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UWAVE-2000 AS AN EFFECTIVE EQUIPMENT FOR THE MICROWAVE
ASSISTANT SYNTHESIS OF N,N-DIETHYL-2-(MESITYLAMINO)-N-BENZYL-
OXOETHANAMONIUM CHLORIDE — A COMPOUND WITH PLANT GROWTH
REGULATING ACTIVITY

Abstract. The synthesis of N,N-Diethyl-2-(mesitiylamino)-N-benzyl-oxoethanamonium chloride was carried out by
N-alkylation with traditional method and using microwave and ultrasonic activation. The synthesized ionic compound
is characterized by IR, NMR 'H and “C methods, and its growth-stimulating activity has been tested on Zea Mays L.
maize seeds. The synthesis of N,N-Diethyl-2-(mesitilamino)-N-benzyl-oxoethanamonium chloride using unconventional
methods such as microwave and ultrasonic activation resulted in higher yields in a shorter period of time than traditional
method. The highest yield (98%) was achieved by microwave activation of UWAVE-2000 in a very short time, while
in the classical caseit was lower and the reaction time was twenty-four times longer. The synthesized ionic compound
positively influenced the germination and growth energy of maize seeds. In samples treated with solution N,N-Diethyl-2-
(mesitylamino)-N-benzyl- oxoethanaminium chloride of mould lesions was not so many, so, the treatment of maize seeds
with trimecaine benzyl chloride not only stimulates the plant growth, but also prevent fungi mould formation.

Key words: trimecaine, ionic compound, microwave irradiation, ultrasound activation, maize, germinating capacity,
germination energy, fungi mould.
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HaykanoBa M.H.?

'CotbaeB aTbiH1arbl XUMUSUIBIK JKOHE OMOXUMHUSITBIK HH)KEHEpHUsS MeKTeO1, Anmarsl K., Kazakcran
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UWAVE-2000 TUIMII MUKPOTOJIKbIH 9 IICIMEH
OCIMIIKTEPIIH O6CYIH PETTEVTIH BEJICEHALIITT BAP KOCBLIBIC -N,
N-IUITUI-2-(ME3UTHIIAMUHO)-N-BEH3UJI-OKCO3TAHAMOHUAM
XJIOPUAIH CUHTE3JEY

Angatna. N,N-/Iudtmn-2-(Me3utmiaMuHO)-N-OeH3MI-0KCOATAHAMOHUN ~ XJIOPUAI  CHHTE31 KaNBIITHI  JKarmaiiia
N-ankunaey apKbUIbI )KOHE MHUKPOTOJIKBIH/BI CIYIICICHY MCH YIIBTPAJBIOBICTHIK KaHIAHIBIPYABI KOIIaHy HOTHKECIHIEe
sKy3ere aceippuiapl. CunTesnmenreH HOHIBIK Kocbuibic MK 'H xone "“C SIMP kemerimen cumartamibsl. Ocyi-
CTUMYIISTOPIIBIK Oencenainiri Zea Mays L. xyrepi TYKIMIapBbIHAA CHIHATAB. MUKPOTOIKBIHIBI JKOHE YIBTPAIBIOBICTHIK
JKaQHIAHABIPY CHSKTBI OOCTYPNi emec omictepiai KoimaHy apkpUibl, N,N-/Iudtmi-2-(Me3utniaMuHo)-N-OeH3mII-
OKCOATaHAMOHUH XJIOPHI CHHTE31, 9JICTTETi 9JIiCKe KaparaHIa KbhICKAa MEp3iMIIe KOFaphl IIBIFBIMIA HOTHKE KOPCETTI.
EH >xoraps! mbIFeM, 6Te KpicKa yakbIT immiage UWAVE-2000 MEKPOTOIKBIHABI KYIICHTIN KOJAaHA OTHIPHIN AJTBIHIIBL.
AJ KITacCUKAIBIK JKaFmaiiia MBIFBIM TOMEH, PEaKIUs yaKbITHI )KABIPMa TOPT ece Kom Ooiapl. CHHTE3IENTeH HOHIBIK
KOCBUIBIC 0aKbIIayMEH CaTBICTBIPFaH/a JKYTepl TYKBIMBIHBIH OHY JKOHE 6Cy SJHEPTUsACHIHA KAKCHI acep eTTi. N,N-Tu3Tii-
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2-(Me3uTHIaMuHO )-N-OCH3MI-0KCOITAHAMOHHN XJIOPUAIHIH ePITIHIICIMEH OHICNTEH YITIep e 3aKbIMIaHy OIIaKTaphl
a3 6onmer. COHBPIKTAH KYTepi TYKBIMBIH TPUMEKanH OCH3WIXIOPUIIMEH OHIICY OCIMIIKTIH OCYiH BIHTAIAHIBIPHIT KaHA
KOMMaii/bl, COHBIMEH KaTap 3€H CaHbIpayKyJIaKTapbIHbIH Mai1a 00IybIHA K0T OEpME/Ii.

