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Abstract—This work is aimed to develop several cationic amphiphiles based on amino acid derivatives of
diethanolamine as potentially membrane-active antibacterial agents. The developed compounds contain two
amino acid residues in the polar block and aliphatic chains of various length in the hydrophobic domain.
Amphiphiles were obtained in preparative amounts sufficient to confirm their structures and perform a study
of antibacterial activity. The synthesized samples based on β-Ala (4c) and GABA (4d) with aliphatic
C12 chain in the hydrophobic domain showed a promising level of antimicrobial activity against gram-posi-
tive (B. subtilis) and gram-negative (E. coli) bacteria (minimal inhibitory concentration, MIC, 1 μg/mL).
Amphiphiles containing aromatic amino acids L-Phe (6a) and L-Trp (6b) in the polar head group and
C8 hydrocarbon chain exhibited an antibacterial activity against B. subtilis with MIC of 1 μg/mL. The
obtained data on antimicrobial activity make the selected compounds attractive for further detailed study of
their mechanism of action.

Keywords: antimicrobial peptides, peptidomimetics, cationic amphiphiles, diethanolamine, amino acid
derivatives, bacterial resistance
DOI: 10.1134/S1990747823020034

INTRODUCTION
The rapid spread of bacteria resistant to existing

antibiotics poses many challenges to the health care
system. Antibiotics that are part of standard treatment
protocols eventually become ineffective against multi-
drug-resistant bacteria, resulting in a severe course of
infectious diseases. Many research groups around the
world are searching for effective means to combat
pathogens that can complement the antibacterial ther-
apeutic arsenal.

Antimicrobial peptides (AMPs) are believed to be a
new type of possible antimicrobial agents of natural
origin [1]. They combine antimicrobial, angiogenic,
and anti-inflammatory activity with immunomodula-
tory effects [2]. However, the high cost of consum-
ables, insufficient study of physicochemical and bio-
logical properties, instability of the obtained product
or its toxicity to the host’s own cells make it difficult to
widely use such biologically active structures [3].

Disadvantages of AMPs stimulated the develop-
ment of new membrane-active substances, peptido-
mimetics [4]. These are synthetic derivatives of amino
acids and peptides designed to mimic the basic func-
tions and properties of the original pharmacophores.

The choice of the membrane as a target provides an
advantage of peptide agents over conventional antibi-
otics since the development of resistance to the pepti-
domimetics is slow or even absent. Such molecules
retain their activity profile and selectivity of action,
while they have greater bioavailability and stability
under physiological conditions compared to classical
AMPs. Over the past decade, a number of such agents
have been synthesized, isolated, and studied [4]. Some
of them are already used in the clinic [5] and some are
undergoing clinical trials [6, 7].

One of the most promising trends is the use of cat-
ionic amphiphiles as peptidomimetics that have a sim-
ple design and high stability and show promising
results of antimicrobial action [8]. The particular
interest in these compounds stems from efficient, low-
cost, and time-saving synthetic strategies. [9]. Main
methods for the preparation of amphiphiles involve
classical methods of peptide and lipid chemistry,
which allows easy replacement or introduction of
alternative fragments representing various amino acid
analogs or aliphatic links [8].

Biological activity of amphiphiles largely depends
on the architecture of the synthesized molecules. It is
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not uniform, unlike prototypes consisting exclusively
of α-amino acid residues but involves varying the
structure of the main fragments. In addition, it is pos-
sible to synthesize small molecules whose central link
is not represented by an amide backbone [10, 11]. In
general terms, the structure of amphiphilic molecules
is represented by one or two aliphatic chains, amino
acid sites as a hydrophilic head group, and a spacer
connecting these two domains. Varying the structural
elements of the amphiphile can affect the bioavailabil-
ity of the molecule and its toxic effect [12]. Studies
show that there is a relationship between the length of
the hydrophobic domain of the amphiphilic com-
pound and the minimum inhibitory concentration
(MIC) that is required to inhibit the growth of micro-
organisms [13].

The most important role in the positive dynamics
of antibacterial action is played by the adjusting of the
amphiphilicity of these compounds, in particular, the
ratio of the hydrophilic part to the hydrophobic part,
the hydrophilic-lipophilic balance (HLB) [14, 15].
The choice of optimal design of peptidomimetics
determines their antimicrobial activity and reduces
toxic effects.

