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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Quaternary ammonium compounds (QACs) are widely used 

cationic surfactants known for their strong antimicrobial activity. 
Their utility in healthcare, consumer products, and industrial 
settings stems from their ability to disrupt bacterial membranes 
rapidly. However, increased use raises concerns about bacterial 
resistance and environmental persistence. The study aims 
to synthesize and evaluate a new series of 2-(alkyloxy)-N-
(2,5-dimethylbenzyl)-N,N-dimethyl-2-oxoethanammonium 
chlorides (C6-C12) for antibacterial activity. Developing 
structurally optimized QACs may improve antibacterial potency 
while minimizing environmental impact and resistance selection. 
Tailoring the alkyl chain length and introducing degradable 
moieties like alkoxycarbonylmetհyl could enhance efficacy 
and biodegradability. The compounds were synthesized by the 
alkylation of N,N-dimethyl-3,6-dimethylbenzylamine with the 
corresponding alkyl chloroacetate. QACs were purified and 
characterized by IR, 1H- and 13C-NMR, and mass spectrometry. 
Biological activity was assessed by agar diffusion and broth 
microdilution assays against representative Gram-positive 
(Staphylococcus aureus, Bacillus subtilis) and Gram-negative 
(Escherichia coli, Shigella flexneri) bacteria. Comparative 
activity was evaluated against furazolidone. All compounds 
exhibited antibacterial effects using the agar-diffusion method, 
with inhibition zones of up to 35mm. However, the MIC values 
of the compounds were higher than those of the reference 
furazolidone. These results indicate that quaternary ammonium 
compounds combining a 2,5-dimethylbenzyl moiety with an 
alkyloxycarbonylmethyl chain exhibit moderate broad-spectrum 
antibacterial activity, making them promising candidates for 
topical and environmental applications.

Key words. Quaternary ammonium compound (QAC), alkyl 
chloroacetate, antibacterial activity, Gram-positive bacteria, 
Gram-negative bacteria.

Introduction.
Modern pharmacology faces a serious problem associated 

with the growing resistance of pathogenic microorganisms to 
existing antibiotics. In this context, it is extremely important 
to expand the arsenal of antimicrobial agents by developing 
new classes of substances with unique mechanisms of action. 
Quaternary ammonium salts, due to their ability to effectively 
destroy a wide range of bacteria, are promising candidates for 
such developments [1].

The biological action of ammonium salts is due to their structure 
- positively charged quaternary nitrogen centers interact with 
negatively charged elements of the cell wall and membrane of 

bacteria. This leads to the destruction of membrane structures, 
metabolic disorders, and cell death [2]. Gram-positive bacteria 
are especially sensitive to such compounds, since their cell wall 
contains a large amount of peptide glycan and is not protected 
by an outer membrane, as in gram-negative bacteria [3,4].

The introduction of various functional groups into the structure 
of ammonium salts is aimed at increasing the efficiency and 
spectrum of action [5-7]. Alkyl chains in alkyloxycarbonylmethyl 
radicals make a significant contribution to increasing the 
hydrophobicity of molecules, which facilitates their penetration 
through the lipid bilayer of bacterial membranes. This ensures 
a tighter interaction with membrane lipids and enhances the 
destruction of cellular structures [8].

The variation in the alkyl chain length (C6-C12) on the 
alkyloxycarbonylmethyl esters allowed for the synthesis of a 
homologous series of QACs (3a-g), facilitating SAR studies. 
Literature indicates that the antimicrobial activity of QACs is 
significantly influenced by the length of the alkyl chain, with 
optimal activity often observed in the C8-C12 range. This is 
attributed to a balance between hydrophobic interactions with 
microbial membranes and aqueous solubility [9]. Compounds 
with excessively long alkyl chains may exhibit reduced activity 
due to decreased solubility and potential aggregation [9,10].

The synthesis of (3a-g) salts offer an alternative to conventional 
QACs bearing straight alkyl substituents. This structural 
variation is not merely aesthetic – it significantly influences the 
physicochemical and biological properties of the compounds. In 
traditional QACs, long straight alkyl chains (such as C12-C16) 
are primarily responsible for lipophilic interactions with 
microbial membranes, leading to membrane disruption and 
microbial death. However, these long-chain alkyl QACs often 
suffer from poor water solubility and may accumulate in the 
environment, raising concerns about persistence and resistance 
development [11,12]. In contrast, the alkoxycarbonylmethyl 
substituents introduce a polar ester linkage between the nitrogen 
center and the lipophilic tail. The ester functionality enhances 
polarity relative to straight alkyl groups, potentially improving 
the compound’s bioavailability and handling [9]. The ester 
linker may impose conformational constraints that alter how 
the molecule interacts with bacterial membranes, potentially 
improving selectivity or reducing cytotoxicity [13].

