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OBIIASI XAPAKTEPUCTHKA PABOTHI

AKTYyadsHOCTH Temel. [lonusiepHbie kKapboKCHIATHBIE KOMIUIEKCH! IIEPEXOHBIX METAILIOB
SABJISIOTCS IPEAMETOM IIOCTOSHHOIO MHTEPECa HIMPOKOTO KPYTa CIENMAIUCTOR, HIOCKOIBKY
Griaroaps MHOT000pasyiio CTPOSHHA 00IANAI0T MHPOKAM CIIEKTPOM XMMHAYECKUX H (hH3Mde-
cKux xapaxrepucTak. Ha yHMKanBHOCTE CBOHCTR HEKOTOPHIX M3 HUX YKA3EIBAET TO, YTO OHU
ABNISAIOTCS CTPYKTYPHBIMH 2HAJIOTAaMH aKTHBHBIX METalIo(hparMeHTOB IPUPOJHAIX SH3UMOB.
Kpome T0ro, BHUMaHUE HE TOJILKO XHMHKOB, HO U (U3UKOB IPHBIEKAET BO3MOSKHOCTH Baph-
HPOBAHNKSI MAaTHUTHBIX U ONTHYECKHX CBOHCTB Kapﬁoxcnﬁa'roa 3a CYET XHMHHECKOr0 KOHCT-
PyUpOBaHus ONPEIENECHHBX CTPyKTyp. OnHaKo 34ech BaXKHO HAYYHTHCS KOHCTPYMPOBAThH
MOJHAIEPHBIC KOMIUIEKCH! TaK, 9T00B! METAIIOOCTOR HMEI TEOMETPHYECKHE ¥ 3NIEKTPOHHbIE
XapaKTEPUCTHKH, HeOOXOMUMBIE IS IPOSBICHHSI COOTBETCTBYIOIMX CBOMCTB. Cleayer oT-
METHTh TAKKE JIETY4eCTh MHOTHX KapOOKCHIATHBIX KOMIIIEKCOB, GIIArOIaps KOTOPOH OHH
OKa3bIBAIOTCS NEPCIEKTUBHEIMH HCXOAHBIME REUISCTBAMH U MOMYHECHUSI HEOPIaHMYeCKAX
MareprauoB (B OCHOBHOM OKCHJIOB B BHJIE IUICHOK HJIM MEJKOIHCIEPCHEIX BEIIECTB),

B urore, Baxneiimed cranoBuTCs npodnema paspaboTku oOIIEX NOAXOI0B K CHHTE3Y
TONMAAEPHBIX KapOOKCHIATOB C 3afaHBBEIM CTPOEHWEM, Tpebyromas Niybokux (u3xKo-
XHMHUYECKUX HCCTeJOBaHKH CTPYKTYPHI H CBOMCTB HOBBIX coefiuHeHui. B cromx paboTax Mu1
HCTIONb30BAH TPHMETHIALETATHl HUKENN M KOOaIbTa, B KOTOPHIX HMEIOTCS 0OBEeMHCTHE H
JOHOPHBIC TpeT-OyTHIbHBIE 3aMECTHUTENH, KaK ITPaBHNo, obecHeduBaromue oGpasoBaHue
OCTPOBHBIX CTPYKTYP, B KOTOPEIX METaIJIONEHTPAMH SIBJIAIOTCS BBICOKOCIIHMHOBEIE ATOMEI
Ni(II) 1 Co(Il). mupoko NpeAcTaBIeHHEBIE B «KapOOKCAIATHEIX (EPMEHTAXY, MArHATHEX Ma-
Tepuanax Y H3BECTHBIX NPOMAIIDICHHBIX KaTtanusaropax. Kpome Toro, Takue coenuneHns Xo-
POLIO PACTBOPHMEI B OOBIMHEIX OPTAHUIECKAX PACTROPHTENSX, UTO YAOGHO I H3y9eHUus HX
XHMUYECKUX CBOHCTB M BBIICICHHS AHANMTHYECKH YMCTHIX COCAMHEHHH B BHJIE MOHOKpDH-
CTa/UIOB, HEOOXOANMEIX UL IPOBEACHHA KAYCCTBEHHBIX (PH3UKO-XAMUYCCKHX HCCICAOBA~
HUH, BKSTIONAs METOJ PEHITCHOCTPYKTYPHOTO aHATH3A.

