ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKATEMUACBIHBIH

J1.B.Coxonbckuii aTeiHaaFb! «Kanapmait,
KaTaJIM3 KOHE SJCKTPOXUMUS HHCTUTYTHD AK

XABAPJIJAPLI

NU3BECTUA NEWS

HAIIMOHAJIbHOM AKAJITEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «MHCTUTYT TOTUIHBA, KaTalnu3a U JSC «D.V. Sokolsky institute of fuel, catalysis

anekTpoxumuu uM. /[.B. Cokoasckoro» and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY

1 (433)

JANUARY - FEBRUARY 2019

PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.



ISSN 2224-5286 1. 2019

bac peagakTopsl
X.F.I., ipod., KP ¥FA akagemuri M.JK. Kypbinos

Pemakxunusg ankachsl:

ArabexoB B.E. npod., akagemuk (benopyc)
Bosaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. mipod., akamemuk (Peceit)
I'azanuneB A.M. npo¢., akanemuk (Kazakcran)
Epro:xun E.E. npod., akanemuk (Kazakcran)
KapmaramberoBa A.K. npod. (Kazakcran), 6ac pea. opsiaOacapbl
Kopoobexona LK. npod., akagemuk (KpIiprpicTan)
Hrkynosa HI.C. npod. (Kazakcran)

ManTtamsia A.A. ipod., akageMuk (ApMeHus)
Ipanues K./. npod., akagemuk (Kazakcran)
Baemor A.B. nipod., akagemuk (Kazakcran)
Bypkit6aeB M.M. mpod., akanemuk (Kazakcran)
Jxkycunoexon Y. K. mpod. kopp.-mymreci (Kazakcran)
MoapaaxmeroB M.3. mpod., akanemuk (Kazakcran)
Mamncypos 3.A. npod. (Kazakcran)

HayproizoaeB M.K. pod. (Kazakcran)

Pyaux B. mpod.,akagemuk (Momnnosa)

Paxumos K./I. mpood. akagemuk (Kazakcran)
Crpeasnos E. mpod. (benopyc)

Tomimon JI.T. npod., akagemuk (Kazakcran)
Tonepam U. npod., akanemuk (Mosgopa)
Xamukos JI.X. npod., akagemuk (ToxikcTaH)
®ap3aaueB B. nmpod., akagemuk (O3ipOaibkaH)

«KP ¥T'A Xaoapuaapbl. XUMHS 5K9HE TeXHOJOTHS CEPUSCHD».

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmrikrenymi: «Kazakcran PecnyOmukacslHBIH #YATTBIK FBUIBIM aKaJeMUSCHD PeciyOnmKaimblK KOFaMIIBIK
Gipuectiri (AMaThl K.)

Kazakcran pecrnyOiukacelHbIH MojeHHET NeH aknapaT MUHHCTPIJIriHIH AKHapar j>KoHE MyparaT KOMHTETiHe
30.04.2010 . 6epinren Ne1089-K mep3imaik 0acbLIbIM TipKeyiHEe KOMBUTY TYpalibl KyaJliK

Mep3iMIiTiri: )KeUIbIHA 6 pET.
Tupaxsr: 300 naHa.

Penakuusueig Mmekermxaiibl: 050010, AnMmartsl K., IlleBuenko keur., 28, 219 Gei., 220, ten.: 272-13-19, 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecryOmukachiHblH ¥ ITTHIK FRUIBIM akaneMusicbl, 2019

Tunorpadusubsly Mekerxkaiibl: «ApyHa» XK, Anmarsr k., Mypatbaesa keur., 75.




News of the Academy of sciences of the Republic of Kazakhstan

I'maBHBIU penakTop
I.X.H., ipod.,akanemuk HAH PK M. K. )Kypunos

Pe,Z[aKLII/IOHHaH KOJIICTH A:

AradekoB B.E. mpod., akanemuk (benapycn)
Boaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. pod., akamemuk (Poccus)
I'azanueB A.M. po¢., akanemuk (Kazaxcran)
Epro:xun E.E. npod., akanemuk (Kazaxcran)
KapmaramberoBa A.K. npod. (Kazaxcran), 3am. 1. pex.
Kopoobexona LI.2K. npod., akanemuk (Keipreizcran)
Hrkynosa HI.C. npod. (Kazaxcran)

