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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 alkoxycarbonylmethyl 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, 'H- and '3*C-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
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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 ofaction [5-7]. Alkyl chainsinalkyloxycarbonylmethyl
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 C,-C, 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 7©-m 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.
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Characterization of 2-(Alkyloxy)-N-(2,5-dimethylbenzyl)-
N,N-dimethyl-2-oxoethanammonium chlorides:

IR spectrawererecorded ona Specord IR-75 spectrophotometer.
Spectra were acquired in the range 4000-400 cm™. 'H- and C-
NMR were recorded on Varian Mercury-300VX spectrometer
at 300 MHz for 'H and 75.5 MHz for *C. DMSO-d, was used
as the solvent, and TMS served as the internal chemical shift
standard. Chemical shifts (8) 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 F2s4, 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 2x107 cells per m/ 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 0-55). 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 pg/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 (ng/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 'H- and *C-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, T . 129-133 °C,
IR spectra, v, sm™': 815, 848,1506 (CH,), 1746 (C=0), NMR
spectra 'H (DMSO-d /CCl,1/3),6,m.d.:0.90-0.99 m (3H, CH,),
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3(a-g)

R=(a)C¢H13, (b)C7H15, (¢)CsH17, (d)CoHi9, (€)CioH21, (f)C11H23, (g)Ci2Hos
Figure 1. Synthesis of 2-(alkyloxy)-N-(2,5-dimethylbenzyl)-N, N-dimethyl-2-oxoethanammonium chlorides (3a-g).

1.05-1.25m (6H, CH,) 1.55-1.75 m (2H, CH,CH,CH,), 2.20 s
(3H, CH,C H,), 2.255s(3H, CH,C,H,)3.20s (6H,N'CH,), 4.10
t(2H,J 7.0, OCH,), 5.00 s (2H, CH,C=0), 5.15 s (2H, CH,N),
7.05-7.14 m (2H, CH,), 7.20 d (1H, Jl 7, C;H,). NMR spectra
BC (DMSO-d6/CCl,1/3), 8C, 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 ES+), m/z 306.2435 [M]", C ;H,,CINO,: (calculated
for C19H32NO;: 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, T_. 120-124 °C.IR
spectra, v, sm': 813, 850,1506 (CH,),1747 (C=0) NMR spectra
'H (DMSO-d /CCl,1/3), 8, m. d.: 0.85-0.92 m (3H, CH,), 1.22-
1.40 m (6H, CH) l 62-1.70 m (2H, CH,CH,CH,), 2.35 s (3H,
CH,CH,), 2.48 s (3H, CH,CH,) 337 s (6H, N'CH,), 4.19 t
(2H, J 7.2, OCH,), 5.05 s (2H, CH,C=0), 5.08 s (2H, CH,N),
7.13-7.20 m (2H, CH,), 7.37 d (lH, J1.68 C.H,). NMR spectra
BC (DMSO-d6/CCl,1/3), 8C, 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 ES+), m/z 320.2592 [M]', C,H,,CINO,:
(calculated for C,(H,,NO,": 320.2589).

N-(2,5-dimethylbenzyl)-2-(octyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3¢):

Yield 3.20g, 88%, soluble in water, T m. 115-119 °C. IR
spectra, v, sm': 813, 846,1507 (C H,), 1744 (C=0) NMR spectra
'H (DMSO-4,/CCl, 1/3), 8, m. d.: 0. 85 0.93 m (3H, CH,), 1.21-
1.42m (10H, CH) 1.64-1.73 m (2H, CH,CH,CH,), 2.36 s 3H,
CH,CH,), 2.47 s (3H, CH,CH,) 3.33 s (6H, N'CH,), 421 t
(2H, J 6.88, OCH,), 4.93 s (2H, CH,C=0), 5.01 s (2H, CH,N),
7.15-7.22m (2H, CH,), 7.35 d (1H, Jl 69 C,H,). NMR spectra
BC (DMSO-d6/CCl,1/3), 8C, 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 ES+), m/z 334,2743 [M]', C, H, CINO,:
(calculated for C, H, NO,": 334.2746).

