Ha nipaBax pyxonucm

YEPHAIIBEB Auzpeit FOprepyu

KOMILTEKCBI HEPEXOJHBIX METAJLTOB
C MAKPOIIMK/IMYECKAMHU OCHOBAHUSIMH HIHD DA
HA OCHOBE IIAPPO.JI-2,5-TUKAPEAJIBET MIA

02.00.01-Heopranuyeckas xumMus

ABTOPEDEPAT
IHCCEPTAITHY Ha COUCKAHHE YICHOM CIEICHN
KaHFaTa XAMHYECKEX HayK

MOCKBA - 2002 r.



Pabora semonnesa B MHCTHTYTe 0610eH H HEOPTaHIYeCKOH XuMUw
mm. H.C. Kyprakosa PAH
¥ Ha XHMIIECKOM (aKyIsTeTe MOCKOBCKOTO TOCYIapCTBERHOTO YHUBEPCHTETA

mM. MLB. JlomoHOCOBa.

Hayumere pyxoBoguTenun: =ieH-koppecionaent PAH, npobeccop
Epemerxo Yrops Jleonunopny,
JOKTOp XMMHIECKHX HAYK, Ipodeccop

Versmmok Opuit Anexcaznpopms

OdunuanbEbie OMIOHEHTHI: JOKTOp XAMHYECKAX HayK, Tpodeccop
Bapra¢tux Muxann Hararosuy,
IOKTOD XAMUIECKHX HayK, Ipodeccop

Hly6uaa Enexa ConomoHOBHA

Begymas opramazanus: HMHCTATYT Opravmueckol XuMun
uM. H.JI. 3emunckoro PAH

3ampra fmccepramuH cocrouten: 22 okrsbps 2002 roga B 11 wacos Ha sacenanuu
muccepramponHoro copeta K 002.021.01. 8 Mucruryte 06meit 1 HeopraHieckoi
xuman uM. H.C. Kypraxosa PAH mo anpecy: 119991, I'CIT-1, Mocksa, Jlerunnckuit

opocrext,31.

C nmuccepranueit MOXHO 03HaKoMuTECS B 6ub/morexe IOHX PAH.
AgrTopedepar pazocnan «20» centabps 2002 r.
V4eRbIi ceKperaphb

KHACCEPTALHOHHOTO COBETA,
KaHFUIAT XUMAIECKUX HAyK \MM - JLY.Oueprsuosa



O6mas xapaxtepucTrka paboThl

AxryambHOCTE TeMbl. B mociensme rompl 6u- TIONHMSNEPHEIE  KOMIIIEKCHI
TEPEXOAHBIX METJIOB IPUBJCKAIOT BCe GONBIIEE BHUMAHHE HCCIEIOBATEICH Kak
MOZeIH  ZKTHBHBIX LEHTPOB METAIUIOCOAEPKAIUX OETKOB, KaK MOJEKYIIIpHEE
MarHCTHKH ¥ IOTCHIHANBHEIE KOMIIOHEHTEl T'OMOTEHHBIX KATANHTHYECCKAX CHCTEM.
Komiuiexce, comepxamue [Ba WIM HECKONBKO METAINHYECKAX HOHOB B MOJIOCTH
ORHOTO MAKPOLHIIIAIECKOrO JINTAHA B HEOCPEACTBEHHOM GIH30CTH APYT K APYIY, B
STOM OTHOMICHHH OCOGCHHO HHTEPECHEI, TOCKONBKY OXMHAKOBEIE HJTH PA3HEIE ATOMEL
METaIoB B HMX MOTYT COTTACOBAHHO B32HMONEHMCTBOBATE € MOJCKYJIAME-
cyberparamu, ofecneumBas WX KOOPNHHAIWIO ¥ axTRampio. Hacrosrmas pabota
HPAMBIKACT X HANpPABICHHIO, B KOTOPOM BBUIBEHYT X PasBHBACTCS HOBBIM HOIXON K
MOJIETMPOBAHMIO (GYHKIMH AKTHBHBIX HEHTPOB HPHPOIHHIX METANIODEPMEHTOB Ha
OCHOBE OMANEPHBIX KOMIUIEKCOB IIEPEXOJHEIX METAINIOB C MAKPONMKTHICCKAME
JHATaHNAaMH. PesynETaTsl TeOpeTHIecKoro anaMNza MOAEEHEIX CHCTEM C [IPHMEHEHHEM
COBPEMEHHEIX METONOB KBaHTOBOH XMMFH HOKa3BIBAIOT, YIO CIOCOBGHOCTEIO CBA3LIBATE
H aKTHBHMPOBATE MaJIOPEaKIHOHHOCIIOCOOHEIE CyGCTPaTEl MOTYT O6Na1aTh KOMILIEKCHI,
B KOTOPBIX B Ka4€CTBE JIUIaHAA BRICTYNAIOT MaKPOMKIMYECKHe ocHosarms [llndida,
HONy9aceMEle B peakiuax [2-+2]-konpencanuy o,0’-IHKapOOHUIBHAX TPOM3BOMHBIX
NMPPOTOB, TNHPHIWHOB, 0,0 -TUOUPPONIOB K (ICHONOB C ApOMATHUECKAMH 1
ambaradeckuMy  IMaMuHavu. Takue JIMTAHTHI MOTYT BEICIYHATE B poru
SNEKTPOHHOr0 pe3epByapa O OTHOWIEHMIO K HOHAM NEPEXOAHBIX METAIOB 3a CHeT
HAIMYHAS B HAX A-3CKTPOHHBIX CHCTEM.,

Ilpu sToM BapsHpOBaHHE PPArMEHTOR B MAKPONKKIHIECKOM JTHTAHIE TTO3BOIISLET
H3MEHATD PACCTOAHME METAILT-METaL ¥ CTETEHb CONPSIKCHIS SIEKTPOHREIX 7-CHCTEM,
obecriearBas TOHKYIO MOICTPOHKY IEKTPOHHOrO PAacHpefclCHAS B KOMIIICKCE Ipu
KoopruHamuy  cyOcipata. K HacTosmeMy BpeMeHH [OCTATOWHO IOPOGHO
HCCIICZOBAHE OHANEPHEIE KOMIUIEKCE! IEPEXONHBIX METAIOB ¢ MAKPOUHKITHICCKAMY
ocuosammave lludppa ma ocmose 4-3amemeHHbx 2,6-mudopmmadenonos u 2.6-
TEGOPMUNIUPHIMES, 3HAYHTENBHO MEHbIIE H3Y9eHBI OHSNEpHEIE KOMIUIEKCHI C
MaKPOIHKIHICCKUMY JIATAHAME, COREPKAIIMMHI IHPPOIbHbIE SIpa, XOTI IMEHHO OHH
OpeACTAaBNAOT  HauGONBLIME —WHTepec Kak GNM3KHE aHANOrM  OPHPONHBIX
OpGUPHHOBEX cucTeM. B Hacrosmedl pafoTe cleaHa HONBITKA BOCHOMHHTE 3TOT

npoGen. B melt mCCIeNOBAaHEI BOIMOXHOCTH NOAYUEHHS 6w~ o HOMHSZICPHEIX



KOMILIEKCOB IEPEXOAHEIX METalIoB ¢ ocHopanmsvu Llmdoa, obpasyrommumucs mpu
KOHJIGHCAIMA IUpPpPON-2,5-TuKapOalpaeruia ¢ apoOMAaTHYECKVMM IWAMEHAMH B
Pa3IIIHBIX YCIOBHSIX.