ManTtamsia A.A. ipod., akageMuk (ApMeHuns)
Mpaaues K./. npod., akagemuk (Kazaxcran)
BaemoB A.B. npog., akagemuk (Kazaxcran)
Bypkut6aes M.M. nipod., akagemuk (Kazaxcran)
Jxkycunoexon Y. K. mpod. wr.-kopp. (Kazaxcran)
MyapgaxmeroB M.3. pod., akagemuk (Kazaxcran)
Mancypos 3.A. npod. (Kazaxcran)

HayproizoaeB M.K. mpod. (Kazaxcran)

Pyaux B. mpocd.,akagemuk (Momnmosa)

Paxumos K.J/I. npod. akanemuk (Kazaxcran)
Crpeasnos E. npod. (benapycs)

Tamumon JL.T. mpod., akagemuk (Kazaxcran)
Tonepam U. npod., akanemuk (Mosgosa)
Xamukos JI.X. pod., akagemuk (TamKuKucTan)
®ap3aaueB B. npod., akagemuk (A3epoOaiimKan)

«H3BecTust HAH PK. Cepusi XuMHH M TeXHOJIOTHH.

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

CoOctBenHuk: PecnyOnukanckoe oOiecTBeHHOe oObenuHeHne «HarmonanbHas akajgemusi Hayk PecryOnuku
Kazaxcran» (r. Anmatsr)

CBuUIETENHCTBO O TIOCTAHOBKE Ha YYET MEPHUOAMYECKOro IedaTHoro nigaanus B Komurere undopmanum 1 apxmuBoB
MunucrepcTBa KyabTypsl ¥ HHGopmanun Pecrry6uuku Kazaxcran Ne10893-7K, soinannoe 30.04.2010 .

IepronuuHocTh: 6 pa3 B rox
Tupax: 300 sx3eMIIApOB

Anpec pepakiun: 050010, r. Anmatsl, yi. [lleBuenko, 28, kom. 219, 220, ten. 272-13-19, 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© HanmonanpHas akagemus Hayk Pecrry6mmku Kaszaxcran, 2019

AJlpec peaxiuu: 050100, r. Anmartsl, ya. Kynaesa, 142,
HHcTuTyT oprannyeckoro karanusa u anektpoxumuu um. J. B. Cokoibckoro,
kab. 310, Ten. 291-62-80, paxc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tunorpaduun: UIT «ApyHay, r. Anmartsl, yi. Mypatbaesa, 75




ISSN 2224-5286 1. 2019

Editorin chief
doctor of chemistry, professor, academician of NAS RK M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)

Volkov S.V. prof., academician (Ukraine)
Vorotyntsev ML.A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Yergozhin Ye.Ye. prof., academician (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician ( Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Praliyev K.D. prof., academician (Kazakhstan)
Bayeshov A.B. prof., academician (Kazakhstan)
Burkitbayev M.M. prof., academician (Kazakhstan)
Dzhusipbekov U.Zh. prof., corr. member (Kazakhstan)
Muldakhmetov M.Z. prof., academician (Kazakhstan)
Mansurov Z.A. prof. (Kazakhstan)

Nauryzbayev M.K. prof. (Kazakhstan)

Rudik V. prof., academician (Moldova)

Rakhimov K.D. prof., academician (Kazakhstan)
Streltsov Ye. prof. (Belarus)

Tashimov L.T. prof., academician (Kazakhstan)
Toderash 1. prof., academician (Moldova)

Khalikov D.Kh. prof., academician (Tadjikistan)
Farzaliyev V. prof., academician (Azerbaijan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of Information and Archives of
the Ministry of Culture and Information of the Republic of Kazakhstan N 10893-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2019

Editorial address: Institute of Organic Catalysis and Electrochemistry named after D. V. Sokolsky
142, Kunayev str., of. 310, Almaty, 050100, tel. 291-62-80, fax 291-57-22,
e-mail: orgcat@nursat.kz

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.10
Volume 1, Number 433 (2019), 70 — 77

N.A. Paretskaya', R.A. Tamazyan®, N.B. Akhmatullina', A. Amanzholkyzy’,
A.N. Sabitov', S.B. Berdibai', B.F. Kerimzhanova', A.B. Dzhumagazieva',
L.S. Korotetskii', A.L Ilin"

' JSC Scientific Center for Anti-Infectious Drugs
? National Academy of Sciences of Armenia, Molecular Structure Research Center
3 Al-Farabi Kazakh National University, Faculty of Chemistry and Chemical Technology
scaid@scaid.kz, scaid@mail.ru, ilin_ai@mail.ru

