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CTaHHaTIB.

2. Synthesis, structure, biological activity of supramolecular coordination tartrato-, malatogermanates,stannates.

Pedepar:

1. Po3po6seH0 opuriHampbHUi 3arajabHUI MeTOJ, oeAHaHHA eceHuianbHux Ge(IV)/Sn(IV), «metanis xutts» Fe(Il),
Co(II), Ni(1I), Cu(Il), Zn(II) Ta gBOX THUIIIB GioJiraHiB: XeJaTyIoui NOJiAeHTaTHI TapTPaTHY /MalaTHy KUCJIOTU Ta
6imeHTaTHi retepouukiiudi 1,10-peHanTpoin /2,2’-6inipuanH, B CKIaAi CyIpaMmosIeKy/sIpHUX KOOPAUHALIIHUX
cosell 3 KommleKcHUMU 1,10-¢dpeHanTposinoBuMK /2,2’ - 6inipuuHOBUMU KaTioHaMu d-MeTasliB/ MIPOTOHOBAHOIO
moJiekysolo 1,10-peHanTposina i KoMnaeMeHTapHUME iM TapTpaTo(MalaTo-)repMaHaTHUMU / CTAaHHAaTHUMU
aHioHamu. Briepiie CMHTE30BaHO i 0XapakTepu30BaHO 21 HOBY CIOJyKy MeTogamu PCA, eJleMEHTHOrO,

TE€PMOTPaBiMETPUYHOTrO aHali3dy, [4, Macc-CneKTpOCKOIii, METOIOM NOOYL0BY NOBEPXOHD XipiI(esbaa, KBAHTOBO-



MexaHiYHuMU po3paxyHKkamu (DFT). BusHayeHo BIIMB CTPYKTYPHUX Ta CKJIAIOBUX OCOOJIMBOCTEN KOHCTPYKLIMHUAX
MeTaJIxeJIaTHUX 0JI0KiB (KaTiOHIB i aHIOHIB) Ha peai3allilo MiXKMOJIEKYJISPHUX HEKOBAJIEHTHUX B3a€EMOZI
(enexTpocTaTUYHUX, BOJHEBUX, CTEKIHT) Ta YTBOPEHHS KPUCTAIYHUX CYIIPaMOJIEKYJIIPHUAX CTPYKTYp. I[Ipu
MOPIBHSIHHI CTPYKTYP CYNPAMOJIEKYJISIPHUX COJIEN BUSIBJIEHO POJIb BUXIIHUX KUACJOT Y ix popmMmyBaHHi. O61ABi
KMCJIOTU — MajlaTHa Ta TapTPaTHA € JUKAapOOHOBUMU, MiCTATh OJHY /1B MIPOKCUIIbHI IPyNU BiAIOBiAHO, IO
3HAYHO BIUIMBAE HA TUII aHIOHY, KU BOHU YTBOPIOIOTh: TAPTPATHA KUCJIOTA € TETPALEHTATHOO, BUKOHYE MiCTKOBY
dyHKIiI0 i pOpMye YOTUPHU TUIIM AUMepHUX repmaHaTHux [Ge2(OH)2(u-Tart)2]2-, [Ge2(OH)(H2Tart)(u-Tart)2]3-,
[Ge2(OH)(HTart)(u-Tart)2]4-, [(u-O){Ge2(OH)(u-Tart)2}2]4- i onuH TAIl CTAHHATHOTO aHIOHY [Sn2(y-
Tart)2(H2Tart)2]4-. [loTeHuiaqpHO TPpUEHTaTHA MajlaTHA KMCJIOTA NIPOsIBJIsIE cebe Juile K 6ileHTaTHUM Jiiraqy, i
dopmye nofibHi okraeapuyHi anionu [Sn(HMal)2(Mal)]3- ta [Ge(HMal)(Mal)2]4- He3ane>xHO Bif, LeHTPaJbHOTO
aroma. BcTaHOBIIEHO, 0 3MiHA YMOB CUHTEe3Y Ta 0CO0MBOCTI 1,10-(peHaHTpOJIiHYy CIIPUSIOTh YTBOPEHHIO aHIOHY
[(L-O)}{Ge2(OH)(p-Tart)2}2]4~, B skoMy nuMepHi pparmMeHTH OB’ sI3aHi MiCTKOBUM aTOMOM OKCHUT€HY, a
npotoHoBaHuii 1,10-dpeHaHTposIiH BUCTyIIA€ B SIKOCTi KaTioHa. Po3TaiyBaHHS 10ro MOJIEKyJl y 30BHIIIHIN cdepi
CIIOJIyKH 3yMOBJIIO€ HASIBHICTb CTEKIHT B3a€MOIill MDK apOMaTUYHUMU KiJlbLISIMY, 11O HifBUlye 6i00riyny
aKTUBHICTb PO3IJISHYTOrO KOMILIEKCY. CKpHHIHT TapTpaTorepmaHaTiB(CTaHHATIB) 3 1,10-(peHaHTpOTiHOBUMU
karioHamu Fe(Il), Co(II), Ni(Il), Cu(Il), Zn(Il) Ha nposiB aHTUMIKPOOHOI aKTUBHOCTI IIPOTH 8 YMOBHO-TIATOT€HHUX
IITaMiB MiKpOOPraHi3MiB BUSIBUB P, 110 ii BMEHIIEHHIO /151 TAPTPATOCTAHHATIB 3 OJHAKOBUMH aHiOHOM:
Zn>Cu~Co>Ni>Fe. lle kopeJoe 3 KBAaHTOBO-XiMiYHMMU PO3paxyHKaMy, 3a sskuMiu [Zn(phen)3]2+ mae Hail6inbmi
cepenHe 3HAYEHHS eJIEKTPOCTAaTUYHMX IIOTEHIIiaiB, iHIeKC MOJIEKYJISIPHOI ITOJISIPHOCTI, 06’eM, 3arajibHa IJI0Ia
NoBepXHi. B pe3ynbTati 1o6yA0BaHO NOAIGHUN s 1J1s1 TapTpaTOrepMaHarTiB 3aJIe5KHO BiJl CKIIaLy, CTPYKTypU
aHioOHY, IpY AaHoMy KaTioHi: [Ge2(OH)2(u-Tart)2]2- > [Ge2(OH)(HTart)(u-Tart)2]4- ~ [Ge2(OH)(HTart)(u-Tart)2]4-.
[ToxazaHO MO>KJIMBICTh K€PYBaHHS aKTUBHICTIO O-L-pamHo3upas Penicillium tardum, Penicillium restrictum,
Eupenicillium erubescens ta Cryptococcus albidus miz fieto cuHTe30BaHUX CIIOJIYK. B 3aj1€5KHOCTI Bif, Tamy BOHU
IIPOSIBJISIIOTD BJIACTUBOCTI iHTi6iTOPiB 200 aKTUMBATOPIB, €(PEKTUBHICTD SIKUX BU3HAYAETHCS CYKYITHICTIO BCiX
6i0JI0TIYHO aKTUBHUX KOMIIOHEHTIB, rigpoQibHOI0 IPUPOAOIO aHIOHIB, IipodO6HOI0 — KAaTiOHIB i CBiUNATH IIPO
CKJIaTHMI1 MeXaHi3M ix B3aeMofiii 3 eH3nMoM. Haii6inbi nepcrnekTUBHI CIIOJyKH PEKOMEHIOBAaHO [10 OaJIbIIOTr0