Tipek ce3nep: TpUMEKanH, HOHIBIK KOCBLIBIC, XKYT'epl, MUKPOTOJIKBIH, YIBTPAIBIOBIC, ©CY OCICCHIIITI.
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UWAVE-2000 KAK D@PEKTUBHOE OBOPY/IOBAHUME J1JIS1 OCYHWECTBJIEHUA
CHUHTE3A C IOMOIIbIO MUKPOBOJIH N,N-IUI3TUJI-2-(ME3UTUJIAMHUHO)-
N-BEH3M/I-OKCO2TAHAMOHMUA XJIOPUJA — COEAUHEHMUSA C
POCTCTUMYJIMPYIOIEA AKTUBHOCTBIO

Annoranusi. Cuare3  N,N-JwmdTHn-2-(Me3uTHiIaMiuHO)-N-OeH3MI-OKCOITAHAMOHUS ~ XJIOPHUAAa  TPOBOAWIA B
OOBIYHBIX YCIOBHSAX IyTeM N-aJKHJIMPOBAHMS W C MCHOJB30BAHHEM MHKPOBOJIHOBOW M YIBTPa3BYKOBOW aKTHBAIWH.
CuHTEe3MpOBaHHOE MOHHOE COeMHEHHe oxapakTepu3oBano metomamu MK, SIMP 'H u 3C, ero poctoctumymupyromias
aKTUBHOCTH TPOBEpeHa Ha ceMeHax Kykypy3bl Zea Mays L. Cunate3 N,N-AudTmin-2-(Me3uTHIaMuHO )-N-OeH3MI-
OKCO3TaHAMOHHS XJIOPHU/IA C HCTIOJIb30BAaHIEM HETPAUIIMOHHBIX METO/IOB, TAKNX KaK MHUKPOBOJHOBAS M YIILTPA3ByKOBAs
aKTHBAIWs, NMpHUBEJ K Oojee BBHICOKMM BBIXOJAaM 3a Oosiee KOPOTKHMH IIEPHOZA BPEMEHHM, YEM TIPH HCIIOJIb30BAaHUU
TPaIUIIOHHBIX MeTOMOB. CaMbIif BRICOKHI BBIXOI OBLT MOTYYCH MPU MUKPOBOIHOBOH akTuBanuu (98%) UWAVE-2000
3a OUYCHb KOPOTKOE BPEMSI, B TO BpPEMsI KaK B KIIACCHIECKOM CJTydae BBIXOJ OB HIDKE, a BpeMsI peakiuy ObLIO B 1BA/ILIATh
yeTeIpe pa3a Oompiie. CHHTE3MPOBAaHHOE NOHHOE COEMHEHHUE TTOJIOKUTEIBHO BIMSIIO HA BCXOXKECTh U SHEPTHIO POCTa
CEMsIH KyKypy3bl IO CPaBHEHHIO ¢ KOHTposeM. B o0pasnax, oopadorannsix pactBopoM N,N-uaTHi-2-(ME3NTHIAMUHO)-
N-OeH3H1II-0KCO3TaHAMUHNS XJIOPHAA, TUIECHEBBIX TIOPAXXEHHUH OBUTO HE TaK MHOTO, TOTOMY 00paboTKa CeMSTH KyKypy3bl
OEH3MIXIIOPUAOM TPUMEKAaNHA HE TOJIBKO CTUMYJHMPYET POCT PacTeHUH, HO U MPEeoTBpaIaeT o0pa3oBaHKe IIECHEBBIX
TpuoOOB.