Hens paboTel cocTosa B pa3spaboTKe CTPATETHE CHETE3a MOHO- K TIONHANEPHBIX
KOMIUICKCOB NEPEXONHBIX META/LIOB ¢ MONUACHTATHHIME OCHOBaHEsME Iludda Ha
OCHOBE IHpPON-2,5-mukapbamblerniia @ apOMaTiYecKWX JMAMHMHOB, 24 TaKxKe
coemuueHnd Hukena(ll), xobamera(ll) u memu(ll), B KOTOPEIX HBa aToma MeTamta
PacloNIOKCHEl B HEHOCPEACTBEHHOM ONMM30CTH HPYT K APYTY B MONOCTH IIOIHOCTBIO
CONPSKEHHOT0 MAKPOMUKIIMIECKOTO JIMTa A,

Hayumas HoBH3HA, B pe3yisraTe mpoBeIEHHOTO HCCIIEIOBAHAL:

TICPEXOHBIX METAIUIOB ¢ MaKpormukmmdeckumu ocHoBammsmy [llmdda ma ocmope
nEppol-2,5-auKapbanbIerusa, COYeTAIOmui Ha IepBoi CTaguy cOOPKY YKPYIHEHHEIX
(bparMeHTOB-PEMINECTBEHHMKOB ¢ MOCTEMYIONTEM HX HCIIOJIb30BAHMEM B TEMITIATHON
c6opke OCHANEPHEIX KOMIUIEKCOB C MaKpOIMKIMYECKMMY JMTAHAAME. B KauecTse
TCMIUIATHEIX  aTCHTOB BHEPBbIC NPEHNOXKEHO HCIONL30BATE TPUMETHIIALCTATHEIE
KOMILIEKCH! [IEPEXONHBIX METAILIOB, YTO TO3BOJIET HIPOBONUTE TEMILIATHYIO ¢60pKY B
CpeNax ¢ HM3KOH TONSPHOCTHIO M HOMydaTh B HMX XOPOINO PACTBOPEMbIE Ou- W
DOJAICPHBIE  MaKPOIMKIMIECKAE KOMIDIEKCHl C TPUMETHIANCTAT-AHMOHAMA B
Ka9eCTBE SKCTPATHTaHIOB.
e B peakiusix mpAMOM  KOBAEHCAIMH nHppon-2,5-aukapGansaeruia c
O-QCEWICHIAAMIHOM W 2-aMHHOIH()CHHIAMHHOM B TIPHCYTCTBHH 9-THAnEpHOTO
Tpumerananetata  HuKemi(ll)  Nig(HOOCCMes)s(1ts—OH)3(pa~OH)3(0O0CCMes);,
CHHT¢3MPOBAHEI HOBBIE MOHO-, OM- W TerpasiepHble KOMIUIEKCH HHKENS ¢
ocHosarmavu [Mudda.
© Briepssie nomyuens! 6asyepasie kommirexcsl Co(Il), Ni(IT) u Cu(Il), conepxamue xsa
HOHA JTHX METalIOB B HENOCPEACTBEHHOH GIH30CTH APYr K APYTY B IONOCTH
TIOJIHOCTEHIO CONPSDKEHHOTO MAKPOIUKIIA.
o CrpocHEE TOMY9EHHBIX HOBBIX KOMIUIEKCOB M JTMTAHIOB YCTAHOBIEHO C TIOMONIBEO
PEHTITCHOCTPYKTYPHOTO aHANW3a, CIEKTPANBHBEIX METOJOB H KBAaHTOBO-XHMEUECKIX
PacyeToB METOOM HYHKIHOHANA IIOTHOCTH.

Npakrayeckas HEAHOCTH paGoTel. PaspaboTanss HOBbIE IPeNapaTHBHEIS METOIEL

CHHTE32 MOHO- H TIONMANCPHBIX KapOOKCHIATHEIX IpomsBogmbx Ni(ll) ¢
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HONMACHTAHTHEIMEU ocHoBaruaMY [[ndda u 6usnepHsx kapOOKCHIATHEIX KOMILIEKCOB

Ni(II),Co(II),Cu(Il) ¢ MaxponmxmmgeckuMu ocHoBaumsmy Llludda. PaspaGoranmsie

TOAXOABI MOTYT OBITE HCIONL3OBAHEL B CHHTE3€ MPEIIICCTBEHHHKOB JIf TONLYICHHST

PasIHYHBIX MAaKpPOLIMKIIMUECKHX JHMTaHJOB HECHMMETPHYHOTO CTPOEHMS, a TaKXe B

CHHTe3¢ HOBBIX OWM- ¥ TOJUSOEPHBIX KOMIUIEKCOB, OONAJAlOMUX XOpOIIeH

PacIBOPHMOCTBIO B Cpelax HH3KOH TIONSPHOCTH, YTO MpPENCTaBIIeTCsS BAKHBIM LIPH

M3YydEeHHU KATAJIATHIECCKOH AKTUBHOCTH COCOWHEHHH 3TOTO TUNA B TI'OMOTEHHBIX

YCIOBHSX, .

Ha 3amuTty BhIHOCSTES CJIeXYIONIHE MOJIQKEHUST:

- B3aMMOJCHCTBHE NHpPPON-2,5-ANKapOaTbAerina ¢ apoMATHIECKUMH JHAMEHAME B
OTCYTCTBHME TEMIIATHEIX ATE€HTOB, M3YYEHHE CTPOCHMS IOJIYYEHBIXK MIPOAYKTOR
METOZaMu SAMP-, VIK-cnexTpockonuy, Macc-CIIEKTPOMETPHH,
PEHITCHOCTPYKTYPHOTO 2HANW32, H3yICHWE CBOMCTB IONYYCHHBIX IIPOLYKTOB B
PEaKIusIX ¢ aMAHAMY;

- B3AUMOJEHCTBHE IHPPON-2,5-IuKapOalbIeruia ¢ apOMATHYECKAMH AHAMHHAME B
OPUCYTCTBHM  9-THSANEPHOTO — TPHMETHIALCTATHOrO  KoMiuiekca  mmkesma(ll)
Nig(HOOCCMes)4(1s—OH)3(13—OH);(00OCCMes);; B pasiuMuHBIX  YCIOBIAX,
H3y4EHHE CTPOCHUS ¥ MAHMTHBIX CBOMCTB IONy4eHHEIX KoMmiuiekcos Hukens(Il) ¢
ocHoBanuamu [Tudda;

- cuHre3 OumsmepHex xommnekcor Hukena(Il), xobamsra(ll), wmemu(ll) ¢
MaKpoLWKMIecKaMa  ocHoBaHusmu  IIImpda mHcxoms ¥3  yKpyUHEHHOro
NPEATIECTEEHHIKA I TeMInaTHO# cGopxn - [1+1]-ocroBanus [ludda Ha ocnose
mEppon-2,5-muxapbansaeruia H  o-GCHICHAMAMMHA ¥  TPUMETHIAICTATHBIX
komimiekcoB Hukesa(1l), megu(Il), xobamsra(ll) B kxauecTne TEMILIATHEIX ArCHTOR -
Ni(OOCCMe;3)a(NEt3)o; Cup(OOCCMes)s(NEL;),;
Nu(pz-OOCCMeg)4(n2-OOCCMeg)2(HOEt)6(pL3~OH)2 ;
C04(}L2-OOCCM63)4(T|Z-OOCCMeg,)z(HOEt)e(ug-OH)z 5
U3y9CHHE CTPOCHHMS TOMYIEHHBIX KOMILUIEKCOB M MX CHEKTPAIBHBIX apaMeTpoB H
MAarHUTHBIX CBOMCTB;

~ B3amMmopedicreme  [I1+1]-ocmopamms Illubpdpa ma ocmose  muppor-2,5-
JEKapOalbaernia U o-QeHIICHAVAMUHA ¢ TPHMETHIALETATOM pomus(ll) -

Rhp(OOCCMes)s(H20), ; w3ydenre CTpOSHNS ITOIyYEHHOTO KOMILIEKCA METOAME



PEHITeHOCTPYKTypHOro  amamasa, 'H,°C SJMP-cmextpockommm u UK-

CIIETPOCKOIIHM;
= CpaBHCHWE CHEKTPAIbHBIX XapaKTEPACTHK CBOGOIHOTO W KOODIWHHPOBAHHOTO Ha

aromax Rh(Il) [1+1]-oceosarms [llupda ra ocrose IHEPPOJ-2,5-nukapbansaeruna

1 0-(heHUICHInaMAH.

