Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies.
2024;19(3):202-213 ISSN 2686-7575 (Online)

Chemistry and technology of medicinal compounds
and biologically active substances

XMUA N TEXHONOINS NNEKAPCTBEHHbLIX NPenapaToB
1 6MONOrNYECKM aKTUBHbBIX COEONHEHUI

UDC 577.112.345
hitps://doi.org/10.32362/2410-6593-2024-19-3-202-213 (c9)
EDN FORUND

RESEARCH ARTICLE

L-Ornithine derivatives with structural hetaryl
and alkyl moiety: Synthesis and antibacterial activity

Tatyana G. Bodrova, Ulyana A. Budanova™, Yury L. Sebyakin

MIREA — Russian Technological University (M.V. Lomonosov Institute of Fine Chemical Technologies), Moscow, 119571
Russia

™ Corresponding author, e-mail: c-221@yandex.ru

Abstract

Objectives. Cationic amphiphiles and antimicrobial peptidomimetics are widely investigated as antibacterial agents due to their
membrane-active mechanism of action. Particular attention is focused on the rational design of compounds in this class to achieve high
antimicrobial activity. The aim of the present work is to synthesize bivalent cationic amphiphiles with L-ornithine as a branching element
and evaluate the effectiveness of their antibacterial action. The compounds differ in terms of hydrophobicity due to the variation of
N-terminal aliphatic amino acids in the polar block and alternation of dialkyl and alkyl-hetaryl radicals in the lipophilic block.

Methods. For the synthesis of nonpolar fragments of amphiphiles, methods for the alkylation of amines with alkyl bromides in the
presence of carbonate salts were used. The formation of amide bonds of L-ornithine derivatives with amino acids was carried out using
the carbodiimide method. For the reaction products recovery from the reaction mixture, column chromatography on silica gel and
aluminum oxide activated Brockmann grade II was used. The antimicrobial activity of the synthesized compounds against gram-positive
B. subtilis 534 and gram-negative E. coli M 17 bacterial strains was evaluated. Minimum inhibitory concentration (MIC) values were
recorded using a serial microdilution method in a nutrient medium.

Results. Developed schemes for the preparation of bivalent cationic amphiphiles based on L-ornithine derivatives are presented.
Differences in the structure of aliphatic amino acids (glycine, B-alanine, y-aminobutyric acid (GABA)), in the length of alkyl
radicals (Cg, C,,), or in the presence of an indole moiety, were used in the design of target compounds. The high antibacterial activity
of the synthesized compounds was demonstrated. The most active compounds were lipoamino acids with terminal GABA residues and
asymmetrical non-polar block (tryptamyl-dodecylamine). The MIC values were 0.39 pg/mL for gram-positive bacteria and 1.56 pug/mL
for gram-negative bacteria. A GABA derivative with a symmetrical lipophilic moiety based on dioctylamine demonstrated activity with
an MIC of 0.78 ug/mL against B. subtilis and 3.12 pg/mL against E. coli.

Conclusions. Nine new lipoamino acid cationic bivalent amphiphiles based on L-ornithine were synthesized. The structure of the
obtained compounds was confirmed by nuclear magnetic resonance 'H spectroscopy and mass spectrometry data. Leading compounds
in antimicrobial activity against both gram-positive and gram-negative strains of bacteria were determined. The influence of the degree
of lipophilicity in the asymmetric nonpolar block on the level of exhibited antimicrobial activity is demonstrated.
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AHHOTauus

I_Ie.lm. Karnonueie aM(bI/I(bI/IJ'[LI " aHTI/IMI/IKpO6HbI€ NEOTUAOMUMETHUKH HIMPOKO UCCIIECAYIOTCSA B Ka4Y€CTBE aHTI/I6aKTepI/IaJ'II)HI;IX CpeacTs
B CBA3HU C UX MeM6paH0-aKTI/IBHBIM MEXaHU3MOM JICHCTBUS. Oco0o¢ BHUMaHHE YACIIACTCA palluUOHAJIbBHOMY z[nsaﬁHy JAHHBIX COCIUHEC-
HUM JJI51 JIOCTHKEHUS BBICOKOM aHTI/IMI/IKpO6HOI‘/‘I AKTUBHOCTH. HCJ'II)IO Z[aHHOfI paﬁOTLI SABJIIETCS CUHTE3 U ONIPEJICTICHUE 3(1)(beKTI/IBHOCTI/I
aHTI/I6aKT€pI/IaHBHOFO JIEACTBHSI OMBAJICHTHBIX KaTHOHHBIX an)I/I(bI/IJ'IOB C L-OpHI/ITI/IHOM B KaQ4UCCTBC pPa3sBETBUTCIIA. COCI[I/IHCHI/IS{ OTJIU-
YHarTCs CTCIICHBIO FPI,I[pO(bO6HOCTI/I 3a CHET BapbUPOBaHUsA N—KOHHCBBIX aJ'II/I(baTI/I‘IeCKI/IX AMUHOKHUCJIOT B IIOJIAPHOM 0JI0Ke 1 yepeaoBa-
HUEM JUAJIKWJIBHOTO U aJIKWJI-I€TapujIbHOI'O paIluKajioB B J'II/IHO(I)I/I.]'H)HOM 0JI0KeE.