The aim of this study is to develop a scheme of the
preparation and synthesis of a series of novel antimi-
crobial peptidomimetics and to perform preliminary
biological tests of their antibacterial activity. Cationic
amphiphiles based on aliphatic derivatives of dietha-
nolamine containing two amino acid residues in the
polar block and differing in the length of the aliphatic
chains in the hydrophobic domain were chosen as tar-
get compounds. Published data on molecules with a
similar structure [8, 16, 17] suggest that the newly syn-
thesised molecules may be active against bacterial cell
membranes.

MATERIALS AND METHODS
Materials. Reagents for the synthesis were com-

mercially available and used without pre-treatment.
1H-NMR spectra were recorded in deuterated solvent
on a BrukerWM-300 pulsed NMR spectrometer
(Germany) with an operating frequency of 300 MHz.
The internal standard was hexamethyldisiloxane. IR
spectra of the substances were recorded on a Bruker
EQUINOX 55 FTIR spectrometer (Germany). Mass
spectra were recorded on a VISION 2000 time-of-
flight mass spectrometer (UK) using the MALDI
method; 2,4-dihydroxybenzoic acid (DHB) was used
as a matrix. Thin-layer chromatography (TLC) was
performed on Sorbfil (LLC Imide, Krasnodar, Rus-
sia) and Silufol plates (Czech Republic); preparative
thin-layer chromatography was performed on TLC
standard grade silica gel (Sigma-Aldrich, Germany).
Column chromatography was performed on 0.040–
0.063 mm silica gel (Merck, Germany). Substances
were detected by thin-layer chromatography by heat-
ing over the f lame of an alcohol burner or iodine
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vapor. Substances containing amino groups were
detected in a 5% solution of ninhydrin followed by
heating to 50°C. Aromatic compounds were detected
under UV light on Alugram Xtra SIL G/UV254 plates.

Methods. Synthesis of cationic amphiphiles was
performed by standard methods of peptide and lipid
chemistry.

N-Octyldiethanolamine (2a). A mixture of 1 g
(9.51 mmol) diethanolamine, 1.65 g (8.56 mmol)
1-bromoctane, and 6.58 g (47.6 mmol) potassium car-
bonate in 20 mL acetonitrile was stirred at 80°C for
24 h. After completion of the reaction, the excess
potassium carbonate was filtered off and the solvent
was removed under vacuum. The reaction product was
dissolved in 25 mL ethyl acetate, washed with distilled
water (3 × 20 mL) and dried over anhydrous sodium
sulfate. The product was isolated by column chroma-
tography in a chloroform : methanol (9 : 1 v/v) system;
837 mg of product 2a (45%) was obtained.

1H NMR spectrum (DMSO-d6, δ, m.d.): 0.88 (t,
3H, CH3), 1.27 (s, 10H, CH2CH2(CH2)5CH3),
1.38 (p, 2H, CH2CH2(CH2)5CH3), 2.43 (t, 2H,
CH2CH2(CH2)5CH3), 2.51 (t, 4H, CH2CH2NH),
3.40 (t, 4H, CH2CH2NH), 4.33 (s, 2H, OH).

N-Dodecyldiethanolamine (2b). N-Dodecyldietha-
nolamine was prepared similarly. From 1 g (9.51 mmol)
of diethanolamine and 2.13 g (8.56 mmol) of 1-bro-
modododecane 1.7 g of product 2b (74%) were
obtained.

1H NMR spectrum (DMSO-d6, δ, m.d.): 0.85 (t,
3H, CH3), 1.24 (s, 18H, CH2CH2(CH2)9CH3), 1.36
(p, 2H, CH2CH2(CH2)9CH3), 2.43 (t, 2H,
CH2CH2(CH2)9CH3), 2.51 (t, 4H, CH2CH2NH),
3.40 (t, 4H, CH2CH2NH), 4.37 (s, 2H, OH).