Anpobanus pa6oTr. Matepuans JccepTaimy OBl [peJCTaBieHsl Ha XX
Mexnyrapomuoit Uyraesckoit KOH(EPEHITNE 10 KOOPAMHAIMOHHON XUMHAN (Pocros-
Ha-Jlory, 2001 r), III Beepoccuitckoit KOHbEpEeHIu 10 XuMuK KJIaCTEepOB
«Tommsneprrie cucTeMsl u akruBanma CO,» (Kazame-Yeboxcapsr, 2001 r.), XVII
Mexaysaponsom UepHSeBCKOM COBEIMARHE 110 XUMUW, AHAM3Y ¥ TEXHOJOTHH
IATHHOBRIX  Metannos  (Mocksa, 2001 r.), T'ymGompropckoii xoHbepeHIun
«Biomedical sciences 20015 (Mocxksa, 2001 1.), Mexzaynaponroi kouheperman «New
Approaches in Coordination and Organometallic Chemistry. Look from 21-th centuryy
(Hexumit Hosropoz, 2002 r.). PaGora ormeuena BTOPOH mHpemuelf Ha KOHKypce
Hay9rpIX pabor MOHX um.H.C. Kypuaxosa s 2000 Toxy.

IlyGmxaman. Ilo wmarepuarnam AUCCEPTAIIHOHHOK pabOoTHl OImyOIMKOBaHO §
newartHeX paloT, B TOM wumcne 3 craThm W Tesuch 5 JIOKNaoB Ha HAYYHEIX
KoHbepeHmmax,

O6mem u cTpykTypa paoTs:. Juccepraias cocront u3 BBEsCHNS, JINTEPaTypPHOTO
0630pa, 0GCY:KICHNS DPe3yNLTATOB, SKCTICPIMEHTAIBHOY YacTH, BHIBOJIOB W CIIHCKE
matepatypsl. Obmmit o6bem mucceprammm 114 CTpaHWIl, B TOM umCcle 28

PHCYHKOB ¥ 3 TabIIHIbL,

Conepixanme pa6orsr

Bo BBenenmm 060cHOBEBaCTCS AKTYaJIBHOCT TEMBI, BEIGOP OGBEKTOB ¥ IEmH

HCCIICIOBAHUS.

LJIureparypubrit 0630p
Imasa oTpaxaer coBpeMeHHOE coCTOSHHE —XuMEE MaKpOLHKIHYIECKAX
ocropanuil udda ma ocnose pasmranbx AUKapGOHANBHBIX H THAMWHCOLEPKALINX
IPCAIMECTBEHHAKOB M X OK- H MOIMANEPHEIX KOMIUIEKCOB ¢ METAUIaMH TIEPEXOHOTO

psza.



II.OknepuMeHTAMBHAS YACTE

JlanHas raBa OCBAMIEHA OMHCAHKIO METOLOB CHHTE3A HCXOMHBIX COSIHHEHNH,
METOJMK OYMCTKM HCIONB3YEMBIX B CHHTE3¢ pacTBOpuTeNned.  IIpmBomsrcs
OpUrMHAJIBHBIC METOIMKH: cuHTesa [l+1]-ocmosammit Illudda wums mmppon-2,5-
maKapbanplieruna,  o-(eHuIeHIuAMEHA, 2-aMUHOMU(EHUNAMIHA,  TIONy9CHUS
TPUMETHIIANCTATHRIX KoMmIlekcoB Hukena(Il) ¢ Oomee ClHOXKHBIME JHTaHIZAMH,
HOJNy4CHHBIME Ha OCHOBE IHpPPOJI-2,5-TuKapbanbaeruna, 2-aMaHo (e HIIaMIEa i -
(erunen muamuna; cuaTe3a GusiepHbIx KoMiexcos makena(ll), memu(ll), xobansTa(ll)
C MaKpomuKieckumy ocHosanuamy [lludda [2+2]-Tuma Ha  ocHoBe mHppOI-
2,5-mixap6anpaeruna u o-QeHWICHIHAMUHA; CHHTE3a OHSIEPHOTO KOMIUIEKCA
ponus(Il) ¢ [1+1]-ocuopanmem [ludiba, monyyeHHEM 13 THPPON-2,5-muKapOanseruna
u o-(eHunenmaMuna. [IpHBEICHE! TaHHBIE SIEMEHTHOTO AHATH3A H CIEKTPAIBHEIE
XapaKTEePUCTHKM BCEX IOJYYECHHBIX COEMMHEHMH M ONHCaHue NHGBPAKIHOHHBIX
9KCHEPUMEHTOB i1 COENUHEHUH, 0XapaKTepU30BaHHEIX MeTozioM PCA.

B xauecTse MeTONOB HMCCIENOBAHUS MCIONB30BAHE XMMHUESCKHH aHamus, MK-
CHEKTPOCKOMHS, dMEKTPOHHAS CHIEKTPOCKOMKS I TOMHKPUCTAINYECKUX 00pasoB 1
B PacTBOPE, Macc-CHEKTPOMETPHS, HMP, PEHTTEHOCTPYKTYPHEIA aHATH3 U W3MEPEHHs

CTaTHHECKON MarHWTHOM BOCOPHAMYHBOCTH B Auanasone 2-301K.
III. O6cyxaenne pesyanTATOB

IIL1. Kommenmcanus nuppoa-2,5-iuamenermpa ¢ 1,2-mnampHoGenzonom um 2-
AMHHOIUGEHHIAMHAHOM B OTCYTCTBHE TEMILIATHBIX ATeHTOB,

Peaxuww 0,0 -uxapGOHMIBHEX IPOH3BOAHEIX (EHONA, MHPHANHA, TIHPPOIa C
JHaMVHAMY B OTCYTCTBHE TEMILIATHBEIX Ar€HTOB OOLIYHO NPHBOIAT K 0OOPa3OBAHMIO
CMECH ONUTOMEPOB, ¥ JIMIIb B PEAKHX CIyYasX yHAETCS BBIAENMTH ¢ IPHEMIEMEIM
BEIXOZIOM COOTBeTCTBYIolue [2+2]-Makponukizdeckne ocuoBanus Ilupda [D.E.
Fenton and R. Moody, J. Chem. Soc., Dalton Trans., 1987, 219]. Tax, B peaxiumsax
MHPPON-2,5-IuKapbarbierua ¢ amupaTadecKUMA A¥aMAEAME JHIOL B clydae 1,2-
JHAMAHOITAHA YAeTCS BEIIEIMTE C MIPACMIIEMBIM BEIXOAOM COOTBETCTBYOImuM [2+2]-
MAKpOLHMKJI, JWAMHEBEI C OoOlee MNNHHHON YrIEBOJOPONHOM LEMBI0 NAIOT JIHIIb
npoxykTel oymroxonnencanyu [D.E. Fenton, et al, J. Chem. Soc., Dalton Trans., 1986,
693].



