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Abstract

Objectives. Resistance to antibiotics and other antimicrobial drugs is an acute problem in the
world today. Therefore, the chemical and pharmaceutical industries are still in search of new
antibacterial agents that can overcome the resistance of pathogenic bacterial strains. To date, it
has been established that molecules with antimicrobial activity must have an amphiphilic nature,
a small size, one or more positive charges, and the required degree of hydrophobicity, that is,
a significant hydrophilic-lipophilic balance (HLB) value. Some examples of such structures are
antimicrobial peptides or peptidomimetics. This study aimed to develop a universal scheme for
synthesizing several amino acid derivatives based on diethanolamine diesters with symmetric
and asymmetric radicals in a hydrophobic block and potential antibacterial activity.

Methods. The progression of chemical reactions was analyzed using thin-layer
chromatography (TLC) on Sorbfil plates. The obtained compounds were isolated and purified
using preparative TLC on Kieselgel (Merck) 60 F254 plates and column chromatography on
Merck silica gel 0.040-0.063 mm. The TLC method was used to detect substances using a
3% ninhydrin solution, followed by heating to 70°C. The structures of the obtained compounds
were confirmed by hydrogen-1 nuclear magnetic resonance (H NMR) spectroscopy on a Bruker
WM-300 pulse NMR spectrometer, with hexamethyldisiloxane serving as the internal standard.

© M.D. Korotkin, S.M. Filatova, Z.G. Denieva, U.A. Budanoval, Yu.L. Sebyakin, 2022
S0


mailto:maks.korotkin.99@mail.ru
https://doi.org/10.32362/2410-6593-2022-17-1-50-64

Maxim D. Korotkin, Svetlana M. Filatova, Zaret G. Denieva, et al.

Results. The HLB values of the diethanolamine derivatives were calculated, and samples were
selected for subsequent synthesis. A scheme was developed for preparing amino acid derivatives
based on diethanolamine diesters with symmetric and asymmetric radicals in the hydrophobic
domain, and five new compounds were synthesized. The hydrophilic blocks of these compounds
included residues of amino acids such as glycine, 3-alanine, L-ornithine, and L-lysine.
Conclusions. The potential antimicrobial activity of the synthesized peptidomimetics was
assessed by their HLB values using the ACD/Labs Log P program. New amphiphiles were
synthesized using amino acids and diethanolamine, and their structures were confirmed by
TH NMR spectroscopy data. The synthesized compounds were prepared for antibacterial activity
analysis.
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AnHOMauyus

Ienu. PeaucmeHmHocmsb K aHmubuomukam u opysum aHmMUMUKPOOHbIM Npenapamam siesus-
emcst ocmpoii npobnemoii coepemeHHocmu. ITouck HO8bLX AHMUOAKMEPUANLHBLX A2eHMOo8, npe-
odosiesarouUX pe3aucCmeHmHOCMb NAMOEHHBIX WMmammos baxmepull, siensemest ocmpebosaH-
HbIM 8 XUMUKO-hapmayesmuueckoli npomsluuneHHocmu. Ha cezoOHsuwHUll 0eHb U3gecmHo, umo
MONeKYbl, obnadarouiue AHMUMUKPOOHOT aKmugHOCMbl0, 00JIXKHbL OblMb AMPUPUNLHOU NpU-
poobl, umems HebONbUWLOU pasmep, Hecmu O00OUH UNU HECKOJbKO NOJOXKUMENbHbIX 3apsidos, a
marxoke obradams HeobXxoo0umoili cmeneHvto 2uOpPOPobHOCMU, BbIPAIKEHHOU 8ENUUUHOU 2UOPO-
PuUnbHO-UNOPUNBLHO20 banaHca. Takumu cmpykmypamu mozym eblcmynams AHMUMUKPOOHbBLE
nenmuost unu nenmudomumemuru. Llenvro daHHo20 uccnedogarust bbLna paspabomka yHusep-
CAaNbHOU cxembl U npogedeHue cuHmesa psida NPou38o0HbIX AMUHOKUCIOM HA 0CHO8e OUuahupo8
OUIMAHONAMUHA C CUMMEMPUUHBIMU U ACUMMEMPUUHBIMU PAOUKANAMU 8 2UOPOhObHOM bioKe
€ NOMeHYUANbHOU aHmubaxmepuatbHol AKMuU8HOCMbIO.
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MemooObl. AHANU3 XUMUUECKUX peaKyull, 8bl0eieHUe U OUUCMKY NOAYUEHHBIX COCOUHEHUT NPo-
800U C NOMOULLIO MOHKOCAOUHOU U KOJNIOHOUHOU xpomamoepagpuu. ObHapyxceHue seuiecma
oCYyWecmensiiu MemoooM MOHKOCAOUHOU Xxpomamozpaguil ¢ UCNOAb308AHUEM HUH2UOPUHOBOUL
pearkyuu 05 UX 8U3YaAAU3aAyUU Ha naacmuHax. Cmpykmypol NOAYUEHHbIX coeduHeHUll noo-
meepokoanu memooom 'H-SIMP cnexmpockonuu.

Pesynomamel. [IpogedeH pacuem 8enuUUH 2UOPOPUSbHO-TUNOPUNBHO20 bariaHca NPOU3BOOHbLX
OUIMAHONAMUHA U 8bLOPAHBL 00pa3ybL 051 nociedyrougezo cunmesa. PaspabomaHsl cxemvl nony-
UYEHUSL NPOU3BOOHBIX AMUHOKUCIOM HA OCHO8e OUIPUPOE OUIMAHONAMUHA C CUMMEMPUUHBIMU
U ACUMMEMPUUHBIMU PAOUKAIAMU 8 2UuOPO0obHOM JoMeEHE U NPO8EJEeH CUHME3 NsiMU HO8bLX CO-
eoduHeHull, 8 cocmasg 2u0poPuUbHbLX 6710K08 KOMOPbLX 8X00siM OCMAMKU MAKUX AMUHOKUCIOM,
KaK 2UyuH, -anaHuH, L-opHumuH u L-1usuH.

Boreoodst. [IpousgedeHa oueHKa NOMeHYUAbHOU AHMUMUKPOOHOT AKMUSHOCIU CUHMEe3UPO8aH-
HbLX NenMuUOOMUMEMUKO8 NO 8e/UUUHE UX 2UOPOPUNBLHO-TUNOPUNILHO20 6ANAHCA C NOMOULLIO
npoepammol ACD/Labs Log P. CunmesupoeaHslL Hogble ampugpuibl HA 0OCHO8E AMUHOKUCOM U
OUIMAHONAMUHA, CMPYKMYPbL KOMOpPbLX noomeepikoeHbl 0aHHbmu ' H-SIMP cnekmpockonuu.

Knrueesvle cnoea: aHmubaxkmepuaibHble azeHMbl, AHMUMUKPOOHbLE Nnenmuobl, pesu-
cmeHmHoCcmb, 2u0POPUALHO-TUNOPUNLHBLIU banaHc, amgpuduivl, AMUHOKUCAOMbL, OUIDPU-
PpblL OUIMAHONAMUHA

Jna yumuposanusa: Koporkun M.J1., @unarosa C.M., [lenuesa 3.1, Bynanosa Y.A., Ce6sixun FO.JI. CunTe3 npou3BOIHBIX

AMUHOKHCIIOT Ha OCHOBE IMATAHOIAMUHA C CHMMETPHYHBIMH 1 ACHMMETPHYHBIME PaJUKaIaMH B THAPOGOOHOM TOMEHE C MOTESHIUATEHON
AQHTUMHKPOOHOW aKTUBHOCTBIO. ToHKue xumuueckue mexronozuu. 2022;17(1):50-64. https://doi.org/10.32362/2410-6593-2022-17-1-50-64

INTRODUCTION

Multiple drug-resistant strains of pathogenic
microorganisms pose a serious threat to public health.
The dynamics of the spread of antibiotic-resistant
bacteria have demonstrated the importance of
developing new antibacterial drugs [1, 2]. Although
numerous research and experiments are being
conducted globally to find novel biologically active
compounds that can treat various bacterial infections
and fungal diseases, the number of newly approved
drugs has decreased significantly in the last 20 years
[3-5].

Endogenous antimicrobial peptides are an
essential part of innate immunity [6]. They have high
bactericidal efficiency, as well as antiviral, antifungal,
antitumor, and antioxidant properties [7, 8]. However,
their low selectivity, high in vivo toxicity, potential
immunogenicity, high cost, and complex large-scale
industrial preparation have precluded them from
being widely used in medical practice [9].