KoatoueBble cjioBa: TpHMEKanH, MOHHOE COCAMHEHHE, KyKypy3a, MHUKPOBOJIHBI, YIBTPa3BYK, POCTCTUMYIHPYIOIIAsS

AKTHUBHOCTbD.

Introduction

The traditional methods of synthesis that warms up reactions mix with conventional equipments, like
a heating mantle, are not optimal for the yield of reaction, as a result of the hot surface of the reaction
vessel, reagents, products and solvents decompose over time [1]. An efficient synthetic method that is
getting more useful present days is microwaves (MW) irradiation [2]. The first publication about using
microwave irradiation in organic synthesis was reported in 1986 by Smith et al [3]. Also, the use of
ultrasound activation (US) can decrease reaction times, resulting in high yield, increased selectivity, and
pure products in various applications of synthetic organic chemistry [4,5]. The US activation was used to
accelerate many kinds of synthetic organic reactions [6,7].

Main provisions

Maize (Zea mays L.) is the third most important food crop globally after wheat and rice. In sub-
Saharan Africa, tropical maize has traditionally been the main staple of the diet; 95 % of the maize grown
is consumed directly as human food and as an important source of income for the resource-poor rural
population [8].

Potassium, nitrogen, phosphorus fertilizers were previously used to stimulate maize growth [9]. It
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was found that ionic compounds of trimecaine also show growth stimulating activity, furthermore, these
ionic compounds were found to be non-toxic, which make it promising sustainable and environmentally
friendly growth stimulants. Herein we report about the synthesis and growth regulating activity of new
ionic compound obtained via N-alkylation of trimecaine.

Methods and materials

The melting point of ionic compound was measured in an open capillary tube on an OptiMelt (Stanford
Research System). The'Hand *C NMR spectra were recorded using a NMReady 60 MHz spectrometer
at 25 or 30°C by using CDCI, as a solvents. IR spectrum was recorded on a spectrometer «Nicolet 5700
FT-IR» using KBr pellets. The progress of reaction and purity of product were checked using the TLC
method on silica gel plates (SigmaAldrich®, Germany) with iodine vapors development. The diethylether
: ethanol mixtures (4:1 V/V and 5:1V/V) were used as eluents. The TLC spots on the developed plates were
observed in UV light (A = 254 nm). All the reactants and solvents from SigmaAldrich®. An ultrasonic
probe from Cole Parmer (50-60Hz, 0-240W) and a domestic U-WAVE-2000 generator (0—2000W) were
used for the reaction. The separation and purification of substances was carried out by crystallization from
appropriate solvents.

U-Wave 2000 have a three energy sources — microwave, ultrasonic, and ultraviolet irradiation can
be free combined and work together, and software control timing on and off, achieving the synergistic
effect by multi energies. UWave-2000 adopts immersion ultrasonic launcher, with an adjustable scope
of ultrasound power: 0 — 800W, frequency of 28KHZ, and automatic frequency sweeping and frequency
locking. With two sets of ultraviolet source (standard UV lamp power is 300W, dominant wavelength
is 365nm, while optional UV lamp power is 100W, and dominant wavelength is 254nm), it can conduct
selective photochemical research. UWave-2000 is equipped with multiple reaction vessels, 50-2000ml
glass flasks can meet the routine use, and optional multi-standards quartz reaction flasks can meet
photochemical reaction under the ultraviolet radiation.

N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamine (trimecaine base) was synthesized from
commercially available hydrochloride by neutralization. The equation for the synthesis of N,N-Diethyl-2-
(mesitylamino)-N-benzyl-oxoethanamonium chloride from trimecaine base is given in Figure 1.