Mel 06HApyXEMH, 9TO pEakuud NIHPPON-2,5-muKapbansierdfia ¢ MeHee
HyKTeOhTHBIME [HaMHUHAME — O-(CHHICEIMAMHEOM, 2-aMUHOZN(EHIIAMHIHOM, ~
mpz 1,5-2 4acoBOM KHMILTYCHWH B aGCOMIOTHOM ITAHONE HIH ALETOHHTPHIC [AKT C

BEIXOIOM, ONM3KEM X KOJNHMSECTBEHHOMY, TONBKO NPOIYKTE [1+1]-KoHmeHcaimm

(cxema 1).
NH,
T H BOH g H
g - )
NHR O g O 0O u N
R=H(2), Ph(3) 1
RHEN
R = H(4), Ph(5)
Cxena 1. Korpencanms mappon-2,5-suanmreranz (1) ¢ o-emmnenmuanmuom (2) # 2-

avuHOH(peHIIaMIHOM (3) B OTCYTCTBHE TEMILIATHEIX ar€HTOB.

CoemuHeEHa 4 U 5 He BCTYIAIOT B JIbHEHITHE Peakyy ¢ aMHHAMY [0 ATbACTHIHON
rpynue. Ilo mampen PCA, coemuuenye 4 B XpuCTaue CymIecTBYeT B BHIS IHMeEpa,
06pazoBaHHOrO 33 CUeT MPOTHBIX MEXMONCKYISPHBIX BOJOPOAHBIX CBI3EH MEXIy
aroMaM¥ KHCIIODOJ@ aIbJETHAHBIX IPYyII H aTOMaMH BOJAOPOZa aMHUHOIDPYIII
denueroBoro pparMerTta ¥ rpynnuposkn NH muppomeroro xomena: (O(1)..HINH)
2.157 A, O(1)..H(NH,) 2.328 A) (puc.l). Tlo namEem SIMP (W3MepeHHE SANCPHBIX
sd¢exrop OBepxayzepa Ipu OONYYeHWM CHWTHAJOB AJBAETHAHOTO U A30MCTHHOBOTO
TpoTOROS JmTaEke 4), xombopmanns ymrania 4, GneronpmaTHes Ay o6pasoBaruf
npoudoro jumepa 4..4, coxpamserci ¥ B pacTBopax. [Io IaHHLIM KBaHTOBO-
XHMHUYECKOTo  pacdera (Merox  GyHKIMOHaNa IUIOTHOCTH, HE3MIHPHYECKH
nocrpoernsti ¢ynxmvonan PBE, TZ2p 6asuc), SHepras JUMepH3alliy COEHHEHAS 4
cocrarmger 15.4 xxa/moim., 'eoMeTpudeckHe NapaMeTpel JMMEpa, IONYy9ICHHEE B
pacdeTe M DEHTTEHOCIPYKTYPHOM SKCIEDEMEHTE, XOpOImO Coryacyrores. ITmockoctd
MEPPOIEHOr0 ¥ (EHIIPHOrO LMKIOB OOpasyloT MExAy co00H ABYTPaHHBI yrox
18.3%(pacuetHoe 3Hadenume 14.3°), a IUIOCKOCTb, TPOXOMAINAs 9epe3 aTOMEI
asomermHoBoi menoukd C(1)C(6)N(2)C(7), o6pasyer ¢ ILIOCKOCTAMM (DEHMIBHOIO U
THPPONBHOTO IUKIOB yruiet 21.5° 1 4.2° cooTBeTCTREHHO (pacueTHEIe 3HAYeHNs,17.1° n
2.8%). @opMmIIBHAS TPYTIA HOBEPHYTA OTHOCHTENBHO INIOCKOCTH NEPPOIIBHOIO IHKIA
Bokpyr cBssu C(4)-C(5) ma yrom 2.1° (pacuerHoe 3Hauenwe,1.2°). MuHuMaTbHOMY
3HAYEHHIO TOJHON SHEPIMH MOHOMEPHON MONEKymhl 4 COOTBETCTBYET HEILIOCKas

xoHtbopmanms ¢ Topcuorasm yrioM C(1)-C(6)-N(2)-C(7), pasmemt 34.6°. Ipyro#



BO3MOXKHEIH H30Mep, B KoTopoM aToM H mepeneces ¢ nupponsaoro atoma N ua atom O

(opmMuTBHOH IpynIE! (eHOIbHAS (OpPMa), JIEKHUT BBIITE IO SHEPruM Ha 19 KkKa/Moib.

Puc.1. Crpoemme qamepa ocuosanus Hudda 4 mo namusm PCA.

OueBuHO, 9T0 AMEHHO CBSIBIBAHHE B IPOUHBLA AUMEp SNBISETCH [IPHTAHON
HHEPTHOCTHA 4 B PEaKIMaX KOHICHCAIMH B OTCYTCTBHE TEMIUIATHEIX AT€HTOB. TOMBKO
1pH OPOAOIKUTENBHOM KHILTICHIH B O-KCHIIONE, IO JaHHsmM IMP(rpyrms: curaaios B
QIBJCTHIHON 1 a30METHHOBON 06NACTAX MPOTOHHOTO CHEKTpa)- ¥ MK-CHeKTpocKonmy
(rpymmer momoc mormomerns B obmacte xoneGammit N-H caszedt u KapOOHUIBEHOR
06acTH CHeKTpa), COSIUHEHNE 4 JaeT MPOTYKTH OATOKOHICHCALIHH.

OtmersM, 910 4 MOXET CIyXUTh YAOOHBIM CTPOHTCNLHBIM GIOKOM JUIS
CHHTE32 Pa3MYHBIX MaKPOIMKIMIeCKkuX ocHoBarmi Iludda xax cuvmerpuasoro, rax
H HECHMMETPUIHOTo cTpoenms. IIpu 3ToM Bo3HHKaer npobiema akTwpanuu 4 wimw 5,
YTO HNPHHANWIAATGHO BO3MOXHO, HAUPEMEp 3a CUET B3AUMOLEHCTBHA C aToMamu

NEPEXOIHOTO 3TIEMEHTA.
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112 Kommemcauwa NHPPOI-2,5-mmanspernfa ¢ 1,2-Tmavmuofensonom H 2-
aMEHOAA(EHAIAMUHOM B IPHCYTCTBHH 9-THAAEPHOrO TPHMETHJIALETATHOIO

xomitexca nukemns(l).

Tpmviemnaue'ramme KOMIUTEKCHI MEPEXOJHBIX METAIOB o0nmamaoT XOpOUICI‘;I
PacTBOPUMOCTEIO B OPraHmHCCKIX pacTBOPATCIAX, B TOM THCIC B HEIOJAPHBIX
IpenenbHbIX YIIIEBOJOpOMAAx, €TO Jenaer WUX BeCbMa NEPCHCKTHBHBIME IIPH
HCIONB30BAHME KaK TEMITIATHEIX aT€HTOB B PeaKkMiaX KOHACHCAIHA ,IXHI(ap6OHHJILHLIX

COSNUHEHWH ¢ JHAMUHAMH B HEOJSIPHBIX Cpeax.

Nig(HOOCR )4(pis-OH)3(5-OH)s(un-OOCR) 12 6

z@-HN NH, q \H
N
3
g -2
1

Cxema 2. KomzmeEcarmms mappon-2,5-mxapbanserena (1) ¢ o-genmnenmuamusom (2)
1 2-avuHO-TEbeHmIaMAEOM (3) B IPUCYTCTBAN 9-THSAIEPHOTO KOMIIEKCA guxerns(Il)
(6).

