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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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Аннотация. Лазалоцид — көп қолданылатын ветеринарлық
антибиотиктердің бірі, ол антикоцидий ретінде және жемшөп тиімділігін 
арттыру үшін кең таралған. Лазалоцидтің әсер ету механизмі, оның 
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ионофорлық қасиеттеріне байланысты. Ионофор лазалоцидті Бергер 
Streptomyces lasaliensis штаммынан натрий тұзы түрінде бөліп алады. 
Лазалоцид қышқылының барлық гомологтарының ішінен биосинтездің 
негізгі өнімі лазалоцид А бактерияға қарсы анағұрлым белсенділік көрсетеді. 
Бұл жұмыста тәжірибелік жұмыстарға қажетті лазалоцид 1:1 қатынасында 
лазалоцидтің натрий тұзынан этанолмен лазалоцид кешені ретінде 
дайындалды. Лазалоцидті эфирді және NaClO4-ті эквимолярлы мөлшерде 
ацетонитрилде еріту арқылы бір валентті катиондармен LasTio комплекстерін 
дайындадық. Элементарлы талдау үшін Perkin Elmer CHN 240 пайдаланылды. 
Бұл жұмыста 2,2’-тритиоэтанолмен (LasTio) лазалоцидті эфирді және оның 
моновалентті катиондары бар комплекстерін спектроскопиялық, жартылай 
эмпирикалық зерттеу нәтижелері келтірілген. LasTio және оның натрий 
катиондарымен комплекстерінің түзілу жылуы (HOF, кДж/моль) жартылай 
эмпирикалық есептеулер арқылы есептелді. Күрделі эфирдің және оның 
комплексінің трансмиссиялық FT-IR спектрлері сол спектрометрде пленкалар 
түрінде жазылды. RAIRS спектрлері мен потенциодинамикалық өлшемдер 
күміс бетіндегі лазалоцидтік эфирдің күшті хемосорбциясын көрсетеді. 
Сонымен қатар, FT-IR зерттеуі LasTio молекуласының адсорбциясы оның 
комплекс құру қабілетіне әсер етпейтінін көрсетеді.

Түйін сөздер: антибиотиктер, лазалоцид, лазалоцид эфирі, ЯМР, ИҚ-
Фурье спектроскопия, кванттық механикалық есептеулер
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Аннотация. Лазалоцид является одним из наиболее часто используемых
ветеринарных антибиотиков, где он нашел широкое применение в качестве 
антикокцидийного средства и для повышения эффективности корма. Механизм 
действия лазалоцида четко объясняется его ионофорными свойствами. 
Ласалоцидная кислота была впервые выделена из Streptomyceslasaliensis 
в 1951 году Бергером. Из всех гомологов лазалоцидной кислоты ласалоцид 
А является главным продуктом биосинтеза проявляет наибольшую 
антибактериальную активность. В работе ласалоцид был приготовлен в 
виде комплекса ласалоцида с этанолом 1:1 из натриевой соли ласалоцида. 
Комплексы LasTio с одновалентными катионами получали растворением 
эфира ласалоцида и NaClO4 в эквимолярных количествах в ацетонитриле. 
Элементарный анализ выполнен на PerkinElmer CHN 240. Приведены 
результаты спектроскопических, полуэмпирических исследований эфира 
ласалоцида с 2,2'-тритиоэтанолом (LasTio) и его комплексов с одновалентными 
катионами. Рассчитана теплота образования (HOF, кДж/моль) LasTio и его 
комплексов с катионами Na+ методом РМ5. Спектры пропускания FT-IR 
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сложного эфира и его комплекса зарегистрированы в виде пленок на том 
же спектрометре. Спектры RAIRS и потенциодинамические измерения 
указывают на сильную хемосорбцию эфира ласалоцида на поверхности 
серебра. Кроме того, исследование FT-IR показывает, что адсорбция молекулы 
LasTio не влияет на ее способность к комплексообразованию.

Ключевые слова: антибиотики, лазалоцид, эфир лазалоцида, ЯМР, ИК-
Фурье спектроскопия, квантово-механические расчеты

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 (Huczyński 
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) 
(C38H62O9S2) (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 1H 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: 
δ (5) 7.20 dd; (6) 6.71 d; (8) 2.99 t; (9) ~2.0; (10) ~1.8; (11) 3.9 dd; (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) 0.82 t; (30) 1.05 d, (31) 1.5, 1.9; (32) 0.87 t; (33) 0.88 d; (34) 3.60 s; (35) 0.89
d; (36) 2.2 s; (37) 11.2 s; (1’) 4.52 m; (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.).

Fig. 1. Calculated structure of LasTio, adsorbed on Ag surface

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) 4000–400 cm-1. The same spectra in the extended scale (b)
1750–1615 cm-1Fig. 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) 

4000–400 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 PM5 method

Compound HOF (kJ/mol) ΔHOF
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

ΔHOF = HOF(complexed)-HOF(uncomplexed)
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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 PM5 method
Compound HOF (kJ/mol) ΔHOF

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
ΔHOF = HOF(complexed)-HOF(uncomplexed)

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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