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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 (1H NMR) spectroscopy on a Bruker 
WM-300 pulse NMR spectrometer, with hexamethyldisiloxane serving as the internal standard.
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НАУЧНАЯ СТАТЬЯ

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, β-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 
1H NMR spectroscopy data. The synthesized compounds were prepared for antibacterial activity 
analysis.
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Аннотация

Цели. Резистентность к антибиотикам и другим антимикробным препаратам явля-
ется острой проблемой современности. Поиск новых антибактериальных агентов, пре-
одолевающих резистентность патогенных штаммов бактерий, является востребован-
ным в химико-фармацевтической промышленности. На сегодняшний день известно, что 
молекулы, обладающие антимикробной активностью, должны быть амфифильной при-
роды, иметь небольшой размер, нести один или несколько положительных зарядов, а 
также обладать необходимой степенью гидрофобности, выраженной величиной гидро-
фильно-липофильного баланса. Такими структурами могут выступать антимикробные 
пептиды или пептидомиметики. Целью данного исследования была разработка универ-
сальной схемы и проведение синтеза ряда производных аминокислот на основе диэфиров 
диэтаноламина с симметричными и асимметричными радикалами в гидрофобном блоке 
с потенциальной антибактериальной активностью.
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Методы. Анализ химических реакций, выделение и очистку полученных соединений про-
водили с помощью тонкослойной и колоночной хроматографии. Обнаружение веществ 
осуществляли методом тонкослойной хроматографии с использованием нингидриновой 
реакции для их визуализации на пластинах. Структуры полученных соединений под-
тверждали методом 1Н-ЯМР спектроскопии.
Результаты. Проведен расчет величин гидрофильно-липофильного баланса производных 
диэтаноламина и выбраны образцы для последующего синтеза. Разработаны схемы полу-
чения производных аминокислот на основе диэфиров диэтаноламина с симметричными 
и асимметричными радикалами в гидрофобном домене и проведен синтез пяти новых со-
единений, в состав гидрофильных блоков которых входят остатки таких аминокислот, 
как глицин, β-аланин, L-орнитин и L-лизин.
Выводы. Произведена оценка потенциальной антимикробной активности синтезирован-
ных пептидомиметиков по величине их гидрофильно-липофильного баланса с помощью 
программы ACD/Labs Log P. Синтезированы новые амфифилы на основе аминокислот и 
диэтаноламина, структуры которых подтверждены данными 1H-ЯМР спектроскопии.

Ключевые слова: антибактериальные агенты, антимикробные пептиды, рези-
стентность, гидрофильно-липофильный баланс, амфифилы, аминокислоты, диэфи-
ры диэтаноламина
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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, β-alanine, L-lysine, and L-ornithine using 
symmetrical and asymmetric diethanolamine diesters 
in the hydrophobic block and investigate their 
biological activity.

EXPERIMENTAL

Several glycine, β-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 (1H NMR) spectra 
were recorded in deuterated chloroform (CDCl3) 
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 (IMID, Russia) with particle sizes of 
0.005–0.015 mm. Preparative TLC was performed on 
Kieselgel plates 60 F254 (Merck, Germany). Column 
chromatography was performed on silica gel 60 Å 
(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%).

1Н NMR spectrum (CDCl3, δ, ppm): 1.48 (s, 
9Н, СН3), 3.31 (t, 4Н, NHCH2CH2), 3.86 (t, 4Н, 
NHCH2CH2).

N-(tert-butoxycarbonyl)-O,O′-dioctyldiethanol-
amine (3) and N-tert-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%).

1H NMR spectrum of compound 3 (CDCl3, δ, ppm): 
0.88 (6H, t, CH2CH3); 3.40 (4H, t, αCH2); 1.54 (4H, p, 
βCH2); 1.27 (20H, m, CH2); 3.40 (2H, t, NCH2CH2O); 
3.51 (2H, t, NCH2CH2O); 3.51 (4H, t, NCH2CH2O); 
1.48 (9H, s, С(СH3)3).