B mpucyTcTBAM O-THSNEPHOTO TPHMETHIALETATHOrO KOMIIEKCA HHUKEI (6)
KOHJIGHCALs nmppon-2,5-mukapbanegernaa (1) ¢ apoMaTvdecKuMM AHAMUHAME
IIPOTeKaeT B MATKHX YCHOBHSX (Harpepamue fo 50-60°C) m mpHBOTUT B Cry4ac 2-
avusosndermmaMuEa  (3) B KAYECTBE AMAMMHCOJEpXAEed KOMIOHEHTHL K

(OpMHPOBAHMEO MOHOSAEPHOTO KoMILTeKca HuKe (7) ¢ JIHranjioM, Tpe/ICTaBLToMmAuM
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co60o# AESIPOTOHUPOBAHEEIT HPOIYKT KOHACHCALWE OAHO MOJNEKYIIH JHATBIEIHNA K
JBYX MONEKyl xuamuHa (cxema 2), CTPOSHHE KOTOPOTO YCTAHOBIEHO METOLOM

PEHTTEHOCTPYKTYPHOTO aHaA3a.

C{25)

Puc.2. CtpykTypa xomruiexca 7.
2

B xommexce 7 (pmc. 2) BO RRAUMONENCTRUE C METATTOM VUACTRYIOT TOJLKQ
TPH U3 IITH aTOMOB a30Ta JIMraf/a, CIocobHEX K KOMILIEKcooOpa3osanmio. Ilpn atom
Hanbornee KOPOTKOM oOKaskBaercd cBs3b Ni-N ¢ ueHrpamuEmM atomom N(2)
(2.009(3)A), B To Bpems xax ceass ¢ atoMom N(3) (2.110(4)A) asomerumosoro
dparMenTa HECKONBKO ITMEHEE, 4 PacCTOSHEE OT aToMa HEKENS 10 aroma N(1)
I eHITaMEHOBOM rpynnupoBky Hanbomsimee (2.187(4)A).

Koopnumarms atoMa Hvkens(Il) JOTOTHIETCs O HCKAKERHON OKTasAprIecKol
IByMs aTOMaMH KHciaopoja xemarrod (Ni-O 2.097, 2.150(3)A) u ommmm aTomom O
xoHueeol (Ni-O 1.997(3)A) tpumermnanerarnex rpymr. [hnockat koEGOPMALEL Beero
Jurasga (32 HCKMOYCHHEM (EHMIGHBIK 3aMecTHTeNell aMHHOIPYNN) SBIAeTCS
CHEACTBUEM CONPDKEHMS 7-DIEKTPOHHBIX CHCTEM JBONHBIX CBsI3Ed IHPPONLHOTO M
JBYX (eHnIcHOBHIX (parMeHTOB. PacupeneleHHe IUIMH CBS3eH B NHraHae (CBA3M
N(2)-C(23), C24)-N(@3), C(25)-C(26) u C(28)-N(4) mMe0T MOIMEH OIM3KHAE K

I[BOﬁHExRVI) TO3BONACT IIPEAIIoIaraTth HaJM4YMe 3aMETHOTO BKJIaZa B €ro OCHOBHOE
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COCTOSIHHE IBATTEP-HOHHOH (OPMEI C HONOKHTEILHBIM 3aPANOM Ha ATOME N#4) n
OTpunaTeibHEM Ha arome C(27) muppomsHOro makna. OTMETHM, 9T (OpMATsHO
Jrany ABNACTCS HEHTPAIBHLIM (NONOXKHTENBHBI 3apsn aroMa JBYXRAJICHTHOIO
HUKSIS KOMICHCHDYETCS OTPHUATENBHEIMA 3apANaMi JBYX TPHMETHIAETATHEIX
GHHMOHOE). B JHTaHie DPHCYICTBYIOT TPHM aKTHBHBIX nporoHa (mpm aromax N),
CIocoOHEIX K 06pa30BaHMIO BOLOPOAHEIX cBsaeii, [Ipu 5ToM 1Ba U3 HAX HN1) m HN5)
06pasyioT AOCTATOTHO NPOTHEIS BHYTPAMOMEKYIAPHEE BOXOponHsle chsasu N-H..O
N(1)-H(N1) 1.00(5) &, H(N1)...0(4) 1.75(5) A ; N(5)-H(NS) 0.89(6) A, H(NS)...0(1)
1.98(6) &), a Tpermit H(N4) 3HauuteNsH0 MeHbIe YY4CTBYET B KOPOTKOM KOHTAKTE
H...O (N(4)-H(N4) 0.81(4) &, HIN4)...0(1) 2.31(5) &).

Hamrune wMarBMTHOrO wUeHTpa - aroma mukena(ll) B 20-smextpommoit
KOH(HTypaIuy, - ONpeNeNseT MArHHTHEIE CBOMCTRA KoMIITeKca 7. COIIACHO IAHHBIM
MarHUTHOH BOCIPHMMYHBOCTH S(QQEKTUEHEI MareWTHEI! MOMEHT KOMILIEKca 7
cocrasisetr 2.89 M.B. npr Temueparype 301 K.

Kompencanms  mappon-2,5-mukapbamsaeruna (1) ¢ HesaMememEsmM  o-
(ennnenmaMuHOM (2) B NPHCYTCTBME 9-THSIEPHOTO KOMIUIEKCA HEKELS 6 Tarke
UPOTCKAET B MATKHAX YCIOBUSX (Harpesanue 1o 50-60°C) u maer ¢ BRIXOIOM 0K0JI0 30%
HeoObpMHBIE 4-5NepHEIN KOMILIEKC HEKeIs 8, B KOTOPOM B Ka49eCTBE JMIaHIa
BRICTYIACT NPOXYKT KOHICHCAUMHA IBYX MOIEKYN JHAalbAeHfa H TPeX MONEKY:
nmamuHa (cxema 3).

o mammsm PCA, B Monexyne komiuexca § YETBIPE aroMa HUKENd 00pasyioT
MeTajioocTos B popme 6abouxu 6e3 cBs3e MeTalI-METaIT (Ni...Ni(ocesoe) 2.946(1)
A, Ni...Ni (3 xpsbsx) 3.125(1), 3.154(1), 3.436(1) u 3.440(1)A). AtoMbr meramia
CBA3AHEL TPEMS MOCTHKOBEIMA TPHMCTHIIANETATHEIME i JByMs 13-OH (Ni-O  1.967(3)
- 2.017(3)A) rpymmamm. Kpome 3roro, omum u3 nepadepriiHEIX aTOMOB MeTaylIa B
KPEUIBAX COACPIKUT KOHLEBON TpUMETHIALeTaTHsI amwon (Ni-O 2.008(3), C-O
1.281(6), 1.244(NA), a nmpyroit - MmoEHONEHTATHO CBS3AHHYIO  MOJEKYIy
TPEMETHIYKCyCHOY  kmomoter  (Ni-O  2.155(3), C-O 1.135(8), 1.410(10)A),
THAPOKCHIBHAS TPyNIa KOTOPOH YYacTByeT B 06pa3oBaHUM BONOPOXHOM CBS3H
(1.95(4)A) ¢ oxzmo# M3 COCENHHX MOCTHKOBEIX TPEMETUIANETATHRX TPymH (puc. 4).
Kaxistit aTom MeTamia KOOPAMHUPOBAH aTOMaMH a30Ta MaKpOLMKIMYECKOTO JTUraHAA
(Ni-N 2.037(4) — 2.092(4)A, Ni-N(NH,) 2.111(4) — 2.140(4)A), xoTOpEIf OXBATEBAET

Bech (parment Niy(113-OH),. Crefyer 0TMETHTS, 4TO B THTAHAE TIPUCYTCTBYIOT BE
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aMHHOIPYIIE! (PHC. 4), CBA3AHHEIS C OIHHM M3 ATOMOB HHKEJNS|, KOTOPHIE MOTYT GLITh
BOBICHUCHE! B NANGHEHINYI0 KOHACHCALMIO ¢ KapGOHMIGHBIME COSTUHEHHSMH. DTO
OTKpLIBACT BOMOXKHOCTH JUI1 HAPAIIMBAHMA YHC]I4 ZOHOPHBIX HEHTPOB B JUraHie U

KO/IMICCTBA HOHOB METALIA «BHYTPEHHETO)» METAJZIOOCTOBA.