These shortcomings have prompted the
development of synthetic strategies to produce
antimicrobial low-molecular-weight peptidomimetics
[10-13] that mimic the physical properties of the
prototypes. The most important structural features

of a molecule with antimicrobial activity are its
amphiphilic nature, its degree of hydrophobicity,
the presence of one or more positive charges, and its
small size.

The action of cationic peptidomimetics is to
destroy the cell membrane through pore formation
[14]. When the integrity of the bacterial membrane
is compromised, it results in intracellular content
leakage and subsequent cell lysis [15, 16]. In addition,
peptidomimetics can enhance the action of other
antibiotics when used together [17]. There is evidence
that threshold hydrophobicity is required for high
antibacterial activity, but an uncontrolled increase in
hydrophobicity causes an increase in toxicity [12].

The new class of cationic amphiphiles has
a uniform structural design, with a hydrophobic
domain that typically represents saturated or
unsaturated aliphatic chains, aromatic compounds,
and a hydrophilic component that bears one or more
positive charges. Many natural amino acids or their
sequences are used as hydrophilic blocks [18, 19].
An amide bond represents the spacer fragment that
connects both domains, and its presence determines
the high bioavailability of molecules.

According to research, the value of the minimum
inhibitory concentration is influenced by the structure
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and length of hydrocarbon radicals in the hydrophobic
domain to a certain extent [20].

This work aimed to synthesize several derivatives
of glycine, B-alanine, L-lysine, and L-ornithine using
symmetrical and asymmetric diethanolamine diesters
in the hydrophobic block and investigate their
biological activity.

EXPERIMENTAL

Several glycine, p-alanine, L-lysine, and
L-ornithine derivatives were synthesized, isolated,
and purified using diethanolamine, sodium hydroxide,
sodium sulfate, citric acid, potassium carbonate,
potassium iodide, 1-bromooctane, trifluoroacetic acid,
di-tert-butyl dicarbonate, dimethylaminopyridine
(DMAP), dicyclohexylcarbodiimide (DCC), octanoic
acid, octyl bromide, and thionyl chloride (puriss.
grade) (Component Reaktiv, Russia).

The hydrophilic-lipophilic balance (HLB) of the
structures was calculated using the ACD/Labs Log P
program (version 14.0.1.11391). The hydrogen-1
nuclear magnetic resonance ('H NMR) spectra
were recorded in deuterated chloroform (CDCIl,)
on a WM-300 pulse NMR spectrometer (Bruker,
Germany) with a 300 MHz operating frequency and
hexamethyldisiloxane as an internal standard. Thin-
layer chromatography (TLC) was performed on
Sorbfil plates (/MID, Russia) with particle sizes of
0.005—-0.015 mm. Preparative TLC was performed on
Kieselgel plates 60 F,,, (Merck, Germany). Column
chromatography was performed on silica gel 60 A
(0.040-0.063 mm) with 230-400 mesh particle size
(Merck, Germany). The solvents used were of puriss.
and p.a. grades (Component Reaktiv, Russia). The
eluent systems were as follows:

(A) chloroform/methanol = 1:1

(B) toluene/ethyl acetate = 1:1

(C) hexane/diethyl ether = 4:3

(D) toluene/ethyl acetate = 20:1

(E) toluene/ethyl acetate = 5:1

(F) hexane/diethyl ether = 2:1

(G) toluene/ethyl acetate = 10:1

(H) chloroform/methanol = 20:1

(I) hexane/diethyl ether = 15:1

Substances were detected by TLC using a 3%
ninhydrin solution (Acros Organics, Belgium),
followed by heating to 70°C. The solvents were
distilled off using an RV 3 vacuum rotary evaporator
(IKA, Germany).

N-tert-butoxycarbonyl-diethanolamine (2) [21]

A solution of 2.34 g (10.7 mmol) of di-tert-
butyl dicarbonate in 35 mL of tetrahydrofuran
(THF) was added dropwise to a solution of 0.75 g

(7.14 mmol) of diethanolamine 1 in 20 mL of THF
for 1 h, maintaining the pH at 8. The reaction
mass was stirred for 3 h at room temperature. The
reaction progress was monitored using TLC in the
(A) eluent system. After the reaction, the solvent
was removed in a vacuum, and the resultant mixture
was acidified with a 20% citric acid solution before
being extracted with ethyl acetate (three times by
75 mL). The organic phase was dried over anhydrous
sodium sulfate and then filtered. Product 2 had a
yield of 0.77 g (52.6%).

'H NMR spectrum (CDCI,, 6, ppm): 1.48 (s,
9H, CH,), 3.31 (t, 4H, NHCH,CH,), 3.86 (t, 4H,
NHCH,CH,).

N-(tert-butoxycarbonyl)-0,0’-dioctyldiethanol-
amine (3) and N-fert-butoxycarbonyl-O-octyl-
diethanolamine (13)

Furthermore, 0.42 g (2.2 mmol) of 1-bromooctane,
0.40 g (2.9 mmol) of potassium carbonate, and a
catalytic amount of potassium iodide were added to a
solution of 0.15 g (0.73 mmol) of 2 in 20 mL of THF.
The reaction mass was stirred for 24 h at 80°C. The
reaction progress was monitored using TLC in the (B)
and (C) eluent systems. The solvent was subsequently
removed in a vacuum, and the resultant mixture was
extracted with ethyl acetate (three times by 75 mL).
The organic phase was dried over anhydrous sodium
sulfate and subsequently filtered. Ethyl acetate was
evaporated using a rotary evaporator. Compounds
3 and 13 were isolated from the mixture by column
chromatography, with the polarity of the (D) eluent
system gradually increasing to that of the (E) system.
Compound 3 had a yield of 39 mg (12.5%), while
compound 13 had a yield of 92 mg (39.7%).

'H NMR spectrum of compound 3 (CDCI,, 6, ppm):
0.88 (6H, t, CH,CH,); 3.40 (4H, t, “CH,); 1.54 (4H, p,
PCH,); 1.27 (20H, m, CH,); 3.40 (2H, t, NCH,CH,0);
3.51 (2H, t, NCH,CH,0); 3.51 (4H, t, NCH,CH,0);
1.48 (9H, s, C(CH,),).

'H NMR spectrum of compound 13 (CDCIl,, 6, ppm):
0.87 (3H, t, CH,CH,); 3.44 (2H, m, °CH,); 1.57 (2H,
p,"CH,);1.27 (10H,m,CH,); 3.44 (4H,t,NCH,CH,0);
3.69 (4H, t, NCH,CH,0); 1.45 (9H, s, C(CH,),);
3.57 (1H, s, OH).

0,0'-dioctyl-diethanolamine trifluoroacetate (4)

Here, 1 mL of trifluoroacetic acid was added
to a solution of 39 mg (0.09 mmol) of compound 3,
which had been preliminarily cooled to 0°C in 10 mL
of chloroform, and the reaction mixture was stirred
for 20 min. The reaction progress was monitored
using TLC in the (E) eluent system. The solvent and
residual trifluoroacetic acid were then removed in a
vacuum. Thus, 37 mg of compound 4 was obtained,
with a 92.3% yield.
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N-(tert-butoxycarbonyl)-glycine (6a)

A solution of 5.81 g (26.66 mol) of di-tert-
butyl dicarbonate in 30 mL of isopropanol was
added dropwise to a solution of 1.00 g (13.33 mmol)
of glycine (5a) in 20 mL of distilled water for
1 h, maintaining pH 8 with 4 M sodium hydroxide
solution. The reaction mass was stirred for 3 h at room
temperature. The reaction progress was monitored
by TLC in the (A) eluent system. The solvents were
removed under a vacuum after the reaction was
completed. The resultant mixture was acidified with
a 20% citric acid solution and extracted with ethyl
acetate (three times by 50 mL). The organic phase was
dried over anhydrous sodium sulfate. Ethyl acetate
was distilled off using a rotary evaporator, and 2.13 g
of product 6a was obtained with a 91.4% yield.

"H NMR spectrum of compound 6a: 1.48 (9H, s,
C(CH,),); 12.26 (1H, s, COOH); 6.85 (1H, t, NHC(R)CO);
4.33 (2H, d, NCH,CO).

N-(tert-butoxycarbonyl)-p-alanine (6b)

A similar procedure was used to prepare 6b,
and 1.85 g of product 6b, with an 87.1% yield, was
obtained from 1 g (11.24 mmol) of B-alanine 5b.

'"H NMR spectrum of compound 6b: 1.49 (9H,
s, C(CH,),); 12.21 (1H, s, COOH); 6.80 (1H, ¢,
NHC(R)CO); 3.21 (2H, s, NCH,CH,CO); 2.35 (2H,
s, NCH,CH,CO).

