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COORDINATION COMPOUNDS OF LITHIUM HALIDES
WITH CERTAIN AMINO ACIDS

Abstract. The characteristics of interaction between metal cations and organic molecules significantly affect
the physical and biological properties of the coordination compounds. The coordination compounds of metals and
their halides with organic ligands are of interest for the preparation of new materials with various optical, electrical,
and magnetic properties. Among a variety of structurally diverse amino acid complexes with metals, halogens, and
metal halides, lithium halides that form complexes with electron-donor molecules (amines, carboxylic acids) are of
particular interest. The synthesis studies and investigation of the coordination compounds of lithium and its halides
with amino acids provide a key basis for identifying and understanding the grounds for their biological activity.

Keywords: coordination compounds, halides, lithium, amino acids, glycine.

Introduction. Compounds including metal atoms and organic molecules are of great interest in the
development of new substances with various and unique properties [1-3]. For example, new materials with
nonlinear optical properties for laser and diagnostic medicine [4-7], biocompatible compounds with
semiconductor properties for bioengineering and synthetic biology [8-10].

Among so-called semiorganic substances, of interest are the coordination compounds of metals and
their halides with various organic ligands (for example, L-histidine tetrafluoroborate [11], lithium bis-L-
malate-borate [12], L-alanine cadmium bromate [13], Lithium paranitrophenolate [14], L-proline lithium
chloride [15]). The use of amino acids as ligands is associated with the presence of an asymmetric carbon
atom, a proton donor (carboxyl group), and a proton acceptor (amino group) [16]. The addition of
halogens, in particular, iodine, to the amino acids affects their electrical conductivity and enhances the
generation of the second harmonic [17], making those good candidates for nonlinear optical materials.
Such materials, for example, can be used in a solid-state minilasers [18] or in nonlinear optical microscopy
techniques of biological samples [19]. A rather small spectrum of the possible use of semiorganic
compounds appears to be due to the inadequacy of the accumulated experimental material and the
development of future technologies. In this article, the results of some studies of the semiorganic
compounds of lithium and amino acids are summed up.

Depending on the types of connection of building blocks of structures and on the type of coordination
of the metal, different structural families can be distinguished for the coordination compounds of metal-
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amino acid and halogen-amino acid halide. For example, the glycine molecule (NH2CH2COOH) acting as
a ligand forms different types of coordination with metals: monodentate (O), monodentate (N), bidentate
(O, O", bidentate (O, N), bridged (O, O), bridged (O, O"). This leads to a very diverse structure of glycine
complexes with metal halides [20]. However, examples of coordination compounds, where the glycinium
cation is in combination with the halogen anion, are very rare in the literature. Such structural parameters
as symmetry, ionic radii, electronegativity of cations and anions, coordination number of metal atoms,
have a significant influence on the organization of structures of coordination compounds. For example,
cations with high electronegativity, contribute to the formation of structures with a low degree of
condensation (connectivity), i.e. Isolated blocks, and vice versa.

The study of the physical properties of coordination compounds of lithium with amino acids showed
that some of them are good ferroelectrics, ionic conductors, and exhibit interesting thermal and optical
properties as well [21-28].

Sometimes, even the deposition of amino acids molecules on the surface of metals significantly
affects the physical properties. For example, when the glycine molecules are sprayed on the (100) copper
surface, glycine, converting to an anion (NH2CH2COO-), binds to the surface copper atoms through a
nitrogen atom and two oxygen atoms in a tridentate manner. The formed two-dimensional structure has
the alternating along [010] rows of specularly reflected glycinate ions, which propagate along the direction
[001] of close-packed rows of copper atoms. When investigating by scanning tunneling and photoemission
spectroscopy, near the Fermi energy a free electron like state, arising in layers of organic molecules on
metal surfaces, was observed. The presence of glycinate ions on the surface causes a sharp increase in the
tunnel effect in the surface layers [29].