Metoapl. /st cMHTE3a HEMONSPHBIX (PparMeHToB aM(pUQHIOB HCIIOIH30BAaHBI METOABI AIKMIHPOBAHUS aMUHOB AIKMIOPOMUIAMH
B IIPUCYTCTBUH KapOOHATHBIX coreil. @opMupoBaHne aMUTHBIX CBSA3EH MPON3BOAHBIX L-OPHUTHHA C aMHHOKHCIIOTAMH OCYIIECTBIISIOCH
KapOOJUUMHIHBIM METOJOM. J[JIsl BBIEIICHNS TIPOTYKTOB PEAKIINH U3 PEaKIMOHHONW CMECH HCIIOIb30BaTach KOJIOHOYHAsT XpOMAaTorpa-
¢us Ha cunmkarene U okucu amomunus 11 crenenn akruBHOCTH 10 bpokmany. Onpenenena aHTUMHKPOOHAast aKTHBHOCTE CHHTE3HPO-
BaHHBIX COEIMHECHUI 110 OTHOLICHUIO K TPAMIOIOKHUTENBEHBIM B. subtilis 534 u rpamorpunarensHeM E. coli M17 mtamMmMoB GakTepHid.
3HaueHNss MUHUMAIbHOH nHruoupyromieit konnenTpanuu (MYK) ¢puxcnpoBamics ¢ moMoImbo MeTo/a CepUiHBIX MUKpOpa30aBIeHIH
B TINTATEILHON Cpezie.

Pe3syabTarsl. PazpaboTaHbl cxeMbl OTy4eHH OWBAIICHTHBIX KATHOHHBIX aM(pHU(UIOB Ha OCHOBE MPOM3BOAHBIX L-opHuTHHA. B nusaii-
HE IIEIeBBIX COEANHEHNI UCIIONB30BAINCE PA3IHYNS B CTPYKType anu(aTHIeCKUX AMHHOKHCIIOT (ITINIKH, 3-alaHuH, Y-aMHHOMACITHAs
kucnora (FAMK)), B nnmne ankunbubix pamukanos (Cg, C|,) WM B HATMYUN MHAOIBHOTO (parmenta. [lokasana BBICOKas aHTHOAK-
TepHagbHass aKTUBHOCTb CHHTE3MPOBAHHBIX coenuHeHnil. Hanbonee akTHBHBIMM OKA3allCh JIMTOAMHHOKUCIOTEI C TEPMHHAIBHBIMU
octatkamu [AMK 1 HeCHMMETPUYHBIM HENOIAPHBIM OJ0KOM (Tpunramuin—aoaenmiamut). 3nadenuss MUK cocraBumm 0.39 Mkr/mi
B OTHOIICHUH TPAMITIOIOKUTEIBHBIX OakTepuit v 1.56 MKr/mMi i TpaMoTpuuarenbHbix 0akrepuii. [IponssonHoe TAMK ¢ cuvmmeTpud-
HBIM JTUNO(WIEHBIM ()PAarMEHTOM Ha OCHOBE JHOKTHJIAMUHA MPOIEMOHCTPHPOBAIO aKTUBHOCTH ¢ MUK 0.78 MKr/mMia B OTHOLICHUH
B. subtilis u 3.12 Mxr/ma B oTHOIIEHHH E. coli.

BbiBoabl. CHHTE3MPOBAHO AEBATh HOBBIX JIMHOAMHHOKHCIOTHBIX KATHOHHBIX OMBaJeHTHbIX am(uduioB Ha ocHoBe L-opHuTHHA.
CTpPyKTypa MOTy4eHHBIX COETMHEHHUIH IOITBEP K IeHa JAHHBIMHU CTIEKTPOCKOTHH AePHOTO MArHHTHOTO pe3oHanca 'H u Macc-criekTpo-
MmeTpun. OmnpeieneHsl COeANHEHUA-TUIEPHI 0 AHTUMHUKPOOHOH aKTHBHOCTH KaK MO OTHOIIEHUIO K TPaMIIONI0KHUTEIbHBIM, TaK U 110 OT-
HOILEHHIO K IPaMOTPHUILIATENIbHBIM IITaMMaM Oaktepuii. [Toka3aHo BIMSHUE CTENEHH JIUMO(GUIBHOCTH B ACUMMETPHYHOM HEHOJISPHOM
0JI0KEe Ha YPOBEHb MPOSIBIAEMOI aHTUMUKPOOHOIT aKTHBHOCTH.
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MHIHOMPYOLIAs KOHLEHTPALIKsl, aHTHOAKTepUalbHASL AKTHBHOCTh MNpuHsTa B neyats: 15.04.2024
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INTRODUCTION

The increasing number of antibiotic-resistant bacterial
infections represents a major public health concern [1].
This can lead to longer hospital stays, the need for
more outpatient follow-up, and higher costs of new
drugs needed for treatment [2]. While hospital-acquired

infections have long been accompanied by high
antibiotic resistance, there has also been a gradual
increase in out-of-hospital infections in recent years.
With the ever more rapid spread of bacterial genes due to
globalization, multidrug-resistant strains are burgeoning
worldwide [3].
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To date, no antibiotic has entered clinical trials for
which no cases of resistance have been reported [4]. This
may be explained in terms of the tendency for existing
antibiotics to inhibit processes necessary for bacterial
survival, thus stimulating evolution by encouraging
drug-resistant mutations [5—6].

Cationic amphiphiles and antimicrobial
peptidomimetics are widely investigated as antibacterial
agents due to their membrane-active mechanism of
action, to which it is more difficult for bacteria to develop
resistance [7, 8]. However, most of these compounds are
limited in terms of practical application due to their low
biocompatibility. For this reason, special attention is
paid to the rational design of these compounds to achieve
effective antimicrobial activity at minimal doses while
maintaining low toxic side effects [9-12].

Indole derivatives are known to exhibit a variety of
biological properties including antibacterial [13—-15],
antifungal [16], antiviral [17-18], antitumor [19],
anti-inflammatory [20] and other activities. In this
regard, the incorporation of the indole cycle into the
structure of peptidomimetics seems to be a promising
approach.

The aim of this study was to synthesize and determine
the antibacterial efficacy of bivalent cationic amphiphiles
with L-ornithine as a splitter. The compounds differ in
the degree of hydrophobicity due to the variation of
N-terminal aliphatic amino acids in the polar block and
alternation of dialkyl and alkyl-hetaryl radicals in the
lipophilic block (Fig.).