O,O'-di-(N-(tert-butoxycarbonyl-β-alanyl)octyl)di-
ethanolamine (3a). 225 mg (1.84 mmol) of 4-dimethyl-
aminopyridine (DMAP) and a solution of 380 mg
(1.84 mmol) of dicyclohexylcarbodiimide (DCC) in
5 mL of methylene chloride was added to a solution of
220 mg (1.15 mmol) of Boc-(β-Ala)-OH in 5 mL of
anhydrous methylene chloride under stirring. The mix-
ture was stirred at 0°C for 15 min. 100 mg (0.461 mmol)
of product 2a in 5 mL methylene chloride was added
to the reaction mass. The mixture was kept under vig-
orous stirring for 24 h. After completion of the reaction
the precipitate of dicyclohexylurea was filtered off, the
reaction mixture was dissolved in 50 mL ethyl acetate
and washed with distilled water (3 × 50 mL) and dried
over Na2SO4. The solvent was removed under vacuum,
and the product was isolated by column chromatogra-
phy in toluene : ethyl acetate (2 : 1 v/v) system. The
yield of product 3a was 102 mg (40%).

1H NMR spectrum (CDCl3, δ, m.d.): 0.89 (t, 3H,
CH3), 1.28 (s, 10H, CH2CH2(CH2)5CH3), 1.46 (s,
18H, CCH3), 1.94 (m, 2H, CH2CH2(CH2)5CH3), 2.53
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(t, 4H, β-Ala: αCH2), 2.64 (t, 2H, CH2CH2(CH2)5CH3),
2.78 (t, 4H, CH2CH2NH), 3.41 (q, 4H, β-Ala: βCH2),
4.18 (t, 4H, CH2CH2NH), 5.25 (s, 2H, NH).

IR spectrum: (KBr), ν/cm–1: 3415 (N–H); 2949,
2894 (C–H); 1743 (C=O ester), 1720 (C=O, amide I);
1527 (N–C, amide II).

O,O'-di-(N-(tert-butoxycarbonyl-GABA)octyl)di-
ethanolamine (3b). The reaction was performed in a
similar manner. From 234 mg (1.15 mmol) of Boc-
(GABA)-OH and 0.1 g (0.461 mmol) of compound 2a,
112 mg of product 3b (41%) was obtained.

1H NMR spectrum (CDCl3, δ, m.d.): 0.89 (t, 3H,
CH3), 1.28 (s, 10H, CH2CH2(CH2)5CH3), 1.46 (s,
18H, CCH3), 1.82 (p, 4H, GABA: βCH2), 1.95 (m,
2H, CH2CH2(CH2)5CH3), 2.37 (t, 4H, GABA: αCH2),
2.52 (t, 2H, CH2CH2(CH2)5CH3), 2.78 (t, 4H,
CH2CH2NH), 3.17 (m, 4H, GABA: γCH2), 4.15 (t,
4H, CH2CH2NH), 4.79 (s, 2H, NH).

IR spectrum: (KBr), ν/cm–1: 3386 (N–H); 2927,
2856 cm–1 (C–H); 1737 (C=O ester); 1677 (C=O,
amide I); 1521 (N–C, amide II).

O,O'-di-(N-(tert-butoxycarbonyl-β-Ala)dodecyl)di-
ethanolamine (3c). Compound 3c was prepared in a
similar manner. From 0.34 g (1.8 mmol) of Boc-(β-
Ala)-OH and 0.2 g (0.73 mmol) of compound 2b,
277 mg of product 3c (62%) was obtained.

1H NMR spectrum (CDCl3, δ, m.d.): 0.86 (t, 3H,
CH3), 1.28 (s, 18H, CH2CH2(CH2)9CH3), 1.46 (s,
18H, CCH3), 1.63 (p, 2H, CH2CH2(CH2)9CH3), 2.53 (t,
4H, β-Ala: αCH2), 2.59 (t, 2H, CH2CH2(CH2)9CH3),
2.83 (t, 4H, CH2CH2NH), 3.37 (m, 4H, β-Ala:
βCH2), 4.21 (t, 4H, CH2CH2NH), 5.22 (s, 2 H, NH).

IR spectrum: (KBr), ν/cm–1: 3311 (N–H); 2958,
2902 (C–H); 1739 (C=O ester); 1715 (C=O, amide I);
1519 (N–C, amide II).

O,O'-di-(N-(tert-butoxycarbonyl-GABA)dodecyl)di-
ethanolamine (3d). Compound 3d was prepared in a
similar manner. From 0.37 g (1.8 mmol) of Boc-
(GABA)-OH and 0.2 g (0.73 mmol) of compound 2b,
280 mg of product 3d (60%) was obtained.