The presence of an ester bond makes these molecules more 
susceptible to enzymatic hydrolysis, which could reduce 
environmental persistence compared to non-hydrolysable QACs 
[11,14]. Studies comparing straight-chain QACs with ester-
containing analogs have shown that these structural changes can 
modulate both antimicrobial potency and spectrum [13].
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In addition, aromatic groups increase the lipophilic properties 
of the compounds, which further enhances antibacterial activity. 
Aromatic radicals can participate in π-π interactions with 
membrane proteins or other biomolecules, which potentially 
affects the mechanism of action and selectivity [15]. The 
incorporation of the 2,5-dimethylbenzyl group was chosen due 
to its electron-donating methyl substituents, which enhance the 
nucleophilicity of the benzylamine nitrogen, thereby facilitating 
the quaternization process. Aromatic substituents, in particular 
the 2,5-dimethylbenzyl group, can additionally increase the 
lipophilicity of molecules, facilitating their association with 
the lipid components of the membrane. This structural feature 
enhances the interaction efficiency with the membrane, thereby 
improving the bactericidal effect [16].  Some studies also show 
that aromatic groups can affect the specificity of binding to 
membrane proteins and change the mechanism of action of 
compounds [17]. 

Such structural features are consistent with known QACs like 
benzalkonium chloride, where the benzyl group contributes to 
membrane-disruptive activity [10].

However, there are still no systematic studies aimed at studying 
the effect of the combination of alkyloxycarbonylmethyl radicals 
and 2,5-dimethylbenzyl substituents in ammonium salts on 
antibacterial activity. The study of such structures will allow 
a more complete understanding of the relationship between 
chemical structure and biological activity, which is important 
for the development of new antimicrobial drugs with improved 
characteristics [18].

Ammonium salts with complex substitution, including an 
alkyloxycarbonylmethyl radical and a 2,5-dimethylbenzyl 
group, are promising objects for the development of new 
antimicrobials that can effectively combat pathogenic and 
resistant microorganisms.

Materials and Methods.
N,N-dimethyl-3,6-dimethylbenzylamine (CAS 60760-00-1), 

dodecyl chloroacetate (CAS 6316-04-7), undecyl chloroacetate 
(CAS 5458-29-7), decyl chloroacetate (CAS 6974-05-6), nonyl 
chloroacetate (CAS 5451-96-7), octyl chloroacetate (5451-98-
9), heptyl chloroacetate (CAS 34589-22-5) hexyl chloroacetate 
(CAS 5927-57-1), diethyl ether (CAS 60-29-7), calcium chloride 
(CAS 10043-52-4) were purchased from Merck (European 
market, Poznan, Poland).

General method of synthesis of 2-(Alkyloxy)-N-(2,5-
dimethylbenzyl)-N,N-dimethyl-2-oxoethanammonium 
chlorides:

The target quaternary ammonium salts were obtained by 
alkylation of the N,N-dimethyl-3,6-dimethylbenzylamine with 
the appropriate alkyl 2-chloroacetate.

A solution of the N,N-dimethyl-3,6-dimethylbenzylamine 
(0.01 mol) was treated dropwise with an equimolar amount 
(0.01 mol) of the corresponding alkyl monochloroacetate ester. 
The reaction mixture was stirred at room temperature for several 
days. The solid product was washed with anhydrous diethyl 
ether and dried over calcium chloride in a desiccator to yield the 
pure white crystalline compound.

Characterization of 2-(Alkyloxy)-N-(2,5-dimethylbenzyl)-
N,N-dimethyl-2-oxoethanammonium chlorides:

IR spectra were recorded on a Specord IR-75 spectrophotometer. 
Spectra were acquired in the range 4000-400 cm-1. 1H- and 13C-
NMR were recorded on Varian Mercury-300VX spectrometer 
at 300 MHz for 1H and 75.5 MHz for 13C. DMSO-d6 was used 
as the solvent, and TMS served as the internal chemical shift 
standard. Chemical shifts (δ) are reported in ppm and coupling 
constants (J) in Hz. Mass spectra were obtained on a Xevo 
G3QTof (HRMS). Analytical TLC was performed on silica 
gel plates (Silica gel 60 F₂₅₄, Merck). The mobile phase was a 
mixture of n-butanol/ethanol/water/acetic acid (10:7:6:4, v/v). 
After development, spots were confirmed by exposure to iodine 
vapor. 