Na,No-bis(tert-butoxycarbonyl)-L-ornithine (10a)

A similar procedure was used to prepare 10a, and
1.96 g (5.90 mmol) of product 10a, with a 77.8% yield,
was obtained from 1 g (7.58 mmol) of L-ornithine 9a.

'"H NMR spectrum of compound 10a: 1.47 (9H,
s, C(CH,),); 12.27 (1H, s, COOH); 5.12 (1H, ¢,
NHC(R)CO); 4.01 (1H, d, NCH(R)CO); 3.02 (2H, k,
NCH,CH,CH,C); 1.62 (2H, p, NCH,CH,CH,C); 1.84
(2H, p, NCH,CH,CH,C); 4.21 (1H, k, NHCH(R)CO).

Na,Ne-bis(tert-butoxycarbonyl)-L-lysine (10b)

A similar procedure was used to prepare 10b, and
1.99 g (5.75 mmol) of product 10b with an 83.9% yield,
was obtained from 1 g (6.85 mmol) of L-lysine 9b.

'H NMR spectrum of compound 10b: 1.48
(9H, s, C(CH,),); 12.25 (1H, s, COOH); 5.14 (1H, t,
NHC(R)CO); 4.03 (1H, d, NCH(R)CO); 3.09 (2H, k,
NCH,CH,CH,CH,C);1.63(2H,p,NCH,CH,CH,CH,C);
1.32 (2H, p, NCH,CH,CH,CH,C); 1.83 (2H, m,
NCH,CH,CH,CH,C); 4.76 (1H, k, NHCH(R)CO).

N-((tert-butoxycarbonyl)-glycyl)-0,0’-
dioctyl-diethanolamine (7a)

A catalytic amount of DMAP, 28 mg (0.16 mmol)
of 6a, and 49 mg (0.24 mmol) of DCC were added to
a solution of 37 mg (0.08 mmol) of compound 4 in
20 mL of chloroform, which had been preliminarily

cooled to 0°C. The reaction mass was stirred for
48 h at room temperature. The reaction progress was
monitored using TLC in the (E) eluent system. The
resultant mixture was centrifuged, and the solution
was decanted. The precipitate was washed with
chloroform and centrifuged again, and the solution
was subsequently decanted. The resultant solutions
were combined, and then chloroform was distilled off
using a rotary evaporator. Compound 7a was isolated
from the mixture by preparative TLC in the (G) eluent
system, resulting in 22 mg of byproduct 7a with a
yield of 53.6%.

'"H NMR spectrum of compound 7a: 0.86 (6H, t,
CH,CH,); 3.74 (4H, t, “CH,); 1.65 (4H, p, "CH,); 1.26
(20H, m, CH,); 3.74 (4H, t, NCH,CH,0); 4.17 (4H,
t, NCH,CH,0); 1.50 (9H, s, C(CH,),); 4.48 (2H, s,
NCH,CO); 5.23 (1H, s, CONHCH,CO).

Glycyl-0,0'-dioctyl-diethanolamine trifluoro-
acetate (8a)

Trifluoroacetic acid (1 mL) was added to a
solution of 22 mg (0.05 mmol) of compound 7a
preliminarily cooled to 0°C in 10 mL of methylene
chloride. The reaction mass was stirred for 20 min.
The solvent and trifluoroacetic acid residue were
removed under vacuum. 21 mg of compound 8a with
a yield of 93.3% was obtained.

N-(tert-butoxycarbonyl)-0-octyl-O'-octanoyl-
diethanolamine (14)

A catalytic amount of DMAP, 0.13 g (0.87 mmol)
of octanoic acid, and 0.12 g (0.58 mmol) of DCC
were added to a solution preliminarily cooled to 0°C
of 92 mg (0.29 mmol) of compound 13 in 20 mL of
chloroform. The reaction mass was stirred for 48 h.
Then the resultant mixture was filtered, the solvent
was distilled off in a vacuum, and the resultant mixture
was extracted with ethyl acetate (three times by
50 mL). The organic phase was dried over anhydrous
sodium sulfate. Ethyl acetate was distilled off using
a rotary evaporator. Compound 14 was isolated from
the mixture by preparative TLC in the (E) eluent
system, resulting in 103 mg of byproduct 14 with a
yield of 80.3%.

'"H NMR spectrum of compound 14: 0.89 (6H, t,
CH,CH,); 3.42 (2H, t, *CH,); 1.56 (2H, p, "CH,); 2.31
(2H, t, “CH,); 1.63 (2H, p, "CH,); 1.28 (18H, m, CH,);
3.42 (2H, t, NCH,CH,0); 3.51 (2H, t, NCH,CH,0);
3.51 (4H, t, NCH,CH,0); 1.48 (9H, s, C(CH,),).

0-octyl-O'-octanoyl-diethanolamine trifluoro-
acetate (15)

Trifluoroacetic acid (1 mL) was added to a
solution of 103 mg (0.23 mmol) of compound 14
in 25 mL of methylene chloride, which had been
preliminarily cooled to 0°C. The reaction mass was
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stirred for 20 min. The solvent and trifluoroacetic
acid residue were removed in a vacuum.
Compound 15 had a yield of 99 mg (93.1%).

N-((tert-butoxycarbonyl)-glycyl)-0-octyl-O'-
octanoyl-diethanolamine (16)

A catalytic amount of DMAP, 77 mg (0.44 mmol)
of compound 6a, and 136 mg (0.66 mmol) of DCC
were added to a solution of 99 mg (0.22mmol) of
compound 15 in 25 mL of chloroform, which had
been cooled to 0°C. The reaction mass was stirred
for 48 h. The reaction progress was monitored using
TLC in the (C) eluent system. The resultant mixture
was centrifuged, and the solution was decanted.
The precipitate was washed with chloroform, and
centrifuged again. The resultant solutions were
combined, and then chloroform was evaporated using
a rotary evaporator. Compound 16 was isolated from
the mixture by column chromatography in the (G)
eluent system, resulting in 72 mg of byproduct 16
with a yield of 66.4%.

'"H NMR spectrum of compound 16: 0.87 (6H, t,
CH,CH,); 3.78 (2H, t, *CH,); 1.53 (2H, p, "CH,); 2.35
(2H, t,“CH2); 1.63 (2H, p, *CH,)); 1.25 (18H, m, CH,);
3.78 (4H, m, NCH,CH,0); 4.11 (4H, m, NCH,CH,O);
1.51 (9H, s, C(CH,),); 4.34 (2H, s, NCH,CO); 5.23
(IH, s, CONHCH,CO).

Glycyl-0O-octyl-O'-octanoyl-diethanolamine
trifluoroacetate (17)

Trifluoroacetic acid (1 mL) was added to a
solution of 72 mg (0.14 mmol) of compound 16
in 20 mL of methylene chloride, which had been
preliminarily cooled to 0°C. The reaction mass
was stirred for 20 min. The reaction progress was
monitored using TLC in the (C) eluent system. The
solvent and trifluoroacetic acid residue were removed
in a vacuum. Compound 17 had a yield of 67 mg
(90.3%).

N,N-di(2-chloroethyl)amine (18)

A solution of 1.50 g (14.29 mmol) of compound 1
in 40 mL of methylene chloride was added dropwise
to a solution of 5.10 g (42.9 mmol) of thionyl chloride
in 10 mL of methylene chloride for 1 h at 0°C. Then
the reaction mass was stirred at room temperature for
48 h. The reaction progress was monitored using TLC
in the (A) eluent system. The solvent and the rest of
the thionyl chloride were removed in a vacuum. The
resultant mixture was alkalized with a 15% potassium
carbonate solution to pH 7-8, and then extracted with
ethyl acetate (three times by 50 mL). The organic
phase was dried over anhydrous sodium sulfate,
filtered, and the solvent was distilled off using a
rotary evaporator. Compound 18 had a yield of
1.30 g (64.0%).

'H NMR spectrum of compound 18: 1.7
(1H, s, NH); 2.92 (4H, m, NHCH,); 3.55 (4H, m,
NHCH,CH,).

0,0'-dioctyl-diethanolamine (19)

A catalytic amount of potassium iodide, 3.89 g
(28.16 mmol) of potassium carbonate, and 4.5 mL
of l-octanol were added to a solution of 1.00 g
(7.04 mmol) of compound 18 in 40 mL of acetonitrile.
The reaction mass was stirred for 24 h at 80°C. The
reaction progress was monitored using TLC in the (H)
eluent system. The solution was filtered, and then the
acetonitrile was removed in a vacuum. The residue
was extracted with ethyl acetate (three times by
50 mL). The organic phase was dried over anhydrous
sodium sulfate, filtered, and the solvent was distilled
off using a rotary evaporator. Compound 19 had a
yield of 1.6 g (69.1%).

