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ABSTRACT
This work is devoted to optimization the synthetic pathway of the antibacterial drug Ethonium. The drug was
synthesized by a three-stage scheme. We have proposed a technologically available and cheap scheme synthesis of
Ethonium. The stages for preparation of decyl 2-chloroacetate and TMEDA were investigated and optimal conditions
for their synthesis were determined. The total yield of Ethonium achieved 20% and it's higher than described earlier.
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INTRODUCTION

Gemini surfactants, such as quaternary ammonium salts, are commonly used in many medicinal,
agricultural, industrial applications because of their biological and chemical properties and also because of
their synthetic availability. The first reason is the great solubility and foam properties. The second reason
is low critical micelle concentration (CMC). Gemini surfactants belong to an ionic type of surfactants and
are used as a supporting agent in different types of treatment microbial diseases. Nowadays action
mechanism of quaternary gemini surfactants is already researched!, and consists of absorption on the
membrane of bacterial cell and membrane or cell wall destruction of bacteria®, some authors note different
breaches in the structure of bacteria's DNA.** The most popular biologically active gemini surfactants are
cationic gemini surfactants (near 90%).° It is related to the negative charge of the bacteria membrane.® The
positive charge of surfactant helps to absorb at the surface of bacteria and increases the antibacterial activity
of the agent. Dimeric gemini surfactants contribute to increasing the absorption of drugs with low
solubility.”!® Gemini surfactants as antibacterial drugs are represented on the market, for example,
Dequalinium chloride! and Ethonium.!' Ethonium is an antiseptic, disinfectant drug with antibacterial,
fungicidal activity. It has some positive effects such as analgesic effect, inhibition of inflammatory process
and its low toxicity. Fungicidal activity of Ethonium and homologs was investigated by Oblack and
coworkers.!? They showed that most active molecules had ethylendiamine spacer group and decyl radical
in ether group, such as Ethonium molecule. There are studies on the use of Ethonium as an angioprotector
in treating experimental atherosclerosis.!* Babak and coworkers proved the efficiency using of Ethonium
in the treatment of patients with gastric and duodenal peptic ulcers.!*!> Nowadays problems of Ethonium
manufacturing are low yields at key studies of synthesis. The current study is focused on optimization of
key studies such as synthesis of alkylation agent, obtaining of N',N' N2 N2- tetramethylethane-1,2-diamine
and alkylation of tertiary amine. Some alternative methods of decyl-2-chloroacetate were studied and
determined influence of temperature and solvent at Eschweiler-Clarke methylation of ethylenediamine
study. It should help to find an optimal conditions for the synthesis of Ethonia.
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EXPERIMENTAL

Material and Methods

The chemicals, solvents, reagents were used of high-graded quality and without purification obtained from
Sigma Aldrich. Melting points of the compounds were defined in open capillaries and were uncorrected.
"H NMR spectra were recorded on Bruker AM-300 instrument (300.13 MHz). MS spectrum of ethonium
was recorded on Surveoyr MSQ Thermo Finnigan in ESI mode. The reaction course and the purity of the
obtained compounds were monitored by TLC (Sorbfil A-UV or Silufol UV-254). The data of the element
analysis were close or coincided with the calculated data.

Synthesis of decyl-2-chloroacetate

In a 100 cm? round-bottom flask, equipped with a condenser with a calcium chloride tube and a magnetic
stirrer, 0.072 moles (1.2 eq.) 2-chloroacetic acid, 5.45°10”° mole (0.001 eq.) 4-methylbenzenesulfonic acid
monohydrate (TsOH) in 40 ml mixture of xylenes were placed. Then 0.06 mole (1 eq.) decanol was added
dropwise to the reaction mixture. The reaction mixture was refluxed with a condenser for 1.5 h and 3.5 h
with the Dean-Stark trap. Finally, the mixture was cooled to RT, shaken with 50 ml of saturated NaHCO3
solution. After separation, the organic layer was dried under anhydrous MgSOs for 24 h. Then the mixture
was filtered off and the solvent was evaporated. Yield 83%. b.p. 185-190 °C (58.8 Torr), n?%g = 1.4426.
NMR'H (d6-DMSO, 8, ppm, J/Hz): 0.87 (t, 3H, CH;CH>CH,, *J=7.2); 1.20-1.35 (m, 14H, (CH>)y); 1.61 (q,
2H, OCH,CH,, J’*=7.2, J*= 6.8); 4.12 (t, 2H, OCH>,J*=6.8); 4.33 (s, 2H, CH,Cl).