CH

g cl CH,
NH ’
N7 >CH NH +
k 8 . T(\ N
H,C CH? CH, 0 K cr
H,C CH,

CH,
Figure 1 — Synthesis of N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride

Synthesis of the ionic compound was performed in the classical conditions and using microwave,
ultrasound activation. The reaction time of trimecaine base with benzylchloride in conventional
conditions (reflux in acetonitrile) and using ultrasound and microwaveactivation presented in Table 1
(Trimecaine:benzyl chloride mole ratiois 0.01:0.011). After the completion of the process, the volumeof
the solution was halved by evaporation and cooled. The resulting isolated product was separated and
purified by crystallization, and the purity of the product was checked by TLC using a mixtureof diethyl
ether and ethanol (4:1) as eluent.

Synthesis, spectral and other data for theN,N-Diethyl-2-(mesitylamino)-N-benzyl- oxoethana-
monium chloride.

Into the 100 ml flask 15 ml of acetonitrile was added and 0.01 mol of trimecaine base was dissolved.
Thereafter the solution of 0.011 mol benzyl chloride was added and the resulted solution was kept under
the reflux in conventional method (78—82°C). The same mixture of solution were used in unconventional
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methods and the reaction mixture was placed in a US reactor and the contents reacted under US conditions
characterized by the following parameters: US =240 W at 3040 °C, while the same type reaction mixture
was placed in a UWAVE reactor and the contents reacted under MW conditions.

After recrystallization, the product is light yellow crystals. M.p. 171-173 °C. IR (KBr), cm™: 3173
(N-H), 1693 (C=0 amide), 1528 (C_ . =C ). "C NMR (CDCl,, 25°C) 3, ppm: 162.51 (s, C=0);
136.75 (s, CH,); 135.20 (s, CH,); 131.27 (s, C_ . -NH); 129.02 (s, C__.);59.05 (s, CO-CH,-N"); 57.94
(s, N*-CH,-CH,); 48.42 (s, N"-CH,); 21.03 (s, C_ . -CH)); 18.55(s,C__ . -CH.); 8.37(s,N*-CH,-CH,).
'H NMR (CDCl,, 25°C) 8, ppm: 9.81(s, N-H); 6.87 (s, H___.); 4.27 (s, CO-CH-N"); 3.53, 3.54, 3.55
(N"-CH,-CH,); 3.16 (s, N-CH,); 2.19 (s, C___ . -CH,); 2.08 (s,C__ .- CH,); 1.30, 1.26, 1.24 (t, N*-CH,-
CH,). Calculated for C jH,,N,OIL, %: C, 52.77; H, 7.64; N, 6.48; O, 3.70; I, 29.40. Found %: C, 51.81; H,
7.89

The synthesized compound was tested for germination energy and capacity with maize seeds. For this
goal, 10 % (by mass) solution was prepared with the synthesized ionic compound. All dishes and other
accessories were sterilized and kept in a laboratory oven 120 °C for 40 min. Maize seeds were sterilized
with 90% ethanol for 6-8 min and washed three times with distilled water. For each assay, 10 Petri dishes
were taken for control and 50 dishes (20 seeds per dish) for each compound solution. The seeds were
planted immediately after storage at a given temperature. The seeds were placed so that they did not touch
each other or the walls. The filter paper under the seeds was moistened with water for control and solutions
of ionic compounds for testing. The samples prepared in this way were placed in a light-proof cabinet
with a temperature of 22 to 25 °C. The germination energy and germinating capacity were evaluated in
accordance with the standard. The germinated seeds were counted twice, that is, four and seven days after
planting. 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%.

Results and discussion

In comparison with the traditional method (thermal activation), the using of microwave and ultrasound
is a favorable method in organic synthesis, the acknowledgments has increased significantly in recent years
in an attempt to understand the mechanism of action. Many applications in organic synthesis have made
microwaves and ultrasound appealing for many researchers, and they are increasingly used in organic
synthesis. These unconventional methods have turned out to be a good tool for achieving high yields
and reducing reaction time. The results of the alkylation reaction conducted in this work under various
reaction conditions confirmed the trends in the literature, and the results obtained collected and presented
in tablel.