1H NMR spectrum of compound 13 (CDCl3, δ, ppm): 
0.87 (3H, t, CH2CH3); 3.44 (2H, m, αCH2); 1.57 (2H,  
p, βCH2); 1.27 (10H, m, CH2); 3.44 (4H, t, NCH2CH2O); 
3.69 (4H, t, NCH2CH2O); 1.45 (9H, s, С(СH3)3);  
3.57 (1H, s, OH).

O,O′-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.

1H NMR spectrum of compound 6a: 1.48 (9H, s, 
С(СH3)3); 12.26 (1H, s, СOOH); 6.85 (1H, t, NHC(R)CO); 
4.33 (2H, d, NCH2CO).

N-(tert-butoxycarbonyl)-β-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 β-alanine 5b.

1H NMR spectrum of compound 6b: 1.49 (9H, 
s, С(СH3)3); 12.21 (1H, s, СOOH); 6.80 (1H, t, 
NHC(R)CO); 3.21 (2H, s, NСH2CH2CO); 2.35 (2H, 
s, NСH2CH2CO). 

Nα,Nδ-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.

1H NMR spectrum of compound 10a: 1.47 (9H, 
s, С(СH3)3); 12.27 (1H, s, СOOH); 5.12 (1H, t, 
NHC(R)CO); 4.01 (1H, d, NCH(R)CO); 3.02 (2H, k, 
NCH2CH2CH2C); 1.62 (2H, p, NCH2CH2CH2C); 1.84 
(2H, p, NCH2CH2CH2C); 4.21 (1H, k, NHCH(R)CO).

Nα,Nε-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.

1H NMR spectrum of compound 10b: 1.48 
(9H, s, С(СH3)3); 12.25 (1H, s, СOOH); 5.14 (1H, t, 
NHC(R)CO); 4.03 (1H, d, NCH(R)CO); 3.09 (2H, k, 
NCH2CH2CH2CH2C); 1.63 (2H, p, NCH2CH2CH2CH2C); 
1.32 (2H, p, NCH2CH2CH2CH2C); 1.83 (2H, m, 
NCH2CH2CH2CH2C); 4.76 (1H, k, NHCH(R)CO).

N - ( ( t e r t -butoxycarbonyl ) -g lycy l ) -O ,O ′ -
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°С. 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%.

1H NMR spectrum of compound 7a: 0.86 (6H, t, 
CH2CH3); 3.74 (4H, t, αCH2); 1.65 (4H, p, βCH2); 1.26 
(20H, m, CH2); 3.74 (4H, t, NCH2CH2O); 4.17 (4H, 
t, NCH2CH2O); 1.50 (9H, s, С(СH3)3); 4.48 (2H, s, 
NCH2CO); 5.23 (1H, s, CONHCH2CO).

Glycyl-O,O'-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)-O-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°С 
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%.

1H NMR spectrum of compound 14: 0.89 (6H, t, 
CH2CH3); 3.42 (2H, t, αCH2); 1.56 (2H, p, βCH2); 2.31 
(2H, t, αCH2); 1.63 (2H, p, βCH2); 1.28 (18H, m, CH2); 
3.42 (2H, t, NCH2CH2O); 3.51 (2H, t, NCH2CH2O); 
3.51 (4H, t, NCH2CH2O); 1.48 (9H, s, С(СH3)3).

O-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°С. 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)-O-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°С. 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%.

1H NMR spectrum of compound 16: 0.87 (6H, t, 
CH2CH3); 3.78 (2H, t, αCH2); 1.53 (2H, p, βCH2); 2.35 
(2H, t, αCH2); 1.63 (2H, p, βCH2); 1.25 (18H, m, CH2); 
3.78 (4H, m, NCH2CH2O); 4.11 (4H, m, NCH2CH2O); 
1.51 (9H, s, С(СH3)3); 4.34 (2H, s, NCH2CO); 5.23 
(1H, s, CONHCH2CO).

Glycyl-O-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°С. 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°С. 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%).

1H NMR spectrum of compound 18: 1.7 
(1H, s, NH); 2.92 (4H, m, NHCH2); 3.55 (4H, m, 
NHCH2CH2).

O,O'-dioctyl-diethanolamine (19)
A catalytic amount of potassium iodide, 3.89 g 

(28.16 mmol) of potassium carbonate, and 4.5 mL 
of 1-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%).