Determination of antibacterial activity (agar diffusion and 
serial dilution methods):

The antibacterial activity of compounds 3(a-g) was evaluated 
using both the agar diffusion method and the two-fold serial 
dilution method in meat-peptone broth (pH 7.2-7.4). A 
bacterial load of 2×107 cells per ml of medium was used for 
all experiments. The test organisms included Gram-positive 
strains (Staphylococcus aureus 209p, Bacillus megaterium 258) 
and Gram-negative strains (Shigella flexneri 6858, Escherichia 
coli O-55). Furazolidone was used as a positive control. Test 
solutions of the compounds and the control drug were prepared 
in dimethyl sulfoxide (DMSO) at a dilution ratio of 1:20. A 
volume of 0,1 ml of each solution was applied to Petri dishes 
pre-inoculated with the corresponding microbial strain. After 
incubation at 37 °C for 24 hours, the antibacterial effect was 
determined by measuring the diameter (d, mm) of the inhibition 
zones where no bacterial growth was observed [19,20].

For the determination of MIC, serial dilution assays were 
conducted using 7-8 test tubes containing meat-peptone broth 
with decreasing concentrations of compounds, starting from 
1000 µg/ml. Each tube was inoculated with an equal amount 
of bacterial suspension prepared from an 18-hour culture. After 
incubation at 37 °C for 24 hours, the results were assessed 
visually based on the presence or absence of microbial growth. 
The MIC was defined as the lowest concentration (µg/ml) of the 
compound that completely inhibited visible bacterial growth.

Results.
A series of novel 2-(alkyloxy)-N-(2,5-dimethylbenzyl)-

N,N-dimethyl-2-oxoethanammonium chlorides (3a-g) was 
synthesized via the quaternization reaction of N,N-dimethyl-
3,6-dimethylbenzylamine (1) with the corresponding alkyl 
esters of chloroacetic acid. The reaction scheme is shown in 
Figure 1.

The synthesized salts were obtained as white, water-soluble, 
and stable crystalline compounds.  Their structure was 
confirmed using 1H- and 13C-NMR, IR, and mass spectrometry. 
The spectral data for all compounds are summarized below.

N-(2,5-dimethylbenzyl)-2-(hexyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3a):

Yield 3.00g, 90%, white, soluble in water, Tm. 129-133 0C, 
IR spectra, ν, sm-1: 815, 848,1506 (C6H3), 1746 (C=O), NMR 
spectra 1Н (DMSO-d6/CCl4 1/3), δ, m. d.: 0.90-0.99 m (3H,  CH3), 
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1.05-1.25 m  (6H, CH2), 1.55-1.75 m (2H,  CH2CH2CH3), 2.20 s 
(3H, CH3C6H3), 2.25 s (3H, CH3C6H3) 3.20 s  (6H, N+CH3), 4.10 
t (2H, J 7.0, OCH2), 5.00 s (2H, CH2C=O), 5.15 s (2H, CH2N), 
7.05-7.14 m (2H, C6H3), 7.20 d (1H, J 1.7, C6H3). NMR spectra 
13С (DMSO-d6/CCl4 1/3), δC, m. d.: 13.48, 19.28, 20.22, 21.80, 
24.69, 27.68, 30.67, 48.78, 60.48, 63.92, 65.29,  125.72, 130.68, 
131.01, 134.69, 134.83, 136.68, 165.03. Mass-spectra HMRS 
(TOF MS ЕS+), m/z 306.2435 [M]+, C19H32ClNO2: (calculated 
for C19H32NO2

+: 306.2433). 
N-(2,5-dimethylbenzyl)-2-(heptyloxy)-N,N-dimethyl-2-

oxoethan-1-aminium chloride (3b):
Yield 3.30g, 92%, white, soluble in water, Tm. 120-124 0C. IR 

spectra, ν, sm–1: 813, 850,1506 (C6H3),1747 (C=O) NMR spectra 
1Н (DMSO-d6/CCl4 1/3), δ, m. d.: 0.85-0.92 m (3H,  CH3), 1.22-
1.40 m  (6H, CH2), 1.62-1.70 m (2H,  CH2CH2CH3), 2.35 s (3H, 
CH3C6H3), 2.48 s (3H,  CH3C6H3) 3.37 s  (6H, N+CH3), 4.19 t 
(2H, J 7.2, OCH2), 5.05 s (2H, CH2C=O), 5.08 s (2H, CH2N), 
7.13-7.20 m (2H, C6H3), 7.37 d (1H, J 1.68 C6H3). NMR spectra 
13С (DMSO-d6/CCl4 1/3), δC, m. d.: 13.56, 19.33, 20.23, 21.88, 
24.97, 27.73, 28.17, 30.99, 48.75, 60.39, 63.86, 65.28, 125.75, 
130.68, 131.01, 134.71, 134.80, 136.71, 165.05. Mass-spectra 
HMRS (TOF MS ЕS+), m/z 320.2592 [M]+, C20H34ClNO2: 
(calculated for C20H34NO2

