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The aim of this study was to synthesize novel ionic compound — 1-propargyl-1-(2-methyl-3-
oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide — via the N-alkylation (in conventional conditions
and using ultrasound activation), and investigate its influence on the plant growth-stimulating
activity using of sweet sorghum seeds. The synthesized compound was fully characterized
by infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy. Regardless of the type
of synthesis’ methods, the isolated yield of the produced ionic compound is showed 79-81%,
however, the reaction rate was significantly increased by using ultrasonic activation. For the
assessment of the growth-stimulating activity of the synthesized ionic compound, parameters
such as root length, shoot length, seed energy germination rate, and germination capacity
were determined on 10 genotypes of sweet sorghum seeds. The results of samples with low
concentration (0.001% vol. solution) were demonstrated the higher intensity for tested genotypes
than control samples, especially for process of gemmogenesis and intensity of rhizogenesis. The
results of this study can be used as basis for the further development of plant growth stimulants
based on ionic compounds.
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germination; plant growth-stimulating activity.

sorghum;

1-Nponaprun-1-(2-metun-
3-oKco-3-(n-Tonun)
nponun)-nunepupuH-1-
nym 6pomuaiHiH cuHTesi
JKOHe OHbIH ecimaiKTepaiH,
ecy-6benceHpginirine acepiH
6afanay

E.O. BenaHkoBa'*, A.A. laynet6akos'?,
b.5. AHanusaes?, A.10. Ten'3,
M. Aiigemup®, A.T. 3a3bi6uH2

1Ka3akcTaH-bpuTaH TexHMKanbIK
yHUBepcuTeTi, "XuMUANbIK UHxKeHepua"
FblNbIMKU-6inim 6epy opTanbifbl,

Anmarbl K., KasakcTaH

2CoTbaeB yHMBEPCUTETI, XMMUABIK KaHE
61ONOrUANBIK TEXHONOTUANAP UHCTUTYThI,
Anmarbl K., KasakcTaH

3AK «A.B. BeKTYpOB aTbiHAaFbl XMMuA
FbINbIMAAPbLI UHCTUTYTbIY,

Anmarbl K., KasakcTaH

‘Oukne yHusepcuTeTi, Ouapbakbip K., Typkua
*E-mail: belyankovae@gmail.com

BepinreH 3epTTeyaiH, MmaKcaTbl }KaHa MOHAbIK KOCbI/bIC - 1-nponaprun-1-(2-meTtunn-3-oKkco-
3-(n-Toaun)nponun)-nunepuamnH-1-uym 6pomuari, N-ankungey apkbinbl cuHTe3gey (KanbinTbl
KafFpanfa KaHe ynbTpaablbbiCThIK BenceHaipyMeH) KaHe TaTTi XKyrepiHiH A9HAEPIH KONAaHbIM,
OHbIH, eciMAiKTepaiH ecy blHTanaHAblpy benceHginirie acepiH 3epTTey. ANbIHFaH KOCbI/bIC
MHOPaKbI3blA cnekTpockonuackl (UMK) »KaHe A4POAbIK-MarHUTTI pPe3oHaHC CNeKTPOCKONUACHI
(AMP) apKbinbl cMNaTTanbiHAbl. ANbIHFAH KOCbUIBICTbIH, WbIFbIMbI CUHTE3 dicCiHe 6alnaHbICTbI
emec - 78-81%, bipak Kanay/nbl @HIMHiH, Kypblaybl yN1bTpaablibbICTbIK 6enceHaipymeH angekanaa
Tesipek 60nagbl. CUHTE34EeNTeH MOHADBIK KOCbIIbICTbIH, ©CY bIHTaNaHAbIpy 6enceHainirin Tekcepy
Ke3iHAe Tamblp Y3bIHAbIFbI, Xanblpak, y3blHAbIFbI, OHY SHEPTUACHI KIHE 3epTXaHaNblK OHTIWTIK
CUAKTbI NapameTpaep TaTTi Xyrepi AaHaepiHiH, 10 reHoTMNbIHAA enweniHAi. KocbinbICTbIH, eH,
KilWKeHTall KOHCeHTpauuaaafbl epiTiHaici (0,001%) xakcbl KepceTKiwTep KepceTeai, acipece
TaMbIp X3He KanblpakK AamyblHblH npouecciHe. Ocbl 3epTTeyAiH HaTUXKenepi Keneci aneyetTi
3KONIOTUANBIK-KAYINCi3 8CiMAiK 6CYy bIHTaNaHAbIPFbIWTAP YWiH Heri3 peTiHAe KonAaHblaa anajbl.