Due to the presence of asymmetric centers in most amino acid molecules, coordination compounds
with amino acids crystallize within the framework of noncentrosymmetric space groups, being possible
candidates for nonlinear optical materials and there is the possibility of their application in new
optoelectronic technologies [30, 31]. Ofcourse, inorganic optical materials have excellent mechanical and
chemical properties, but their application is sometimes limited due to low values of nonlinear optical
coefficients compared to organic analogs and the high cost and laboriousness of the growth process of
inorganic crystals. Semiorganic materials have the potential to combine high optical nonlinearity and
chemical flexibility of organic compounds with the physical strength of inorganic materials [32, 33].
Therefore, intensive research in this direction led to the identification of a series of new nonlinear optical
materials promising for use in technologies [34]. Analysis of the literature shows that different amino
acids give a wide range of choices for the synthesis of new materials with improved properties [11-15, 28,
35, 36]. Thus, the new semiorganic lithium chloride monohydrate and L-proline (LPLCM) [38]
demonstrates the second harmonic generation coefficient approximately equal to the potassium
dihydrogen phosphate (PDP) coefficient, and the L-proline picrate (LPP) at all demonstrates the
generation ofthe second harmonic with an efficiency of 52 times higher than PDP [37].

Synthesis, spectroscopic characteristics and crystal structures of lithium complexes with neutral
molecules and glycine anions [Li(GlyH)(H20)]+ClI-, Li+Gly", [Li(GlyGlyH)+ClI-, Li+GlyGly" n Li+GlyGly-
H20 are described in [39]. In all compounds, lithium is coordinated tetrahedral with four ligands. In this
case, three of them are the oxygens of three different glycine molecules, and the fourth one can be the
oxygen of the carbonyl group or nitrogen of the amino group. With four amino acids, lithium forms a
polymer structure with bridged type connection [39]. In such a way, a characteristic feature of the crystal
structures of coordination compounds involving lithium cations is that, due to the small ionic radius and
the strong electrostatic field of the nucleus, lithium cations are mainly coordinated tetrahedrally by four
anions [39, 40] and very rarely lithium can be coordinated pyramidally by five anions [41]. Although
lithium as a nucleophilic agent is very interesting in the synthesis of semiorganic compounds, the above-
mentioned specificity of coordination of lithium atoms substantially limits the possibility of synthesizing a
large number of new lithium coordination compounds.

Metal ions often play a decisive role in the functioning of biological macromolecules, for example,
proteins [42-44]. Metal ions create around themselves a strong electric field, which ensures the catalysis of
reactions. In addition, they provide the necessary protein conformation. It is known that only a few Li+
complexes of amino acids and small peptides have so far been structurally characterized. Almost in all
complexes of Li+ and peptides, the ligands were exceptionally neutral. In particular, di- and triglycine
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sulfates [45,46], L-alanylglycine [47], mono-anionic L-aspartate [48], cyclodisarcosyl [49] and
antamanide were used as ligands [50,51]

It should be noted that lithium has biological activity, which manifests itself in the inhibition of
protein kinase GSK-3P, in blocking the sodium channels of neurons and even in the regulation of genes by
interaction with the CREB transcription factor [52-55]. Therefore, lithium salts are used for the prevention
and treatment of psychoses [53]. There is evidence of its antitumor activity [56, 57]. Nevertheless, there is
still no clear understanding ofthe role of lithium in the activity of various biological molecules [58].

In addition to amino acids, other organic compounds form very interesting complexes. As is known,
cyclodisarcosyl (N, N'-dimethyl-diketo-piperazine) forms crystalline complexes with metal salts such as
copper perchlorate, lithium perchlorate, barium perchlorate, silver perchlorate and silver nitrate and
etheratom [59]. Using IR absorption spectra, it was shown that in these complexes the carbonyl oxygen
atoms of the peptides coordinate the metal cations. The activity of cyclic peptide antibiotics is closely
related to the interaction with metal cations, and to the mechanism oftransport of cations of alkali metals
through the biological membrane by complexation. Taking into account the fact that linear analogues of
peptides do not form insoluble complexes with metal salts, the conformation of cyclodisarcosyl apparently
plays an important role in the formation of complexes [49].