1H NMR spectrum (CDCl3, δ, m.d.): 0.87 (t, 3H,
CH3), 1.24 (s, 18H, CH2CH2(CH2)9CH3), 1.46 (s,
18H, CCH3), 1.63 (p, 2H, CH2CH2(CH2)9CH3), 1.80
(m, 4H, GABA: βCH2), 2.36 (t, 4H, GABA: αCH2),
2.49 (t, 2H, CH2CH2(CH2)9CH3), 2.73 (t, 4H,
CH2CH2NH), 3.14 (m, 4H, GABA: γCH2), 4.11 (t,
4H, CH2CH2NH), 4.75 (s, 2H, NH).

IR spectrum: (KBr), ν/cm–1: 3340 (N–H); 2914,
2855 cm–1 (C–H); 1735 (C=O ester); 1625 (C=O
ester, amide I); 1521 (N–C, amide II).

O,O'-di-(β-alaniloctyl)diethanolamine bistrifluoro-
acetate (4a). 33 mg (0.3 mmol) of trif luoroacetic acid
was added to a solution of 11 mg (0.02 mmol) of sub-
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stance 3a in 5 mL anhydrous methylene chloride. The
mixture was stirred for 2 h at 0°C. After completion of
the reaction, the solvent and excess trif luoroacetic
acid were distilled off at a rotary evaporator. The final
oily product 4a was obtained in quantitative yield.

Mass spectrum, m/z: 382.18 [M + Na]+; 398.20
[M + K]+.

O,O'-di-(GABA-octyl)diethanolamine bistrifluoro-
acetate (4b). Compound 4b was prepared in a similar
manner. From 14 mg (0.024 mmol) of compound 3b
and 41 mg (0.36 mmol) of trif luoroacetic acid, prod-
uct 4b was obtained in quantitative yield.

Mass spectrum, m/z: 410.12 [M + Na]+; 426.18
[M + K]+.

O,O'-di-(β-alanyl dodecyl)diethanolamine bistriflu-
oroacetate (4c). Compound 4c was prepared in a sim-
ilar manner. From 12 mg (0.02 mmol) of compound 3c
and 41 mg (0.36 mmol) of trif luoroacetic acid, prod-
uct 4c was obtained in quantitative yield.

Mass spectrum, m/z: 438.213 [M + Na]+; 454.209
[M + K]+.

O,O'-di-(GABA-dodecyl)diethanolamine bistriflu-
oroacetate (4d). Compound 4d was prepared in a simi-
lar manner. From 10 mg (0.016 mmol) of compound 3d
and 27 mg (0.23 mmol) of trif luoroacetic acid, prod-
uct 4d was obtained in quantitative yield.

Mass spectrum, m/z: 466.29 [M + Na]+; 485.31
[M + K]+.

O,O'-di-(N-(tert-butoxycarbonyl-L-Phe)octyl)di-
ethanolamine (5a). The reaction to obtain 5a was car-
ried out similarly to the reaction for compound 3a.
From 0.1 g (0.46 mmol) of 2a and 0.427 g (1.6 mmol)
of Boc-(Phe)-OH, 0.24 g of product 5a (72%) was
obtained.

1H NMR spectrum: (CDCl3, δ, m.d.): 0.88 (t, 3H,
CH3), 1.27 (s, 10H, CH2CH2(CH2)5CH3), 1.41 (s, 18H,
CCH3), 1.54 (m, 2H, CH2CH2(CH2)5CH3), 2.46 (t,
2H, CH2CH2(CH2)5CH3), 2.67 (t, 4H, CH2CH2NH),
3.10 (m, 4H, NHCHCH2C6H5), 4.12 (t, 4H,
CH2CH2NH), 4.56 (m, 2H, NHCHCH2C6H5), 5.02
(s, 2H, NH), 7.14–7.32 (m, 10H, C6H5).

IR spectrum: (KBr), ν/cm–1: 3443 (N–H); 3070,
3057, 750, 709 (arC–H); 2982, 2851 cm–1 (C–H); 1751
(C=O); 1678 (C=O ester, amide I); 1516 (N–C,
amide II).

O,O'-di-(N-(tert-butoxycarbonyl-L-Trp)octyl)di-
ethanolamine (5b). The reaction to obtain 5b was carried
out similarly to compound 3a. From 0.1 g (0.4 mmol) of
2a and 0.490 g (1.6 mmol) of Boc-(Trp)-OH, 0.2 g of
product 5b (56%) was obtained.