'H NMR spectrum of compound 19: 0.99
(6H, t, CH,CH,); 0.99 (1H, s, NH); 1.32 (20H, m,
CH,CH,); 1.53 (4H, m, OCH,CH,); 2.81 (4H, t,
NHCH,CH,); 3.40 (4H, t, OCH,CH,); 3.52 (4H, m,
NHCH,CH,).

N-((tert-butoxycarbonyl)-glycyl)-0,0’-dioctyl-
diethanolamine (20a)

A catalytic amount of DMAP, 0.26 g (1.46 mmol)
of compound 6a, and 0.45 g (2.19 mmol) of DCC
were added to a solution of 0.24 g (0.73 mmol) of
compound 19 in 30 mL of methylene chloride, which
had been preliminarily cooled to 0°C. The reaction
mass was stirred for 24 h. The reaction progress was
monitored using TLC in the (C) eluent system. The
methylene chloride was then removed in a vacuum.
The resultant mixture was washed with 20 mL of
hexane, and then the solution was centrifuged and
decanted. The precipitate was repeatedly washed
with hexane, and then the solution was centrifuged
and decanted again. The resultant solutions were
combined, and then the solvent was evaporated using
arotary evaporator. Compound 20a was isolated from
the mixture by column chromatography, gradually
increasing the polarity of the (I) system to (E) system,
resulting in 0.31 g of byproduct 20a with a yield of
87.4%.

"H NMR spectrum of compound 20a: 0.87 (6H, t,
CH,CH,); 3.62 (4H, t, "CH,); 1.55 (4H, p, "CH,); 1.26
(20H, m, CH,); 3.62 (4H, t, NCH,CH,0); 4.11 (4H,
t, NCH,CH,0); 1.49 (9H, s, C(CH,),); 4.48 (2H, s,
NCH,CO); 5.23 (1H, s, CONHCH,CO).

N-((tert-butoxycarbonyl)-B-alanyl)-0,0'-
dioctyl-diethanolamine (20b)

A similar procedure was used to prepare 20b,
and 0.267 g of byproduct 20b, with a yield of a 73.2%,
was obtained from 0.24 g (0.73 mmol) of compound 19.
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'"H NMR spectrum of compound 20b: 0.87 (6H, t,
CH,CH,); 3.62 (4H, t,“CH,); 1.60 (4H, p, °CH,); 1.25 (20H,
m, CH,); 3.62 (4H,t, NCH,CH,0); 4.06 (4H, t, NCH,CH,O);
1.41 (OH, s, C(CH,),); 2.49 (2H, t, NCH,CH,CO); 3.35 (2H,

k, NCH,CH,CO); 5.02 (1H, s, CONHCH,CH,CO).

Na,No-(bis(tert-butoxycarbonyl)-L-ornithyl)-
0,0'-dioctyl-diethanolamine (22a)

A similar procedure was used to prepare 22a, and
0.34 g of byproduct 22a, with a yield of 72.5%, was
obtained from 0.24 g (0.73 mmol) of compound 19.

'"H NMR spectrum of compound 22a: 0.84 (6H, t,
CH,CH,); 3.42 (4H, t, “CH,); 1.50 (4H, p, "CH,); 1.26
(20H, m, CH,); 3.42 (4H, t, NCH,CH,0); 4.08 (4H,
t, NCH,CH,0); 1.40 (18H, s, C(CH,),); 423 (1H, k,
NCH(R)CO); 5.07 (1H, s, CONHCH(R)CO); 3.10 (2H, k,
NCH,CH,CH,C); 1.60 (2H, m, NCH,CH,CH,C); 1.79

27=2

(2H, m, NCH,CH,CH,C); 4.61 (1H,'s, NH(CH,) C).

Na,No-(bis(tert-butoxycarbonyl)-L-lysyl)-
0,0'-dioctyl-diethanolamine (22b)

A similar procedure was used to prepare 22b, and
0.282 g of byproduct 22b, with a yield of 58.8%, was
obtained from 0.24 g (0.73 mmol) of compound 19.

"H NMR spectrum of compound 22b: 0.87 (6H, t,
CH,CH,); 3.46 (4H, t, “CH,); 1.48 (4H, m, PCH,); 1.25
(20H, m, CH,); 3.46 (4H, t, NCH,CH,0); 4.10 (4H,
t, NCH,CH,0); 1.42 (18H, s, C(CH,),); 4.24 (1H, k,
NCH(R)CO); 5.08 (1H, s, CONHCH(R)CO); 3.09 (2H, k,
NCH,CH,CH,CH,C); 1.61 (2H, m, NCH,CH,CH,CH,C);
1.36 (2H, p, NCH,CH,CH,CH/C); 1.78 (2H, m,
NCH,CH,CH,CH,C); 4.58 (1H, s, NH(CH,),C).

Glycyl-0,0'-dioctyl-diethanolamine trifluoro-
acetate (21a)

Trifluoroacetic acid (1 mL) was added to a
solution of 0.310 g (0.64 mmol) of compound 20a
in 30 mL of methylene chloride, which had been
preliminarily cooled to 0°C. The reaction mass
was stirred for 20 min. The reaction progress was
monitored using TLC in the (C) eluent system. The
solvent and trifluoroacetic acid residue were removed
in a vacuum. Target product 21a had a yield of
0.296 g (92.8%).

Triftoracetate p-alanil-0,0'-dioctyl-diethanol-
amine (21b)

A similar procedure was used to prepare 21b, and
0.248 g of target product 21b, with a yield of 90.3%, was
obtained from 0.267 g (0.53 mmol) of compound 20b.

Trifluoroacetate L-ornithyl-O,0-dioctyl-diethanol-
amine (23a)

A similar procedure was used to prepare 23a, and
0.316 g of target product 23a, with a yield of 89.0%, was
obtained from 0.340 g (0.53 mmol) of compound 22a.

L-lysyl-0,0'-dioctyl-diethanolamine trifluoro-
acetate (23b)

A similar procedure was used to prepare 23b,
and 0.259 g of target product 23b, with a yield of
88.1%, was obtained from 0.282 g (0.429 mmol) of

compound 22b.

RESULTS AND DISCUSSION

The potential antimicrobial activity of peptido-
mimetics can be preliminarily assessed by their HLB
value [22]. This parameter largely determines the
possible electrostatic interactions and hydrogen bond
formation between the molecule and the bacterial cell
wall components.

To select the most effective structures, we
calculated the HLB values of the diethanolamine
(DEA) derivatives and several amino acids, such
as glycine (Gly), B-alanine (BAla), L-phenylalanine
(Phe), L-tyrosine (Tyr), y-aminobutyric acid (GABA),
L-tryptophan (Trp), L-lysine (Lys), and L-ornithine
(Orn), with alkyl radical lengths of C~C , carbon
atoms (Fig.).

Most of the diethanolamine diester-based amino
acid derivatives had the desired HLB range of 5-8.
Table shows the structures of the target compounds.

Glycine and B-alanine derivatives were chosen
to investigate the effect of carbon skeleton length on
antibacterial activity, while L-ornithine and L-lysine
derivatives were chosen to investigate the effect of
the number of methylene groups of the side radical of
amino acids on biological activity.

Scheme 1 was developed to synthesize the
selected compounds.

Compound 2 was treated with octyl bromide
in the presence of potassium carbonate and a
catalytic amount of potassium iodide in THF to
create a hydrophobic block. The TLC and 'H NMR
spectroscopy analyses of the products revealed that
monoester 13 containing a free hydroxyl group and
one alkyl radical was predominantly formed by the
developed method. Compounds 3 and 13, which
had yields of 12.5% and 39.7%, respectively, were
isolated from the mixture by column chromatography.

The protecting group of compound 3 was
removed by the action of trifluoroacetic acid. After the
reaction, the solvent and acid residue were removed
under a vacuum, affording salt 4 with a 92.3% yield.

The carbodiimide method was used to conjugate
the polar part (6a) and the hydrophobic block (4)
in the presence of DMAP. After the protecting
group was removed, the target amphiphile (7a) was
obtained, with a yield of 53.6%. The structures of the
byproduct and target compounds were confirmed by
"H NMR spectroscopy.
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BAla-DEA-6
BAla-DEA-8
BAla-DEA-10
BAla-DEA-12
Phe-DEA-6
Phe-DEA-8
Phe-DEA-10
Phe-DEA-12
GABA-DEA-6
GABA-DEA-8
GABA-DEA-10
GABA-DEA-12
Trp-DEA-6
Trp-DEA-8
Trp-DEA-10
Trp-DEA-12
Lys-DEA-8
Lys-DEA-10
Lys-DEA-12
Orn-DEA-6
Orn-DEA-8
Orn-DEA-10
Orn-DEA-12

Figure. Dependence of HLB values on the structure of amphiphiles with symmetrical alkyl substituents in the nonpolar
block. DEA stands for diethanolamine, while 6, 8, 10, and 12 represent the number of carbon atoms
in the saturated aliphatic chains.