Conclusion. The ability of lithium to form complexes with amino acids and peptides can be used in
the development of new materials and technologies. The inclusion of halogens will enhance the nonlinear
optical response of the obtained materials and change their electrical properties. However, it can be
concluded that the coordination compounds of lithium with biologically active organic molecules and
halogens, in spite of already established interesting physical and biological properties, still remain poorly
studied class of compounds. In the near future, one should expect a surge in interest in this class of
promising substances and materials based on them.
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KOOPANHALUMOHHbBIE COEAVHEHWA TAJTIOTEHNAOB INTNA
C HEKOTOPbIM AMWNHOKWCJ/IOTAMW

AHHoTayus. OCo6eHHOCTU B3aUMOfEWCTBUS KaTWOHOB MeTanfa W OpPraHUYeckux MOJEKY/ CYLLECTBEHHO
BNUSAIOT Ha (M3MUeCKMe 1 GUONOrMYecKMe CBOMCTBA KOOPAWHALMOHHbBIX COeaMHEHWA. KoopanHaLMOHHbIe coeau-
HEHWsi MeTaNIOB U UX FaforeHNA0B C OPraHUYeCKUMM NUraHaaMu NpeacTaBAAtOTCS UHTEPECHBIMU AN MONyYeHuUs
HOBbIX MaTEPUaNIOB C Pa3/IMUHLIMU ONTUYECKUMM, SNEKTPUUECKAMUN U MATHUTHBIMM cBoicTBaMM. Cpean MHOXeCTBa
pasHO06pasHbIX MO CTPYKTYpe KOMMAEKCOB aMWUHOKMC/IOT C MeTajsiaMu, ranoreHamu U ranoreHujaMmu MeTassios,
0CO6EHHO WMHTEPECHbI raNoreHnabl MMTus, 06pasytoLLe KOMMAEKChl C 91eKTPOHOAOHOPHBLIMI MONEKynamMmn (aMuHa-
MU, KapbOHOBLIMM KucnoTamu). CUHTE3 U M3ydeHne KOOPAMHALMOHHbLIX COeANHEHWI A NUTUA U ero TaloreHngoB C
aMUHOKUC/IOTaMM CO3AAaK0T KNtoueByto 6asy fiNs BbISIB/IEHUS U MOHUMAaHUS OCHOBbI MX GUOIOrMYECKOI aKTUBHOCTY.

KntoueBble CNOBa: KOOPAWHALMOHHbIE COBAUHEHNS, FanoreHnapl, IUTUA, aMUHOKUCIOTbI, TNLMH.