NEW SEMIORGANIC IODINE COMPLEX, ITS STRUCTURE
AND BIOLOGICAL ACTIVITY

Abstract. The crystal structure of a new coordination compound formed in the tryptophan:Nal:iodine system was
examined, and unit cell parameters were determined. A chemical structure of the compound was determined by X-ray
diffraction analysis as C;;H;,N,0,+(C;;H3N,0,) *Na" «2H,0 « (I;)*. The coordination compound showed low toxicity and
exhibited bactericidal activity against both susceptible and multiresistant strains of bacteria S. aureus, P. aeruginosa, and E.
coli.

Keywords: crystal structure, tryptophan, iodine, X-ray diffraction analysis, cytotoxicity, bactericidal activity.

Introduction. In connection with the problem of antibiotic resistance in pathogenic microorganisms, the
World Health Organization (WHO) urges the government of WHO member countries and scientists all over
the world to intensify the search for new effective drugs that can withstand the spread of drug resistant
microorganisms and the diseases caused by them [1].

In a number of promising compounds for the control of drug-resistant pathogens, the semiorganic iodine
coordination compounds with biologically active organic ligands and alkali metal halides are among the most
perspective [2-5].

For a purposeful search for new iodine coordination compounds with biologically active ligands, it is
necessary to study the influence of the ligand nature and structure of coordination compounds on pathogenic
microorganisms at the molecular level, and to associate the structure with antimicrobial effectiveness.

It is necessary to find out the mechanism of action of biologically active compounds on pathogenic
microorganisms at the molecular level. This formulation of the problem emphasizes the importance of
knowledge of atomic structures of compounds. Of all the modern physicochemical methods for studying the
atomic structure of molecules, X-ray diffraction analysis (XRD) is the most reliable technique. Starting from
the second half of the last century, these XRD data for new compounds are collected in the Cambridge
Structural Database [6].

Materials and Methods

Synthesis. 2.000 g of tryptophan, 11 mL of purified water, and 3 ml of hydrochloric acid (18%) were
added to a 50 mL beaker. The mixture was stirred with a glass rod until complete dissolution of the amino acid,
while heating the beaker on a water bath. The molar ratio of tryptophan: Nal : I, was 1:0.5:1. 0.7340 g of
sodium iodide, 1.0132 g of iodine, previously crushed in an agate mortar to a fine powder, and 20 mL of
ethanol (96%) were added to a 100 mL flask with ground-in stopper. The mixture was stirred until complete
dissolution, while heating on a water bath. The sodium triiodide solution was added to the tryptophan solution.
The resulting reaction mixture was capped and stirred at room temperature for 5 minutes. The prepared
product was kept in a dark place at room temperature. A day later the complex solution was poured into a
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crystallizer, a crystallizer with the complex solution was further placed into a desiccator with anhydrous
calcium chloride to evaporate the solvent at room temperature. The yield of monocrystals of the complex was
1.95 g (65% of the theoretical).

X-ray diffraction analysis. The purpose of these studies was to determine and refine the crystal structure
of the new coordination compound formed in the tryptophan:Nal:iodine system. As a result of crystallization of
the synthesized compound, small crystals were formed. To carry out the diffraction experiment, we have
managed to find a small crystal sample a in the form of a plate with a size of 0.22x0.10x0.005mm, not very
suitable for ensuring high quality diffraction measurements. All diffraction measurements were carried out
using Enraf-Nonius CAD4 autodiffractometer (Nederland) (graphite monochromator, Mo-K, radiation, 6/20
scan, CAD4 software) [7]. The parameters of triclinic unit cell were determined (Table 1) and refined based on
25 reflexes with 10.2 <6 <12.9.