1H NMR spectrum of compound 19: 0.99 
(6H, t, CH2CH3); 0.99 (1H, s, NH); 1.32 (20H, m, 
CH2CH3); 1.53 (4H, m, OCH2CH2); 2.81 (4H, t, 
NHCH2CH2); 3.40 (4H, t, OCH2CH2); 3.52 (4H, m, 
NHCH2CH2).

N-((tert-butoxycarbonyl)-glycyl)-O,O′-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 
a rotary 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%.

1H NMR spectrum of compound 20a: 0.87 (6H, t, 
CH2CH3); 3.62 (4H, t, αCH2); 1.55 (4H, p, βCH2); 1.26 
(20H, m, CH2); 3.62 (4H, t, NCH2CH2O); 4.11 (4H, 
t, NCH2CH2O); 1.49 (9H, s, С(СH3)3); 4.48 (2H, s, 
NCH2CO); 5.23 (1H, s, CONHCH2CO).

N-(( tert-butoxycarbonyl)-β-alanyl)-O ,O '-
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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1H NMR spectrum of compound 20b: 0.87 (6H, t, 
CH2CH3); 3.62 (4H, t, αCH2); 1.60 (4H, p, βCH2); 1.25 (20H, 
m, CH2); 3.62 (4H, t, NCH2CH2O); 4.06 (4H, t, NCH2CH2O); 
1.41 (9H, s, С(СH3)3); 2.49 (2H, t, NCH2CH2CO); 3.35 (2H, 
k, NCH2CH2CO); 5.02 (1H, s, CONHCH2CH2CO).

Nα,Nδ-(bis(tert-butoxycarbonyl)-L-ornithyl)-
O,O'-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.

1H NMR spectrum of compound 22a: 0.84 (6H, t, 
CH2CH3); 3.42 (4H, t, αCH2); 1.50 (4H, p, βCH2); 1.26 
(20H, m, CH2); 3.42 (4H, t, NCH2CH2O); 4.08 (4H, 
t, NCH2CH2O); 1.40 (18H, s, С(СH3)3); 4.23 (1H, k, 
NCH(R)CO); 5.07 (1H, s, CONHCH(R)CO); 3.10 (2H, k, 
NCH2CH2CH2C); 1.60 (2H, m, NCH2CH2CH2C); 1.79 
(2H, m, NCH2CH2CH2C); 4.61 (1H, s, NH(CH2)3C).

Nα,Nδ-(bis(tert-butoxycarbonyl)-L-lysyl)-
O,O'-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.

1H NMR spectrum of compound 22b: 0.87 (6H, t, 
CH2CH3); 3.46 (4H, t, αCH2); 1.48 (4H, m, βCH2); 1.25 
(20H, m, CH2); 3.46 (4H, t, NCH2CH2O); 4.10 (4H, 
t, NCH2CH2O); 1.42 (18H, s, С(СH3)3); 4.24 (1H, k, 
NCH(R)CO); 5.08 (1H, s, CONHCH(R)CO); 3.09 (2H, k, 
NCH2CH2CH2CH2C); 1.61 (2H, m, NCH2CH2CH2CH2C); 
1.36 (2H, p, NCH2CH2CH2CH2C); 1.78 (2H, m, 
NCH2CH2CH2CH2C); 4.58 (1H, s, NH(CH2)4C).

Glycyl-O,O'-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 β-alanil-O,O'-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,O-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-O,O'-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), β-alanine (βAla), L-phenylalanine 
(Phe), L-tyrosine (Tyr), γ-aminobutyric acid (GABA), 
L-tryptophan (Trp), L-lysine (Lys), and L-ornithine 
(Orn), with alkyl radical lengths of C6–C12 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 β-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 1H 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 
1H NMR spectroscopy.
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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

8a (21a) N

O

O

O

H2N 6.56

8b (21b) N

O

O

O

H2N 6.73

12a (23a)
N

O

O

O

H2N

H2N

6.62

12b (23b)

N
O

O

O

H2N

NH2

6.65
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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 1H 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 1H 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 

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 1H-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.

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, 
β-alanine, L-ornithine, and L-lysine. The structures 
of the obtained compounds were confirmed by  
1H 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.
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