+: 320.2589). 
N-(2,5-dimethylbenzyl)-2-(octyloxy)-N,N-dimethyl-2-

oxoethan-1-aminium chloride (3c):
Yield 3.20g, 88%, soluble in water, Т m. 115-119 0C. IR 

spectra, ν, sm–1: 813, 846,1507 (C6H3), 1744 (C=O) NMR spectra 
1Н (DMSO-d6/CCl4 1/3), δ, m. d.: 0.85-0.93 m (3H, CH3), 1.21-
1.42 m  (10H, CH2), 1.64-1.73 m (2H,  CH2CH2CH3), 2.36 s (3H, 
CH3C6H3), 2.47 s (3H, CH3C6H3) 3.33 s   (6H, N+CH3), 4.21 t 
(2H, J 6.88, OCH2), 4.93 s (2H, CH2C=O), 5.01 s (2H, CH2N), 
7.15-7.22 m (2H, C6H3), 7.35 d (1H, J 1.69 C6H3). NMR spectra 
13С (DMSO-d6/CCl4 1/3), δC, m. d.: 13.61, 19.28, 20.26, 21.94, 
25.07, 27.76, 28.49, 31.10, 48.89, 60.49, 64.01, 65.37, 125.67, 
130.76, 131.08, 134.65,134.89, 136.67, 164.99. Mass-spectra 
HMRS (TOF MS ЕS+), m/z 334,2743 [M]+, C21H30ClNO2: 
(calculated for C21H30NO2

+: 334.2746).
N-(2,5-dimethylbenzyl)-2-(nonyloxy)-N,N-dimethyl-2-

oxoethan-1-aminium chloride (3d):
Yield 3.57g, 93%, soluble in water, Т m. 110-114 0C IR spectra, 

ν, sm–1: 812, 852, 1507 (C6H3), 1746 (C=O) NMR spectra 1Н 
(DMSO-d6/CCl4 1/3), δ, m. d.:  0.85-0.93 m (3H, CH3), 1.20-
1.40 m   (12H, CH2), 1.63-1.71 m (2H,   CH2CH2CH3), 2.35 s 
(3H, CH3C6H3), 2.48 s (3H,  CH3C6H3) 3.36 s   (6H, N+CH3), 
4.20 t (2H, J 6.9, OCH2), 5.02 s (2H, CH2C=O), 5.06 s (2H, 

CH2N), 7.13-7.19 m (2H, C6H3), 7.37 d (1H, J 1.7 C6H3). NMR 
spectra 13С (DMSO-d6/CCl4 1/3), δC, m. d.: 13.59, 19.32, 20.24, 
21.95, 25.04, 27.74, 28.55, 28.78, 31.15, 48.79, 60.41, 63.90, 
65.31, 125.74, 130.71, 131.03, 134.70, 134.83, 136.70, 165.04. 
Mass-spectra HMRS (TOF MS ЕS+), m/z 348.2905 [M]+, 
C22H38ClNO2: (calculated for C22H38NO2

+: 348.2903.).
N-(2,5-dimethylbenzyl)-2-(decyloxy)-N,N-dimethyl-2-

oxoethan-1-aminium chloride (3e):
Yield 3.18g, 80%, soluble in water, Т m. 109-1130C IR spectra, 

ν, sm–1: 813, 850, 1505 (C6H3), 1746 (C=O) NMR spectra 1Н 
(DMSO-d6/CCl4 1/3), δ, m. d.: 0.89 m (3H, CH3), 1.28 m (14H, 
CH2), 1.70 m (2H,  CH2CH2CH3), 2.37 s (3H, CH3C6H3), 2.47 s 
(3H, CH3C6H3), 3.31 s  (6H, N+CH3), 4.22 t (2H, J 7.2, OCH2), 
4.86 s (2H, CH2C=O), 4.97 s (2H, CH2N), 7.20 m (2H, C6H3), 
7.33 d (1H, JC6H3). NMR spectra 13С (DMSO-d6/CCl4 1/3), δC, 
m. d.: 13.48, 19.28,  20.22, 21.80, 24.69, 27.68, 28.50, 28.70, 
28.78, 28.88, 30.69, 48.78, 60.48, 63.92, 65.29, 125.72, 130.68, 
131.01, 134.69, 134.83, 136.68, 165.03. Mass-spectra HMRS 
(TOF MS ЕS+), m/z 362.5312. [M]+, C23H34ClNO2: (calculated 
for C23H34NO2

+: 362.5300). 
N-(2,5-dimethylbenzyl)-2-(undecyloxy)-N,N-dimethyl-2-

oxoethan-1-aminium chloride (3f):
Yield 3.54g, 86%, soluble in water, Т m. 108-1120C IR spectra, 