The main fragment of the structure was decoded by a direct method. The coordinates of missing atoms
were determined by difference Fourier syntheses of electron density. Due to the presence of heavy atoms in the
structure, it was not possible to detect hydrogen atoms by difference Fourier syntheses of electron density.
Therefore, the coordinates of hydrogen atoms were determined by geometric calculations and refined using the
“rider” model with the following conditions: C-H bond length = 0.96A, U;,(H) =1.5U,, (C) for CH, groups,
CH = 0.93A, Uiso (H) =1.5Ueq (C) for CH groups, NH = 0.86A, Uiso (H) = 1.2Ueq (N) for NH groups, NH =
0.89A, Uiso (H) = 1.2Ueq (N) for NH; groups and O- H = 0.86A, Uiso (H) = 1.2Ueq (O) for water molecules.
The structure was refined using full matrix OLS in the anisotropic approximation for non-hydrogen atoms and
in the isotropic approximation for hydrogen atoms. All structural calculations were carried out using the
SHELXTL [7] and JANA2006 [9] software packages; the purity of structural data was checked using the
PLATON software package [10]. According to the obtained structural data, a search was conducted in the
Cambridge Structural Database in order to establish the originality of the results or find analogues in the case of
their availability. The search indicated that these crystals are original, were not previously obtained and studied,
and new crystallographic data in the CIF format were deposited in the Cambridge Crystallographic Data
Centre, the deposit number is CCDC 1877292.

The experimental conditions and main crystallographic data are listed in Table 1. According to the results
of the calculations performed, the chemical structure of the compound can be represented as
C11H12N202°(C11H13N202)+ *Na' «2H,0 o(I4) % Interatomic distances and valent angles in the crystal structure
are given in Tables 2 and 3.

Determination of cytotoxicity. /n vitro cytotoxicity was evaluated using the MTT assay [11].

Determination of in vitro antiviral effect of the substances under study. Six concentrations of
compound 127 were used to determine the therapeutic activity, starting with 1/2 of the cytotoxic concentration
CTCs. To determine the virus-inhibiting activity, three concentrations of the examined substance were used
with a dilution factor of 2, starting with the CTCs, value. The results of determining virus-inhibiting activity
were recorded after 72 hours. The presence or absence of influenza virus in the cell culture was confirmed by
the results of the hemagglutination assay [12]. The infectivity titer of residual virus was calculated by the Reed
and Mench method [13]. The drug effectiveness was evaluated by the inhibition quotient (/Q) [14]. The
therapeutic activity of substances against influenza virus was recognized as a result of a decrease in the
infectivity titer of residual virus in the hemagglutination assay [12]. All studies were conducted with five
replicates.

Studies on antimicrobial activity of iodine coordination compound. The antimicrobial activity of the
coordination compound was studied using the twofold serial dilution method in a liquid nutrient medium [15-
17].

Test strains. Test strains used in the study were obtained from the American Type Culture Collection
(ATCC). The museum susceptible, museum multiresistant, and one clinical test strains were used in the
experiment: S. aureus ATCC 6538-P (museum susceptible strain); S. aureus ATCC-BAA-39 (museum
multiresistant strain); £. coli ATCC 8739 (museum susceptible strain); E. coli ATCC-BAA-196 (museum
multiresistant strain); P. aeruginosa ATCC 9027 (museum susceptible strain); P. aeruginosa TA2 (clinical
multiresistant strain).

Results
The independent part of the unit cell contains two molecules of tryptophan C;;H;,N,O,, two
molecules of water H,O, sodium cation Na', and iodine polyanion (I4)'2. At the same time, one of the




News of the Academy of sciences of the Republic of Kazakhstan

tryptophan molecules is positively charged (C;;H;3N,0,) * due to the addition of a proton. The negative
charge of the polyanion (I;)* is compensated by the positive charge of tryptophanium (C;,;H;3N,0,)" and
Na’ cation (Fig. 1). In three-dimensional packing of the crystal structure of the compound
C11H12N202'(C11H13N202)+ *Na" <2H,0 °(1y) 2', Na' cations are octahedrally coordinated by six oxygen
atoms, forming infinite tapes in the plane direction [100] (Fig. 2).

At that four oxygen atoms belong to two neighboring tryptophan molecules and the other two to water
molecules. In three-dimensional packing, the tapes are connected by hydrogen bonds with with tetraiodide
polyanions (Table 4 and Fig. 3).