EXPERIMENTAL
Materials and methods

The experiments used the following commercially
available chemicals and reagents without further
purification: di-fert-butyl dicarbonate, N,N'-dicyclo-
hexylcarbodiimide (DCC), 4-dimethylaminopyridine
(DMAP), 1-hydroxybenzotriazole, L-lysine monohydro-
chloride, L-ornithine monohydrochloride, glycine,
tryptophan, L-phenylalanine, y-aminobutyric acid
(GABA)  (Sigma-Aldrich, Germany); [p-alanine,
tryptamine, 1-bromoctane, 1-bromodododecane (Acros
Organics, Belgium); potassium carbonic acid, sodium
carbonic acid, sodium sulfuric acid anhydrous (Chimmed,
Russia), trifluoroacetic acid (TFA) (Biochem, France).
The spectra obtained by 'H nuclear magnetic
resonance (NMR) spectroscopy were recorded in
deuterated solvents (Solvex-D, Russia) deuterated
chloroform (CDCl,), dimethyl sulfoxide-d, (DMSO-d,)
on a Bruker DPX-300 NMR spectrometer (Bruker
BioSpin, Germany) with an operating frequency
of 300 MHz  The internal standard was
hexamethyldisiloxane (Sigma-Aldrich, Germany). Mass

@ ® @ <)

=

Fig. Schematic representation of target structures;
Orn — L-ornithine

spectra were recorded on a VISION 2000 time-of-flight
mass spectrometer (Thermo BioAnalysis, United
Kingdom) by MALDI (matrix assisted laser desorption/
ionization), 2,4-dihydroxybenzoic acid (Sigma-Aldrich,
Germany) was used as a matrix.

Thin-layer chromatography (TLC) was performed
on Sorbfil plates (IMID, Russia) in solvent systems
(Component-Reactiv, Russia): (A) chloroform-methanol
1 : 1, (B) methylene chloride-methanol 1 : 1, (C) toluene-
ethyl acetate 2:1, (D) methylene chloride-methanol
20: 1, (E) toluene-acetonitrile 1:25, (F) toluene-ethyl
acetate 1 : 1, (G) toluene-ethyl acetate 7 : 1, (H) methylene
chloride-methanol 25 : 1.

Column chromatography was performed on Merck
0.040-0.063 mm silica gel (Merck, Germany) and
Brockmann L40/250 grade II aluminum oxide (Chemapol,
Czech Republic). Detection of stains of substances by
TLC was carried out by heating over a spirit flame.
Substances containing double bonds were detected by
aqueous potassium permanganate solution (Chimmed,
Russia). Substances containing free amino group were
detected by 5% ninhydrin solution (Acros Organics,
Belgium) followed by heating to 55-75°C. Substances
containing secondary or tertiary amino groups were
detected in Dragendorff’s reagent solution [21].

N-Tryptamyl-octylamine (3a)

We dissolved 0.50 g (3.12 mmol) of tryptamine 2,
030 g (1.56 mmol) of 1-bromooctane and
0.51 g (1.56 mmol) of cesium carbonate (Chimmed,
Russia) in 60 mL of acetonitrile. The reaction was carried
out under stirring for 6 h at 25°C. Following completion
of the reaction and solvent evaporation, 30 mL of
distilled water was added to the reaction mixture and
extracted with ethyl acetate (3 x 40 mL). The organic
phase was dried over Na,SO,, filtered, and evaporated
using a rotary evaporator (/KA, Germany). The reaction
was monitored by TLC in system (A). The product was
isolated by column chromatography on aluminum oxide
in system (E); 0.33 g (44%) of product 3a was obtained
with a retention factor R.(A) of 0.38.
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"H NMR spectrum (CDCl,, 6, ppm): 0.87 (3H, t, CH,);
1.25 (10H, m, -CH,-); 1.5 (2H, m, CH,~CH,-NH); 2.35
(2H, s, CH,~CH,~NH (ar)); 2.70 (2H, t, CH,~CH,-NH);
3.0 2H, m, CH,-CH,~NH (ar)); 3.75 (1H, qu., -NH);
7.15 (1H, m, ar-CH>-); 7.20 (1H, dt, ar-CH®-); 7.40 (2H, d,
ar-CHZ-), 7.71 (1H, d, ar-CH*-); 8.10 (1H, s, ar--NH).

N-Tryptamyl-dodecylamine (3b)

We dissolved 2.50 g (15.6 mmol) of tryptamine 2 and
312 g (12.5 mmol) of dodecyl bromide in
tetrahydrofuran (Component-Reactiv, Russia), then we
added 2.60 g (18.8 mmol) of K,CO; and KI (Chimmed,
Russia) in catalytic amount. The reaction was carried
out at room temperature (25°C) and under vigorous
stirring for 6 h. The precipitate was then filtered off,
the solvent was distilled off, and the remaining reaction
mass was dissolved in ethyl acetate and washed
with H,O (3 x 50 mL). The organic phase was dried
over Na,SO,, filtered, and evaporated using a rotary
evaporator. The product was isolated by column
chromatography on aluminum oxide in system (H);
0.89 g (36%) of compound 3b was obtained, R;(B) 0.36.
'H NMR spectrum (CDCl;, 8, ppm): 0.87 (3H, t,
CH,); 1.25 (18H, m, -CH,-); 1.5 (2H, m, CH,~CH,-NH);
2.35(2H,s,CH,~CH,~NH (ar)); 2.70 (2H, t, CH,~CH,~-NH);
3.00 (2H, m, CH,~CH,-NH (ar)); 3.75 (1H, qu, -NH);
7.15 (1H, m, ar-CH-); 7.20 (1H, dt, ar-CH®-); 7.42 (2H, d,
ar-CHZ-), 7.72 (1H, d, ar-CH%-); 8.10 (1H, s, ar-NH).