Table. HLB value of the selected compounds

Compound Structure HLB value
(0}
8a (21a) HzN\)J\ N/\/O\/\/\/\/ 6.56
o
(0]
8b (21b) HZN/\)J\ N/\/O\/\/\/\/ 6.73
o
(0}
H,N O~
2 N/\/
12a (23a) O~ 6.62
H,N
(0]
12b (23b) K/O 6.65
NH,
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OH
B0020 BocN~
k/OH 4M NaOH OH
2
C3H17Br K2C03 (0]
0] 80°C | KI H,N
OH
HoN OH R
C-H
" BocN/\/O\/ 7H1s oach
Sa-b R =
en = C7H15 a:R= (CH2)3NH2
a:n=1 O b: R = (CH,),NH,
b:n=2 3
Boc,O l 4M NaOH CF;COOH l Boc,O l 4M NaOH
BocHN @ C;H BocHN
(\%k OH HZN/\/O\/ 7His on
6a-b 0\/C7H]5 R'
a:n=1 4 10a-b
b:n=2 a: R = (CH,);NHBoc¢
b: R = (CH,)4NHBoc
DCC, DMAP DCC, DMAP ‘
(0]
BocHN C-H BocHN C-H
MfLN/\/O\/ 7His \HJ\N/\/O\/ 7His
O C7Hys R' 0\/C7H15
Ta-b 11a-b
a:n=1 a: R = (CH;);NHBoc
b:n=2 b: R = (CH,)4NHBoc
CF;COOH l CF;COOH l
CF;CO0O CF;CO0
e 0 T8 0
<) <]
H;3;N C-H H3;N C-H
3 \@fLN/\/O\/ 7H15 3 \HJ\N/\/O\/ 7H15
O C7His R k/O\/C7H15
8a-b 12a-b
arn=1 a:R= (CH2)3gH3
b:n=2 =)
CF;C00

b:R= (CH2)4NH3

CF3COO

Scheme 1. Preparation of the diethanolamine diester-based amino acid derivatives.
DCC is the N,N'-dicyclohexylcarbodiimide, DMAP is the 4-dimethylaminopyridine,

Boc is the tert-butoxycarbonyl protecting group.
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As shown in Scheme 2, the 13 byproduct
obtained during the synthesis, which accounted
for 39.7% of the total reaction mass, was used to
produce an amphiphilic diethanolamine derivative
(17) containing hybrid alkyl-acyl radicals in the
hydrophobic block.

Compound 13 was reacted with octanoic acid
in the presence of DCC and DMAP in chloroform.
Byproduct 14 was isolated from the mixture using
preparative TLC, resulting in an 80.3% yield. The
structure of compound 14 was confirmed by '"H NMR
spectroscopy.

The tert-butoxycarbonyl group of the alkyl-acyl
derivative of diethanolamine (14) was removed by the
action of trifluoroacetic acid in methylene chloride.
Compound 15 had a 93.1% yield.

The carbodiimide method was used to produce
amphiphile (16) in the presence of DMAP in
chloroform for 48 h, similar to the conjugation
reaction shown in Scheme 1. The solvent was removed
under a vacuum when the interaction was completed.
Product 16 was obtained with a 66.4% yield using
silica gel column chromatography. The structure was
confirmed by '"H NMR spectroscopy.

After the tert-butoxycarbonyl group was
removed, trifluoroacetic salt (17) was obtained with
a 90.3% yield.

The preparation of the target diethanolamine
diester derivatives (8a—b and 12a-b) using Scheme 1 was
inefficient because of the predominant generation
of a side product, monoester 13. Scheme 3 was
developed to solve this problem; it differs from
Scheme 1 in that it produces relatively high yields
of the byproducts because of an increase in the
reactivity of diethanolamine and the nonnecessity for
a tert-butoxycarbonyl protecting group, significantly
simplifying the synthesis.

A solution of 1 in chloroform was added
dropwise to thionyl chloride. N,N-di(2-chloroethyl)-
amine (18) had a 64.0% yield. Octanol-1 was added to
di-(2-chloroethyl)-amine 18 in the presence of
potassium carbonate and potassium iodide in
acetonitrile at 80°C. After purification, product 19
was obtained with a 69.1% yield.

Tert-butoxycarbonyl-protected amino  acids
6a—b and 10a-b and compound 19 were conjugated
similarly to the transformation described in Schemes 1
and 2. The reaction products 20a—b and 22a—b, which

BocN/\/O\/C7H15 C;H;sCOOH BocN/\/O\/C7H15 o
13 (0] Sa
CFSCOOHl Boc,0 | 4M NaOH
CF;CO0
€]
@ C-H
HZN/\/O\/ 7His o
CH BocHN\)]\
k/OY 7H1s on
15 0 6a
DCC, DMAP
(0)

H.’g\)]\N/\/O\/Cﬂ'IIS

©
CF3COO k/WC7H15
17 (0)

(0]
CF3COOH BOCHN\)]\ N/\/O\/C7H15

-

k/O\[(C7H]5
16 (0}

Scheme 2. Preparation of compound 17 with asymmetric radicals in the hydrophobic block.
DCC is the N,N'-dicyclohexylcarbodiimide, DMAP is the 4-dimethylaminopyridine,
Boc is the tert-butoxycarbonyl protecting group.
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had yields of 87.4%, 73.2%, 72.5%, and 58.8%,
respectively, were isolated from the mixtures by
column chromatography on silica gel. The structures
of the byproducts and target compounds were
confirmed by "H-NMR spectroscopy data.

Cationic amphiphiles, 21a—b and 23a-b, with
yields 92.8%, 90.3%, 89.0%, and 88.1%, respectively,
were obtained by treating compounds 20a-b and
22a-b with trifluoroacetic acid and removing the
solvent under a vacuum.

HN/\/OH
o
1 (0]
(o) HZNW)J\OH
H,N (\%J\ SOCl, l
n OH R
/\/Cl 9a-b

:fl;:)= 1 HNK/ a: R = (CHy)3NH,
bim—2 Cl b: R = (CH,);NH,

Boc,O l 4M NaOH

Boc,O l 4M NaOH

CSH”OHl K,CO;3
0
o 80°C | KI o
BocHN C,;H BocHN
(\%J\OH HN/\/O\/ 7Hs OH
6a-b k/O\/C7H15 R'
ain=1 1 10a-b
b:n=2 a: R = (CH,);NHBoc
b: R = (CHz);NHBoc
DCC, DMAP DCC, DMAP ‘
(o) (0]
BocHN CsH BocHN C;H
MﬁJ\N/\/O\/ 7H15 N/\/O\/ 7815
K/O\/C7H15 R’ K/O\/C7H15
20a-b 22a-b
a:n=1 a: R = (CH;,);NHBoc
b:n=2 b: R = (CH;)4NHBoc
CF;COOH l CF;COOH l
CF;CO0 CF;CO0
e 0 e 0
(€] €]
H3N C-H H3N C-H
3 \G%LN/\/O\/ 7His 3 N/\/O\/ 7His
K/O\/C7H15 R' k/o\/C7H15
21a-b 23a-b
arn=1 a: R = (CHy)3NH;
b:n=2 @ ©
CF;C0O0
b:R= (CH2)4gH3
€]
CF;CO0

Scheme 3. Preparation of the target derivatives of diethanolamine diesters.

DCC is the N,N'-dicyclohexylcarbodiimide,

DMAP is the 4-dimethylaminopyridine,

Boc is the tert-butoxycarbonyl protecting group.
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CONCLUSIONS

A scheme was developed for preparing amino acid
derivatives based on diethanolamine diesters. Five new
compounds were synthesized, and their hydrophilic
blocks included residues of amino acids such as glycine,
B-alanine, L-ornithine, and L-lysine. The structures
of the obtained compounds were confirmed by
"H NMR spectroscopy. The synthesized compounds were
prepared in order to analyze their antibacterial activity
against gram-positive and gram-negative strains. The
safety of the leading antibacterial compounds in terms
of general and hemolytic toxicity will be investigated in
future studies.

Acknowledgments
This work was performed using the equipment of the
Shared Science and Training Center for Collective Use of
RTU MIREA and supported by the Ministry of Science and
Higher Education of the Russian Federation. This work was
supported by the Russian Foundation for Basic Research,
project No. 20-04-00672.

