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Abstract. Lasalocid is the commonly used veterinary antibiotics, where it has
found widespread application as an anticoccidial and to improve feed efficiency. The
mechanism of action of lasalocid is clearly attributed to its ionophoric properties.
Ionophore lasalocid is isolated by Berger from a strain of Streptomyces lasaliensis
in the form of sodium salt. From among all homologues of lasalocid acid, lasalocid
A, the main product of biosynthesis, shows the greatest antibacterial activity. In
work, Lasalocid, necessary for experimental works was prepared in 1:1 ratio as
complex of lasalocid with ethanol from sodium salt of lasalocid. We prepared the
complexes of LasTio with monovalent cations by dissolving the lasalocid ester and
NaClO4 in equimolar quantities in acetonitrile. Perkin Elmer CHN 240 was used
for the elementary analysis. In paper the results of the spectroscopic, semiempirical
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investigations of lasalocid ester with 2,2’-trithioethanol (LasTio) and its complexes
with monovalent cations are given. The heat of formation (HOF, kJ/mol) of LasTio
and its complexes with sodium cations was calculated using the semiempirical
calculations. Transmission FT-IR spectra of the ester and its complex were recorded
as films on the same spectrometer. The RAIRS spectra and potentiodynamic
measurements show strong chemisorption of lasalocid ester on the surface of silver.
Additionally, the FT-IR study indicates that the adsorption of the LasTio molecule
has no influence on its complexation ability.

Keywords: antibiotics, lasalocid, lasalocid ester, NMR, FT-IR spectroscopy,
quantum-mechanical calculations
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nOHO(OPIBIK KacueTTepiHe OaitmaneicTel. Honodop mazamommari beprep
Streptomyces lasaliensis mTamMMblHaH HaTpuid TY3bl TYpiHAE OeJim amaipl.
Jlazanonua KBIIIKBUTBIHBIH OapiiblK TOMOJOTTApPHIHBIH IIIIHEH OWOCHHTE3MiH
HET13Ti eHIMI Ja3anonua A GakTepusFa Kapchl aHAFYPIIBIM OIICEHIUTIK KOPCeTeIi.
By xyMmbicTa TOXIpHOENiK KYMBICTapFa KaXeTTi Jaszajonua 1:1 xarbiHachHIa
NMA3aJOUUATIH HATpUH TY3bIHAH OTaHOIMEH Ja3ajlolui KelleHI peTiHzae
naeraaanapl. Jlazamouuari a¢upai skoHe NaClO4-Ti SKBUMOISIPIBI MeJIIepe
aIleTOHUTPIIIJIE EPITy apKbLIbI Oip BajeHTTI KatnoHaapMeH LasTio koMmrekcrepin
TMaBIHAAIBIK. DeMeHTapbl Tannay yirid Perkin Elmer CHN 240 naiimananpuins.
Byn xymeicta 2,2°-tputnostanonMen (LasTio) mazamommari 3pupmai xkoHe OHBIH
MOHOBAJICHTTI KaTHOHAAPHI 0ap KOMILIEKCTEPIH CIIEKTPOCKOMMSIIBIK, JKapThUIai
SMIUPUKAIBIK 3epTTey HoTmxkenepi kenripinred. LasTio »xoHe OHBIH HaTpuid
KaTHOHJApbIMEH KOMIUIEKCTepiHiH Ty3iny xbutysl (HOF, k/lx/Moib) sxapThuiait
SMIUPUKAIBIK €CenTeylep apKbuibl ecentenmi. Kypmem sdupniH *oHE OHBIH
KOMITIEKCiHiH TpaHcMuccusablK FT-IR ciekrpepi con criekTpomeTpe TiieHKanap
Typiage xka3puiapl. RAIRS criektpnepi MeH MOTEHIIMOAMHAMUKAIIBIK OIIeMIED
KyMic OeTiHJeri na3alonuATiK 3(QUPHIH KYIITI XeMOCOPOIMACHIH KOpPCETei.
Connimen katap, FT-IR 3eprreyi LasTio mMonekymachiHBIH aJcOpOIMsICH OHBIH
KOMIDIEKC KYpy KaOiJieTiHe acep eTIEeHTiHIH KopceTei.