[a-N,8-N-Bis-(tert-butoxycarbonyl)-L-ornithyl]-
N'-tryptamyl octylamide (5a)

The reaction was carried out according to the described
procedure [22]. From 0.93 g (2.31 mmol) of a-N,5-N-bis-
(tert-butoxycarbonyl)-L-ornithine (Boc,0rn) 4 [22] and
0.63 g (2.31 mmol) of compound 3a, 0.60 g (56%) of
compound 5a was obtained, R(F) 0.45.

"H NMR spectrum (CDCl,, 6, ppm): 0.87 (3H, t, CH,);
1.25 (10H, m, -CH,-); 1.41 (18H, s, CCH,), 1.60 (2H, m,
CH,~CH,~-NH (Orn)); 1.69 (2H, m, f-CH,); 1.90 (2H, m,
s—Ni{%HfCHZ{ILIZf (Orn)); 2.90 (2H, s, CH,~CH,~NH
(ar)); 3.13 (2H, m, CH,-CH,~NH (Om)); 3.24-3.41 (2H, m,
a-CH,); 3.49 (1H, s, &-NH); 3.6-4.0 (2H, m, CH,~CH,-NH
(ar)); 4.50 (1H, a-NH (Orn)); 5.25 (1H, dd, -CH- (Orn));
7.05 (1H, d, ar-CH-); 7.15 (1H, m, ar-CH>-); 7.20 (1H,
dt, ar-CH®-); 7.43 (2H, d, ar-CH?), 7.70 (1H, d, ar-CH*-);
8.25 (1H, s, ar-NH).

[a-N,8-N-Bis-(tert-butoxycarbonyl)-L-ornithyl]-
N'-tryptamyl-dodecylamide (5b)

The reaction was carried out similarly to the preparation
of compound 5a. From 0.19 g (0.56 mmol) of

compound 4 and 0.19 g (0.56 mmol) of compound 3b,
0.22 g (52%) of compound 5b was obtained, R (F) 0.63.

'H NMR spectrum (CDCl,, 8, ppm): 0.87 (3H, t,
CH,); 1.25 (18H, m, -CH,-); 1.41 (18H, s, CCH,),
1.60 (2H, m, CH,-CH,-NH (Orn)); 1.71 (2H, m, B-CH,);
1.90 (2H, m, s-NHfCHfCHfCHf (Orn)); 2.93 (2H,
s, CH,~CH,-NH (ar)); 3.11 (2H, m, CH,-CH,-NH
(Om)); 3.2-3.4 (2H, m, a-CH,); 3.49 (IH, s, &-NH);
3.62-3.98 (2H, m, CH,~CH,~NH (ar)); 4.50 (1H, s,
a-NH (Om)); 5.25 (1H, dd, -CH- (Orn)); 7.05 (1H, d,
ar-CH-); 7.15 (1H, m, ar-CH3-); 7.21 (1H, dt, ar-CH%-);
7.40 (2H, d, ar-CHZ-), 7.72 (1H, d, ar-CH*-); 8.25 (1H,
s, ar-NH).

L-Ornithyl-N-tryptamyl octylamide (6a)

We added 650 pL (8.60 mmol) of TFA to
0.51 g (0.86 mmol) of compound 5a in methylene
chloride and stirred for 3 h. The reaction was monitored
by TLC data in system (D). Following completion of the
reaction, the solvent was distilled off in vacuo. The residue
was dissolved in 40 mL ethyl acetate, washed with 5%
NaHCOj solution (2 x 30 mL), then with H,O (30 mL)
to pH 7. The organic phase was dried over Na,SO,, and
the solvent was distilled off using a rotary evaporator.
15 mg (45%) of compound 6a was obtained, R(A) 0.15.
MALDI-TOF (matrix-assisted laser desorption/ionization
time-of-flight) (m/z): 425 [M+K]", 409 [M+Na]*.

L-Ornithyl-N-tryptamyl-dodecylamide (6b)

Thereaction was carried out similarly to the preparation of
compound 6a. From 0.22 g (0.35 mmol) of compound 5b,
68 mg (44.3%) of product 6b was obtained, R;(A) 0.23.

[a-N,6-N-Bis-((N-tret-butoxycarbonyl)-glycyl)-
ornithyl]-N'-tryptamyl octylamide (8a)

The reaction was carried out similarly to the preparation
of compound 5a. From 45 mg (0.26 mmol) of N-tret-
butoxycarbonylglycine  (Boc-Gly) 7¢ [22] and
40 mg (0.10 mmol) of compound 6a, 25 mg (33.5%) of
compound 8a was obtained, R(D) 0.49.

'HNMR spectrum (CDCl,, 8, ppm): 0.87 (3H, t, CH,);
1.25 (10H, m, -CH,-); 1.45 (18H, s, CCH,), 1.57 (2H,
br, CH,-CH,-NH (Om)); 1.61 (2H, br, B-CH,);
1.75 (2H, m, 6-NH-CH,~CH,~CH,~ (Orn)); 2.60 (2H, s,
CH,~CH,-NH (ar)); 3.22 (2H, m, CH,~CH,-NH (Orn));
3.35-3.55 (2H, m, 0-CH,); 3.95 (2H, br., -CH,— (Gly));
4.10 (2H, m, CH,~CH,-NH (ar)); 4.51 (1H, a-NH (Orn));
540 (1H, dd, -CH- (Orn)); 7.05 (1H, d, ar-CH-);
7.08-7.19 (1H, m, ar-CH>-); 7.22 (1H, dt, ar-CH®-);
7.40 (2H, d, ar-CH?), 7.71 (1H, d, ar-CH*-); 8.25 (1H,
s, ar-NH).
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[a-N,8-N-Bis-((N-tret-butoxycarbonyl)-
B-alanyl)-ornithyl]-N'-tryptamyl
octylamide (8b)

The reaction was carried out similarly to the preparation
of compound S5a. From 68 mg (0.36 mmol) of N-tret-
butoxycarbonyl-B-alanine (Boc-f-Ala) 7d [22], and
55 mg (0.14 mmol) of compound 6a, 41 mg (35%) of
compound 8b was obtained, R;(G) 0.49.