N-(2,5-dimethylbenzyl)-2-(nonyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3d):

Yield 3.57g,93%, soluble in water, T m. 110-114 °C IR spectra,
v, sm': 812, 852, 1507 (C.H,), 1746 (C=0) NMR spectra 'H
(DMSO-d/CCl, 1/3), 8, m. d.: 0.85-0.93 m (3H, CH,), 1.20-
1.40 m (l2H CH) 1.63-1.71 m (2H, CH,CH,CH,), 2.35 s
(3H, CH,CH,), 2.48 s (3H, CH,CH,) 3.36 s (6H, N'CH,),
4.20t(2H,J69 OCH,), 5.02 s (2H, CH,C=0), 5.06 s (2H,
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CH,N), 7.13-7.19 m 2H, C,H,), 7.37 d (1H, J 1.7 CH,). NMR
spectra PC (DMSO-d6/CCl, 1/3), 8C, 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 ES+), m/z 348.2905 [M],
C22H38ClNO (calculated for C,,H,,NO,": 348.2903.).

N-(2,5-dimethylbenzyl)-2-(decyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3e):

Yield 3.18g, 80%, soluble in water, T m. 109-113°C IR spectra,
v, sm': 813, 850, 1505 (C.H,), 1746 (C=0) NMR spectra 'H
(DMSO-d/CCl, 1/3), 6, m. d.: 0.89 m (3H, CH,), 1.28 m (14H,
CH,) 1. 70m(2H CH,CH,CH,), 2.37 s (3H, CH,CH,), 2.47 s
(3H, CHC ), 3.31s (6H, N'CH,), 4.22 t (2H, J 7.2, OCH,),
4.86 s (2H CHC =0), 4.97 s (2H, CH,N), 7.20 m (2H, CH,),
7.33d (1H, JC6H3). NMR spectra *C (DMSO-d6/CCl, 1/3), 8C,
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 ES+), m/z 362.5312. [M]", C,,H, ,CINO,: (calculated
for C23H3 NO,": 362.5300).

N-(2,5-dimethylbenzyl)-2-(undecyloxy)-N,N-dimethyl-2-
oxoethan-1-aminium chloride (3f):

Yield 3.54¢g, 86%, soluble in water, T m. 108-112°C IR spectra,
v, sm: 813, 848, 1506 (C H,), 1746 (C=0), NMR spectra 'H
(DMSO-d/CCl, 1/3), 8, m. d.: 0.85-0.92 m (3H, CH,), 1.21-
141 m (l6H CH) 1.64-1.74 m 2H, CH,CH,CH,), 2.37 s
(3H, CH,C H,), 2.47s (3H, CH,CH,)3.33s (6H,N'CH,), 4.22
t(2H, J 6.83, OCH,), 4.93 s (2H, CH,C=0), 5.01 s (2H, CH,N),
7.15-7.22m (2H, CH,), 7.35 d (1H, Jl 68 C,H,). NMR spectra
BC (DMSO-d6/CCl, 1/3), 8C, 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 ES+),
m/z 376.3218 [M]", C, H, CINO,: (calculated for C,,H, NO,":
376.3216).

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

Yield 3.62g, 85%, soluble in water, T m.107-111 °C. IR
spectra, v, sm': 812, 846, 948 (C H,),1746 (C=0), NMR spectra
'H (DMSO-d,/CCl, 1/3), 3, m. d.: 0.86-0.92 m (3H, CH ., 1.20-
1.40 m (18H, CH) 1.65-1.75m (2H, CH,CH,CH,), 2.35s(3H,
J 7.2 CH,CH,), 2.45s(3H, CH,CH,)3.32s (6H,N"CH,),4.20
t(2H,J 7.1, OCH,), 5.01 s (2H, CH,C=0), 5.06 s (2H, CH,N),
7.15-7.21 m (2H, CH,), 7.40 d (1H, J 1.7 C H,). NMR spectra
13C (DMSO—d6/CCl4 173), 8C, m. d.: 13.59, 19.43,20.23, 21.95,




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 ES+),
m/z 390.2435 [M]’, C,.H, NO,CI: (calculated for C,;H, NO,":
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 (pg/ml)
(Table 1).