Nig(HOOCR)4(j14-OH)s(13-OH)3(1a-OOCR) 2 6

&
NH
NH, 6 B o
2 1

MeCN
Y[MH
H. N \N
o\

Y '

AN
NiZ \‘-‘ o ! #
S W RC
“Ni 3
R=CMes R

Cxema 3. Kornercamus muppon-2,5-aukapbansieruza (1) ¢ o-benmmenanamunonm (2) B
npucyrcTead 9-tuaneproro kommrekca Hukens(Il) (6) B anerormTpHITE.
Coemurerne 8 obnanaet deppoMarHuTHEIME CBOHCTBAME (PHC. 5), 9TO BeCHMa

HeoOBIMHO pasis: s Kap60KCHIIaTHHX KOMILJIEKCOB HUKEIS.



Puc.4. Crpykrypa xoMmtexca 8.
u /1Niarom
3.4+
® e g 4 . i
32- ¢ o o o ® ] ®
o ®
e
2.8H®
®
]
268
o
3
245
i n 1 1 L 1 " L " 1 L i
0 50 100 150 200 250 300
T.K

Prc. 5. Marawrusre crofictsa KoMmexca 8.

350
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JlobaBka HEGONBINOrO KOIMYECTBA YKCYCHON KHCIOTH B PEakUEIOHHYIO CMeECh
Opd KoEfeHcalye 1 ¢ 2 B mpucyTcTBHM 6 KapJHHATILHO MEHAET XOJ[ peaknuy. B sTom
Cllydae OCHOBHEIM IPOAYKTOM DEAKITUM SBISIETCHS OMANEpPHBI KOMIUIEKC HUKEII C
COOTBETCTBYFOIIM [2+2]-MakpormimeckuMm ocHosanuem TTudda (9) (ssxox 45%),
KOTOPHI#  IOCTENEHHO KPHCTRIA3YeTcs W3 DEaKIMOHHON MACCHI, LIOCKONBKY OH

obranaeT HU3KoH pacTBOPUMOCTEIO.

Nig(HOOCR) 4(pu4-OH) 3(13-OH) 3(a-OOCR) 12 6

L J
NH,
N
2 1
MeCN
AcOH

H
Y%
N N
‘Ni‘/OYMe H
8 N

A

H—(ve (le\

N
=

H
9

Cxewma 4. Konnercanms nuppon-2,5-nuxapbamserana (1) ¢ o-bermnemmamuron (2) B
npucyTeTBul 9-TEAnepHOro Kommnexca mnkeni(ll) (6) B ameromuTpmie ¢ K06aBKOM
YKCYCHOY KHCIIOTHL

Ilo mamuemv PCA, B meRTpocHMMeTpraHOi Monekyne 9 (puc.6) o6a aroma Ni
HaXOMATCA B NONOCTH MAKPOIMKJIMYECKOr0 JWMraH[a, M KAKAGH H3  HHX
KOOpMHUPOBAH € TPEMS aToMaMy a30Ta Makpouukia (Ni-N 2.029, 2.034 u 1.937(2)4).
KoopmuHanmoHEOE OKpyXeHHEe aromOB Ni JOmONHAeTCH [0 HCKAKEHHOH
TPHUTOHATEHOM OHIMPaMEIBI JBYMS aTOMaMH KHMCIOpOJa OBYX ANETATHBIX MOCTHAKOB
(Ni-O 2.021, 2.010(2)R). Mesxaromroe pacctogrme Ni...Ni 2.5123(8)A cpasamMo ¢
Hal{[eHHEIMY B OUANepHBIX KapOOKCHIATHBIX KOMINIEKCAX HHKEIS CO CTPyKTypo#

“xuTalicxoro donapuxa”. HapymeHns [IaHAPHOCTH CONPSKEHHOM MAKPOIIMKITATECKOM
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CHCTEMBI HEBENUKY I cocTaBImor +0.094, Tawke HeBenMKy 3HAYEHHA YIIIOB MEXIY e
nnockrm Gersomsasm (C(3)-C(8)) m mupponsasmM (N(2),C(10)-C(13)) dparmentamu,
asymsn  marwaneREEME - (Ni(N(DN(3)C3)C(8); Ni()NERNG)CO)C10) =
mectewienEsM  (Ni(1)Ni(12)N(2)C(13)C(14)N(1a)) merammommkmami. I[TmockocTs,
IpOXONsmas epe3 Bce HeBOAOPOuHBIC aroMbl Maxpommkia CyHieNg (arom Ni
HaxommTes Ha paccrosmmm 0.04 A or sroif mimockocTu), ofpasyer ¢ INOCKOCTBIO

aleTaTHOTO MOCTHKA ABYTPAaHHEIH yroi 89.5°.

Pric.6. Crpykrypa xommekca 9.

HarBEle CTaTHueCKO¥ MAarHUTHOM BOCIPMMMMHMBOCTH i1 KOMIUIEKca 9
TIOKA3BIBAIOT, YT0 €0 3(h(hEKTHBHEIN MArHHTHBIA MOMEHT pacrer oT 0.569 mo 2.614
Mb. mpu moBBITeHEH TeMmepaTypsl oT 2 mo 301K (puc.7). Umrepmperarms
TIOTYYCHHBIX OKCIEPUMEHTATLHEIX JaHHBIX, NPOBEIEHHAS METOIOM HAHITY9YIIero
TpUGIIKEHUsE MEXITY H3MEPEHHBIME (Y°) M TeoperweckuMu (y') 3HATCHHAME
CTATAYECKOM MATHATHOM  BOCUIPHHMYMBOCTH, pacCUMTaHHOA Ha 1 r-atoM
TNapaMarHUTHBIX aTOMOB, faa: S=1,<g> = 2.01; -2J = 360 cv™\(pme.7). Taxum obpaszom,
B uccrenyeMoM Kommekce nea moHa Ni(Il) cp#3aHbEl aHTH(EPPOMATHWTHO, TpUYEM
HepBBI BO3GYKHCHHBIA yPOBEHD (TPUILTETHEIA) HAXOMMTCA HA PACCTOSHHE 360 om”
(~1 xan/monB) OT OCHOBHOTO (CHHIVIETHOTO), 9TO CPABHAMO ¢ H3BECTHEIME JUMEPAMH

HEKeI CO CTPYKTypoH «kutajickoro domapmkay (-2J=260 cm). CIpyKTypHEIE X
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MATHUTHEIE CBOMCTBA OMAHEPHOTO KOMIUIEKca 9 C©  BEICOKOM  TOYHOCTBIO
BOCIIPOM3BOISTCA B KBAHTOBO-XMMHYCCKOM DacdeTe METOZOM  (YHKIHOHATA

IJIOTHOCTH.

Hood.
3.0

25 +
2.0 r L
1.5t i

1.0 00®®

0.5 |

0 50 100 150 200 250 T (K)

b N A FTYY YA AT AT
Puc.7. Marautabie cBoHCTRa KoMIuiexca 9.

Koumrneke 9 mpakTHIeCKM HEPaCTBOPHM B HENONAPHBIX PACTBOPUTENAX H
orparmgerHo pacteopmM B JIMOA, IMCO 4 nupuuse.