BeefeHne. CoefjMHeHUs, BKAYawuMe B cebs aTtoMbl MeTanfia W OpraHUYeckue MONEKYbI,
npeacTaBnAOT 60MbWOA MHTepec B pa3paboTKe HOBbIX BewecTB [1-3]. C MXx MomMOLWbLIO MOXHO OygeT
nosyyaTb Matepuanbl C HOBbIMU WM YHWKaNbHbIMW CBOWCTBaMW. Hanpumep, HOBble mMaTepuanbl C Heu-
HEMHO-ONTUYECKMMUN CBOMCTBAMMW A4S Na3epHOM M ANArHOCTUYECKOW MeanUnHbl [4-7], 6MOCOBMECTUMbIE
COeiIMHEHNA C MOAYNPOBOAHWKOBLIMU CBOMCTBAMMW ANA OGUOUHXEHEPUM U CUHTETUYECKON Gmonorum
[8-10].
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Cpeaun TakK HasblBaemMblX NOMyopraHMyeckux (semiorganic) BewWwecTB MHTEpPeC NpeacTaBnsfAlOT KOOp-
OVHALWOHHbIE COeAWHEHUS MeTanfoB WU WX rafnoreHWAoB C Pa3UYHbIMW OpraHWYecKUMU NUraHjamm
(Hanpumep, L-ructmuguH TeTpadtop6bopat [11], 6uc-b-manato-6opat nutusa [12], L-anaHuH 6GpomaTt
Kagmusa [13], napaHutpogeHonat nutusa [14], L-nponuu xnopug nutmus [15]). Ncnonb3oBaHue aMWHO-
KUCNOT B KayecTBe NIMFaHLOB CBA3aHO C HanM4MeM Yy HUX aCMMMETPUYHOro atoma yrnepoga, AoHopa
NPOTOHOB (Kapb6oKcuabHaa rpynna) u akuentopa NpoToHoB (amuHorpynna) [16]. Jo6aBneHne K aMUHO-
KWCNnoTaM ranoreHoB, B YaCTHOCTWU MOfJa, BAUAET Ha MX 3NEeKTPUYECKYI MPOBOAMMOCTb M YCUNMBAKOT
reHepauunlo BTOPOA rapmoHuku [17], genas ux XOpowWMUMWU KaHAuAataMu AN HENWHEWHO-ONTUYEeCKUX
matepuanos. Takue mMaTepuasnbl, K NpuMepy, MOryT OblTb UCNONb30BaHbl B TBEPAOTE/IbHOM MWHW Nasepe
[18] wnn B TEXHONOrMAX HENUHEWHOW OMNTUYECKON MUKpOCKOonMM 6Guonormyveckux obpasyos [19].
[0BOMbHO He6O0MbLWOR CNEKTP BO3MOXHOIO NPUMEHEHWUS NMONYOPraHUYeCcKUX COoefUHEHW, No BCei BU-
AMMOCTHW, CBA3aH C HEAOCTATOYHOCTbIO HAKOMMEHOr0 3KCNEepMMEeHTaNnbHOro matepuana v paspaboTok
6yaylWmMX TexXHoNornin. B aTol cTaTbe CyMUpPOBaHbl pe3ynbTaTbl HEKOTOPbIX UCCeA0BaHUA NONYyOpraHu-
YeCKUX COeMHEHUNI NUTNUA U aMUHOKWUCNOT.

B 3aBMCUMMOCTM OT TWUMOB COEAUHEHUA CTPOUTENbHbIX 6/10KOB CTPYKTYp, B 3aBUCMMOCTWU OT TuUna
KOOpAMHAaUUW MeTanna MOXHO BbIAENUT pasHble CTPYKTYPHble CeMelcTBa ANA KOOPAUHALWOHHbIX
COeMHEHUAX MeTann-aMUHOKWCN0Ta W TranoreH-aMUHOKWCNOTa ranoreHug. Hanpumep, Monekyna
ramynHa (NH2CH2COOH) BbicTynas B KayecTBe nuraHga, ¢ Metannamu o6bpasyeT pasfiMyHblie TUMbI
KOOpAUHAaUMN: MOHOAEeHTaTHbIN (O), MoHoaeHTaTHbIN (N), 6ugeHTaTHblA (O, O'), 6ugeHTaTHbIn (O, N),
MOCTUKOBBLIWA (O, O), MocTuKOBbIA (O, O'). 9TO NPUBOAUT K BeCbMa Pa3HO0BpPa3HbIM N0 CTPYKTYpe KOMI-
neKcaMm ravumnHa c ranoreHugamm metannos [20]. OgHako, MPUMEPOB KOOPAMHALMOHHbLIX COEAUHEHUA,
r4e KaTWoH TAMUUHUSA Haxo4UTCA B COYETAHUWU C aHUOHOM ranoreHa, B mMTepaType BCTPEYaOTCA OYEHb
pefko. Takue CTPYKTYpPHble napameTpbl, KakK CMMMETPUSA, UOHHbIe pPajuycbl, 3N1eKTPOOTPULATEbHOCTb
KaTMOHOB M aHWOHOB, KOOPAMHALWOHHOE YUCN0 aTOMOB MeTanna, 0KasbiBalOT CYLeCTBEHHOE BAUAHMUE Ha
opraHusaLmio CTPYKTYp KOOPAMHALWOHHbBIX COeAUHEHUN. Hanpumep, KaTUOHbI C BbICOKOW 3/1eKTPOOTPU-
LaTeflbHOCTIO, CNOCOOGCTBYIOT 06pa3oBaHUI0 CTPYKTYP C HWU3KOM CTeneHbl KOoHAeHcauuu (CBA3HOCTM),
T.€. M30/IMPOBAHHbIX 610KOB, 1 HA060POT.