Table 1 —The parameters of the reaction

Synthesis/reaction conditions Time/min Yield, %
Classic method 240 58%
US activation 120 56%
MW activation 10 98%

The highest isolated yield is reached under microwave irradiation in the shortest time, while in classical
method the reaction time was twenty four times greater with a lower yield. Ultrasound activation showed
approximately the same results, but the reaction rate was faster. To study the effect of synthesized ionic
compound to germination energy and germinating capacity of maize seeds, experiments were conducted
with 1 solution (concentration 102 %). The mean value of the results of 1 on the effect of germination
energy and capacity of maize seeds with control (water) is presented in Table 2.

Table 2 — The results of germination energy and the degree of damage by mold fungi of maize seeds

48



o XUMUNKO-TEXHOJTIOTMHYECKUE HAYKH o

(concentration of solutions are 10 %; root length and shoot length in cm)

Solutions 2 days | 3 days | 4 days | 5 days | 6 days | 7 days | The degree of damage
by mold fungi

Water 1 81 84 83 82 82 medium

Commercial Growth stimulator 91 91 92 92 92 severe

Akpinol

N,N-Diethyl-2-(mesitylamino)-N- 91 93 93 92 91 low

benzyl-oxoethanamonium chloride

According to the results of the experiment, based on the data on the energy of germination and
germinating capacity, as well as the degree of damage by mold fungi, we assume that N,N-Diethyl-
2-(mesitylamino)-N-benzyl-oxoethanamonium chloride exhibits growth-promoting activity comparable
with the commercial plant growth regulator. The germinating capacity energy and germination of seeds
treated with a solution of the substance N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium
chloride are 93%, and the degree of damage by mold fungi is fixed at the “low” level. An average of
energy of germination and germinating capacity was found. This is shown below in Figure 2 for the
investigated substances.

Points scored

B germination energy [ germinating capacity

water

growth stimulator

N,N-Diethyl-2-
(mesitylamino)-N-
benzyl-
oxoethanamonium
chloride

0 25 50 75 100

Figure 2 — An average of energy of germination and germinating capacity of water, commercial plant growth
stimulator Akpinol and N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride for maize seeds

The seed sprouts of trimecaine benzyl chloride were significantly stronger and longer. In the first days
of the experiment, the seeds treated with water grew very slowly. The samples treated with a solution of
the growth stimulant Akpinol were drowned in mold. Figure 3 shows the average value for fungi mould
damage.
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Points scored

B 4days [ 7 days

water

growth stimulator

N,N-Diethyl-2-
(mesitylamino)-N-
benzyl-
oxoethanamonium
chloride

0 5 10 15 20
Figure 3 — Average value for fungi mould damage when maize seeds where treated with water, commercial plant
growth stimulator Akpinol and N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride

During the observation, mouldy spots appeared on the filter paper, which later grew into a mould
blanket that enveloped the entire cup. The growth stimulant Akpinol was distinguished by a high
degree of damage to fungi mould. In samples treated with solution N,N-Diethyl-2-(mesitylamino)-N-
benzyl-oxoethanamonium chloride of mould lesions was not so many, mostly seeds are characterised by
blackening. So, the treatment of maize seeds with trimecaine benzyl chloride not only stimulates the plant
growth, but also prevent fungi mould formation.

Conclusion

Using the UWAVE-2000 with microwave and ultrasound activation, ionic compoud N,N-Diethyl-
2-(mesitylamino)-N-benzyl-oxoethanamonium chloride, trimecaine benzyl chloride, was isolated
with a higher yield 98% (MW activation) in a more shorter time 60 min than the traditional method
(thermal activation). The product with the highest yield is isolated under microwave irradiation, while
in conventional method the yield was lower, 58%, and reaction time was twenty four times greater. The
synthesized ionic compound better affected the germination energy and capacity for maize seeds compared
with control. The germination energy in control (water) was 82% while in ionic compound studied it
was 91%. The average value for fungi mould damage for control — 15-17,5 which is significantly larger
than for the ionic compound studied — 10,25. So, the ionic compound N,N-Diethyl-2-(mesitylamino)-N-
benzyl-oxoethanamonium chloride can be recommended for the further study as a potent plant growth
stimulator which simultaneously prevents fungi mould growth.
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