1H NMR spectrum (CDCl3, δ, m.d.): 0.90 (t, 3H,
CH3), 1.25 (s, 10H, CH2CH2(CH2)5CH3), 1.48 (s,
18H, CCH3), 1.57 (m, 2H, CH2CH2(CH2)5CH3),
2.24 (t, 2H, CH2CH2(CH2)5CH3), 2.35 (t, 4H,
EMBRANE AND CELL BIOLOGY  Vol. 17  No. 2  2023
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CH2CH2NH), 3.28 (m, 4H, NHCHCH2C8H5NH),
3.94 (t, 4H, CH2CH2NH), 4.62 (m, 2H,
NHCHCH2C6H5NH), 5.21 (s, 2H, NH), 7.00–7.58
(m, 12H, C8H5NH), 8.68 (m, 2H, C8H5NH).

IR spectrum: (KBr), ν/cm–1: 3361 (N–H); 3063,
3030, 749, 701 (arC–H); 2928, 2855 cm–1 (C–H);
1721 (C=O ester); 1715 (C=O ester, amide I); 1500
(N–C, amide II).

O,O'-di-(N-(tert-butoxycarbonyl-L-Tyr)octyl)di-
ethanolamine (5c). The reaction for the preparation of 5c
was carried out in a similar way. From 0.1 g (0.4 mmol)
of 2a and 0.405 g (1.4 mmol) of Boc-(Tyr)-OH, 96 mg
of product 5c (28%) was obtained.

1H NMR spectrum (CDCl3, δ, m.d.): 0.88 (t, 3H,
CH3), 1.26 (s, 10H, CH2CH2(CH2)5CH3), 1.43 (s,
18H, CCH3), 1.58 (m, 2H, CH2CH2(CH2)5CH3),
2.34 (t, 2H, CH2CH2(CH2)5CH3), 2.73 (t, 4H,
CH2CH2NH), 2.94 (m, 4H, NHCHCH2C6H4), 3.65
(t, H, CH2CH2NH), 4.53 (m, 2H, NHCHCH2C6H4),
4.99 (s, 2H, NH), 6.75–7.04 (m, 10H, C6H5), 7.25 (s,
2H, OH).

IR spectrum: (KBr), ν/cm–1: 3474 (N–H); 3072,
3061 (arC–H); 2934, 2854 cm–1 (C–H); 1692 (C=O);
1643 (C=O ester, amide I); 1514 (N–C, amide II).

O,O'-di-(L-Phe-octyl) diethanolamine bistrifluo-
roacetate (6a). 29 mg (0.25 mmol) of trif luoroacetic
acid was added to a solution of 12 mg (0.017 mmol) of
substance 5a in 7 mL anhydrous CH2Cl2. The mixture
was stirred for 3 h at 0°C. After completion of the reac-
tion, the solvent and excess trif luoroacetic acid were
distilled off at a rotary evaporator. The final oily prod-
uct 6a was obtained in quantitative yield.

Mass spectrum, m/z: 534.24 [M + Na]+; 550.22
[M + K]+.

O,O'-di-(L-Trp-octyl)diethanolamine bistrifluoro-
acetate (6b). Compound 6b was prepared in a similar
manner. From 12 mg (0.013 mmol) of compound 5b
and 20 mg (0.20 mmol) of trif luoroacetic acid, prod-
uct 6b was obtained in quantitative yield.

Mass spectrum, m/z: 612.16 [M + Na]+; 628.22
[M + K]+.

O,O'-di-(L-Tyr-octyl)diethanolamine bistrifluoro-
acetate (6c). Compound 6c was prepared in a similar
manner. From 12 mg (0.016 mmol) of compound 5b
and 28 mg (0.24 mmol) of trif luoroacetic acid, prod-
uct 6c was obtained in quantitative yield.

Mass spectrum, m/z: 566.40 [M + Na]+; 581.37
[M + K]+.