WNccnepoBaHue (r3MyecknX CBOWCTB KOOPAMHALMOHHbIX COELWHEHWA NUTUS C aMUHOKWCIOTaMu,
nokasanu, 4TO HEKOTOPble U3 HUX ABNAIOTCA XOPOLIMUMMN CETHETO3INEKTPUKAMU, NOHHBIMW MPOBOAHNKAMMU,
a TaKXXe MPoABAAT MHTEPECHbIe TEpMUYECKME U ONTUYeCcKue cBolicTBa [21-28].

WNHorpa, fgaxe HanblfieHWe MOMEKY aMWHOKUCAOT Ha MOBEPXHOCTb MeTan0B CYLeCTBEHHO BAUSET
Ha (hu3nyeckme cBoiicTBa. Hanpumep, Npu HamnblAEHUW MOMEKYN rAMumHa Ha (100) NOBEpPXHOCTb MeaMm,
rMMuunH, npespawancs B aHMoH (NH2CH2COO-) cBA3blBaeTCA C NMOBEPXHOCTHLIMW aTOMaMy Medun 4yepes
aToM as3oTa M [Ba aToMa Kucnopoga TpuieHTaTHbIM o6pasom. O6pa3oBaHHas ABYXMepHas CTPyKTypa
uMeeT uyepeaytouimeca Baonb [010] pafgbl 3epKanbHO OTPaXEHHbIX WOHOB TFAMLMHATA, KOTOpble
pacnpocTpaHsaloTCcs BAOMb HanpaBaeHns [001] nNoTHOyNakoBaHHbIX PSA0B aTOMOB MeAu. Mpu n3yyeHuu
CKaHupyloLwein TYHHENbHOW U (POTOIMUCCUOHHON CMEKTPOCKOMMUEA Ha MeTanM4yecKUX MOBEPXHOCTAX
B6NM3N aHeprunm depmu 6bI10 0O6HAPYXXEHO COCTOAHME NOJO6GHO COCTOAHWE, CBOOGOAHbLIX 3MEKTPOHOB,
BO3HMKaKOLWME B CNOAX OpraHMYecKMx Monekyn. Hannume MOHOB rAuMLMHATA Ha MOBEPXHOCTU Bbi3blBaeT
pe3koe ycufieHne TYHHeNbHOTo adhpeKTa B MOBEPXHOCTHbLIX cnoax [29].