ν, sm–1: 813, 848, 1506 (C6H3), 1746 (C=O), NMR spectra 1Н 
(DMSO-d6/CCl4 1/3), δ, m. d.:  0.85-0.92 m (3H, CH3), 1.21-
1.41 m   (16H, CH2), 1.64-1.74 m (2H,   CH2CH2CH3), 2.37 s 
(3H, CH3C6H3), 2.47 s (3H, CH3C6H3) 3.33 s  (6H, N+CH3), 4.22 
t (2H, J 6.83, OCH2), 4.93 s (2H, CH2C=O), 5.01 s (2H, CH2N), 
7.15-7.22 m (2H, C6H3), 7.35 d (1H, J 1.68 C6H3). NMR spectra 
13С (DMSO-d6/CCl4 1/3), δC, m. d.:  13.61, 19.28, 20.26, 
21.98, 25.08, 27.77, 28.57, 28.60, 28.63, 28.85, 28.92, 30.67, 
48.91, 64.00,  64.50, 65.37, 125.67, 130.78, 131.08, 134.64, 
134.90, 136.67, 164.98. Mass-spectra HMRS (TOF MS ЕS+), 
m/z 376.3218 [M]+, C24H36ClNO2: (calculated for C24H36NO2

+: 
376.3216). 

N-(2,5-dimethylbenzyl)-2-(dodecyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3g):

Yield 3.62g, 85%, soluble in water, Т m.107-111 0C. IR 
spectra, ν, sm–1: 812, 846, 948 (C6H3),1746 (C=O), NMR spectra 
1Н (DMSO-d6/CCl4 1/3), δ, m. d.: 0.86-0.92 m (3H, CH3), 1.20-
1.40 m  (18H, CH2), 1.65-1.75 m (2H,  CH2CH2CH3), 2.35 s (3H, 
J  7.2 CH3C6H3), 2.45 s (3H, CH3C6H3) 3.32 s  (6H, N+CH3), 4.20 
t (2H, J 7.1, OCH2), 5.01 s (2H, CH2C=O), 5.06 s (2H, CH2N), 
7.15-7.21 m (2H, C6H3), 7.40 d (1H, J 1.7 C6H3). NMR spectra 
13С (DMSO-d6/CCl4 1/3), δC, m. d.: 13.59, 19.43, 20.23, 21.95, 
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Figure 1. Synthesis of 2-(alkyloxy)-N-(2,5-dimethylbenzyl)-N,N-dimethyl-2-oxoethanammonium chlorides (3a-g).
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25.88, 28.57, 28.63, 28.73, 28.85, 28,90, 28,92, 28,96, 31,18, 
48.26, 63.37,  63.93, 65.34,126.15, 130.47, 130.92, 134.60, 
134.71, 136.42, 165.03. Mass-spectra HMRS (TOF MS ЕS+), 
m/z 390.2435 [M]+, C25H44NO2Cl: (calculated for C25H44NO2

+: 
390.2433). 

Antimicrobial activity of the studied compounds:
In this study, the antimicrobial activity of a series of 

compounds (3a–3g) against four bacterial species was assessed: 
Staphylococcus aureus 209p, Bacillus megaterium 258, Shigella 
flexneri 6858, and Escherichia coli O-55. Furazolidone was 
used as a control drug.

The activity of the compounds was determined by the diameter 
of the IZ of microorganism growth (mm) and by MIC (µg/ml) 
(Table 1).

Table 1. Antibacterial activity (agar diffusion) of compounds 3(a-g).

Compound

Inhibition zone (mm)

Staphylococcus 
aureus 209p

Bacillus 
Megaterium 
258

Shigella 
flexneri 
6858

Escherichia 
coli O-55

3a 35 35 35 35
3b 35 35 35 35
3c 35 20 35 35
3d 35 20 35 35
3e 35 25 25 25
3f 35 25 25 25
3g 35 25 28 27
Furazolidone 25 25 24 23

The results showed that compounds 3a and 3b have the 
maximum and uniform activity, forming inhibition zones with 
a diameter of 35 mm for all tested microorganisms. These 
values significantly exceed the activity of the control drug, 
furazolidone, for which the inhibition zone diameter varied 
from 23 to 25 mm.

Compounds 3c and 3d demonstrate high activity (35 
mm) against Staphylococcus aureus, Shigella flexneri, and 
Escherichia coli, but their effectiveness against Bacillus 
megaterium is reduced (20 mm). Similarly, compounds 3e and 
3f show moderate activity (around 25 mm) against all tested 
strains, except for Staphylococcus aureus, where the inhibition 
zone reached 35 mm.

Compound 3g shows slightly increased activity compared to 
3e and 3f, especially against Shigella flexneri and Escherichia 
coli, with zone diameters of 28 and 27 mm, respectively.