Synthesis of N, N, N2, N2- tetramethylethane-1,2-diamine

In a 100 cm® round-bottom flask, equipped with a condenser, a magnetic stirrer, a dropper and addition
funnel 0.42 mole (8.4 eq.) formic acid (85%) and 0.25 mole (5 eq.) formaldehyde solution (40%) was
placed. The reaction mixture was stirred and gently heated to 78-80 °C. Then 0,05 mole (1 eq.)
ethylenediamine was added within 1 hour. The mixture was refluxed for 9 h, water, formic acid and
formaldehyde were evaporated. Then 20 ml aqueous sodium hydroxide (40%) solution was added, the
organic layer was separated and dried (NaOH). The crude reaction product was distilled at atmospheric
pressure. Yield 98%, b.p. 119-122 °C, n®4= 1.4225. NMR'H (ds-DMSO, 6.,ppm, J/Hz): 2.24 (s, 12H, CH;N), 2.38
(s,4H, CH>).

Synthesis 1,2-ethanediaminium, N',N2 bis[2-(decyloxy)-2-oxoethyl]-N',N', N2 N2-tetramethyl-chloride
(Ethonium)

In a 100 ¢cm® round-bottom flask, equipped with a magnetic stirrer and a condenser 0.01 mole (1 eq.)
N! N! N2 N2-tetramethylethane-1,2-diamine in 10 ml acetonitrile was placed. Then 0.21 mole (2 eq.) decyl
2- chloroacetate was added dropwise to reaction mixture. The mixture was refluxed for 30 hours, cooled
and resulting product was filtered off. Yield 30%, m.p. 164-165 °C. NMR'H (d¢-DMSO, 6.,ppm, J/Hz):
0.88 (m, 6H, 2CH,CH3), 1.28 (s, 32H, 32CH), 1.66 (m, 4H, 2CH,), 3.32 (s, 6H, 2NCH3), 3.43 (s, 6H,
2NCH3), 4.2 (m, 4H, NCH,CH>N), 4.39 (s, 2H, CH,COOCoH21), 4.71 (s, 2H, CH,COOC;¢H,;). LCMS
m/z (M+H") =514.07, m/z (M+H") = 316.28, m/z (M+H") =244.24.

RESULTS AND DISCUSSION

The general method of Ethonium synthesis was investigated in the Ukraine Institution of Organic
Chemistry. The scheme consists of two stages. The first stage is nucleophilic substitution dichloroethane
and dimethylamine. The reaction is passed with high pressure (100 atm.) in the reactor. The second stage
is the alkylation of the tertiary amine by decyl-2-chloroacetate in benzene. Summary yield is 11% without
investigation of decyl 2-chloroacetate synthesis.

We have realized two technologically available and cheap Ethonium syntheses. Pathways involved stage
of decyl-2-chloroacetate synthesis (stage 1); TMEDA synthesis (stage 2) and alkylation of TMEDA by
decyl-2-chloroacetate (stage 3). The synthesis scheme is presented below (Scheme-1).

Our purpose was a high yield of decyl 2- chloroacetate and decrease its cost. Decyl 2- chloroacetate was
obtained by two methods. The first way is etherification. The second way is the acylation of n-decanol by
2- chloroacetyl chloride (Scheme-2). In our experiments, we tested several solvents, also varied ratios of 2-
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chloroacetic acid, n-decanol and TsOH. We determined the optimal conditions of the reaction. Maximum
yield (83%) was performed in a mixture of xylenes at 149 °C, the molar ratio is 2-chloroacetic acid : n-
decanol : TsOH — 1.2 : 1 : 0.001 after 5 h of reflux (entry 3). Further experiments showed that decreasing
reaction temperature (entries 1,2,4) reduced the yield of the product. In addition, increasing the molar ratio
of n-decanol did not improve the yield (entry 5). (Table-1).
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Scheme-1: Investigation of Preparation Methods of decyl 2-chloroacetate
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Scheme-2: Investigation of decyl 2- chloroacetate Synthesis

Investigation of TMEDA Preparation

Nowadays several types of amine methylation have been described: amine alkylation by dimethyl sulfate
or methylation amine by a mixture of formalin with formic acid'® (Eschweiler-Clarke method). Huang and
coworkers described a method of N- alkylation of TMEDA using methanol and CuO- NiO/y-Al,Os as the
catalyst.!” Also, TMEDA synthesis was described by Rosenau and coworkers. They noted solvent-free and
formalin-free methylation of amines by the Eschweiler-Clarke method, such as ethylenediamine.'® Other
works described reductive Nickel Raney N-methylation of amines with paraformaldehyde. We used classic
methylation of amine by Eschweiler-Clarke (Scheme-3). It’s a cheap and useful method.