B cuny npucyTCcTBMA aCMMMETPUYHBLIX LEHTPOB B G0/IbLIMHCTBE MOJIEKYT aMUHOKUCNOT, KOOPAMUHA-
LWOHHbIe COEAMHEHUA C aMWUHOKMCOTAMW KPUCTaNIM3ytoTCA B pamMKax HELEeHTPOCUMMETPUUYHbLIX Npo-
CTPAHCTBEHHbIX FPynn, ABAAACL BO3MOXHbIMU KaHAUAATAMU AN HENUHEWHbIX ONTUYECKUX MaTepuanos u
BO3HWKAET BO3MOXHOCTb WX MPUMEHEHUS B HOBbIX OMNTO3NEKTPOHHbLIX TexHonoruax [30,31]. KoHeuHo,
HeopraHnyeckue onTuYyeckme matepuanbl 06/1a4al0T NPEBOCXOAHBIMU MEXaHWYECKUMUN U XUMUYECKUMU
CBOWCTBAMW, OQHAKO MX NMPUMEHEHWE WMHOTAa OrPaHMYeHO M3-3a HW3KUX 3HA4YeHWIi HeNMHeNHo-oNTHUYec-
KX KO3(P(ULMEHTOB MO CPaBHEHUKD C OpPraHWYeCcKMMMW aHanoramum u LOPOrOBU3HbI U TPYAOEMKOCTM
npouecca pocTa HeopraHMYecknx Kpucrtannos. lMonyopraHuyeckme maTepuanbl MMelOT NOTeHUMan Ans
06beJMHEHNSA BbICOKOW OMNTUYECKON HENUHEWHOCTU U XMMUYECKOA TMOKOCTM OPraHUYeckKnx coefuHeHun
C )M3n4eCcKol NPOUYHOCTLIO HeopraHuyecknx matepmanos [32, 33]. M03TOMY MHTEHCMBHOE UCCnef0BaHue
B 3TOM HanpaBNeHUW MPUBENO K BbIABAEHUIO CEPUUN HOBbIX MEPCNEKTUBHbLIX AN NPUMEHEHUSA B TEXHONO-
rMax NoayopraHUYecKUX HeMHeRHbIX ONTUYeCKMX MaTepuanoB [34]. AHanu3 nuTepaTypbl MOKa3blBaeT,
4YTO pas3/iMyHble aMUHOKWCNOThHI fJalT WWPOKUIA [Auana3oH Bblbopa ANs CMHTe3a HOBbIX MaTepuanos,
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obnagatloWwmnx ynydweHHbIMn cBoicTBamn [11-15, 28, 35, 36]. Tak, HOBOe MONyOpraHU4YeckKoe CcOeAm-
HeHWe MoHOrugpat xnopupga nAmtua u L-nponnHa (LPLCM) [38] pemoHCTpupyeT KO3(PphULMEHT
reHepauuy BTOPOA rapMOHUKWN NPUBGNN3NTENbHO PaBHbIN KoahuuneHTy gurngpodocharta kanma (KDP),
a L-nponuH nukpat (LPP) BOBCe AeMOHCTPUPYET reHepauuo BTOPOA FapMOHUKK C 3 (PEKTUBHOCTbIO B
52 pa3a BbiWwe, 4em KDP[37].

CuHTE3, CNEeKTPOCKOMUYECKNEe XapaKTEPUCTUKN U KpUCTannmyeckme CTPYKTYpbl KOMNNEKCOB INTUSA C
HeliTpanbHbIMU MONEKynamum u aHuMoHamu rauyuHa [Li(GlyH)(H20)]+Cl-, Li+Gly-, [Li(GlyGlyH)+ClI-,
Li+GlyGly- n Li+GlyGly-H20 onwucaHbl B pa6oTe [39]. Bo BCeX COEAMHEHMAX NUTWUIA KOOPAMHMPOBAH
THTPaspuy4ecKn YeTbipbMs nuraHgamu. Fpu aTom, TPU U3 HUX 3TO KUCNOPOAbl TPEX PasHbIX MOMEKYN
FAVLMHA, a YeTBEPTHIA MOXET 6biTb, KaK KACNOPOA KapOOHUIbHbLIA Fpynnbl Takxe a3oT amuHorpynmnsl. C
YeTbipbMA aMWHOKUCNOTaMU NUTUIA 06pa3yeT NOJUMEPHYIO CTPYKTYpY, COEAUHEHHYIO MO MOCTUKOBOMY
Tuny [39]. Takum o6pa3om, XxapaKTepHON 0COGEHHOCTbIO KPUCTANNNYECKUX CTPYKTYP KOOPAUHALMOHHbIX
COeAMHEHWIA C yYyaCcTUeM KaTUOHOB NNTUSA IBASETCA TO, YTO B CU/Y Masioro MOHHOTO paguyca v CUAbHOTO
3NeKTPOCTAaTUYECKOro nons Aapa KaTWOHbl NUTUA B OCHOBHOM KOOPAWHWUPYKOTCA TeTpasfpuyecku
YyeTbipbMsa aHMOHaMu [39, 40] 1 o4eHb pefKOo NUTUIA MOXET 6biTb KOOPAMHUPOBAH NMPAMUAANBHO NATHIO
aHuoHamun [41]. XoTa, NUTKIA KaK HYKNeOPUIbHbIA areHT BeCbMa WHTepeceH B CUHTe3e MONyopraHu-
YeCKUX COeAMHEHWIA, BblleynoMAaHYTasa crneynpuka KoopaMHauuy aTOMOB NUTUSA CYLLECTBEHHO oOrpa-
HWYMBAET BOSMOXHOCTb CMHTE3a 60/1bLLIOr0 YMUC/a HOBbIX KOOPANHALUOHHbLIX COEAUHEHUI NUTUS.