TyiiiH ce3aep: TONNepU30H; MOHABIK KOCbINbIC; yNbTpaablbbicneH 6enceHaipy; ToTTi Kymali;
©HY; ecyAi bIHTaNaHAbIpaTbiH 6enceHainik.

CuHres 1-nponaprun-1-(2-
meTun-3-oKkco-3-(n-ronun)
nponua)-nunepuaunH-1-
nym 6pomuaa 1 oueHKa
€ro poCTCTUMY/INPYIOLLE
AKTUBHOCTH

E.O. benaHkoBa'*, A.A. laynet6akos'?,
b.6. AHanusaes?, A.10. Ten'3,
M. Aiigemup®, A.T. 3a3bi6uH2

1Ka3axcTaHCKO-BpUTaHCKUIM TeXHUYECKUI
yHuBepcuTeT, HayuyHo-obpasoBaTenbHbIN
LEHTP «XMMUYECKan UHKeHepuUa»,

r. Aamartbl, KazaxcTtaH

2Yumsepcurtet Catbaesa, UHCTUTYT
XMMUYECKUX U BUONOTUYECKUX TEXHONOTUN,
r. Aamatbl, KazaxcTtaH

3A0 «MIHCTUTYT XMMUYECKUX HAYK MMEHM
A.B. bekTypoBa», r. AamaTbl, KazaxcTaH
“Yuusepcutet ukne, r. Auap6akbip, Typums
*E-mail: belyankovae@gmail.com

Lenbio paHHOro wucciefoBaHMA ObiNO CUHTE3MPOBATb HOBOE MWOHHOE COoeAMHEeHWe
—1-nponaprun-1-(2-meTtun-3-okco-3-(n-Tonmn)nponun)-nunepuamH-1-uym  6bpomug - ¢
nomoubto N-anKuanposaHua (B OBbIYHBIX YCNOBUAX U C UCMNO/b30BAHWEM Y/NbTPa3BYKOBOW
aKTMBALMW) U UCCNeL0BaTb €ro BAMAHME Ha POCTOCTUMYNMPYIOWYIO aKTUBHOCTb PacTeHUI C
MCMNO/Ib30BaHWEM CEMAH CNAaAKOro copro. NMonyyeHHoe coeanHeHne 6bl0 OXxapaKTepusoBaHo
C nomoulbio MHOpakpacHoi (MK) cnekTPOCKOMMM M CNEKTPOCKOMUM ALEPHO-MArHUTHOTO
pe3oHaHca (AMP). BbixoZ Noay4eHHOro coeAMHeHus cocTasun 79-81% BHe 3aBUCMMOCTH OT
MeToAa CUMHTEe3a, 0AHAaKo 06pa3oBaHME KEeNaemoro CoeAMHeHUA MPOUCXOAMUT 3HAYUTENbHO
6bicTpee Npw ynbTPa3BYKOBOM aKTMBaLMK. [11a NpoBepKa pOCTOCTUMYAUPYIOLWEN aKTUBHOCTHU
CUHTE3MPOBAHHOTO WOHHOTO COEeAMHEHMA OblNM M3MepeHbl TakuMe napameTpbl Kak AAUHA
KOpHA, A/IMHA AUCTa, SHEpPrua npopactaHuMAa U nabopaTopHas BCXoxKecTb Ha 10 reHoTunax
cemMAH cnafkoro copro. PacTBop Bewectsa ¢ MeHblen KoHueHTpaunei (0,001%) nokasbiBaeT
XOopoLluve nokasaTtenn, B 0CO6EHHO Ha NPOLLeCC Pa3BUTUA KOPHEW U INCTbEB. Pe3ynbTaTbl 3TOro
MUCCNefOoBaHMA MOTYT MOCAYXWUTb 6a3oi AnA AanbHellwen pa3paboTKM CTUMYNATOPOB pocTa
pacTeHW Ha OCHOBE MOHHbIX COeUHEHWA.