Table 1 - Crystallographic data for C;H;,N,0,+(C1H;3N,0,)" (1) Z «Na" «2H,0,
determination accuracy is given in parentheses

Crystallographic data for 127

Formula C11H12N202'(C11H13N202)+ ) Na+ 2H20 (14)_2

Molecular weight 976.08

Syngony; Space group Triclinic, P1

Lattice parameters a, b, ¢ [A] 5.4298(11), 11.427(2), 13.388(3)

alpha, beta, gamma [deg] 101.58(3), 100.96(3), 93.43(3)
VAT ; Z 794.8(3); 1

D(calc)[g/cm3]; F(000) 2.039; 460

Mu(MoKo) [ mm™' ] 3.973

Crystal sizes [mm] 0.22x0.10x0.005

Measurements

Temperature (K); Radiation+ [A] 293; MoKa; 2A=0.71073

Omin;Omax[Deg] 1.6, 30.0

Measuring area -7<h<7; -16<k<16; -18<I<18

Number of reflexes 7080

Observed data [I > 2.0 sigma(I)] 2408

Refinement

Number of reflexes, Number of parameters 7080, 363

R, wR% S 0.0784, 0.2176, 0.97

w = 1/[\s"2(F0"2")+(0.0349P)"2"+8.8867P] where P=(Fo"2"+2Fc/"2")/3

Max. and Av. Shift/Error 0.00, 0.00

Min. and Max. Resd. Dens. [e/A’] -0.45,0.41

Figure 1 — Model of atomic structure C, ,H12N202°(C11H13N202)Jr *Na' «2H,0 o(Iy) z,
Ellipsoids of anisotropic thermal oscillations are shown at the 50% probability level,
hydrogen atoms and disordered polyanions (I,)”* are not demonstrated
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Figure 3 - Projection of the structure C,,;H;;N,0,*(C,;H,3N,0,)" *Na* «2H,0 +(I,) Z on the plane (100)

Table 2- Main interatomic distances in the structure C;;H;,N,0,(Cy1H13N,0,)" Na™ «2H,0 (1) >

Atoms Distance (A) Atoms Distance (A) Atoms Distance (A)
1-12 2.762(4) C4-C5 1.38(5) CI-C2 1.44(4)
11-13A 3.431(4) 11-13B 3 444(4) CI-C6 1413)
12-14B 3.628(4) 12-14A 3.629(4) C1-C9 1.42(5)
Nal-O1W 23002) C5-C6 1.35(4) C2-C3 1.41(5)
Nal-O2W 2.36(3) N7-H7 0.8600 C3-C4 1.40(5)
Nal-035 2.43(2) C8-C9 141(4) C5-H5 0.9300
Nal-O14 b 2.39(2) C9-C10 1.45(4) C8-H8 0.9300
Nal-O15 2.42(2) C10-C11 1.55(3) C10-H10A 0.9700
Nal-034 b 23403) CI1-CI3 1513) CI0-HIOB 0.9800
014-C13 1.29(3) N12-H12B 0.8900 Cl11-Hl11 0.9800
015-C13 1.21(3) N12-HI12C 0.8900 C22-H22 0.9300
034-C33 1.35(4) N12-HI2A 0.8900 C23-H23 0.9300
035-C33 1.17(4) C21-C22 1.34(4) N32-H32C 0.8900
O1W-H1W2 0.87(11) C21-C26 1.49(4) N32-H32B 0.8900
OIW-HI1W1 0.86(7) C21-C29 1.40(5) C2-H2 0.9300
O2W-H2W1 0.86(17) C22-C23 1.31(4) C3-H3 0.9300
O2W-H2W2 0.86(6) C23-C24 1.47(5) C4-H4 0.9300
N7-C6 1.37(3) C24-C25 1.30(5) C24-H24 0.9300
N7-C8 1.39(4) C25-C26 1.37(4) C25-H25 0.9300
N12-C11 1.43(3) N27-H27 0.8600 C28-H28 0.9200
O14-H14 0.8200 C28-C29 1.37(4) C30-H30B 0.9700
N27-C28 1.34(4) C29-C30 1.50(4) C30-H30A 0.9700
N27-C26 1.36(4) C30-C31 1.52(3) C31-H31 0.9800
N32-C31 1.49(4) C31-C33 1.51(4)

034-H34 0.8200 N32-H32A 0.8900
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Table 3 — Main valence angles (degree) in the structure C,H;,N,0,+(C;H;3N,0,)" Na' «<2H,0 «(I,) z