'"H NMR spectrum (CDCl,, 8, ppm): 0.87 (3H,
t, CH,); 1.25 (10H, m, -CH,-); 1.43 (18H, s, CCH,),
1.62 (2H, m, CH,~CH,~NH (Orn)); 1.73 (2H, m, B-CH,);
1.90 (2H, m, 6-NH-CH,-CH,~CH,~ (Om)); 2.25 (4H,
br., B-CH, (B-Ala)), 2.90 (2H, s, CH,~CH,~-NH (ar));
3.15 (2H, m, CH,~CH,-NH (Orn)); 3.2-3.4 (2H, m,
a-CH,); 3.35 (4H, br., a-CH, (B-Ala)), 3.49 (1H, s,
8-NH); 3.6-3.9 (2H, m, CH,-CH,—NH (ar)); 4.32 (1H,
br., -NH (B-Ala)); 4.50 (1H, a-NH (Orn)); 5.25 (1H,
dd, -CH- (Orn)); 7.05 (1H, d, ar-CH-); 7.15 (1H, m,
ar-CH3-); 7.20 (1H, dt, ar-CH®-); 7.41 (2H, d, ar-CHZ),
7.72 (1H, d, ar-CH%-); 8.25 (1H, s, ar-NH).

[a-N,5-N-Bis-((N-tret-butoxycarbonyl)-GABA)-
L-ornithyl]-N'-tryptamyl octylamide (8c)

The reaction was carried out similarly to the preparation
of compound 8a. From 53 mg (0.26 mmol) of N-tret-
butoxycarbonyl-GABA (Boc-GABA) 7e [22] and
40 mg (0.10 mmol) of compound 6a, 12 mg (34%) of
compound 8¢ was obtained, R;(F) 0.35.

'"H NMR spectrum (CDCI,, 8, ppm): 0.87 (3H, t,
CH,); 1.25 (10H, m, -CH,-); 1.41 (18H, s, CCH,),
1.55-1.66 (2H, m, CH,-CH,-NH (Orn)); 1.62-1.73
(2H,m, B-CH,); 1.74-1.82 (4H, m,~CH,~CH,~CH,-NH
(GABA)), 1.90 (2H, m, 8-NH-CH,-CH,~CH,— (Orn));
2.25(4H,m,~CH,-CH,~CH,~NH(GABA)),2.91 (2H,s,
CH,—CH,-NH (ar)); 3.00 (4H, m, -CH,-CH,-CH,-NH
(GABA)),3.12(4H, m,-CH,-CH,—CH,-NH (GABA)),
3.15-3.19 (2H, m, CH,-CH,-NH (Orn)); 3.2-3.4 (2H,
m, a-CH,); 3.49 (1H, s, 3-NH); 3.6-3.9 (ZH, m,
CH,~CH,-NH (ar)); 4.02 (2H, m, -CH,-CH,~CH,~NH
(GABA)), 4.50 ( H, a-NH (Orn)); 5.25 (1H, dd, -CH-
(Orn)); 7.05 (1H, d, ar-CH-); 7.15 (1H, m, ar-CH>-);
7.20 (1H, dt, ar-CH%-); 7.41 (2H, d, ar-CH?); 7.71 (1H,
d, ar-CH%-); 8.25 (1H, s, ar-NH).

[a-N,b6-N-bis-((N-tret-butoxycarbonyl)-glycyl)-
L-ornithyl]-N'-tryptamyl-dodecylamide (8d)

The reaction was carried out analogously to the
preparation of compound 5a. From 19 mg (0.11 mmol)
of Boc-Gly 7¢ and 20 mg (0.045 mmol) of
compound 6b, 19 mg (29%) of compound 8d was
obtained, R (D) 0.49.

'HNMR spectrum (CDCls, 3, ppm): 0.87 (3H, t, CH,);
1.25 (18H, m, -CH,~); 1.43 (18H, s, CCH,), 1.50 (2H,
br.,, B-CH, (alkyl)); 1.71 (2H, br., y-CH,~ (Om)); 1.9-2.3
(2H, m, B-CH,~ (Om)); 3.11 (2H, br., CH,~CH,-NH
(ar)); 3.30 (2H, m, 8-CH,— (Orn)); 3.40 (4H, br., -CH,—
(Gly)), 3.7-3.9 (2H, m, &-Cﬂzf (ar)); 3.7-3.9 (2H, dm,
a-CH,— (alkyl)), 4.12 (1H, m, ~CH- (Orn)); 4.60 (1H,
br., 6-NH (Orn)); 4.80 (2H, br., -NH (Gly)); 5.11 (1H,
br., a-NH (Orn)); 7.05 (1H, d, ar-CH-); 7.15 (1H, m,
ar-CH>-); 7.20 (1H, dt, ar—Cﬂﬁ—); 7.41 (2H, d, ar-CH?),
7.70 (1H, d, ar-CH*-); 8.25 (1H, s, ar-NH).

[a-N,8-N-Bis-((N-tret-butoxycarbonyl)-
B-alanyl)-L-ornithyl]-N'-tryptamyl-
dodecylamide (8e)

The reaction was carried out similarly to the preparation
of compound 5a. From 26 mg (0.015 mmol)
of Boc-B-Ala 7d and 27 mg (0.006 mmol) of
compound 6b, 16 mg (16%) of compound 8e was
obtained, R;(D) 0.44.