[lpuBeneHEble  BHING  [aEHEIE  MOKA3HRBAIOT, 910 HOJMAAEPHBIC
TPHMETHIAIETATHEIE KOMIUIEKCH IEPEXONHBIX METALIOB MOTyT OBITH yCIICITHO
HCTIOJB30BAHE B KAYECTBE TEMIUIATHBIX ATeHTOB B KOHICHCAIMHM TUKApOOHUJIBHEIX
coemuHeHni ¢ guavuHAME. OIHAKO HaUpaBlicHAe TEMINATHOH COOPKE OMpENesieTes
MHOTHMHE (aKTOpaMF, XOJ DEaKIMM CHIBHO 3aBHCHAT OT KOHIIEHTPAIMM DEareHToB,
TEMIIEpaTypsl, HATWYHS MaibiX OpuMeceif B pacTBOpHTENe. B CBS3H ¢ STHM UL
HoNydeHns GONCe ONHO3HAYHBIX DE3YNLTATOB MBI paspaboTand KOMOMHMPOBAHHEIH
IBYCTAIWIHEM TOXXOJ, COCTOSIMA B TOM, 9I0 Ha HEPBOM CTAXMM MPOBOIMTCH
GecTEMIUIATHEIE cuHTe3 Goee KpyMHBIX CTPYKTYPHEIX (PParMEHTOB, KOTOpHIE Hainee

COSHpﬂIOTCH B MaKpPOIUKII B IPAUCYTCTBIH TEMIIJIATHOI'C arcHTa.
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IL3. Asycrapmiinsii cuBTes Gasaepabix Komimiexcos Ni(Tl), Cu(Il), Co(Il) m
Rh(I) .

Ocroanme Illmpda 4, xoTOpOE B OTCYTCIBHC TEMILTATHEIX ATEHTOB HE
pearupyer ¢ aMUHaMH, B IPHACYTCIBUA TPHEMETIIALETATOR HAKEIS, MEIR W KoOalIeTa
JIETKO BCTYTACT B JabHCHINNE KOHeHcanw. KaK [I0Ka3aii Halmy SKCTIEpUMEHTE, IS
IOCTPOSHHS. OUSNEpHBIX KOMILIEKCOB ¢ MAKDOIMEKIMYCCKAMY IHIAHAAME B TAKHX
peakumsx ynoOHEE BCEr0 WCHIONG30BATh TPEMETRIIALICTATHHE KOMIUIEKCEL CO
c’rp&xrypoﬁ “kmrafickoro  Gomapuka”, comepxamme JAGWIBHEE JIHTAHIN B
AKCHAIBbHEIX MONOXKEHWIX. OHH yXe HMEIOT HeoGXOmuMBIH METAJNIOOCTOB, YTO
TI03BOJLACT IIPETIONAraTh BEICOKHH BEIXON COOTBETCTBYIOIEX GUSIEPHEIX KOMILIEKCOR

¢ MaKpOIHUKTHYCCKUMY IUTaHaMu.

1)Ni;(OOCCMes)s(NEt3); (10); o-kemmnorn; A

mmi Nig(pp-O0CCMes)s(n~O0CCMes),(HOER)g(i3-OH), (12); BtOH; A
i) Cu(OOCCMes)y(NEt;)s (11); 0-kcumom; A

fifii) C04(}L2-OOCCM€:3)4(T]2-0OCCMe;)z(HOEt)G(ug-OH)z (13); EtOH; A

Cxema &Peaxmm ocHoBanus Illudpda 4 ¢ TPEMETHIANETATHEIME KOMIIEKCAME
Ni(II),Cu(IT),Co(ID).

B peaxmmm coemumeHms 4 ¢ GusmepHBIM  KOMILIEKCOM  HEKENT
Nip(OOCCMe;)s(NEts), (10), comepxampM TPEITIIAMAH B KAaYeCTRE AKCHAIBHEIX
JIMTaHAO0B, YHACTCA BRIETUTH C BhIXOAoM 81% Ousmepmeni xoMmnexc Humkens 15 ¢
[2+2]-MaxponuKIIIdGEcKIM MTABOM B ZBYMS MOCTHAKOBEIME TPHMETHIALETaTHEIME
SKCTPATMTAH/IAME, AHATOTHIHBLA IO CTPOSHHEIO aleTaTHOMY KOMIUiEkcy 9. B oTmmume
OT 9, OH XOpPOIIO DAacTBOPHM B ALETORMTPHIE, XIOPHCTOM METHIEHE, xnopodopme,

kcmnonax. Coenuaerre 15 MOXHO IONYYHTE W B peakumu 4 ¢ YETBIPEXBATEPHEIM
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kommrexcoM Hukens(1) Ni4(p.2-OOCCMeg)4(T|2—OOCCM63)2(HOEt)5(u3-OH)2 (12), 5O
¢ Gomee mm3kuM BEXONOM (55%). Wmemrmumoe crpoeHHe KoMIutexcos 9 u 15 (za
HCKIOYEHHEM MOCTHKOBEIX 3KCTPAIIMTAH/IOB, B 9 SKCTPAIMTaHaMH ABISIOTCS AlleTaT-
AHWOHEL 4 B 15 — TDHMETHIANETAT-aHHOHEL) CNEAYET M3 MPAKTAYECKH OJHHAKORBIX
[3paMETPOB  SIEKTPORHBIX  CHEKTPOB  HODJOMISHHS, AHATOTMYHOTO  Xapakrepa
MarHMTHBIX CBOMCTB 219 9THX Komiuiekcos. B MK-cuextpe wommexca 15, xax u
KOMIUIeKCa 9, OTCYTCTBYIOT LOJNOCHL TOT7omeHus B obmactet N-H xomeGauumii u
KapOOHIIBHOH 06MacTy, 9TO CBHJETENECTBYET O 3aMBIKAHAHM MAKDOIAKIA B STHX

KOMIIIICKCaX.

Hodd.

2.5+ ®
2.0
154 .

1.0f ]

n . 1 . 1 4 i 1 4. N
0 50 100 150 200 250 300
T.K

n
U

Pncg. MaruuTHEIe cBOiicTBa KOoMIITeKca 15.

B ananormumol peaxmme coenuHeHus 4 ¢ CHAZEPHEIM TPHMETHNALETATOM
Mezu Cuy(O0CCMes)«(NEts), (11) o6pasyetcs MakpoIIKIMUECKHi KOMIIIEKC wmemua(Il)
16 (ex0 75%),2 B €ro pPeaKiHME ¢ UETEIPEXBSNEPHEIM KOMIUIEKCOM KODAmETA
C04(p2-OOCCMeg)4(n2-00CCMeg)g(HOEt)G(p.;-OH)z (13) (ObwsimepHEIE KOMILIEKCH
kobansTa €O CTPYKTypoH “KuTalickoro (OHApHKA” W IaBHIGHEIME AKCHATEHBIMI
JMTaHiaMy HE Tak INHPOKO M3BECTHBI, KAK JULL HUKEIS W MeJM) yHaeTcs IIONyYuThH
Omaeps xoMmexe Kobamsta 17, Ho ¢ Gonee EE3KEM BEXOZOM (53%). Crpoenue
KommiekcoB 16 u 17 moxreepxnaercs panasmvE WK-criekTpockommu (OTCYTCTBYIOT
monock! moryomenus 3 ofmact N-H xonmeGammii um xapGommmsmoif ofmacTu, uro

CBUICTCIICTBYET O 3aMBIKAHWH MAaKPOLHMKIA B 3THX KOMILHCKCHX) A MAarduTHEIMHA
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CBOHCTBAMY 3THX KOMIIEKcoB. Ofa OHH TAKXe XOPOIIO PACTBOPEMSL B OPTaHEHECKHX

PACTBOPHTEILIX (XIIOPHCTEIR METHIIEH, XI0POhODM, AMETOHHTPHI, KCHJIOJEL).