MoHbI MeTannoB 4acTo UrpalT pewarLwyo pofib B PYHKLUOHUPOBAHUN BUONOTMYECKUX MaKpPOMO-
nekyn, HanpumMmep 6enkoB [42-44]. VloHbl MeTannoB cO34al0T BOKPYr Cebs CUNbHOE 3NeKTPUYECKOoe none,
4yTo obecneymBaeT KaTanu3 peakuumin. Kpome TOro, oHmM obecneuymsBardT HEO6XOAUMYIK KOH(OpPMaLMWio
6enka. N3BecTHO, 4TO 4O CUX NOP CTPYKTYPHO OXapakTepm3oBaHbl /INlb HECKO/bKO Li+ KOMNAeKCbl aMu-
HOKMC/IOT U ManblX Nentugos. MoyTW BO BCex Komnjekcax Li+ v nNenTugos nuraHgbl Oblv UCKAIO-
YNTENbHO HelTpanbHbIMW. B 4acTHOCTMW, B KauyecTBe NWUraHAOB OblIM MCMNONb30BaHblI AW- U TPUTAULUH-
cynbatbl [45, 46], L-anaHunrnnunu [47], MOHO-aHWOHHBLIN L-acnapTtat [48], umknogncapkosun [49] u
aHTamaHug [50, 51].

HeobxoAMMO OTMeTUTb, UTO NUTUI 061ajaeT 6MONOrMYECKOW aKTUBHOCTbIO, KOTOpas NPoABAAETCS B
WHTM6MPOBaHMK NpoTemHKMHasbl GSK-3P, B 6/10KMPOBaHMM HaTpMeBbIX KaHallOB HEMPOHOB U Aaxe B
perynsyny reHoB nyTemM B3aMMOAENCTBUA C TPAHCKPUMNUMOHHbIM (hakTopom CREB [52-55]. Mostomy
CONM NUTWUSA MNPUMEHAKOTCA AN NPOoPUNAKTUKM K nedeHuss ncuxo3oB [53]. EcTb paHHbie 0 ero
NMPOTUBOONYXO0NEBON aKTUBHOCTU [56, 57]. TeM He MeHee, BCE elle OTCYTCTBYeT YETKOE NOHWMaHWe ponu
NUTUSA B aKTUBHOCTU Pa3NnUHbIX 6uonornyeckmx monekyn [58].

MoMMUMO aMUHOKWUCAOT, ApPYyrue opraHWyeckne coefMHeHUs ob6pasytoT BecbMa WHTepPecHble KOMM-
nekcol. Kak u3secTHo, uwuknogucapkosmn (N, N'-gumetun-guketo-nunepasnH), obpasyeT Kpucrtaniu-
Yyeckume KOMMJEKCbl C COMSIMU MeTannoB, TaKMMU KakK nepxaopaT MeAu, nepxaopaTt nutuda, nepxnaopat
6apus, nepxnoparta cepebpa u HuTpaTa cepebpa u atepatom [59]. C nomouwbio NK-cnekTpoB norno-
LLeHMsa, NoKaszaHo, YTO B 3TUX KOMMNJeKcax KapboHWU/bHble aTOMbl KUcnopoja nenTuaoB KOOPAUHUPYIOT
KaTWOHbl MeTannoB. AKTUBHOCTb LUKANYECKUX MENTUAHbIX aHTUOMOTUKOB TECHO CBA3aHa C B3auMOAeli-
CTBMEM C KaTMOHaMMW MeTannoB, M K MexXaHU3My TpaHcnopTa KaTUOHOB LW EI0YHbIX MeTannoB 4epes
6uonornyeckyto memobpaHy nyTem KOMMJeKcoo6pa3oBaHWA. YuuTbiBas (akT, YTO NMHERHble aHanoru
nenTuaoB He obpasyeT HepacTBOPMMbIE KOMMJEKCbl C COMSIMU METanfioB, KOH(opmauunsa uuknogucap-
KO3una no-BuAMMOMY, UTpaeT BaXHY posib B 06pa3zoBaHun komnaekcos [49].