Thus, all the studied compounds are superior to the control 
drug, furazolidone, which indicates the prospects for their 
further study as potential antimicrobial agents.
Antibacterial activity of compounds 3a–3g based on MIC:

The results of antibacterial activity based on MIC are presented 
in Table 2.

Compounds 3a and 3b showed the same MIC of 62.5 μg/
mL for all bacteria tested. Similar MIC was observed for 
Staphylococcus aureus, Shigella flexneri, and Escherichia coli 
for compounds 3c and 3d, but against Bacillus megaterium, the 
MIC value increased to 250 μg/mL, indicating reduced activity 
of these compounds against this strain.

Compounds 3e, 3f, and 3g were characterized by an MIC of 
62.5 μg/mL against Staphylococcus aureus and increased to 125 
μg/mL against the other three microorganisms.

Thus, despite the higher MIC values ​​of the studied compounds 
compared to furazolidone, their uniform and fairly stable 
activity confirm the prospects of further research.

The study found that all compounds 3a–3g have pronounced 
antimicrobial activity against Gram-positive and Gram-negative 
bacteria. Compounds 3a and 3b showed particularly pronounced 
properties, demonstrating maximum diameters of inhibition 
zones (35 mm) against all tested strains, which significantly 
exceeds the activity of the control drug, furazolidone. 
Furazolidone, despite lower MIC values, forms smaller 
inhibition zones, which may be due to its physicochemical 
properties and lower diffusion in the medium.

The data on MIC revealed higher values ​​for the studied 
compounds compared to furazolidone (31.2 μg/ml), but this 
does not contradict the results of the inhibition zones. The 
high efficiency in the inhibition zones is probably due to good 
diffusion of the compounds into the agar, which contributes to 
the formation of large zones of bacterial growth inhibition.

The decrease in the activity of compounds 3c and 3d against 
Bacillus megaterium, expressed in an increase in MIC to 250 
μg/ml and a reduction in the diameter of the inhibition zone, 
indicates specific features of the sensitivity of this strain. 
Similarly, compounds 3e–3g exhibit moderate activity, which is 
reflected in an MIC of 125 μg/ml and smaller inhibition zones.

Discussion.
The synthesis of novel quaternary ammonium 

compounds (QACs) featuring 2,5-dimethylbenzyl and 
alkyloxycarbonylmethyl moieties was achieved through a 
reaction between N,N-dimethyl-3,6-dimethylbenzylamine 
and alkyl esters of chloroacetic acid (Figure 1). This method 
yielded stable, water-soluble crystalline salts with moderate to 
good efficiency under mild conditions. Spectroscopic analysis 
confirmed the successful synthesis of the target compounds.

The 1H NMR spectra displayed characteristic singlets around 
4.97-5.15 ppm (Table 3), corresponding to the methylene protons 
adjacent to the quaternary nitrogen and ester carbonyl group, 
serving as diagnostic signals for the quaternary ammonium 
structure, which is shown on the example of compound 3d 
(Figure 2).

Compound

Minimum Inhibitory Concentration (MIC µg/ml)

Staphylococcus 
aureus 209p

Bacillus
Megaterium 
258

Shigella 
flexneri 
6858

Escherichia 
coli O-55

3a 62,5 62,5 62,5 62,5
3b 62,5 62,5 62,5 62,5
3c 62,5 250 62,5 62,5
3d 62,5 250 62,5 62,5
3e 62,5 125 125 125
3f 62,5 125 125 125
3g 62,5 125 125 125
Furazolidone 31,2 31,2 31,2 31,2

Table 2. Antibacterial activity (serial dilution method) of compounds 
3a-g.
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3a 3b 3c 3d 3e 3f 3g
5.15 5.08 5.01 5.06 4.97 5.01 5.06

Table 3. Characteristic singlets of QACs (3a-g) (ppm).

Figure 2. 1H NMR spectra of N-(2,5-dimethylbenzyl)-2-(nonyloxy)-N,N-dimethyl-2-oxoethan-1-aminium chloride (3d).

Figure 3. Antibacterial activity (agar diffusion) of compounds 3(a-g).
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IR and MS data further confirmed the structural integrity of 
the synthesized salts. The current method contributes to the 
expanding library of bioactive quaternary salts [16].

To assess the biological relevance of the synthesized structures, 
a series of antimicrobial assays was conducted on compounds 
3(a–g), revealing how variations in chemical composition affect 
their activity against different bacterial strains (Figure 3).