KnioueBble cnoBa: T0/INepr30H; MOHHOE COeAMHEHMNE; aKTUBALMA YNbTPA3BYKOM; ClaAKoe
COpro; NpopacTaHue; POCTCTUMYAUPYIOLLAA aKTUBHOCTb.
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1. Introduction

Sorghum (Sorghum bicolor (L.)) is a very important gain
crop, it could produce a large yield and adapted under rough
conditions such as heat and drought [1]. A substantial variation
of sugar content makes sweet sorghum a potential source of
biofuel [1]. It is used for animal feed [2], alcohol [1,4], syrups,
glucose, modified starches, citric acid, etc. [3,5]. To stimulate
the germination of sorghum different growth regulators are
recommended [6]. Recently, N-methyl derivative of tolperisone
was found practically harmless toward A. Fischeri [7], which
makes other derivatives of tolperisone potentially promising
environmentally friendly growth stimulants. In the present
study, we describe the synthesis of a new ionic compound
obtained via N-alkylation of tolperisone and its germination
stimulating activity.

2. Experiment

2.1 Materials and research methods. Synthesis of
1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-
ium bromide

The melting point of ionic compound was measured in
open capillary tube on an OptiMelt (Stanford Research System).
IR spectra were recorded on Nicolet «5 700 FT-IR» spectrometer
in a KBr tablet. 3C NMR and 'H spectra of synthesized
compounds were recorded on «JNM-ECA Jeol 400» (100.53 and
399.78 MHz respectively) using CDCI, as solvent, the shooting

temperature is 25°C. Control over the process of reactions and
individuality of compounds was carried out by TLC on SiO, plates
(Sigma Aldrich®, Germany) with mixture of diethyl ether:ethanol
(4:1) as eluent and with iodine vapors development. Tolperisone
freebase was obtained from Mydocalm® for synthesis at the
room temperature and from corresponding hydrochloride
(Shanghai Acmec Biochemical Technology Co, Ltd.) for synthesis
with ultrasound activation. All reactants and solvents from
Sigma Aldrich’. An ultrasonic probe from Cole Parmer (50-60Hz,
0-240 W) was used for the reaction. The separation and
purification of the substances was carried out by recrystallization
from appropriate solvents.

“Room temperature” method: In 15 ml acetonitrile, which
contains 7.3 mmol tolperisone free-base, 5 ml of new
acetonitrile with 8.03 mmol propargyl bromide was added.
After mixing the reaction was carried in room temperature for 6
days. The precipitate was washed by cold acetonitrile and
purified by recrystallization from diethyl ether: ethanol = 1:4.
Product is beige crystals. Yield 81%. mp = 180°C. IR (KBr), cm™:
1670 (C=0), 1132 (C-N),3264 (=C-H)

“Ultrasound activation” method: Tolperisone free-base
(9.5 mmol) was dissolve in 15 ml acetonitrile and propargyl
bromide (11.1 mmol) was added. Reaction was carried out with
ultrasound activation (240 W, 30-50°C) for 5 hours, after
precipitate was formed, it was washed by cold acetonitrile and
purified by recrystallization from diethyl ether: ethanol = 2:3.
Product is beige crystals. Yield 79%. mp = 177°C. IR (KBr), cm™:
1670 (C=0), 1132 (C-N), 3264 (=C-H)

© 2022 The Authors
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'H NMR (CDCl,) &, ppm: 1.35 — 1.40 (C,,), 1.64 — 2.04
(C,, o) 236-2.39(C, ), 3.37-3.45(C, . ),3.57-3.68(C,,_,.),
3.89-3.99(C, ),4.01-4.10(C,,, ), 4.56-4.63(C,), 5.10-5.16
(C,), 7.24 - 733 (C,, ), 8.14 - 8.18 (C,, ;). *C NMR (CDCL,) §,
ppm: 19.99 (C,,), 20.08 (C, ), 20.62 (C,), 21.87 (C,,), 35,65 (C,,),
51.67 (C,), 60.35 (C, ), 60.87 (C, ,), 71.84 (C,), 81.67 (C,), 129.77

(C,,,0), 131.36 (C,, ), 131.36 (C,,), 145.50 (C,.), 199.96 (C_,).