Determination of the minimum inhibitory concentra-
tion (MIC) by the agar diffusion method. Study of the
antibacterial activity of the obtained amphiphiles was
carried out in collaboration with the Basic department
of the FSBI Gause Institute of New Antibiotics. Pre-
pared suspensions of Bacillus subtilis 534 and Escherichia
coli M17 with a concentration of 1.5 × 108 CFU/mL and
BIOCHEMISTRY (MOSCOW), SUPPLEMENT SERIES A: M
an optical density of 0.5 McFarland units were used as
test microorganisms. Aliquots (100 μL) of the suspen-
sion were applied to Petri dishes and filled with 10 mL
of warm nutrient agar, stirred, and left to harden. Then
sterile discs of thick filter paper (6 pieces) of equal size
and weight, with an inner diameter of 6.0 ± 0.1 mm,
were placed at equal distances from each other on the
surface of the agar in the dishes with cultures. Aliquots
of the test and control samples were applied to the
discs: 1, 10 and 100 μL each, corresponding to 1, 10
and 100 μg/mL of the substance. The plates were then
incubated at room temperature for 1–2 h, followed by
incubation at 36 ± 1°C for 16–18 h. At the end of the
experiment, the diameter of the growth suppression
zones of the test microorganism was determined with
an accuracy of 1 mm. The experiment was performed
three times. Ampicillin (Sigma-Aldrich) and vanco-
mycin (Acros Organics) solutions, to which the micro-
organisms used were sensitive, were used as compari-
son drugs.

RESULTS AND DISCUSSION
In this work, we proposed and implemented a

scheme of the synthesis of novel cationic amphiphiles
based on natural amino acids and diethanolamine
(Scheme 1). The main criterion for the selection of
synthesized amphiphile structures was the calculated
value of hydrophilic–lipophilic balance (HLB). The
HLB values correlate with the possibility of interac-
tions of the therapeutic molecules with the compo-
nents of the bacterial cell wall and the demonstration
of antimicrobial activity. According to the published
data for compounds exhibiting high antimicrobial
activity, the optimal HLB ranges from 5 to 7 [17]. The
theoretical calculation of the HLB was performed
using the ACD/Labs, LogP software. A library of
chemical structures based on amino acids and amino
alcohols was developed and molecules whose HLB
values lie within the range of probable antibacterial
activity and range from 3.14 to 6.49 were selected
(Table 1). To calculate the HLB in the chemical editor
ChemDraw, we created the structures of the resulting
compounds, which were then loaded into the LogP
program for automatic calculation of the HLB
according to the parameters set by the program. The
calculation of values for molecules from literature
sources [12, 17] with similar structure and with
known antibacterial mechanism showed similar
results. The data obtained became the basis for the
development of the scheme for the preparation and
synthesis of compounds 4(a–d) and 6(a–c).

All the compounds synthesized have a common
principle of structure and consist of the following
building blocks: two polar head groups, a spacer, a
linker, and a hydrophobic alkyl fragment. The hydro-
philic domain is represented by two residues of β-Ala,
GABA, L-Phe, L-Tyr, or L-Trp. Diethanolamine was
used as the spacer. Commercially available diethanol-
EMBRANE AND CELL BIOLOGY  Vol. 17  No. 2  2023
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Table 1. HLB values for the synthesized compounds

Compound Structural formula HLB

4a (n = 7) 3.14 ± 0.40

4c (n = 11) 5.30 ± 0.40

4b (n = 7) 3.61 ± 0.36

4d (n = 11) 5.73 ± 0.36

6a 6.49 ± 0.45

6b 6.34 ± 0.48

6c 5.02 ± 0.46

7 [17] 4.15 ± 0.59

8 [12] 5.7 ± 0.69
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amine is often included in cosmetics and drugs
because of its two reactive functional groups that allow

the synthesis of preparations with a wide spectrum of
action [18].

Scheme 1.

To form the hydrophobic domain of com-
pounds 4(a–d) and 6(a–c), 1-bromoctane and 1-bro-
mododecane were proposed in this work. Lipophilic
domain in 2(a, b) was obtained by the N-alkylation
reaction of diethanolamine in the presence of K2CO3
in CH3CN. The yield of products 2a and 2b was 45%
and 74%, respectively.

Compounds 3(a–d) containing Boc-protected ali-
phatic amino acids were prepared by the carbodiimide
method using DCC and DMAP [19]. The yields of
substances 3(a–d) were 40, 41, 62, and 60%, respec-
tively. The structures of the obtained products were
confirmed by 1H-NMR and IR spectroscopy.