Tyiiin ce3mep: anTHOMOTHKTEp, Nasaionua, jasamonun >¢upi, AMP, UK-
Dypbe CIEKTPOCKOIHS, KBAHTTHIK MEXaHUKAJIBIK ECeTeyIep
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AnnoTtauus. Jlazanouus sSBIseTCS OAHUM M3 HauOOJIee YacTO UCIOIb3yEeMBbIX
BETEPUHAPHBIX aHTUOMOTUKOB, TZI€ OH Hallell IUPOKOEe MPUMEHEHHUE B KayeCTBE
AQHTUKOKLMAUAHOTO CPEICTBA 1 1715l HOBBIIIEHHUS () HEKTUBHOCTH KopMa. MexaHu3m
JCWCTBUS Ja3ajJolua YETKO OOBSICHSAETCS ero HOHO(OPHBIMH CBOWMCTBAMH.
Jlacanomnuumnas kuciora Oblia BIEpBbIE BbieleHa u3 Streptomyceslasaliensis
B 1951 rony beprepom. U3 Bcex roMoNIOroB Ja3ajolUIHON KHUCIOTHI JIacalOIH
A sBISeTCS TNABHBIM MPOAYKTOM OHMOCHHTE3a TMPOSBISET HAUOOJIBIIYIO
aHTUOAKTEepUANbHYI0 aKTHBHOCTh. B pabore mnacanmouun OB NPUTOTOBJICH B
BUJE KOMIUIEKCa JlacajJouuaa ¢ 3TaHoioM 1:1 M3 HaTpueBOil conM Jacanouuaa.
Kommnekcsl LasTio ¢ omgHOBaJeHTHBIMH KaTHOHAMH IOMYYaldl pPacTBOPEHHEM
sa¢upa nacanonuga U NaClO4 B 3KBUMOJISIPHBIX KOJIMYECTBAX B AllCTOHUTpUIIC.
Onemenrtapublii ananu3 BbimonHeH Ha PerkinElmer CHN 240. IlpuBenenst
pe3yNbTaThl  CIEKTPOCKOMUYECKHUX, MOMyIMIHUPUUECKUX HcciaeqoBaHuil 3dupa
nacanornuac 2,2'-rputrnodTanosniom (LasTio) v ero KOMIIIEKCOB ¢ 0JJHOBaJICHTHBIMH
katuoHamu. Paccuurana temnora oopasoBanus (HOF, x/lx/mons) LasTio u ero
KOMIUIEKCOB ¢ kaTnoHamu Na+ meromom PMS5S. Cnextpsl mpomyckanus FT-IR
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CJIO)KHOTO 3(Upa W €ro KOMITIEKCa 3aperuCTPUPOBAHBI B BUAE IUICHOK HAa TOM
xe cnektpomerpe. Crektpsl RAIRS w moTeHnmmomnHaMu4YecKue W3MEpeHus
YKa3blBaIOT Ha CHIILHYK) XEMOCOpOIHI0 3upa Jacalonu]a Ha MOBEPXHOCTH
cepebpa. Kpome Toro, nccnenoBanne FT-IR nokaseiBaet, 4To afgcopOIus MOJIEKYIIbI
LasTio He BIusieT Ha €€ CIIOCOOHOCTh K KOMIUIEKCOOOPa30BaHUIO.

KaroueBsbie ciaoBa: aHTHOMOTHKHY, Na3ajonui, >bup nazanouuna, IMP, UK-
Dypbe CIIEKTPOCKOIHS, KBAHTOBO-MEXaHUICCKUE PACUETHI

Introduction

Changes in the molecule structure caused by the introduction of substituents
significantly affect the compound reactivity. The character of changes introduced by
substituents is most often related to the induction, mesomeric or steric effect. A new
effective method of modification of the chemical compounds’ reactivity involves
introduction of substituents capable of complex formation. Finding the methods of
synthesis of molecules with macrocyclic substituents, capable of forming stable
complexes with metal cations has opened new possibilities of modifications of the
reactivity of many biologically active compounds. The formation of complexes
of metal ions with ionophores being the host molecules, changes the activity and
selectivity of the metal ions and the ligand molecule. Moreover, this process often
involves conformational changes in the host molecule because of the electron
interactions or the process of charge transfer onto the guest molecule.

One of the better-known carboxylic ionophore antibiotics is lasalocid (Huczynski
et al., 2012). Despite the many desirable properties, it is characterized by high
toxicity. In order to overcome the problems related this property, a study has been
undertaken aimed at a modification of its chemical and hence also biological
properties.

The study of biosynthesis, structure, properties and reactivity of lasalocid acid
have led to the application of this compound as an ionophoric antibiotic in animal
breeding (Pressman et al., 1967; Schroeder et al., 2005; 1999; Hilgenfeld et al.,
1982; Westley et al., 1970; Sherman et al., 1987; Pointud et al., 1988; Antonio et al.,
1991). Sodium salt of lasalocid acid is added to the fodder of cattle, sheep, poultry.

