni copmmapbl MeH 6ydaHOapbiHOa 6Hy 3Hepeausicbl MeH
eHimdiniei 6oUbiHWa 6akblnaydaH acbkin mycmi. COHbIMEH Kamap, UOHObIK KOCblIbicmapObiH
cylbinmbinFad epimiHdinepi (102 mac. %) koHUeHmpauusinaqraH epimiHdinepae KaparaHoa myKbIMHbIH
ecyiH bliHmanaHobipyda muimdipek 60n0bi (102 mac. %) xoHe cy. CoHbiMeH Kamap, Kelbip UOHObIK
Kocblnbicmap mpumekauH audpoxsiopudimeH canbicmbipraHda Kymal myKbiMbIHbIH 6enizini 6ip myprepiHe
JKaKcbl biIHmanaHObIpyObl KaMmamachsi3 emmi.

Tyiin ce3dep: CuHmes, mpumeKkauH, Yyrnbmpaoblibbicmblk 6erceHdipy, MUKPOMOKbIHObI
besniceHdipy, eHy, mammi Kymal myKbiMOaphbi.
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CUHTE3 N POCT-CTUMYNIUPYIOLWLAA AKTUBHOCTb NMPOU3BOOHbIX MOHHbIX
KAPBOHOBbIX KUCNOT, COOEPXALLUUX TPUMEKAUHOBbLIN ®PATMEHT
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3Omo uccnedosaHue NMocesIWEHO CUHME3Y U pocm-pezynupyoweli akmueHOCMU rpou3800HbIX
UOHHOU KapboHOBOU KUCIOMbI, co0epxxalwiux mpumMeKauHosyro Yacmb. Hoeble UOHHbIE gewecmesa bbiiu
cuHmesuposaHbi nymem N-ankunuposaHusi mpumekauHa lodcodepxxawumu KapboHO8bIMU Kucriomamu
nod eosdelicmeueM ynbmpasgyka U MUKPOBO/IHO8020 U3/1yYEHUsl, YmO [10380J1UMI0  [1071y4Umb
pe3ynbmambl, cpasHuMble ¢ MPaduUUUOHHBIMU MePMUYECKUMU Memodamu. AllbmepHamueHbie Memodbl
cuHme3sa rokasasnu 6onee 8biCOKUE 8biXO0bl 3a bosiee Kopomkoe epemsi, YeM mpaduyUoHHbIE Memoodhb!
cuHme3a. CuHme3auposaHHble COeOQUHEHUs bbinu OUueHeHbI Ha npedMem UuX B/USHUSI Ha 3Hepauro
npopacmaHusi u criocobHOCMb K MpopacmaHuro y pasfiuyHbIX copmoes u 2ubpudos ceMsiH criadkoao copao.
lMpumevyamernsHo, YUMo MHO200bewarwue pesynbmamsl ObiIu NOAy4YeHb! NpU ONUMEbHOM XpaHeHuU
CeMsiH, MPU KOMOoPOM aKmueHOCMb rnpopacmaHusi 0bbIYHO CHUXXaemcs.

Knroyeebie cnoea: CuHmes, mpuMeKkauH, akmueayusi yrbmpa3syKoM, MUKPOBOSIHO8as
akmueauyus, rnpopaujusaHue, ceMsiH csiadkoz20 copao.
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