3aknwyeHune. CnocobHOCTb NNTMA 06pa3oBbIBaTb KOMMJEKCbl C aMWUHOKWCAOTaMWU W MenTugamu
MOXET 6blTb MCNOMb30BAHO B pa3paboTKe HOBbIX MaTepuasoB M TEXHONOrMi. BKAKOYeHWe ranoreHoB
MO3BOMNT YCUAUBATb HENWHENHbIA ONTUYECKUI OTKAWK MNOJYYEHHbIX MaTepuanoB W WU3MEHATb UX
anekTpuyeckne cpoicTBa. OfHAaKO, MOXHO 3aKMHOUYUTb, YTO KOOPAWHALWOHHbIE COEAWHEHUS NUTUA C
6MONOrMYeCcKN aKTUBHBIMU OpPraHMYecKMX MONEKy1aMu 1 rafioreHaMu, HECMOTPSA Ha YXXe YCTAHOBNEHHbIE
WHTepecHble (u3nyeckne M 6GMONOTMYECKME CBOICTBA, BCe elle OCTATCA Manou3y4yeHHbIM K/1accom
coefuHeHWn. B 6nuxaliwee Bpems cnefyeT 0XugaTb BCMAeCKa MHTepeca K 3TOMY Kfaccy NepcrnekTus-
HbIX BEL,eCTB M MaTepuanoB Ha NX OCHOBE.
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KENB1P AMVH KbILULbINAAPBIMEH NTNTUA
FANOIreHNATEPALW, KOOPANHALUNANIBIK KOCbIJIBICTAPDI

AHHOTaLuMa. MeTan KaTMOHAapbl MeH OpraHuMKasbliK MOMEKYNanapAblH e3apa 3peKeTLIL, epeKLLenikTepi Koop-
OVHALMANBIK KOCbINbICTapAblH (DU3MKaNbIK X3HE OUONOrUAMbIK KacueTTepiHe ailTapnbikTaid acep eteg™ OpraHu-
KanblK MraHaanapMeH metangap XaHe onapiblH raforeHnATepiHiH KOOpAMHaLMABLIK KOCblabICTapbl 3pTYpAi onTu-
KasbIK, 3MEKTPIK XX3HE MarHWTNK KacueTTepiMeH >aHa MaTepuangapdbl any YLiH Kbi3bIKTbl 60AbIN Tabblnagbl.
MeTangap, ranoreHfep XsHe MeTall raloreHMATepAiH KelleHAepLULl, K¥pblibiMbl 60bIHLLA KenTereH TYpAi amuH
KblLLKbINAApbl apacblHAA, 3Cipece 3/1eKTPOH/bI LOHOP/bIK MOJIEKynanapbl 6ap (aMuH, KapboH KbILUKbINAapbl) KeLeHi
KanblinTacaTblH IMTUSA Fa0reHUATEPI KbI3bIKTbl. JIUTUA XK3HE OHbIH aMWH KbILLKbINblI 6ap ranoreHWATepiHiH Koop-
AVHALMANBIK KOCbI/IbICTapblH 3€PTEY XX3HE CUHTE3i OHbIH 6MONOrMANbIK 6eNCeHWKTepPLL, Heri3iH TYCIHY XX3He
aHbIKTay YLWiH TYMingi 6asaHbl K¥paiiapl.

TYLWH co3fep: KOOPAMHAUUANBIK KOCLIbICTAap, ranoreHnaTep, AUTUiA, aMuH KbILWKbIAbI, FAWLAH.
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