One of the most important problems of contemporary agricultural chemistry
is the search for new types of compounds showing biological activity and
determination of the interactions of such compounds with metal ions in order to
establish a correlation between the complex structure and its biological activity.

Lasalocid belongs to linear molecules. Lasalocid acid is biologically active
against gram positive bacteria, mycobacteria and coccidia (Safran et al., 1993). Poor
resorption of the antibiotic from the alimentary track makes it an excellent drug
against coccidia, especially those of the genus Eimeria, living in the alimentary tract
of birds and mammals. Its prophylactic use as a fodder additive (20-100 g/t) for
domestic birds and bred animals increases the effective ness of the fodder. Selective
antibiotic activity of lasalocid acid changes the microflora of the alimentary tract
leading to an increasing concentration of propionic acid at the expense of acetic
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acid and butyric acid. These conditions favor more effective energy conversions in
metabolic processes. The unfavorable feature of lasalocid acid is its high toxicity.
The high toxicity of lasalocid acid and the ensuing limitations of its use have
prompted investigation aimed at a desired modification of its chemical and hence
also biological properties. The starting point was to block the acid group by ester
formation, to prevent the molecule closing into a pseudo-ring by a hydrogen bond
through the oxygen from the carboxyl group and the hydrogen from the hydroxyl
group 027H (Pankiewicz et al., 2002; 2009; Akkurt et al., 2008).

Thereby, research on the methods for preparation of a new class of ionophores
is the important directions of modern agricultural chemistry.

In previous research, we studied the synthesis of lasalocid ester with
pentadecafluoro-1-octanol (LasF) and the results of semi-empirical study of its
ability to form complexes with certain monovalent cations.

The aim of the research is the investigation of obtaining lasalocid ester with
2,2’-Trithioethanol (LasTio) and spectroscopic, semiempirical study of its
complexes with monovalent cations.

The novelty of results obtained is the lasalocid ester with 2,2’-trithioethanol
(LasTio) was synthesized for the first time and formation of its complexes with
sodium cations was studied by spectroscopic and semiempirical methods.

Methods and materials

Preparation of Lasalocid ester with 2,2 - Trithioethanol. Lasalocid was prepared
as a 1:1 complex of lasalocid with ethanol from the lasalocid sodium salt following
the procedure: at first, we dissolved the 1:1 complex of lasalocid-ethanol (0.01 mole)
twice in 100 cm3 benzene. Subsequently the solvent was evaporated. In order to
remove the traces of benzene, it was evaporated under reduced pressure. Then the
yellow oily residue (including about 5 % ethanol, NMR) was dissolved in 200 cm3
absolute diethyl ether including 0.011 (10 % excess) mole of 2,2’-trithioethanol
(Aldrich). A portion of 0.012 mole of DCC (1,3-dicyclohexylcarbodiimide) was
added to the solution and the mixture was refluxed for 10h. The precipitated
dicyclohexylurea was filtered off and the solvent was evaporated under reduced
pressure at room temperature. The residue was transferred to a chromatographic
column filled with silica gel (Fluka type 60). The column was first eluted with
hexane to separate the traces of DCC and then with the hexane-ether (2:1) solvent
mixture. For the evaporation of the combined fractions were used reduced pressure.
The yield of oily colourless lasalocid ester with 2,2’-trithioethanol (Aldrich)
(LasTio), showing tendency to form a glass state, was 78 %.

Preparation of complex of non-adsorbed ester. The sodium perchlorate was
dehydrated by several (6-10 times) evaporations from a 1:5 mixture of acetonitrile
and absolute ethanol. The FT-IR spectra in acetonitrile was used for the detection
of the perchlorate dehydration.

The complexes of LasTio with monovalent cations were obtained by dissolving
lasalocid ester and NaClO4 in equimolar quantities in acetonitrile.

Elementary analysis.The elementary analysis of products was carried out on
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Perkin Elmer CHN 240: for the ester of lasalocid with 2,2’-trithioethanol (Aldrich)
(C38H62098S2) (calculated: C 62.78 %, H 8.60 %, S 8.82 %, found: C 62.51 %; H
8.55 %; S 8.83 %).

Results and discussion

The ability of complex formation of lasalocid ester with 2,2’-trithioethanol
(LasTio) with Na+ cations was studied.