Compounds 5(a–c) containing Boc-protected
aromatic amino acids were prepared according to
the method described above. The yields of com-
pounds 5(a–c) were 72, 56, and 28%, respectively.
The low yield of compound 5c containing tyrosine is
explained by the fact that the presence of a reactive
hydroxyl group leads to the formation of a complex

mixture that is difficult to separate. The presence of
many by-products makes it difficult to isolate the tar-
get compound with an unprotected OH group. A solu-
tion to this problem could be the use of commercially
available derivatives with a protected hydroxyl group,
such as tert-butyl protection.

Cationic amphiphiles 4(a–d) and 6(a–c) were
obtained by removal of the Boc-protective groups by
trif luoroacetic acid in anhydrous methylene chloride
medium (1 : 1 v/v). The reaction was monitored by
TLC data. The structures of the obtained salts were
confirmed by mass spectrometry data.

The preliminary evaluation of antibacterial action
of the synthesized compounds was performed on
Gram-positive bacteria B. subtilis 534 and Gram-neg-
ative bacteria E. coli M17 by the method of bacteria dif-
fusion in agar (Tables 2, 3). Compounds that contain
the aliphatic amino acids β-Ala (4c) and GABA (4d)
with a C12 hydrophobic chain in the polar group showed
antibacterial activity against both Gram-positive and
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Table 2. Size of bacterial growth suppression zone, mm

* Hereinafter in this table the sign “–” means that the zone of bacterial growth suppression is absent.

Compound Concentration,
μg/mL

E. coli (–) B. subtilis (+)

1 2 3 1 2 3

4a
1 –* – – – – –

10 – – – – – –
100 13 ×12 14 × 12 13 × 11 14 × 10 14 × 13 13 × 14

4b
1 – – – – – –

10 – – – – – –
100 15 16 21 20 18 × 21 20

4c
1 5 6 5 8 6 7

10 10 9 × 8 8 × 9 13 × 14 12 12 × 10

100 15 ×14 16 ×18 15 20 ×11 21×13 16 ×12

4d
1 6 7 6 7 7 8

10 15 × 12 14 × 11 14 × 13 16 × 12 12 × 18 16
100 27 × 25 23 × 29 26 × 22 27 × 25 24 × 33 30 × 22

6a
1 – – – 4 4 5

10 – – – 13 12 × 15 14
100 18 16 15 20 × 18 22 16 × 19

6b
1 – – – 4 5 5

10 – – – 13 × 14 12 12 × 10

100 27 × 25 23 22 × 25 22 × 25 15 20

6c
1 – – – – – –

10 – – – 15 × 12 13 16
100 20 25 21 × 24 28 × 22 26 19 × 23

Vancomycin
1

Not studied
6 7 7

10 12 × 9 15 × 12 13
100 22 23 × 24 26

Ampicillin
1 – – –

Not studied10 12 13 × 11 14
100 20 × 17 21 × 13 20

Table 3. Antibacterial activity of the compounds (MIC)

Compound
MIC, μg/mL

E. coli (–) B. subtilis (+)

4a 100 100

4b 100 100
4c 1 1
4d 1 1
6a 100 1
6b 100 1
6c 100 10
7 1.56 [20] –
8 1 [12] –

Vancomycin – 1
Ampicillin 10 –
Gram-negative bacteria with a MIC of 1 μg/mL.
Amphiphiles with the aromatic amino acids L-Phe (6a)
and L-Trp (6b) in the polar head group and C8 hydro-
phobic chain were active against B. subtilis with a MIC
of 1 µg/mL. Thus, the following structure-activity rela-
tionship can be noted: for high activity against Gram-
positive bacteria B. subtillis, a pronounced hydropho-
bicity is required, which is achieved either by increas-
ing the hydrocarbon chain length to C12 in the pres-
ence of aliphatic amino acids β-Ala and GABA, as in
the case of compounds 4c and 4d, or by introducing
hydrophobic aromatic acids L-Phe and L-Trp while
maintaining the hydrocarbon radical C8, as in 6a and 6b.
As for Gram-negative bacteria E. coli, this dependence
is observed only for aliphatic amino acids with a long
hydrophobic fragment, 4c and 4d, since the introduc-
tion of aromatic amino acids was not efficient with
regard of the antibacterial activity.
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