Loapd.
1.2F

1.0F r
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Puc. g MarusunTHEIe CBOHCTRA KOMITTeKca 16.

Hatg.
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i) Rhy(OOCCMes)s(H0), (14); o-xcumon/ xiopodopm; A

Cxema 6. Peaximn ocsosarys [udda 4 ¢ Gusneprem TpivermianeraroM pomus(ll).

B coepuHeHmu 14 arompl MeTamna CBs3aHBI HE TONBKO HeThIPbMs
KapBOOKCHIATHEIMA MOCTHKAMH, KaK B TPMMETIIALETaTaX M ¥ HUKENS, HO U CBAIBIO
meTa-MeTal. B peaknuu 14 ¢ 4 IPOWCXOAWT TOIBKO qac'mlmoépazpymeﬁne
CTpyKTypH oHApHKA 3a CIET XENATHOM KOOP/MHAIWY BYX JUraHAOB (IO ONHOMY Ha
KaXX7OM aroMe poaus). [e 13 FeTsIpex KapOOKCUIIATHBIX TPYIII [IPH 5TOM CTAHOBATCH
MOHOJEHTATHO KOOPIWHAPOBAHHBIMHA M YHaCTBYOT B 06pasoBAHWA BOLOPOIHBIX
cBsisell ¢ AMUHOTPYNTaMH JIATAHNOB, 4 7ABe ApyrHe KapOOKCHNATHBIC IPYIIIE!
COXPAHMIOT ~ MOCTHKOBYIO KOOPIMHALMIO € aTOMaMi pomms(ll). Jimuma  CBASH
METaJ-METaIT B KOMITTEKCe 18 HecKombKo 6omblle, 4M B HCXONHOM  Komiuiexce 14
(2371(1)4) u cocrasmier 2.465(7)A. Dror KOMIEKC, BEPOATHO, MOXHO
PACCMATPHBATS KAK MOJENb HHTEPMEnuaTa B cOOpKe OHsIEPHBIX KOMIUISKCOB HIKERA U
Me/H C COOTBETCTRYEONIMM MAKDOLIMKIHIECKAM JTHTarnoM. [Ipn 5TOM HANM4AE CBASH
METANI-META/I B COYETaHHH C  yuc-KoHGurypamuell HByX  MOCTHKOBBIX
xapOOKCHIATHBIX JIHTAHAOB B KoOMIDIeKce 18 ,BEpOATHO, MPETATCTBYET 3aMBIKAHMIO
MaKpOLMKIIAIeCKOTo mrasfa. 1o faHHBIM CTIEKTPOCKOIMY SMP(*H,®C), crpoerme
xommiexca 18 momHoCTBIO coxpansiercs B pactope CDCl u DMSO-ds. Kommekc 18
BeCbMa YCTOHHMB W HE IEPEXONUT B OMsmepHBI KOMINIEKC C COOTBETCTBYIOIIAM
MAKPOUMKIMUECKIM JHTAHOM  TIPY HArpeBAHMU B PACTBOPUTENIX C BBICOKOH
TeMmepaTypoi Kurerns. Jlo6aBKa TPHATHIAMUNA B PEAKUMOHHBIE PACTEOP TAIOKEe HE

IPUBOIXT K 3aMbIKAHHIO MAaKpOLIUKIIA.
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PHCTH .Cipykrypa xomrnekca 18.

Taxum o6pasom, paspaGoTaHesni Hamu JBYCTaXANHEN KOMOHHHPOBAHHELL

METOX IIONYYCHUS 6I/ISIJI€pHLIX MaKpOIUKIMIECKUX KOMIIIEKCOB IIpH UCHOJIE30BaHUHU B

Ka4eCTBE TEMIINATHOI'O areHTa 6H$I,Z[CpHI:IX TPUMETHANALIETATOB TIO3BOIIIET nony4darb

LeNeBbIe MPOAYKTEL ¢ XOPOIMMMY BhIXOZaMM. JIMINE Uit COSMMEEREH CO  CBSSMM

METaJUI-METalll TaKoH noaxon, IO-BHMMOMY, HYXIOacTCs B MOJ.IPI@)KK&HHH.

1.

Boisojsr

lpennoxer  HOBEIM mopxom X CHHTE3Yy OHANEPHBIX KOMIUIGKCOB C
MaKpOUMKIMIECKHME  ocHOBammamH  Illupda Ha  ocmome nEppon-2,5-
IuKapOaNblerua,  COYeTArONHH COOPKY  YKDYNHEHHEIX  (parMeHTOB-
HPCIINCCTBCHHAKOR Ha IIEPBOH CTAQMM ¢ TEMIUIATHEIM 3aMBIKAHWEM IHKIA Ha
3aKJIOYUTEIBHOM JTale.

Tlomywersr [1+1]-ocroRanus uapda B peaxumax KoHEHCAIEH IUppos-2,5-
TVKapOalbIeIn/ia ¢ apOMATHYCCKHME —IHAMHAHAME, KOTOpBIE MOTYT OFITH
HMCTOITb30BAHE KAK MPENMUIECTBEHHAKY B TIOJIyYSHAN MAKPONUKIMIECKIX T AHL0B

CHMMETPHIHOIO 1 HECUMMETPUYHOI'O CTPOEHHU .
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3. Pa3paboTaHBI METONE! CHHTE€32 HOBBIX GHSIEPHBIX KOMILIEKCOB HHKENS, MEIU |
koBameTa ¢ MaKpOLUKIMIECKHMY OCHOBAHUAMHE Iupda ma ocHoBe muppon-2,5-
z[HKap6am,zcerH,ua u O-(i)eHPI.T[eH,HI/IaMI’IHa, B KOTOPBIX aTOMbI METajLia HaxomATCsA B
HEIOCPEAICTBEHAON GIM30CTH APYT K APYTY B HOJOCTH HOMHOCTHIO COUPIKEHHOTO
MAaKPOLMKJIA,

4. BrepBEe  IpPOJCMOHCTPHPOBAHA BO3MOXHOCTE  XHMMHUYECKOIO YIIpaBICHAS
CIPYKTYpo# 00pasylommixcs KOMIUIEKCOB 3a CYET BaphHPOBAHHS COOTHOMIGHHS
PearcHIOB ¥ YCNOBHH CHHTE3a B PEaKUHH IPSMON KOHICHCALWH nuppon-2,5-
IukapOambieTuia ¢  o-QEHHNCHIMAMHHOM U 2-amMuHOIUbEHMIAMAROM B
MPHCYTCTRUAR 9-tHAnepHOTO TPEMETHIIAIETATA aukesi(Il)
Nig(HOOCCMe3)4(te—OH)3 (13— OH)3(00CCMes)1a.

S. Bmepsble mOnydens! (eppoMAarHATHEIA HeTBIpEXbANepHbii Kommueke uukessi(Il) ¢
nonunenTaTHsM ocHoBanueM ludda ma ocHoBe mUppoN-2,5-mUKapGansaeruaa u
o-cHuNCHIaMUHA, & TAKXKE DA aHTE(EPPOMATHUTHEIX GHANEPHEIX KOMILIEKCOR
Ni(II), Co(I) 1 Cu(Il) ¢ MaKpOIEKIMYECKIMY IATAEIAMY (12 ocHOBe THppON-2,5-
IuKapbabIernya u o-QeHMIeH TuaMIHa).

6. Brmsiensl HeOOHMHEIE 0COGEHHOCTH OHSTEPHBIX KapBOKCHIATHBIX KOMILIEKCOB
porms(ll) co CBA3BIO METAN-MeTAIIT KaK TeMIUIATHBIX AreHTOB B PeaKIusIX cOOpKM

MaKpOIMUKTMICCKAX JIMTaH0B.
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