1H NMR measurements. The NMR spectra were recorded in CD3CN using
a Varian Gemini 300 MHz spectrometer. All spectra were locked to deuterium
resonance of CD3CN. The error in ppm values was 0.01. All |H NMR measurements
were carried out at the operating frequency 300.075 MHz; flip angle, pw = 450;
spectral width, sw = 4500 Hz; acquisition time, at = 2.0 s; relaxation delay, d1=1.0
s; T =293.0 K and TMS as the internal standard. No window function or zero
filling was used. Digital resolution = was 0.2 Hz/point. The signalsin the 1H NMR
spectrum of LasTrio were assigned using one or two-dimensional (COSY) spectra:
8 (5)7.20dd; (6) 6.71 d; (8) 2.99t; (9) ~2.0; (10) ~1.8; (11) 3.9dd; (12) 2.92 m; (14)
2.85 m; (15) 4.08 dd; (16) 1.70 m; (17) 1.60, 1.90; (19) 3.45 dd; (20) 1.60 dt; (21)
1.50, 1.80; (23) 3.84 q; (24) 1.12 d; (25) 1.23 q; (26) 0.92 t; (27) 3.20 s; (28) 1.51 q;
(29) 0.821;(30) 1.05d, (31) 1.5, 1.9; (32) 0.87 t; (33) 0.88 d; (34) 3.60 s; (35) 0.89
d; (36)2.25;(37)11.25;(17)4.52m; (2°) 2.98 m; (3°) 2.82 m; (4°) 3.59 m; (5°) 3.1 s.

Adsorption procedure. Silver strips (99.999%) were polished with aluminium
slurries (Buehler) of successively final grades (down to 0.05 m) on polishing cloths
(Buehler), rinsed carefully with a dry solvent (acetonitrile or propylene carbonate).
The LasTio adsorbates were formed on the silver strips from their acetonitrile
solutions (0.2 M). After taking out from the liquid phase, the adsorbate was rinsed
with a pure and dried acetonitrile and allowed to dry for 12h in the water free
argon atmosphere. Furthermore, the complexation process on the surface layer was
initiated by immersing the LasTio modified sample in acetonitrile NaClO4 solution
(0.2 M) for 4h. After taking out from the liquid phase the adsorbate was rinsed
according to the method described previously. We proposed that in the adsorbance
process the S-S bonds were broken and the new S-Ag bonds were formed. Thus,
means that the monolayer is form between the Ag surface and new 2-thioethyl
lasalocid ester (LasTio) (Fig.1.).

Fig. 1. Calculated structure of LasTio, adsorbed on Ag surface
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FT-IR spectroscopy. Transmission FT-IR spectra of the ester and its complex
were recorded as films on the same spectrometer.

The reflection-absorption spectra (RAIRS) for adsorbates on smooth silver strips
were obtained in an N2 atmosphere on a Brucker 113V FT-IR spectrometer with
an FT-80 grazing angle infrared reflection accessory and a liquid N2 cooled TGS
detector. Typically, 2048 scans with 1 cm-1 resolution were performed (Fig. 2.).
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Fig. 2. The FT-IR spectra (film) of (—) LasTio and its (-----) 1:1 complexes with Na+ and the ATR
spectra of (----) LasTio adsorbed on a silver surface and its (— —) complexes with Na+ cations (a)
4000400 cm-1. The same spectra in the extended scale (b) 1750—-1615 cm-1

AM1d and PM5 semiempirical calculation. The semi-empirical calculations of
the maximum surface packing density, Heat of Formation (HOF) and the geometric
optimization were made using the WinMopac 2002 program (Pankiewicz et al.,
2018) (Table-2., Fig. 3.).

Table 2. Heat of formation (HOF, kJ/mol) of LasTio and its complexes with Na+ cations
calculated by PMS5 method

Compound HOF (kJ/mol) AHOF
LasTio -1947.20 -
LasTio:Na* (complexed) -1706.09 -
LasTio + Na* (uncomplexed) -1352.81 353.28
LasTio:2Na" (complexed) -874.58 -
LasTio + 2Na" (uncomplexed) -758.42 116.16
AHOF =HOF . ,-HOF, N
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Fig. 3. Calculated structure of LasTio with Na+ cation

Conclusions

The synthesis of lasalocid acid ester with 2,2°-Trithioethanol were obtained
for the first time. The complexes of LasTio with sodium cations were obtained by
dissolving lasalocid ester and NaClO4 in equimolar quantities in acetonitrile. The
ability of complex formation of lasalocid ester with 2,2’-trithioethanol (LasTio) with
Na+ cations was studied. The RAIRS spectra and potentiodynamic measurements
indicate strong chemisorption of lasalocid ester on silver surface. Additionally,
the FT-IR study demonstrates that the adsorption of the LasTio molecule has no
influence on its complexation ability.
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