'"H NMR spectrum (CDCl;, 8, ppm): 0.87 (3H, t,
CH,); 1.25 (18H, m, -CH,~); 1.43 (18H, s, CCH,),
1.49 (2H, br., B-CH, (alkyl)); 1.70 (2H, br., y-CH,~
(Orn)); 1.9-2.3 (2H, m, B-CH,— (Orn)); 3.03 (4H, br.,
B-CH, (B-Ala)), 3.10 (2H, br., CH,~CH,-NH (ar));
3.30 (2H, m, 8-CH,~ (Orn)); 3.51 (4H, br., a-CH,
(B-Ala)), 3.7-3.9 (2H, m, 0-CH,~ (ar)); 3.7-3.9 (2H, m,
a-CH,— (alkyl)); 4.10 (1H, m, -CH~ (Orn)); 4.60 (1H,
br., 5-NH (Orn)); 4.81 (2H, br., —-NH (B-Ala)); 5.08 (1H,
br., a-NH (Orn)); 7.05 (1H, d, ar-CH-); 7.15 (1H, m,
ar-CH3-); 7.19 (1H, dt, ar-CH®-); 7.40 (2H, d, ar-CHZ),
7.69 (1H, d, ar-CH%-); 8.25 (1H, s, ar-NH).

[a-N,8-N-Bis-((N-tret-butoxycarbonyl)-GABA)-
L-ornithyl]-N'-tryptamyl-dodecylamide (8f)

The reaction was carried out similarly to the preparation
of compound 5a. From 28 mg (0.015 mmol)
of Boc-gABA 7e and 27 mg (0.006 mmol) of
compound 6b, 47 mg (24%) of compound 8f was
obtained, R;(D) 0.44.

'H NMR spectrum (CDCl,, 6, ppm): 0.87 (3H, t, CH,);
1.25 (18H, m, -CH,~); 1.41 (18H, s, CCHj;), 1.55 (2H, br,,
B-CH,(alkyl)); 1.70 (2H, m, y-CH,~ (Orn)); 1.89 (4H, m,
7-CH,~ (GABA)), 2.21 (2H, m, B-CH,~ (Orn)); 3.03 (4H,
br, B-CH, (GABA)), 3.08 (2H, br., CH,~CH,~NH (ar));
3.29 (2H, m, 3-CH,—(Orn)); 3.50 (4H, br., a-CH, (GABA)),
3.7-3.9 (2H, m, a-CH,~ (ar)); 3.7-3.9 (2H, m, a-CH,~
(alkyl)), 4.10 (1H, m, —CH- (Orn)); 4.58 (1H, br,
0-NH (Orn)); 4.77 (2H, br., -NH (GABA)); 5.10 (1H, br,,
o-NH (Orm)); 7.05 (1H, d, ar-CH-); 7.15 (1H, m, ar-CH>-);
7.18 (1H, dt, ar-CH®-); 7.40 (2H, d, ar-CH?), 7.71 (1H, d,
ar-CH%); 8.25 (1H, s, ar-NH).
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Trifluoroacetate salt

of [a-N,6-N-bis-((N-tret-butoxycarbonyl)-
glycyl)-L-ornithyl]-N'-tryptamyl
octylamide (9a)

Compound 8a 24 mg (0.033 mmol) was dissolved
in anhydrous methylene chloride and cooled to 0°C.
To the resulting solution 0.33 mmol TFA was added.
The reaction mixture was stirred for 2 h at room
temperature. The reaction was monitored by TLC data
in system (D). The TFA and solvent were distilled off
on a rotary evaporator; 23 mg (98%) of product 9a
was obtained. MALDI-TOF (m/z): 537 [M+K]",
521 [M+Na]™.

Trifluoroacetate salt

of [a-N,6-N-bis-((N-tret-butoxycarbonyl)-
B-alanyl)-L-ornithyl]-N'-tryptamyl
octylamide (9b)

The reaction was carried out analogously to the
preparation of compound 9a. From41 mg (0.059 mmol) of
compound 8b, 40 mg (99%) of product 9b was obtained.
MALDI-TOF (m/z): 567 [M+K]", 551 [M+Na]".

Trifluoroacetate salt

of [a-N,6-N-bis-((N-tret-butoxycarbonyl)-
GABA)-L-ornithyl]-N'-tryptamyl
octylamide (9c¢)

The reaction was carried out analogously to the
preparation of compound 9a. From 12 mg (0.019 mmol)
of compound 8¢, 11 mg (98%) of product 9¢ was obtained.
MALDI-TOF (m/z): 579 [M+K]*, 595 [M+Na]".

Trifluoroacetate salt

of [a-N,6-N-bis-((N-tret-butoxycarbonyl)-
glycyl)-L-ornithyl]-N'-tryptamyl-
dodecylamide (9d)

The reaction was carried out analogously to the
preparation of compound 9a. From 19 mg (0.026 mmol) of
compound 8d, 18 mg (99%) of product 9d was obtained.
MALDI-TOF (m/z): 595 [M+K]*, 579 [M+Na]*.

Trifluoroacetate salt

of [a-N,6-N-bis-((N-tret-butoxycarbonyl)-
B-alanyl)-L-ornithyl]-N'-tryptamyl-
dodecylamide (9e)

The reaction was carried out analogously to the
preparation of compound 9a. From 16 mg (0.021 mmol)
of compound 8e, 16 mg (99%) of product 9e was
obtained. MALDI-TOF (m/z): 623 [M+K]", 607 [M+Na]".