REFERENCES

1. Tacconelli E., Magrini N., Kahlmeter G., Singh N.
Global priority list of antibiotic-resistant bacteria to guide
research, discovery, and development of new antibiotics.
World Health Organization. 2017;27:318-327.

2. Tacconelli E., Carrara E., Savoldi A., Harbarth S.,
Mendelson M., Monnet D.L., Carmeli Y., et al. Discovery,
research, and development of new antibiotics: the WHO priority
list of antibiotic-resistant bacteria and tuberculosis. Lancet
Infect. Dis. 1018;18(3):318-327. https://doi.org/10.1016/
S1473-3099(17)30753-3

3. Tincho M.B., Morris T., Mey M., Pretorius A.
Antibacterial Activity of Rationally Designed Antimicrobial
Peptides. Int. J. Microbiol. 2020;2020:2131535. https://doi.
org/10.1155/2020/2131535

4. Semenov V.V, Raihstat M.M., Konyushkin L.D.,
Semenov R.V,, Blaskovich M.A.T., Zuegg J., Elliott A.G.,
Hansford K.A., Cooper M.A. Antimicrobial screening of a
historical collection of over 140000 small molecules. Mend.
Comm. 2021;31(4):484-487. https://doi.org/10.1016/j.
mencom.2021.07.015

5. Antipin L.S., Alfimov M.V,, Arslanov V.V. Burilov V.A.,
Vatsadze S.Z., et al. Functional supramolecular systems: design
and applications. Russ. Chem. Rev. 2021;90(8):895-1107.
http://dx.doi.org/10.1070/RCR5011

6. Giuliani A., Pirri G., Nicoletto S. Antimicrobial peptides: an
overview of a promising class of therapeutics. Open Life Sciences.
2007;2(1):1-33. https://doi.org/10.2478/s11535-007-0010-5

Authors’ contribution

M.D. Korotkin — conducting the study, collection and
provision of the material, writing the article;

S.M. Filatova — conducting the study, collection and
provision of the material, writing the article;

Z.G. Denieva — conducting the study, collection and
provision of the material, writing the article;

U.A. Budanova - consultation on conducting
individual stages of the study, scientific editing;

Y.L. Sebyakin — development of the research idea and
literature analysis.

The authors declare no conflicts of interest.

CIIMCOK JIMTEPATYPbI

1. Tacconelli E., Magrini N., Kahlmeter G., Singh N.
Global priority list of antibiotic-resistant bacteria to guide
research, discovery, and development of new antibiotics.
World Health Organization. 2017;27:318-327.

2. Tacconelli E., Carrara E., Savoldi A., Harbarth S.,
Mendelson M., Monnet D.L., Carmeli Y., et al. Discovery,
research, and development of new antibiotics: the WHO
priority list of antibiotic-resistant bacteria and tuberculosis.
Lancet  Infect. Dis. 1018;18(3):318-327.  https://doi.
org/10.1016/S1473-3099(17)30753-3

3. Tincho M.B., Morris T., Mey M., Pretorius A.
Antibacterial Activity of Rationally Designed Antimicrobial
Peptides. Int. J. Microbiol. 2020;2020:2131535. https://
doi.org/10.1155/2020/2131535

4. Semenov V.V., Raihstat M.M., Konyushkin L.D.,
Semenov R.V., Blaskovich M.A.T., Zuegg J., Elliott A.G.,
Hansford K.A., Cooper M.A. Antimicrobial screening of a
historical collection of over 140000 small molecules. Mend.
Comm. 2021;31(4):484-487. https://doi.org/10.1016/j.
mencom.2021.07.015

5. Antipin LS., Alfimov M.V., Arslanov V.V. Burilov V.A.,
Vatsadze S.Z., et al. Functional supramolecular systems: design
and applications. Russ. Chem. Rev. 2021;90(8):895-1107.
http://dx.doi.org/10.1070/RCR5011

6. Giuliani A., Pirri G., Nicoletto S. Antimicrobial peptides: an
overview of a promising class of therapeutics. Open Life Sciences.
2007;2(1):1-33. https://doi.org/10.2478/s11535-007-0010-5

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(1):50-64

61


https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1155/2020/2131535
https://doi.org/10.1155/2020/2131535
https://doi.org/10.1016/j.mencom.2021.07.015
https://doi.org/10.1016/j.mencom.2021.07.015
http://dx.doi.org/10.1070/RCR5011
https://doi.org/10.2478/s11535-007-0010-5
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1155/2020/2131535
https://doi.org/10.1155/2020/2131535
https://doi.org/10.1016/j.mencom.2021.07.015
https://doi.org/10.1016/j.mencom.2021.07.015
http://dx.doi.org/10.1070/RCR5011
https://doi.org/10.2478/s11535-007-0010-5

Synthesis of diethanolamine-based amino acid derivatives ...

7. Amerikova M., Pencheva El-Tibi 1., Maslarska V.,
Bozhanov S., Tachkov K. Antimicrobial activity, mechanism of
action, and methods for stabilisation of defensins as new therapeutic
agents. Biotechnol. Biotechnolog. Equip. 2019;33(1):671-682.
https://doi.org/10.1080/13102818.2019.1611385

8. Seyfi R., Kahaki F.A., Ebrahimi T., Montazersaheb S.,
Eyvazi S., Babaeipour V., Tarhriz V. Antimicrobial Peptides
(AMPs): Roles, Functions and Mechanism of Action. Int. J.
Pept. Res. Ther. 2019;26:1451-1463. https://doi.org/10.1007/
$10989-019-09946-9

9. Lenci E., Trabocchi A. Peptidomimetic toolbox for
drug discovery. Chem. Soc. Rev. 2020;49(11):3262-3277.
https://doi.org/10.1039/d0cs00102¢

10. Qvit N., Rubin S.J.S., Urban T.J., Mochly-Rosen D.,
Gross E.R. Peptidomimetic therapeutics: scientific approaches
and opportunities. Drug Discov. Today. 2017;22(2):454—462.
https://doi.org/10.1016/j.drudis.2016.11.003

11. Dias C., Rauter A.P. Membrane-targeting
antibiotics: recent developments outside the peptide
space. Fut. Med. Chem. 2019;11(3):211-228. https://doi.
org/10.4155/fmc-2018-0254

12. Green R.M., Bicker K.L. Evaluation of peptoid
mimics of short, lipophilic peptide antimicrobials. /nt. J.
Antimicrob. Agents. 2020;56(2):106048. https://doi.org/10.1016/;.
ijjantimicag.2020.106048

13. Kim E.Y,, Han S.H., Kim JM., Kim S.M., Shin S.Y.
Short antimicrobial peptidomimetic SAMP-5 effective against
multidrug-resistant gram-negative bacteria. J. Anal. Sci. Technol.
2021;12(1):29. https://doi.org/10.1186/s40543-021-00281-7

14. Chen Y., Li H,, Liu J,, Zhong R., Li H., Fang S., Liu S,
Lin S. Synthesis and biological evaluation of indole-based
peptidomimetics as antibacterial agents against Gram-positive
bacteria. Eur. J. Med. Chem. 2021;226:113813. https://doi.
org/10.1016/j.ejmech.2021.113813

15. Kumar P., Kizhakkedathu J.N., Straus S.K. Antimicrobial
peptides: diversity, mechanism of action and strategies to
improve the activity and biocompatibility in vivo. Biomolecules.
2018;8(1):4. https://doi.org/10.3390/biom8010004

16. Zhang E., Bai P.-Y., Cui D.-Y., Chu W.-C., Hua Y.-G.,
Liu Q., et al. Synthesis and bioactivities study of new
antibacterial peptide mimics: The dialkyl cationic amphiphiles.
Eur. J. Med Chem. 2018;143:1489—1509. https://doi.
org/10.1016/j.ejmech.2017.10.044

17. Mood E.H., Goltermann L., Brolin C., Cavaco L.M.,
Nejad A.J., Yavari N., Frederiksen N., Franzyk H., Nielsen P.E.
Antibiotic Potentiation in Multidrug-Resistant Gram-Negative
Pathogenic Bacteria by a Synthetic Peptidomimetic. ACS
Infect. Dis. 2021;7(8):2152-2163. https://doi.org/10.1021/
acsinfecdis.1c00147

18. Li H., Fu S., Wang Y., Yuan X., Liu L., Dong H.,
Wang Q., Zhang Z. Antimicrobial and antitumor activity
of peptidomimetics synthesized from amino acids. Bioorg.
Chem. 2021;106:104506. https://doi.org/10.1016/j.
bioorg.2020.104506

19. Filatova S.M., Denieva Z.G., Budanova U.A.,
Sebyakin Y.L. Synthesis of low-molecular-weight antibacterial
peptide mimetics based on dialkyl- and diacylamines,
Moscow Univ. Chem. Bull.2020;75(6):320-327. https://doi.
org/10.3103/S0027131420060048

[Original Russian Text: Filatova S.M., Denieva Z.G.,
Budanova U.A., Sebyakin Y.L. Synthesis of low-molecular-
weight antibacterial peptide mimetics based on dialkyl- and
diacylamines, Vestnik Moskovskogo universiteta. Seriya 2.
Khimiya = Moscow Univ. Chem. Bull.2020;61(6):405—413
(in Russ.).]