IIPaKTUYHOI'O 3aCTOCYBaHHA.

2. There was developed an original general synthesis method that combines essential Ge(IV)/Sn(IV), “life metals”
Fe(II), Co(Il), Ni(II), Cu(Il), Zn(II) and two types of bioligands: chelating polydentate tartaric/malic acid and
bidentate heterocyclic 1,10-phenanthroline /2,2 -bipyridine as parts of the supramolecular salts with complex 1,10-
phenanthroline /2,2’ -bipyridine cations of 3d-metals/ protonated phenanthroline molecule and complementary
tartrate(malato-)germanate /stannate anions. Totally 21 compounds were synthesized and completely
characterized by the methods of X-Ray, elemental, thermogravimetric analyses, IR-, MS-spectroscopy, Hirshfeld
surface analysis and density functional theory calculations (DFT). It was established that structural and
compositional features of the constructional metal-chelate blocks (cations and anions) influence the realization of
intermolecular noncovalent interactions (electrostatic, hydrogen, staking) and formation of the crystalline
supramolecular structures. The role of the starting acid on their formation of anions has been revealed after
comparing of the supramolecular salts between each other. Both acids — malic and tartaric are dicarbonic, contain
one /two hydroxylic groups, respectively. This influences the type of the anion: tartratic acid is tetradental,
performs a bridging function and forms four types of dimeric germanate [Ge2(OH)2(p-Tart)2]2-,
[Ge2(OH)(H2Tart)(u-Tart)2]3-, [Ge2(OH)(HTart)(u-Tart)2]4-, [(u-O){Ge2(OH)(u-Tart)2}2]4- and one type of
stannate [Sn2(p-Tart)2(H2Tart)2]4- anions. Potentially tridentate malic acid shows itself only as bidentate ligand
and forms similar octahedral anions [Sn(HMal)2(Mal)]3- and [Ge(HMal)(Mal)2]4- regardless the central atom.
Change in the condition of synthesis and special features of 1,10-phenanthroline promote the formation of [(u-
O){Ge2(OH)(u-Tart)2}2]4- anion, in which dimeric fragments are connected with bridging oxygen atom and
protonated 1,10-phenanthroline acts as a cation. Location of its molecules in the outer sphere causes presence of
the stacking interactions between aromatic rings and increases the total biological activity of compound. The
following screening of tartratogermanates (stannates) with 1,10-phenanthroline cations of Fe(II), Co(II), Ni(II),



Cu(Il), Zn(Il) revealed its antimicrobial activity against 8 opportunistic pathogens. Decreasing of the activity is
observed in the row of tartratostannates with the similar anion: Zn>Cu~Co>Ni>Fe. This correlates with the
quantum-chemical calculations in which [Zn(phen)3]2+ has the highest average value of electrostatic potentials,
molecular polarity index, volume, total surface area. As a result, there was made an alike sequence of
tartratogermanates that depends from the composition and structure of anion: [Ge2(OH)2(u-Tart)2]2- >
[Ge2(OH)(HTart)(u-Tart)2]4- ~ [Ge2(OH)(HTart)(u-Tart)2]4-.It was established that synthesized compounds can
influence the activity of o-Lrhamnosidases Penicillium tardum, Penicillium restrictum, Eupenicillium erubescens
and Cryptococcus albidus. Depending on the strain, they show properties of activators or inhibitors. Their
effectiveness is determined by the summation of all biologically active components, hydrophilic nature of anions,
hydrophobic - cations and indicates a complex mechanism of their interaction with the enzyme.
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