Atoms Angles(deg.) | Atoms Angles(deg.) | Atoms Angles(deg.)
O1W-Nal-O2W 174.6(10) C26-N27-C28 108(2) C28-C29-C30 129(3)
0O1W-Nal-O15 101.5(9) C33-034-H34 109.00 C21-C29-C28 108(2)
0O1W-Nal-035 81.3(9) Nal a-034-H34 92.00 C29-C30-C31 114(2)
O1W-Nal-O14 b 92.4(8) C6-C1-C9 111(2) N32-C31-C30 110(2)
O1W-Nal-034 b 88.7(9) C2-C1-C6 118(3) N32-C31-C33 110(2)
02W-Nal-O15 83.8(9) C2-C1-C9 131(2) C30-C31-C33 110(2)
02W-Nal-035 100.4(10) C1-C2-C3 117(3) C31-N32-H32A 109.00
02W-Nal-O14 b 86.2(9) C2-C3-C4 121(3) C31-N32-H32B 109.00
02W-Nal-034 b 86.0(9) C3-C4-C5 120(3) C31-N32-H32C 109.00
015-Nal-035 86.6(8) C4-C5-C6 120(3) H32A-N32-H32B 110.00
014 b-Nal-O15 92.3(8) N7-C6-C1 106(2) C25-C24-H24 121.00
015-Nal-034 b 168.3(9) N7-C6-C5 132(2) C24-C25-H25 119.00
014 b-Nal-035 173.2(8) C1-C6-C5 123(2) C26-C25-H25 119.00
034 b-Nal-035 100.8(9) C6-N7-H7 125.00 N27-C28-H28 124.00
014 b-Nal-034 b 81.4(8) C8-N7-H7 125.00 C29-C28-H28 124.00
Nal a-014-Cl13 126.2(14) N7-C8-C9 110(3) C29-C30-H30A 109.00
Nal-O15-C13 158.8(19) C8-C9-C10 124(3) C29-C30-H30B 109.00
Nal a-034-C33 145(2) C1-C9-C8 104(2) C11-C10-H10B 108.00
Nal-035-C33 125(2) C1-C9-C10 133(3) H10A-C10-H10B 107.00
HIWI-O1IW-H1W2 102(10) C9-C10-C11 117(2) N12-C11-HI11 108.00
Nal-O1W-H1W2 125(8) N12-C11-C10 111(2) C10-C11-H11 108.00
Nal-O1W-HIW1 128(5) N12-C11-C13 109(2) C13-C11-H11 108.00
Nal-O2W-H2W2 124(6) C10-C11-C13 112.5(19) C21-C22-H22 118.00
Nal-O2W-H2W1 123(11) C11-N12-HI2A 110.00 C23-C22-H22 118.00
H2W1-O2W-H2W2 101(15) C11-N12-H12B 109.00 C22-C23-H23 119.00
C6-N7-C8 110(2) C11-N12-H12C 110.00 C24-C23-H23 120.00
C13-014-H14 109.00 HI12A-N12-HI2B 109.00 C23-C24-H24 121.00
Nal a-O14-H14 88.00 H12A-N12-H12C 109.00 C31-C30-H30A 109.00
H12B-N12-H12C 109.00 H32A-N32-H32C 110.00 C31-C30-H30B 109.00
014-C13-015 127(2) H32B-N32-H32C 110.00 H30A-C30-H30B 107.00
015-C13-Cl11 118(2) 034-C33-C31 114(2) N32-C31-H31 109.00
014-C13-Cl1 115(2) 035-C33-C31 122(3) C30-C31-H31 109.00
C22-C21-C29 140(3) 034-C33-035 124(3) C33-C31-H31 108.00
C22-C21-C26 116(3) C1-C2-H2 122.00 C28-N27-H27 126.00
C26-C21-C29 104(3) C3-C2-H2 121.00 C26-N27-H27 126.00
C21-C22-C23 124(3) C2-C3-H3 120.00 N27-C28-C29 112(2)
C22-C23-C24 120(3) C4-C3-H3 120.00 C21-C29-C30 123(3)
(C23-C24-C25 118(3) C3-C4-H4 120.00 C9-C8-H8 125.00
C24-C25-C26 122(3) C5-C4-H4 120.00 C9-C10-HI10A 108.00
C21-C26-C25 119(3) C4-C5-H5 120.00 C9-C10-HI10B 108.00
N27-C26-C21 108(3) C6-C5-H5 120.00 C11-C10-H10A 108.00
N27-C26-C25 133(3) N7-C8-H8 125.00

To determine the maximum concentrations that do not have toxic properties, the cytotoxic effect of
the coordination compound was studied. Monolayer transplantable cell culture MDCK was used to
evaluate the toxicity. The results of the study assessing the cytotoxic effect of the coordination compound
on MDCK cell culture are presented in Figure 4.