7. Amerikova M., Pencheva EI-Tibi 1., Maslarska V.,
Bozhanov S., Tachkov K. Antimicrobial activity, mechanism
of action, and methods for stabilisation of defensins as
new therapeutic agents. Biotechnol. Biotechnolog. Equip.
2019;33(1):671-682. https://doi.org/10.1080/13102818.20
19.1611385

8. Seyfi R., Kahaki FA., Ebrahimi T., Montazersaheb S.,
Eyvazi S., Babaeipour V., Tarhriz V. Antimicrobial Peptides
(AMPs): Roles, Functions and Mechanism of Action.
Int. J. Pept. Res. Ther. 2019;26:1451-1463. https://doi.
org/10.1007/s10989-019-09946-9

9. Lenci E., Trabocchi A. Peptidomimetic toolbox for
drug discovery. Chem. Soc. Rev. 2020;49(11):3262-3277.
https://doi.org/10.1039/d0cs00102¢

10. Qvit N., Rubin S.J.S., Urban T.J., Mochly-Rosen D.,
Gross E.R. Peptidomimetic therapeutics: scientific approaches
and opportunities. Drug Discov. Today. 2017;22(2):454—462.
https://doi.org/10.1016/j.drudis.2016.11.003

11. Dias C., Rauter A.P. Membrane-targeting
antibiotics: recent developments outside the peptide
space. Fut. Med. Chem. 2019;11(3):211-228. https://doi.
org/10.4155/fmc-2018-0254

12. Green R.M., Bicker K.L. Evaluation of peptoid
mimics of short, lipophilic peptide antimicrobials. Int.
J.  Antimicrob. Agents. 2020;56(2):106048. https://doi.
org/10.1016/j.ijjantimicag.2020.106048

13. Kim E.Y., Han S.H., Kim J.M., Kim S.M., Shin
S.Y. Short antimicrobial peptidomimetic SAMP-5 effective
against multidrug-resistant  gram-negative bacteria.
J. Anal. Sci. Technol. 2021;12(1):29. https://doi.
org/10.1186/s40543-021-00281-7

14. Chen Y., Li H,, Liu J., Zhong R., Li H., Fang S., Liu S,
Lin S. Synthesis and biological evaluation of indole-based
peptidomimetics as antibacterial agents against Gram-positive
bacteria. Eur. J. Med. Chem. 2021;226:113813. https://doi.
org/10.1016/j.ejmech.2021.113813

15. Kumar P., Kizhakkedathu J.N., Straus S.K. Antimicrobial
peptides: diversity, mechanism of action and strategies to
improve the activity and biocompatibility in vivo. Biomolecules.
2018;8(1):4. https://doi.org/10.3390/biom8010004

16. Zhang E., Bai P.-Y., Cui D.-Y., Chu W.-C., Hua Y.-G.,
Liu Q., et al. Synthesis and bioactivities study of new antibac-
terial peptide mimics: The dialkyl cationic amphiphiles. Eur:
J. Med. Chem. 2018;143:1489-1509. https://doi.org/10.1016/].
ejmech.2017.10.044

17. Mood E.H., Goltermann L., Brolin C., Cavaco L.M.,
Nejad A.J., Yavari N., Frederiksen N., Franzyk H., Nielsen P.E.
Antibiotic Potentiation in Multidrug-Resistant Gram-
Negative Pathogenic Bacteria by a Synthetic Peptidomi-
metic. ACS Infect. Dis. 2021;7(8):2152-2163. https://doi.
org/10.1021/acsinfecdis.1c00147

18.LiH., FuS., Wang Y., Yuan X., Liu L., Dong H., Wang Q.,
Zhang Z. Antimicrobial and antitumor activity of peptidomimetics
synthesized from amino acids. Bioorg. Chem. 2021;106:104506.
https://doi.org/10.1016/j.bioorg.2020.104506

19. ®umaroBa C.M., JlemmeBa 3.I., bymanoBa V.A.,
Cebssxkma  FO.JI. CuHTe3 HH3KOMOJEKYISIPHBIX aHTHOAK-
TepHANGHBIX TMENTHAHBIX MHMETHKOB Ha OCHOBE IHAJKWI- H
JMAIIIAMUHOB. Becmnuk Mockosckozo ynusepcumema. Cepust 2.
Xumus. 2020;61(6):405-413.

20. JenmeBa 3.I., PomanoBa H.A., bompoBa T.A.,
Bynanosa VY.A., CeOsxkun 10.JI. Cunre3 ampudpuibHbIX
MENTHIOMIMETHKOB Ha OCHOBE aM(paTHIECKUX MPOU3-
BOJHBIX TIPHPOTHBIX aMHUHOKHUCIOT. Becmuux Mockosckoeo
yuusepcumema. Cepus 2. Xumus. 2019;60(6):397-404.

Toukue xuMmudeckue TexHosoruu = Fine Chemical Technologies. 2022;17(1):50-64

62


https://doi.org/10.1080/13102818.2019.1611385
https://doi.org/10.1080/13102818.2019.1611385
https://doi.org/10.1007/s10989-019-09946-9
https://doi.org/10.1007/s10989-019-09946-9
https://doi.org/10.1039/d0cs00102c
https://doi.org/10.1016/j.drudis.2016.11.003
https://doi.org/10.4155/fmc-2018-0254
https://doi.org/10.4155/fmc-2018-0254
https://doi.org/10.1016/j.ijantimicag.2020.106048
https://doi.org/10.1016/j.ijantimicag.2020.106048
https://doi.org/10.1186/s40543-021-00281-7
https://doi.org/10.1186/s40543-021-00281-7
https://doi.org/10.1016/j.ejmech.2021.113813
https://doi.org/10.1016/j.ejmech.2021.113813
https://doi.org/10.3390/biom8010004
https://doi.org/10.1016/j.ejmech.2017.10.044
https://doi.org/10.1016/j.ejmech.2017.10.044
https://doi.org/10.1021/acsinfecdis.1c00147
https://doi.org/10.1021/acsinfecdis.1c00147
https://doi.org/10.1016/j.bioorg.2020.104506
https://doi.org/10.1080/13102818.2019.1611385
https://doi.org/10.1007/s10989-019-09946-9
https://doi.org/10.1007/s10989-019-09946-9
https://doi.org/10.1039/d0cs00102c
https://doi.org/10.1016/j.drudis.2016.11.003
https://doi.org/10.4155/fmc-2018-0254
https://doi.org/10.4155/fmc-2018-0254
https://doi.org/10.1016/j.ijantimicag.2020.106048
https://doi.org/10.1016/j.ijantimicag.2020.106048
https://doi.org/10.1186/s40543-021-00281-7
https://doi.org/10.1016/j.ejmech.2021.113813
https://doi.org/10.1016/j.ejmech.2021.113813
https://doi.org/10.3390/biom8010004
https://doi.org/10.1016/j.ejmech.2017.10.044
https://doi.org/10.1016/j.ejmech.2017.10.044
https://doi.org/10.1021/acsinfecdis.1c00147
https://doi.org/10.1021/acsinfecdis.1c00147
https://doi.org/10.1016/j.bioorg.2020.104506
https://doi.org/10.1016/j.bioorg.2020.104506
https://doi.org/10.3103/S0027131420060048
https://doi.org/10.3103/S0027131420060048

Maxim D. Korotkin, Svetlana M. Filatova, Zaret G. Denieva, et al.