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

Bacillus Shigella

Compound ‘:Z:IZ st) Ig;‘;;cus Megaterium flexneri iv;hoef;c‘jhta
258 6858
3a 35 35 35 35
3b 35 35 35 35
3¢ 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 pg/
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 pg/mL, indicating reduced activity
of these compounds against this strain.
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Table 2. Antibacterial activity (serial dilution method) of compounds
3a-g.

Minimum Inhibitory Concentration (MIC pg/ml)

Compound Staphylococcus Bactllus‘ Shlge”t.l Escherichia
aureus 209p Megaterium  flexneri coli 0-55
258 6858
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

Compounds 3e, 3f, and 3g were characterized by an MIC of
62.5 pg/mL against Staphylococcus aureus and increased to 125
pg/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 pg/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 3¢ and 3d against
Bacillus megaterium, expressed in an increase in MIC to 250
pg/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 pg/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 'H 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).



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

3a 3b 3c 3d 3e 3f 3g
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Figure 2. H NMR spectra of N-(2,5-dimethylbenzyl)-2-(nonyloxy)-N,N-dimethyl-2-oxoethan-1-aminium chloride (3d).
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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.

Compound3gshowedanintermediate activity profile: itretained
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-
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dimethylbenzylamine with the alkyl (C6-C12) chloroacetate.
'H and "“C 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

96

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.

CUHTE3 M AHTUBAKTEPUAJIBHAS OLEHKA
2-(AJJKHJIOKCH)-N-(2,5-IUMETHJIBEH3UJI)-N,N-
JIAMETHJI-2-OKCO3TAHAMMOHUI XJIOPHJIOB

Bapayn CypenoBna OscensH, Haupa ApaukoBHa
I'epoprsin, T'esopr TapuukoBuu Cadapsan, Amor
BaprecoBuu Ba6axansan, I'paubss MoBcecopnu CrenaHsiH,
I'oap MkpThIYeBHA ApaKsH

AHHOTAIINSA

UerBepTUUHbBIE aMMOHHEBBIE COEMHEHNUS (HAC)
MPEACTaBISIOT coboi KaTHOHHBIE TIOBEPXHOCTHO-
AKTUBHBIC BEIIECTBA C BBIPAKCHHOH  AHTHMHUKPOOHOI

aKTHBHOCTBIO, IIMPOKO HCIIOJb3yeMble B MEIUIUHCKUX,
OBITOBBIX M TPOMBIIUIEHHBIX ILeiiX. B naHHON pabote
CHHTE3MpOBaHa M HCCIIeI0OBaHa HOBAasl cepHs 2-(aJKHIJIOKCH)-
N-(2,5-mumeTun6en3mn)-N,N-1uMeTHiI-2-0KcodTaHAMMOHHH
xsopunoB (C6—C12) ¢ uenpro OLEHKH X aHTHOAKTepHaIbHON
akTuBHOCTH. COEAMHEHHUs TONTydeHbl ankminpoBaHueM N,N-
JUMETHI-3,6-TMMeTHIIOEH3NIIaMHa COOTBETCTBYIOLIMMHU
ATKWIXJIOpaleTaTaMid.  AHTHOAKTepHaibHas  aKTHBHOCTh
u3ydyeHa B OTHouieHuwu Staphylococcus aureus, Bacillus
subtilis, Escherichia coli n Shigella flexneri. CoenuneHus
MIPOJIEMOHCTPUPOBAIM 30HBI HMHTHOMPOBaHUS /O 35 MM.
Opnako 3Hauenns MUK CcHHTe3MpPOBaHHBIX COETUHEHUI
OKa3aMCh BHIIE, 4YeM Yy pedepeHTHOro mpemnapara
¢dypazonuaoHa. OTH NaHHBIE CBHJETENBCTBYIOT O TOM, YTO
BKIIIOYEHUE 2,5-TUMETHIOCH3UIbHOTO (parMeHTa BMecTe
C AJKWIOKCHKapOOHWIMETHIBHONW IEMNbI0 B YETBEPTUUHBIN
AMMOHHEBBIM KapKac MPUBOAUT K 00pa30BaHUIO COEIMHEHUMH,
MIPOSIBISIONINX YMEPEHHYIO aHTHOAKTepHaIbHYI0 aKTHBHOCTH
LIMPOKOTO CTIEKTPa JeHCTBHS.