17,19 16,20)’

2.2 Assessment of plant grow-stimulating activity

The synthesized ionic compound was tested for
germination energy and capacity with 10 sorghum genotypes
(KAZ-16 2013, Victoria-4 2013, Victoria-4 2014 (20 cm), Kiz-9
2015, Kiz-9 2014 (18.5 cm), Kiz-9 2013, Kiz-8 2015, Kiz-8 2014
(19.5 cm), Kiz-8 2013, Kiz-20 2013). The experiment was
performed with 2 solution of 1-propargyl-1-(2-methyl-3-oxo-3-
(p-tolyl)propyl)-piperidin-1-ium  bromide  with different
concentration —0.01% (mass) and 0.001% (mass) and water was
included as control. All dishes and experiment equipment were
sterilized. Sorghum seeds were soaked in 90% ethanol for 6-7
minutes and after, were washed 3-4 times with distilled water.
20 seeds were placed in each Petri dish (10 Petri dishes for
control, 50 — for each concentration of solution) on the filter
paper, so they did not touch walls and each other. The filter
paper was moisturized with the corresponding solution. The
samples were placed in a light-proof cabinet, temperature: 22-
25°C. Growth parameters including root length, shoot length
and rate of the germination were determined after 4 and 9 days.
For each batch of 100 seeds, the normally sprouted seeds are
counted, considering the initial and final calculations. If the
germination results of individual batches did not exceed the
standard deviation, the batches were considered comparable.
The result was the determination of the arithmetic mean with
an accuracy of 1%.

@

CH;,

3. Result and Discussion

Ultrasound activation - one of the best known non-
conventional activation techniques at a laboratory scale. It is
used by chemists to increase the reaction rate, speed up
reaction time, and operate the reaction at more mild conditions
[8]. Synthesis of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)
propyl)-piperidin-1-ium bromide (Figure 1) was carried out from
obtained free-base [7] of tolperisone hydrochloride with
N-alkylation under room temperature and with ultrasound
activation (Table 1). The isolated yield of both methods is
showed almost identical results; however, the reaction rate of
the ultrasound activation method is 28 times faster.

During the assessment of the growth-stimulating activity
of the synthesized ionic compound, the effect of the seed
germination was studied on the 10 genotypes of sweet
sorghum and growth parameters such as root length, shoot
length, seed energy germination rate (after 4 days), and
germination capacity (after 9 days) were determined.
Experiments were carried out with solutions of 1-propargyl-1-
(2-methyl-3-ox0-3-(p-tolyl)propyl)-piperidin-1-ium  bromide
(concentration 0.01% and 0.001%) and water were used as
control. The mean value of the results on the effect of
germination of sweet sorghum seeds, including standard
deviation (SD) is presented in Tables 2-4.

The data of the gemmogenesis (Table2) and the
rhizogenesis (Table3) presents that samples with low
concentration (0.001% solution) is demonstrated the higher
intensity for tested genotypes than control samples. 0.01%
concentration of ionic compound shows better results (for root
and shoot length) only for genotype Victoria-4 20 cm 2014 after
9 days of germination (Figure 2) compared to control and lower
concentration.

/

(0]

+_—\ CH,CN, +N
Br Br
CH,

Figure 1 —The reaction of N-alkylation of tolperisone free-base with propargyl bromide to produce 1-propargyl-1-(2-methyl-3-
oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide

Table 1 — The yield and time of the reaction in respect with method of synthesis

Method of synthesis Time Yield, % SOIVent.S of Melting point
recrystallization
Room temperature 6 days 81 Et,O:EtOH =1:4 180°C
Ultrasound activation 5h 79 Et,0:EtOH =2:3 177°C
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Figure 2 — Growth stimulant’s effect on the root length (cm) of several genotypes of the sweet sorghum seeds
after 9 days of germination

Table 2 — The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the root length of
sweet sorghum seeds

Germination after 4 days, cm Germination after 9 days, cm
No. Genotype (SD £0.02) (SD 0.3)
Control 0.01% 0.001% Control 0.01% 0.001%