Trifluoroacetate salt
of [a-N,86-N-di-((N-tret-butoxycarbonyl)-GABA)-
L-ornithyl]-N’'-tryptamyl-dodecylamide (9f)

The reaction was carried out analogously to the
preparation of compound 9a. From41 mg (0.053 mmol) of
compound 8f, 43.3 mg (99%) of product 9f was obtained.
MALDI-TOF (m/z): 651 [M+K]", 635 [M+Na]".

[a-N,8-N-Bis-(tert-butoxycarbonyl)-L-ornithyl]-
N’-dioctylamide (11)

The reaction was carried out analogously to the
preparation of compound 5a. From 1.00 g (4.14 mmol)
of Boc,Orn 4, 1.71 g (8.29 mmol) of DCC, and 1.66 g
of dioctylamine 10, 0.95 g (75%) of compound 11 was
obtained, R;(F) 0.64.

'H NMR spectrum (CDCLy, 8, ppm): 0.87 (6H, t,
CH,); 1.27 (20H, m, —-CH,-); 1.44 (18H, s, CCHy), 1.55
(4H, br, —CH,~CH,-NH-CH,-CH,-), 1.73 (2H, m,
CH,~CH,-NH (Orn)); 1.92 (2H, m, 8—NH£H2{IH2{IH27
(Orn)); 3.03-3.25 (2H, m, CH,~CH,-NH (Orn)); 3.50 (4H,
m, CH,~CH,-NH-CH,-CH,) 4.52 (1H, s, 8-NH); 5.01
(1H, o-NH (Orn)).

L-Ornithyl-N-dioctylamide (12)

Thereaction was carried out similarly to the preparation of
compound 6a. From 0.95 g (1.69 mmol) of compound 11,
0.30 g (49%) of compound 12 was obtained, R;(A) 0.19.

[a-N,6-N-Bis-((N-tret-butoxycarbonyl)-glycyl)-
L-ornithyl]-N'-dioctylamide (13a)

The reaction was carried out similarly to the preparation
of compound 5a. From 0.12 g (0.07 mmol) of Boc-Gly 7¢
and 0.02 g (0.028 mmol) of compound 12, 23 mg (29%)
of compound 13a was obtained, R;(D) 0.57.

'H NMR spectrum (CDCl,, 6, ppm): 0.87 (6H,
t, CHy); 1.27 (20H, m, —CH,-); 144 (18H, s,
CCH,); 1.55 (4H, br, —-CH,~CH,~NH-CH,~CH,-);
1.59 (2H, m, CH,~-CH,~NH (Orn)); 1.90 (2H, m,
6-NH-CH,~-CH,~CH,~ (Om)); 3.10-3.25 (2H, m,
CH,-CH,-NH (Orn)); 3.20 (4H, m, -CH,—~(Gly)); 3.45
(4H, m, CH,~CH,-NH-CH,~-CH,); 3.81 (2H, br., -NH
(Gly)); 4.81 (1H, s, 6-NH); 5.10 (1H, o~-NH (Orn)).

[a-N,6-N-Bis-((N-tret-butoxycarbonyl)-
B-alanyl)-L-ornithyl]-N'-dioctylamide (13b)

The reaction was carried out similarly to the preparation of
compound 5a. From 0.12 g (0.063 mmol) of Boc-p-Ala 7d
and 0.10 g (0.028 mmol) of compound 12, 19.5 mg (31%)
of compound 13b was obtained, R;(H) 0.55.
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'"H NMR spectrum (CDCl,, 8, ppm): 0.87 (6H,
t, CHy: 127 (20H, m, —CH,); 144 (ISH, s,
CCH,), 155 (4H, br, —CH,~CH,-NH-CH,~CH,),
1.60 (2H, m, CH, CH, NH (Om)); 1.89 (2H, m,
§-NH-CH,~CH,-CH,~ (Omn)); 3.00 (4H, br., B-CH,
(B-Ala), 3.12-325 (2H, m, CH, CH,NH (Om));
3.45 (4H, m, CH,~CH,-NH-CH,~CH,); 3.50 (4H, br,
a-CH, (B-Ala)); 4.80 (1H, s, 6-NH); 5.10 (2H, br., -NH
(B-Ala)); 5.28 (1H, d, a-NH (Orn)).

[a-N,6-N-Bis-((N-tret-butoxycarbonyl)-GABA)-
L-ornithyl]-N'-dioctylamide (13c)

The reaction was carried out similarly to the
preparation of compound 5a. From 0.14 g (0.07 mmol)
of Boc-gABA 7e and 0.10 g (0.028 mmol) of
compound 12, 20 mg (27%) of compound 13¢ was
obtained, R;(H) 0.60.

'"H NMR spectrum (CDCl,, 8, ppm): 0.87 (6H, t,
CH,); 1.27 (20H, m, -CH,-); 1.44 (18H, s, CCHy);
1.55 (4H, br., -CH,~CH,-NH-CH,~CH,~); 1.73 (2H,
m, CH,~CH,~NH (Om)); 1.91 (4H, m, y-CH,~ (GABA);
1.92 (2H, m, 6-NH-CH,-CH,-CH,—(Orn)); 2.97 (4H,
br, B-CH, (GABA); 3.01-3.22 (2H, m, CH,~CH,—
NH (Orn)); 3.50 (4H, m, CH,~CH,~NH-CH,-CH,);
3.58 (4H, br., a-CH, (GABA); 4.50 (1H, s, 3-NH);
4.77 (2H, br., —-NH (GABA)); 5.01 (1H, a-NH (Orn)).

Trifluoroacetate salt of [a-N,5-N-bis-
((N-tret-butoxycarbonyl)-glycyl)-L-ornithyl]-
N’-dioctylamide (14a)

The reaction was carried out similarly to the preparation
of compound 9a. From 23 mg (0.033 mmol) of
compound 13a,23 mg (99%) of product 14a was obtained.
MALDI-TOF (m/z): 508 [M+K]*, 492 [M+Na]*.