The obtained data indicate a high antimicrobial potential of 
the studied compounds of the 3(a–g) series, with noticeable 
differences in the spectrum and degree of activity. The most 
pronounced effect was demonstrated by compounds 3a and 3b, 
which exhibited an equally high inhibitory capacity against all 
four tested bacterial strains. This suggests that these compounds 
have a universal mechanism of action targeting fundamental 
cellular processes that do not depend on the type of cell wall or 
Gram status of bacteria.

Such targets may include ribosomes, elements of the replication 
apparatus, or structures of the cytoplasmic membrane [21]. 
High efficiency against both Gram-positive and Gram-negative 
bacteria makes these compounds promising candidates for the 
development of broad-spectrum antimicrobial drugs.

Compounds 3c and 3d showed selective activity, reducing 
effectiveness against Bacillus megaterium, while maintaining 
full activity against other strains. This may indicate the presence 
of structural or functional barriers in the Bacillus megaterium 
cell wall that prevent penetration of the active substance, or the 
presence of specific detoxifying enzymes such as peroxidases 
or nitroreductases that can inactivate the compound before it 
reaches the target.

The moderate activity of compounds 3e and 3f, especially 
against Gram-negative bacteria, may be due to the presence 
of an outer membrane in these microorganisms, representing a 
physical barrier to hydrophilic or large molecules. However, the 
retention of high activity against S. aureus indicates that these 
compounds can selectively interact with cell wall components 
of Gram-positive bacteria, possibly disrupting peptide synthesis 
or cross-linking.

Compound 3g showed an intermediate activity profile: it retained 
high efficacy against Staphylococcus aureus and demonstrated 
increased activity against Shigella flexneri and Escherichia coli 
compared to 3e and 3f. This may indicate modified lipophilic 
properties of the molecule, providing improved penetration 
through the outer membrane of Gram-negative bacteria. Such 
properties may result from the introduction of certain functional 
groups into the molecule, improving intermembrane diffusion.

It is essential to note that the activity of all the studied 
compounds against at least one or more strains exceeds that of 
furazolidone, the control drug used.

Thus, the differences in the activity of the studied substances 
indicate the influence of both the structure of the compounds 
and the characteristics of the targets in different bacteria. These 
results highlight the potential for the targeted synthesis of 
antimicrobial agents with desired properties, both broad- and 
narrow-spectrum.

Conclusion.
In the present research work, a series of novel QACs 

was synthesized by the interaction of N,N-dimethyl-3,6-

dimethylbenzylamine with the alkyl (C6-C12) chloroacetate.  
1H and 13C NMR spectra were used to determine and 
characterize the structures. IR spectroscopy, HRMS, and TLC 
further supported the structural integrity and purity of the 
compounds. The obtained quaternary ammonium salts with 
alkyloxycarbonylmethyl and 2,5-dimethylbenzyl substituents 
were tested on Gram-positive (Staphylococcus aureus 209p, 
Bacillus megaterium 258) and Gram-negative (Shigella flexneri 
6858, Escherichia coli O-55) bacteria. All QACs showed 
moderate antibacterial activity. 

These findings encourage the continued optimization of the 
molecular framework to enhance potency and strain selectivity, 
paving the way for the design of next-generation antimicrobial 
compounds that can overcome emerging resistance.
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SYNTHESIS AND ANTIBACTERIAL EVALUATION 
OF 2-(ALKYLOXY)-N-(2,5-DIMETHYLBENZYL)-N,N-
DIMETHYL-2-OXOETHANAMMONIUM CHLORIDES

Varduhi Suren Hovsepyan, Naira Arayik Gevorgyan, 
Gevorg Garnik Safaryan, Ashot Vardges Babakhanyan, 
Hrachya Movses Stepanyan, Gohar Mkrtich Arajyan

Abstract
Quaternary ammonium compounds (QACs) are cationic 

surfactants with strong antimicrobial activity widely used 
in healthcare, consumer, and industrial products. This study 
synthesized and evaluated a new series of 2-(alkyloxy)-N-
(2,5-dimethylbenzyl)-N,N-dimethyl-2-oxoethanammonium 
chlorides (C6–C12) for antibacterial efficacy. The 
compounds were obtained by alkylating N,N-dimethyl-3,6-
dimethylbenzylamine with corresponding alkyl chloroacetates. 
Antibacterial activity, tested against Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli, and Shigella flexneri, 
showed inhibition zones up to 35 mm.  However, the MIC 
values of the synthesized compounds were higher than those 
of the reference drug, furazolidone. These findings indicate that 
incorporating a 2,5-dimethylbenzyl fragment together with an 
alkyloxycarbonylmethyl chain within a quaternary ammonium 

framework results in compounds exhibiting moderate, broad-
spectrum antibacterial activity.

Keywords: Quaternary ammonium compound (QAC), alkyl 
chloroacetate, antibacterial activity, Gram-positive bacteria, 
Gram-negative bacteria.