Table 4- Hydrogen bonds in the structure C;;H;,N,0,+(C;1H;3N,0,)" *Na* «2H,0 +(1,) z

D--H...A D--H(A) H...A(A) D...A(A) D--H...A(deg.)
O1W--HIW2..14A 0.87(11) 2.74(11) 3.58(3) 164.00
O1W--HIW2..14B 0.87(11) 2.90(10) 3.70(3) 153(16)
02W--H2W1..I3A 0.87(11) 3.085(3) 3.623(3) 122.71(3)
N12--H12B...I4A 0.8900 2.6700 3.56(2) 176.00
N12--H12C...014 0.8900 2.1000 2.87(2) 145.00
NI12--HI2A..13A 0.8900 3.087 3.73(2) 130.95
014--H14..N12 0.8200 2.2800 2.87(2) 129.00
N32--H32A...035 0.8900 2.3600 2.70(3) 103.00
N32--H32B..4A 0.8900 2.9600 3.66(3) 137.00
N32--H32C...I3B 0.8900 2.6076 3.4799(3) 166.75
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Figure 4 — Cytotoxic effect of the coordination compound on MDCK culture

The toxicity value for the coordination compound was 1.70 mg/mL, which characterizes the examined
substance as a low toxic compound.

Antimicrobial activity of iodine coordination compound with tryptophan. The results of testing for
antimicrobial activity are presented in Table 5.

Table 5 - Minimum bactericidal concentrations values of the coordination compound, pg/mL

Sample Test strain Minimum bactericidal concentrations of the complex,
pg/mL

C11H;pN,O,e S. aureus ATCC 6538-P 125
(CH;3N,0,)" e S. aureus ATCC-BAA-33591 125
Na'*2H,0 *(I;)~ E. coli ATCC 8739 250
E. coli ATCC-BAA 2523 125

P. aeruginosa ATCC 9027 250

P. aeruginosa TA 2 250

Discussion of the results. The composition of the semiorganic complex compound formed in the
tryptophan-sodium iodide-iodine-water-ethanol system indicates that the system is non-equilibrium. The
iodine hydrolysis reaction takes place in it.

H,0 +1, —»HI + HOI (1)

2HOI — 2HI +0,? )

The resulting hydroiodic acid protonates part of the tryptophan molecules at the nitrogen atom of -
NH,; -group.

Therefore, in the equilibria in the tryptophan-Nal-I,-H,0-ethanol system, along with the initial
components there are protonated tryptophan and triiodide ions, which are formed by the reaction [, + I’ —
I;.

As it is shown in Figure 1, Na' cation coordinates one tryptophan molecule and one protonated
tryptophan molecule (tryptophanium) on the oxygen atoms of the carboxyl groups, as well as two water
molecules.

lIodide ions formed during dissociation of sodium iodide and iodide ions of hydroiodic acid form with
molecular iodine tetraiodide 1,%".

e
NH— H, +2HI —/— HN— N, +T 3)
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The bond length in the iodine molecule (I1-12, Table 2) is 2.762 A, while the bond length of ions I3’
and 1, attached to the molecule is as follows: 11-13 - 3.431 A 12-14 - 3.628 A. In the polyanion I, a rare
case is realized when two iodide anions polarize the electrons of the iodine molecule with the formation of
a partially positive charge on each atom

I 3.431A IB+ 2.762A IS+ 3.628 A I (4)

As may be seen from the above, the semiorganic complex contains molecular iodine in its structure, which
has antimicrobial properties. Its content in the complex is 26 mass% , and the coordination compound is
therefore of particular interest due to its potential antimicrobial activity. This compound is effective against
both susceptible and resistant strains of S. aureus ATCC 6538-P and S. aureus ATCC-BAA-33591, value of
the minimum bactericidal concentration is 125 ug/mL.

The coordination compound is effective against the susceptible P. aeruginosa strain ATCC 9027, as well
as the clinical multiresistant of P. aeruginosa strain TA2, at a concentration of 250 pg/mL.

The minimum bactericidal concentrations of the compound under testing against the susceptible E. coli
strain ATCC 8739 and multiresistant E. coli strain ATCC-BAA 2523 are 250 pg/mL and 125 pg/mL,
respectively. The complex exhibits bactericidal activity against both susceptible and multiresistant bacterial
strains.

Conclusion. As follows from the obtained data, a new semiorganic complex C;;H;;N,0,%(C1H 3N,0,)"
*Na" «2H,0 +(I;) > has low cytotoxicity, direct antiviral effect, broad-spectrum antimicrobial activity against
antibiotic-resistant strains of microorganisms and is therefore promising for further use as an active
antimicrobial substance.