In our experiments, we used an initial sample of ethylenediamine with a purity of 99 % and transfer standard
TMEDA with a purity of 99 %.

1818

ANTIBACTERIAL DRUG ETHONIUM G.V. Tsaplin et al.



RASAYAN J. Chem.
Vol. 14 | No. 3 |1816-1820] July - September | 2021

Table-1: Optimization of decyl 2-chloroacetate Synthesis

Entry Solvent Temperature, | Reaction time, Molar ratio of Yield
°C t, h. 2-chloroacetic : acid : (%)
n-decanol : PTSA
1 toluene 110.6 5 1,2:1:0.001 74
o-xylene 144.0 5 1,2:1:0.001 59
mixture of 5
3 xylenes 149.0 1,2:1:0.001 83
( 0-, m-, p)
4 cyclohexane 80.7 5 1,2:1:0.001 66
5 benzene 80.1 5 1,2:1:0.001 74
6 benzene 80.1 5 1:1,4:0.001 64

A series of experiments according to the procedure described.'® According to this procedure formic acid
(85 %) was added gradually to ethylenediamine, then formalin was added to the reaction mixture. The ratio
of ethylenediamine : formic acid : formalin was 1:8.4:5 respectively. Then the reaction mixture was refluxed for 10
hours then TMEDA was isolated in 57 % yield. When the time of reaction was increased, the yield of TMEDA
became 64 %. The decrease of yield is commonly explained by the formation of formaldehyde polycondensation
products, which can be avoided by changing the sequence and rates of adding reagents. Experiments were
performed by gradually adding the amine to the heated mixture of formalin and formic acid. The influence
on the yield of TMEDA was researched by various temperatures of the reaction mixture when adding the
initial amine, the concentration of formic acid and the reaction time. Experiments were also carried out to
reduce the excess of formic acid.

It was found that reducing the excess of formic acid even by 15-20% significantly reduced the yield of
TMEDA (entries 1-3). When the reaction was carried out with 85 % formic acid, the yield of the product
was increased to 93% (entries 7-8). The optimal time of reflux was 5 h. Furthermore, it was found, that the
optimal temperature of ethylenediamine adding to the methylating mixture was 80 °C. At the lower
temperature, the yield slightly decreased, but the increase of methylating mixture temperature is limited by
the physicochemical properties of the mixture of formaldehyde and formic acid. The research results are
presented in Table-2.

NH, N7
H
+ HCOOH C—AZO>
NH, 2 _N_
1 3

Scheme-3: Investigation of TMEDA Synthesis
Table-2: Optimization of TMEDA Synthesis

Entry Temperature of Quantity of 2, | Concentration of 2, Time of Yield of 3, %
reaction mixture mole % reaction, 7
when / was
added
1 78-80 0.42 100 9 74
2 78-80 0.33 100 9 29
3 78-80 0.36 100 9 54
4 65-70 0.42 100 9 72
5 78-80 0.42 100 1 32
6 78-80 0.42 100 4 36
7* 78-80 0.42 100 9 79
8* 78-80 0.42 85 9 93
9%* 78-80 0.42 85 7 96
10* 78-80 0.42 85 5 98

*-TMEDA was distilled without draining by sodium hydroxide
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Investigation of Ethonium Preparation

The alkylation of TMEDA by decyl 2-chloroacetate was carried out according to the procedure described
earlier’ with slight modification. We used acetonitrile as solvent. Ethonium was isolated in 30% yield. The
total yield of Ethonium achieved 20% and it's higher than described earlier.

CONCLUSION
Ethonium is an antiseptic, disinfectant drug with antibacterial, fungicidal activity. It was synthesized by 3
stage scheme. The scheme was researched. At the first stage decyl 2-chloro-acetate synthesis was
optimized. The highest yield (83%) was achieved using a mixture of xylenes and a ratio of 2-chloroacetic
acid : n-decanol : TsOH — 1.2:1:0.001. At the stage of TMEDA synthesis was found optimal conditions of
methylation of ethylenediamine by Eschweiler-Clarke method in 98% yield. The ratio of ethylenediamine:
formic acid (85%): formalin was 1:8.4:5 respectively, optimal temperature of reaction mixture when adding
ethylenediamine is 78-80 °C, optimal reaction time is 5 hours. At the last stage of TMEDA alkylation, we
suggested acetonitrile such a solvent. The total yield is 20%.
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