СИНТЕЗ И АНТИБАКТЕРИАЛЬНАЯ ОЦЕНКА 
2-(АЛКИЛОКСИ)-N-(2,5-ДИМЕТИЛБЕНЗИЛ)-N,N-
ДИМЕТИЛ-2-ОКСОЭТАНАММОНИЙ ХЛОРИДОВ

Вардуи Суреновна Овсепян, Наира Араиковна 
Геворгян, Геворг Гарникович Сафарян, Ашот 
Варгесович Бабаханян, Грачья Мовсесович Степанян, 
Гоар Мкртычевна Араджян

Аннотация
Четвертичные аммониевые соединения (ЧАС) 

представляют собой катионные поверхностно-
активные вещества с выраженной антимикробной 
активностью, широко используемые в медицинских, 
бытовых и промышленных целях. В данной работе 
синтезирована и исследована новая серия 2-(алкилокси)-
N-(2,5-диметилбензил)-N,N-диметил-2-оксоэтанаммоний 
хлоридов (C6–C12) с целью оценки их антибактериальной 
активности. Соединения получены алкилированием N,N-
диметил-3,6-диметилбензиламина соответствующими 
алкилхлорацетатами. Антибактериальная активность 
изучена в отношении Staphylococcus aureus, Bacillus 
subtilis, Escherichia coli и Shigella flexneri. Соединения 
продемонстрировали зоны ингибирования до 35 мм. 
Однако значения МИК синтезированных соединений 
оказались выше, чем у референтного препарата 
фуразолидона. Эти данные свидетельствуют о том, что 
включение 2,5-диметилбензильного фрагмента вместе 
с алкилоксикарбонилметильной цепью в четвертичный 
аммониевый каркас приводит к образованию соединений, 
проявляющих умеренную антибактериальную активность 
широкого спектра действия.

Ключевые слова: четвертичные аммониевые соединения 
(ЧАС), алкилхлорацетат, антибактериальная активность, 
грамположительные бактерии, грамотрицательные 
бактерии.

2-(ალკილოქსი)-N-(2,5-დიმეთილბენზილ)-N,N-
დიმეთილ-2-ოქსოეთამანონიუმის ქლორიდების 
სინთეზი და ანტიბაქტერიული შეფასება

ვარდუი სურენ ჰოვსეპიანი, ნაირა არაიკ გევორგიანი, 
გევორგ გარნიკ საფარიანი, აშოტ ვარგეს ბაბახანიანი, 
ჰრაჩია მოვსეს სტეპანიანი, გოჰარ მკრტიჩ არაჟიანი

რეზიუმე
მეოთხეული ამონიუმის ნაერთები (QACs) არის 

კათიონური ზედაპირულად აქტიური ნივთიერებები 
გამოხატული ანტიმიკრობული აქტივობით, 
რომლებიც ფართოდ გამოიყენება სამედიცინო, 
საყოფაცხოვრებო და სამრეწველო დანიშნულებით. 
ამ ნაშრომში სინთეზირებული და დახასიათებულია 
2-(ალკილოქსი)-N-(2,5-დიმეთილბენზილ)-N,N-
დიმეთილ-2-ოქსოეთამანონიუმის ქლორიდების 
(C6–C12) ახალი სერია მათი ანტიბაქტერიული 
აქტივობის შესაფასებლად. ნაერთები მიღებულ 
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იქნა N,N-დიმეთილ-3,6-დიმეთილბენზილამინის 
ალკილქლორაცეტატებთან. ანტიბაქტერიული 
აქტივობა შესწავლილი იქნა Staphylococcus aureus-ის, 
Bacillus subtilis-ის, Escherichia coli-ს და Shigella flexneri-ს 
მიმართ. კავშირებმა აჩვენა 35 მმ-მდე ინჰიბირების 
ზონები.  თუმცა, MIC მნიშვნელობები უფრო მაღალი 
იყო, ვიდრე საცნობარო პრეპარატის ფურაზოლიდონის. 
ეს მონაცემები მიუთითებს, რომ 2,5-დიმეთილბენზილის 

ფრაგმენტის ჩართვა ალკილოქსიკარბონილმეთილის 
ჯაჭვთან ერთად მეოთხეულ ამონიუმის ჩარჩოში იწვევს 
ნაერთების წარმოქმნას, რომლებიც ავლენენ ზომიერ 
ანტიბაქტერიულ აქტივობას მოქმედების ფართო 
სპექტრით.

საკვანძო სიტყვები: მეოთხეული ამონიუმის ნაერთები 
(QAC), ალკილ ქლორაცეტატი, ანტიბაქტერიული 
აქტივობა, გრამდადებითი ბაქტერიები, გრამუარყოფითი 
ბაქტერიები.


	Title