20. Denieva Z.G., Romanova N.A., Bodrova T.G.,
Budanova UA., Sebyakin Y.L. Synthesis of Amphiphilic
Peptidomimetics Based on the Aliphatic Derivatives of Natural
Amino Acids. Moscow Univ. Chem. Bull. 2019;74(6):300-305.
https://doi.org/10.3103/S0027131419060087

21. Denieva Z.G., Budanova U.A., Sebyakin Yu.L.
Synthesis of Cationic and Ionizable Amphiphiles Based on
Heminal Aminodiol as Potential siRNA Delivery Systems.
Fine Chemical Technologies. 2019;14(3):42-49 (in Russ.).
https://doi.org/10.32362/2410-6593-2019-14-3-42-49

21. JlenmeBa 3.I., BbymanoBa V.A., CeOsxkun FO.JL
CHHTe3 KaTHOHHBIX M MOHHM3UPYEMBIX aM(pU(UIOB Ha OCHOBE
TEMHMHAIBHOTO aMHHO/IMOJIA KaK MOTEHIMAIBHBIX TPAHCIIOPTHBIX
crucreM MUPHK. Tonxue xumuueckue mexrnonoauu. 2019;14(3):42-49.
https://doi.org/10.32362/2410-6593-2019-14-3-42-49

22. MapycoBa (ConosbeBa) B.B., 3arutoBa PI.,
BynanoBa VY.A., CeGsxun 0.JI. MynbsrudyHKIHOHATEHBIE
TIPOU3BOJIHBIE JIMIIOAMUHOKHCIOT C MOTEHIMAIbHOW OHo-
JIOTMYECKOM aKTUBHOCTBIO. Becmnuk Mockoéckozo ynusep-
cumema. Cepus 2. Xumus. 2018;59(2):157-163.

22. Marusova (Soloveva) V.V, Zagitova RI, Budanova UA.,
Sebyakin Y.L. Multifunctional lipoamino acid deriva-
tives with potential biological activity. Moscow Univ.
Chem. Bull.  2018;73(2):74-79. https://doi.org/10.3103/
S0027131418020098

About the authors:

Maxim D. Korotkin, Master Student, N.A. Preobrazhensky Department of Chemistry and Technology of
Biologically Active Compounds, Medicinal and Organic Chemistry, M.V. Lomonosov Institute of Fine Chemical Technologies,
MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: maks.korotkin.99@mail.ru.
https://orcid.org/0000-0002-4730-1244

Svetlana M. Filatova, Master Student, N.A. Preobrazhensky Department of Chemistry and Technology
of Biologically Active Compounds, Medicinal and Organic Chemistry, M.V. Lomonosov Institute of Fine Chemical
Technologies, MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail:
svetochka9806(@mail.ru. https://orcid.org/0000-0002-5066-9074

Zaret G. Denieva, Engineer of the 1st category, Laboratory of Bioelectrochemistry, A.N. Frumkin Institute of Physical
Chemistry and Electrochemistry, Russian Academy of Sciences (IPCE RAS) (31/4, Leninsky pr., Moscow, 119071, Russia).
E-mail: zaret03@mail.ru. Scopus Author ID 57203550055, ResearcherID T-5756-2019, https://orcid.org/0000-0001-5388-9323

Ulyana A. Budanova, Cand. Sci. (Chem.), Associate Professor, N.A. Preobrazhensky Department of Chemistry and
Technology of Biologically Active Compounds, Medical and Organic Chemistry, M.V. Lomonosov Institute of Fine Chemical
Technologies, MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: ¢-221@yandex.ru.
Scopus Author ID 14622352500, ResearcherID E-1659-2014, https://orcid.org/0000-0003-1702-9435

Yury L. Sebyakin, Dr. Sci. (Chem.), Professor, N.A. Preobrazhensky Department of Chemistry and Technology
of Biologically Active Compounds, Medical and Organic Chemistry, M.V. Lomonosov Institute of Fine Chemical Technologies,
MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: ¢-221@yandex.ru. Scopus
Author ID 6701455145, ResearcherID T-2835-2019, https://orcid.org/0000-0002-7027-378X

06 aemopax:

Kopomkxun Maxcum /[mumpueeuu, MarucTpaHt Kadeapbl XUMHH M TEXHOJOTMH OHOJIOTMYECKH AaKTUBHBIX
COCIMHEHHH, MEUIMHCKON U oprannyeckoi xumuu uM. H.A. TIpeoOpaskeHckoro MHCTUTYTa TOHKMX XMMHUYECKUX TEXHOJIOTUI
uM. M.B. Jlomonocosa ®I'bOY BO «MUPDA — Poccuiickuil Texnonoruueckuit yuusepcurer» (119571, Poccus, Mocksa, np-1
Bepunazckoro, 1. 86). E-mail: maks.korotkin.99@mail.ru. https://orcid.org/0000-0002-4730-1244

dunamoea Ceemnana MuxaiinoeHa, MarucTpanT Kadeapbl XMMHMM W TEXHOJOTHH OHMOJIOTMYECKHM AKTHBHBIX
COeMHEHMH, MEIUIIMHCKON 1 opranndeckoid xumun uM. H.A. [Ipeobpaxkenckoro MHCTHTYyTa TOHKHX XUMHUYIECKHX TEXHOJIOTHI
uM. M.B. Jlomonocosa ®I'bOY BO «MUPDA — Poccuiickuii TexHonornueckuii yuusepcuter (119571, Poccust, Mocksa, mip-T
Bepnasckoro, 1. 86). E-mail: svetochka9806@mail.ru. https://orcid.org/0000-0002-5066-9074

Mdenueea 3apem I'eaumaxmaeeHa, umxeHep |1 kareropuu mnaboparopuu «buosnekrpoxumusy WHcTHTYTA
(dusnueckoit xumun u ekrpoxumun uM. A.H. @pymkuna Poccuiickoii akanemun nayk (M®XD PAH) (119071, Poccus,
Mocksa, Jlenunckuit np-1, 1. 31/4). E-mail: zaret03@mail.ru. Scopus Author ID 57203550055, ResearcherID T-5756-2019,
https://orcid.org/0000-0001-5388-9323

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2022;17(1):50-64
63


https://orcid.org/0000-0002-4730-1244
mailto:svetochka9806@mail.ru
https://orcid.org/0000-0002-5066-9074
mailto:zaret03@mail.ru
https://orcid.org/0000-0001-5388-9323
mailto:c-221@yandex.ru
https://orcid.org/0000-0003-1702-9435
mailto:c-221@yandex.ru
https://orcid.org/0000-0002-7027-378X
https://orcid.org/0000-0002-4730-1244
mailto:svetochka9806@mail.ru
https://orcid.org/0000-0002-5066-9074
mailto:zaret03@mail.ru
https://orcid.org/0000-0001-5388-9323
https://doi.org/10.32362/2410-6593-2019-14-3-42-49
https://doi.org/10.3103/S0027131419060087
https://doi.org/10.32362/2410-6593-2019-14-3-42-49
https://doi.org/10.3103/S0027131418020098
https://doi.org/10.3103/S0027131418020098

Synthesis of diethanolamine-based amino acid derivatives ...

Byodanoea Ynesiha AneKcaHOpO6HA, K.X.H., TOUEHT Kadeapsl XUMHU M TEXHOJIOTHH OHOJOTUYECKH AKTUBHBIX
COCAMHEHUH, MEIUIMHCKOW W opraHuuyeckor xumuu uM. H.A. TlpeoOpaxenHckoro MHCTHTYyTa TOHKHX XUMHYCCKHUX
texHosoruii um. M.B. JlomonocoBa ®T'BOY BO «MUPDA — Poccuiickuii TexHoloruueckuit ynusepcurer» (119571,
Poccus, Mocksa, np-t Bepuajackoro, a. 86). E-mail: c¢-221@yandex.ru. Scopus Author ID 14622352500, ResearcherID
E-1659-2014, https://orcid.org/0000-0003-1702-9435

Cebsikun FOpuii Aveoeuu, 1.x.H., npodeccop, npodeccop Kaheapbl XMMHUH M TEXHOJIOTHN OUOJOTMYECKH aKTHBHBIX
COCAMHEHUH, MEIUIUHCKOW W opraHuyeckod xumuu uM. H.A. TlpeoOpaxeHckoro MHCTHUTYyTa TOHKHX XUMHUYECKHX
texHosnoruii um. M.B. JlomonocoBa ®T'BOY BO «MUPDA — Poccuiickuii TexHoisoruueckuit yHusepcurer» (119571,
Poccus, Mocksa, np-t Bepnanckoro, a. 86). E-mail: c-221@yandex.ru. Scopus Author ID 6701455145, ResearcherID
T-2835-2019, https://orcid.org/0000-0002-7027-378X

The article was submitted: November 22, 2021; approved afier reviewing: January 21, 2022, accepted for publication: February 17, 2022.

Translated from Russian into English by H. Moshkov
Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.

Toukue xuMmudeckue TexHosoruu = Fine Chemical Technologies. 2022;17(1):50-64
64


mailto:c-221@yandex.ru
https://orcid.org/0000-0003-1702-9435
mailto:c-221@yandex.ru
https://orcid.org/0000-0002-7027-378X