KaioueBble ci10Ba: 4yeTBepTHYHBIE AMMOHHEBBIE COCIMHEHHMS
(UAC), amkmixiopaneraT, aHTHOakTepHalbHas aKTHBHOCTD,
IpaMITOJIOKUTEIbHBIE Oakrepuw, rpaMOTpHLATEIbHBIE
OakTepuH.

2-(sew30mdbo)-N-(2,5-0dgmowdgbbow)-N,N-
©039m0-2-dlg5d5bMmbowydols Jwmeopgdol
Lobmgbo s BEGH0BJBHIOOMo Fgxzslinds

3900190 bM9gb 3m3Lg30560, Bs0Ms 503 393MMA060,
2393063 450b03 LoggsMosbo, s9m@ 3569l d5dsbsbosbo,
365605 8mgzLgl bEHI3960560, 4M3sM FIOEHOB 5750960

M9bowydg

dgmobgmmo  sdmbomdol  bogdogdo  (QACs) oMol
39000mbMMH0  BYOIZ0OHWMWS© 5BH0MMO bogmogMgdgdo
358mbo@ Mo 36¢080360HMdMo 99&Ho3mdom,
OHmImgdog BoOmmE  399moygbgds  LodgoEobm,

Logmaobmz®mgdm s  Lsdmgfzgwm  ©sbodbmergdoom.
59 Bo8mMPdo LobMYHBOMYPdMO s OLILOSMYIMEO0S
2-(saw30mmdbo)-N-(2,5-0dgmowdgbbow)-N,N-

©039m0-2-glrg5d5bMmbowydols Jwmeopgdol
(C6-C12) osbosemo  LgMos domo  56E0dsdBHIOOMO
99BHogmdol  FqLlogslgdo®.  Boghmgdo  Jowgdvyem



odbs N,N-@00900¢-3,6-0000900¢d96B0wsdobols
3300 MmM539G9GJOMD. 9b63005JBgM 0o
3gdBogmds dglffsgerowo odbs Staphylococcus aureus-ol,
Bacillus subtilis-ob, Escherichia coli-l qos Shigella flexneri-l
000560m.  3938060gdds  sbggbs 35 80-0g 0b630d0MgdoL
bmbgdo. 0d3s, MIC 36083690mdgd0 MBH™M Bowswro
094™, 300069 LEbMBIOM 3OH35M5EOL FIMSBMEOoEMbOL.
9L 9mbs 399900 0POMGAL, BT 2,5-0TgMNowdgEBool
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BO5RTI6EHOL  PsOMZS 530 dL035MdMbOEdgmool
X 933056 ghmo dgmmbgmen s8mbomdol bs@Bmdo ofj3g3L
Boghomgdol §omdmddbsl, GMIgdoiE 93cgbgb Bmdog
3b6GH0dsdBHghomw  5dBHogzmdsl  dmgddggdol  BoHmm
139JGHMoo.

153356dm LoEYz9gd0: gmmbgrEro sdmbovydol bogMogdo
(QAC), @30 Jm®d3IBHGH0,  SBEH0BIIHIBOYO
393H03039,3050©JOI00d59BHIM0900, 40 53MYMBOMO
0543H9cm09d0.
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