Trifluoroacetate salt of [a-N,5-N-bis-
((N-tret-butoxycarbonyl)-B-alanyl)-L-ornithyl]-
N’-dioctylamide (14b)

The reaction was carried out similarly to the preparation
of compound 9a. From 19 mg (0.028 mmol) of
compound 13b, 20 mg (99%) of product 14b was obtained.
MALDI-TOF (m/z): 536 [M+K]*, 520 [M+Na]*.

Trifluoroacetate salt of [a-N,B-N-bis-
((N-tret-butoxycarbonyl)-GABA)-L-ornithyl]-
N’'-dioctylamide (14c)

The reaction was carried out similarly to the preparation
of compound 9a. From 20 mg (0.028 mmol) of
compound 13¢, 21 mg (99%) of product 14c was obtained.
MALDI-TOF (m/z): 564 [M+K]*, 548 [M+Na]".

Antibacterial activity

Antibacterial activity was studied by determining the
minimum inhibitory concentration (MIC) by serial broth
microdilution [23]. Suspensions of B. Subtilis 534 and
E. coli M17 with a concentration of 1.5 x 108 CFU/mL
and an optical density of 0.5 McFarland units were
used as test microorganisms. The wells of a 96-well
plate were filled with 50 pL each of the contaminated
broth and appropriate amounts of the test compounds.
The plates were incubated at 36 = 1°C for 16—18 h. The
MIC of the substances is taken as the first transparent
well in the row when counting from the right-hand
side.

RESULTS AND DISCUSSION

The design of target compounds was based on differences
inthestructure ofaliphaticaminoacids(glycine, f-alanine,
GABA), in the length of alkyl radicals (Cg, C,), or in the
presence of an indole fragment.

A developed scheme for the preparation of bivalent
cationic amphiphiles based on L-ornithine derivatives
containing a tryptamine residue was based on
differences in the length of aliphatic chains Cg and C,
(Scheme 1).

To obtain compound 3a, the alkylation of tryptamine 2
was carried out with octyl bromide in the presence of
potassium carbonate and potassium iodide in acetonitrile.
The alkylation reaction with dodecyl bromide was
carried out in tetrahydrofuran in the presence of cesium
carbonate. The products were separated by column
chromatography on aluminum oxide. Boc-protected
L-ornithine was attached to the obtained tryptamine
derivatives by carbodiimide method. The products
were isolated by column chromatography on silica gel.
To obtain compounds 6a,b with free amino groups,
5a,b was treated with a solution of TFA in methylene
chloride (volume ratio 1 : 1) followed by treatment with
5% NaHCOj; solution.

The addition of Boc-protected glycine, B-alanine
and GABA residues to 6a,b was carried out in the
presence of DCC and DMAP. Protective groups
were removed using the standard method to give
trifluoroacetate salts of 9a—f. The structure of the
target and intermediate compounds was confirmed by
'H NMR spectroscopy and mass spectrometry. The
NMR spectra contained proton signals characteristic of
aliphatic radicals in the hydrophobic block, aromatic
rings of tryptamine residue, and the hydrocarbon
skeleton of amino acids.

Scheme 2 was used to prepare L-ornithine derivatives
with a symmetrical lipophilic fragment of two alkyl
chains.
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Scheme 2. Synthesis of amphiphiles with dialkyl moiety
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Table. Minimum inhibitory concentration of compounds 9a—f, 14a—c against gram-negative bacteria E. coli and gram-positive bacteria

B. subtilis
MIC, pg/mL
Structures Sarrg:)le -R
coce E. coli M17 | B. subtilis 534
(e} 9a Gly 3.12 6.25
/\/\/\/\ H
N Nr 9b B-Ala 3.12 1.56
R
\ H
9¢ GABA 1.56 1.56
N
H
0] 9d Gly 6.25 3.12
/\/\/\/\/\/\ u
N N~ 9¢ B-Ala 3.12 0.39
N R
\ H
9f GABA 1.56 0.39
N
H
0 14a Gly 6.25 6.25
/\/\/\/\ q
N)l\@ 14b B-Ala 6.25 1.56
_R
\/\/\/\/ N l4c | GABA | 3.12 0.78
Compound 11 was prepared similarly to 5a,b from CONCLUSIONS

Boc-protected L-ornithine 4 and dioctylamine 10 by
carbodiimide method. The reaction product was
isolated by column chromatography on silica gel.
Aliphatic amino acids were attached to free amino
groups of L-ornithine 12 derivative with subsequent
removal of Boc-protecting groups. The structure of
the obtained compounds was confirmed by MALDI
mass spectrometry. Molecular ion peaks were present
in the mass spectra of compounds 14a—c.

Antimicrobial activity was determined for the
synthesized compounds against gram-positive B. subtilis
and gram-negative E. coli bacterial strains. The MIC
values were fixed using the method of serial broth
microdilution (Table).

The most active compounds were lipoamino acids
with terminal GABA residues and unsymmetrical
nonpolar block (tryptamyl-dodecylamine). MIC
values were 0.39 pg/mL against gram-positive
bacteria and 1.56 pg/mL for gram-negative bacteria.
A GABA derivative with a symmetric lipophilic
moiety based on dioctylamine showed activity
with MICs of 0.78 pg/mL against B. subtilis and
3.12 pg/mL against E. coli.

As a result of this work, the synthesis of nine new
lipoaminoacid bivalent cationic amphiphiles based
on L-ornithine was carried out. The structure
of the obtained compounds was confirmed by
'H NMR spectroscopy and mass spectrometry. High
antibacterial activity of the synthesized compounds
was demonstrated. The leading compounds with low
MIC values both against gram-positive and gram-
negative bacterial strains were revealed. The influence
of the degree of lipophilicity in the asymmetric
nonpolar block on the level of antimicrobial activity
was demonstrated.
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