1 KAZ-16 2013 0.3 0.2 0.8 2.0 1.0 2.5
2 Victoria-4 2013

3 Victoria-4 20 cm 2014 1.2 1.5 1.8 4.2 6.3 6.2
4 Kiz-9 2015 0.1 0.2 0.1 2.4 2.5 4.3
5 Kiz-9 2014 (18.5 cm) 0.1 0.7 1.2 1.5 2.0 5.2
6 Kiz-9 2013 0.1 0.1 0.4 2.5 1.5 5.7
7 Kiz-8 2015 0.1 0.1 0.1 21 3.0 3.7
8 Kiz-8 2014 (19.5 cm) - 0.1 0.1 2.0 1.4 4.1
9 Kiz-8 2013 0.1 0.1 0.1 4.0 1.4 5.5
10 Kiz-20 2013
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Table 3 — The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the shoot length of

sweet sorghum seeds

Germination after 4 days, cm

Germination after 9 days, cm

No. Genotype (SD £0.01) (SD £0.2)
Control 0.01% 0.001% Control 0.01% 0.001%

1 KAZ-16 2013 0.5 0.1 1.0 2.5 2.0 4.5
2 Victoria-4 2013 - - - - - -
3 Victoria-4 20 cm 2014 0.5 1.2 1.7 4.3 5.1 5.1
4 Kiz-9 2015 0.1 0.3 0.1 3.0 3.0 34
5 Kiz-9 2014 (18.5 cm) 0.1 0.4 0.5 3.0 35 4.5
6 Kiz-9 2013 0.1 0.2 0.3 3.3 2.0 4.7
7 Kiz-8 2015 0.1 0.1 0.1 3.2 4.2 5.0
8 Kiz-8 2014 (19.5 cm) - 0.1 0.2 3.0 2.4 37
9 Kiz-8 2013 0.1 0.1 0.1 3.5 3.0 4.5

=
o

Kiz-20 2013 - -

The result of seed energy germination rate (Table 4) varies
depending on the genotype of sorghum. Samples with low
concentration show a better result for Kiz-9 2013, KAZ-16 2013,
Kiz-8 2015 compared to control and higher concentrated
solution. However higher concentrated solutionis demonstrated
by growth for 5-25% for such genotype as Victoria-4 20 cm
2014, Kiz-9 2014 (18.5 cm) and Kiz-8 2014 (19.5 cm); for genotype
Kiz-9 2015 and Kiz-8 2013 water provides more effectiveness

than solutions of ionic compounds. On the 9th day, we
determined the germination capacity (Table 4), and it has been
noticed that 4 genotypes (KAZ-16 2013, Kiz-9 2014 (18.5 cm),
Kiz-9 2013, Kiz-8 2015) have maintained the same dependence
of the result as seed energy germination rate. Nevertheless, Kiz-
9 2015, Kiz-8 2013, Victoria-4 20 cm 2014 presents the same
rate of control and more concentrated solution of the ionic
compound.

Table 4 — The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the germination energy

and germination capacity of sweet sorghum seeds

Germination energy, %

Germination capacity, %

No. Genotype (SD £3.2) (SD 2.5)
Control 0.01% 0.001% Control 0.01% 0.001%

1 KAZ-16 2013 60 35 80 65 40 80
2 Victoria-4 2013 - - - - - -
3 Victoria-4 20 cm 2014 75 80 65 80 80 70
4 Kiz-9 2015 30 20 15 25 25 20
5 Kiz-9 2014 (18.5 cm) 30 50 25 20 55 30
6 Kiz-9 2013 30 30 55 30 35 55
7 Kiz-8 2015 15 15 35 50 50 70
8 Kiz-8 2014 (19.5 cm) - 25 20 10 30 35
9 Kiz-8 2013 35 15 30 50 50 40

=
o

Kiz-20 2013 - -
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4. Conclusion

Using ultrasound activation for the synthesis of ionic
compound, 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-
piperidin-1-ium bromide was obtained with almost the same
yield in a shorter time. The synthesized ionic compound’s
solution with control did not show any effect on the germination
of 2 genotypes: Victoria-4 2013 and Kiz-20 2013. For other
genotypes of sweet sorghum (KAZ-16 2013, Kiz-9 2014 (18.5
cm), Kiz-9 2013, Kiz-8 2015, Kiz-8 2014 (19.5 cm)), germination
energy and capacity of seeds, processes of gemmogenesis and
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