H.A. Hapeukaﬂl, P.A. TaMa3HH2, H.b. AXMaTyJ‘IJ‘ll/IHal, A. AMaH)KOJ'leBbIS, A.H. CaﬁI/ITOBl,
C.B.Bepuiﬁai&', B.(I).Kepnmmaﬂona', A.b. ﬂmyMarasneBa', n.C. KopOTeuKnﬁ', AM. Habun'

! «MudexumsFa Kapchl Ipenapartap FhUIBIME OpTaTbiEb AK;
? National Academy of Sciences of Armenia, Molecular Structure Research Center;
3 On-Mapabu atbingarsl Kasak YITTHIK YHHBEPCHTETI

HOJTBIH ’KAHA JKETI OPTAHUKAJIBIK KEIIEHI,
OHbIH KYPBLILIMbI MEH BUOJOTUSLILIK BEJICEH/ALIITT

AnHorauusi. Tpunrtodan:Nal:fion skyidecinme madzga OonfaH aHA KOOPAMHAIMSIIBIK KOCBLIBICTAPIbIH
KPUCTAUIABIK KYPBUIBIMBL 3EPTTEIIM, 3JIEMCHTAPIBIK YSIIBIK [apaMeTpi aHBIKTAIABL. PEHTreH KYpPBUIBIMIIBIK
TanjaayMeH C11H12N202°(C1lH13N202)+°(I4)2’°Na+'2H20 KOCBUIBICTAPBIHBIH XUMUSUIBIK, KYPBUIBIMBI aHBIKTAJIIbL.
KoopauHaiusiablk KOCBUIBICTAP a3 YBITTBUIBIKTEI Kepcertin, S. Aureus, P. Aeruginosa u E. coli GakTepusiiapbIHBIH
MYJIBTUPE3UCTEHTTIK ITaMMJIapblHa J1a, ce3iMTajlapblHa Aa OaKTepUIUATIK OCICEeHUIITIH KOPCEeTTi.

VJIK 54.022

H.A. Mapeuxas’, P.A. Tama3zsn’, H.B. AXMaTy.]'l.l'll/l]-[al, A. AMamkoiakbi3er, A.H. Caduros’,
C.B.Bepai6aii', 5.®.Kepumikanosa', A.B. :xxymarasuepa', U.C. Koporeuxwuii', A.H. Wibun'

' AO «HayuHblif EHTp NPOTHBOMHMDEKIIHOHHBIX IPEMAPATOBY;
2 National Academy of Sciences of Armenia, Molecular Structure Research Center;
3 Ka3axCKuii HAMOHATBHBIN YHHUBEpCUTET UM. aiib-Dapadu, hakyabTeT XUMHUA 1 XUMHUYECKOI TEXHOIOTHH

HOBBII CEMUOPTAHUYECKHIA KOMILJIEKC HOJIA,
EI'O CTPYKTYPA U BUOJIOTUYECKASA AKTUBHOCTb

AHHOTanus. M3yueHa Kpucraimyeckas CTpyKTypa HOBOTO KOOPJIMHAILIMOHHOTO COEJMHEHHMs, 00pa3yromuecs
B cucreMe tpuntodan:Nal:fiog u onpenesneHbl NHapaMeTpbl BJIEMEHTAPHOM sSYEWKH. PEHTreHOCTPYKTYpHBIM
AQHAIM30M YCTAaHOBJIEHA XWUMHUYECKass CTPYKTypa COEIUHEHHUS Cl1H12N202-(C11H13N202)+-(I4) ZeNa® *2H,0.
KoopanHanmoHHOE COEAMHEHHE IOKa3ajJ0 Malyl0 TOKCHYHOCTh W MPOSBWIO OaKTEPULUAHYIO AKTHBHOCTH B
OTHOIIICHNH KaK YyBCTBHUTEIHHBIX, TAK MYIBTHPE3UCTCHTHHIX INTAMMOB Oakrtepuit S. Aureus, P. Aeruginosa u E.
coli.

KnaroueBble cj0Ba: KpHCTaJUIMYECKas CTPYKTypa, TpunTodaH, IHOA, pPEHITCHOCTPYKTYPHBIH aHanus,
IIUTOTOKCUYHOCTh, OaKTEPUIINAHAS aKTUBHOCTh
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