Hexs paGorei: Paspaborka 3QPEKTHBHEX CHOCOGOR CHHTE3a NOMMSACPHbIX TPUMETHIALE~
TATOB HUKEJS M KOoOaThTa, CONEPXKAIMX PA3IAIHOS KONHYECTBO ATOMOB METAIIIA B MOJIEKY-
JIaX, UCCIEOBAHHE XUMUYECKOM aKTHBHOCTH ITOTYYCHHBIX KIACTEPOB II0 OTHOMIEHHIO K Pas-
JIMYHbIM OPTaHMYeCKUM aMHHaM JUIS ONpeAeNeHns nyTell TpaHchopMUPOBAHUS MeTanIooc-
TOBa KApOOKCUIIATHBIX KIACTEPOB ¥ KOOPAMHHPOBAHHEIX OPraHUYECKHX MOJIEKYT B 3aBHCH-
MOCTH OT 3JIeKTPOHHBIX XapakTePHCTHK METAUIONEHTPOB U IIPHPOJBI NHraHnoB. Mecnenosa-
HME MArHUTHBIX CBOWCTB HOJIYYEHHBIX COSIUHCHUN il BBIIBICHUS THUIIOB KOMILIEKCOB, CIIO-

COBHBIX K MPOABIEHHMIO CIIMH-CIHHOBEIX OOMEHHbBIX B3aHMOIEHCTBHE DEpPOMATHUTHOIO TH-



na. Haxoxjenune ycnosuit obpasoBanus GusnepHBIX TPUMETAIALETATOB HUKENS U KOOaIbTa,
MMUTHPYIOLIHX METAIOPParMeHTE IIPHPOJHBIX «KapOOKCHIATHEIX (JEPMEHTOBY M HCCIEI0-
BaHHE MOJETIbHBIX PEaKIUi pa3loKeHus MOJECBHIHE! C YIACTHEM STHX KOMILIEKCOB.

Hayunasi HOBW3HA OIpE/ENSCTCA 3HAYHTENLHBIM HHCIOM HOBBIX DPE3yNBTATOB M 0600mIe-
HUH, KOTOPBIE BLIHOCATCA Ha 3aIHTY:

e Haitnenst criocobk! ypaBIeHHs CTPYKTYPOH MOMUSACPHBIX muBanaToB Hukens(I) u Ko-
Ganpra(ll), obpasyiommxcs TpH TepMUIECKOH M XMMHEYECKOM TECTPYKLHHA IHAPOKCOTPHME-
TUJIALETATHBIX [I0JMMEPOB U OIpPEACHEHB THIEL OPTAaHHYECKHX aMUHOB, HCIOJL30BAHHEIX B
9THX peaKUHaX B Ka4eCTBE JMIaHA0B, POPMUPYIOIIIX TOT WIH HHOM META/IIOOCTOR MOJEKYIL.
CunTesupopano 6onee 50 HOBBIX NHBAIATHBIX KJIACTEPOR W KOMILIEKCOB HUKENM 1 KobanbTa,
0XapaKTepPH30BaHHLIX PEHTTEHOCTPYKTYPHBIM AHANM30M, MATHMTHHIMH H CIEKTPATbHLIMA
JaHHbIMHA.

¢ BriepBple NPOBENSHO HANPABIEHHOE HCCIENOBAHHE TSPMUUECKOH JAerpafaiun HoIuMep-
HpIx TpuMeTunanetator HuKeIA(I) u xobansra(ll) B pasAMUHBIX OPraHMYECKHX PACTBOPUTE-
JIAX, Ha OCHOBAHHH KOTOPOTO pa3paboTanbl 3 OEKTHBHEIE METO/Ibl CHHTE3a KAPGOKCHIATHEIX
K/acTepoB ¢ JAEBSTHIO, BOCEMEIO, IIECTHIO, YETHIPEMS, TPEMS U JBYyMS aTOMAMH METAUIOB U
MOHOSIEPHBIX KOMILIEKCOB. IIpi 3TOM BEISBIEHBI CTPYKTYPHEIE 0COOCHHOCTH COETMHEHMI,
XapaKTepHEIe 1714 NPOU3BOAHBIX HUKeNS WiH KobarsTa.

o Usyuenst peaxnun nonmsyepusx nusaiatos Ni(II) u Co(ll) ¢ nepBryHBME u BTOpHY-
HbIMHM MOHO- H JIMAMUHAMA B WHEPTHOH aTtMocdepe u Ha BO3AYXE H YCTIAHOBIEHO, YTO (op-
MHPOBAHUE CTPYKTYpHl HOBBIX KOMIUIEKCOB 33BHCUT OT YCIOBHH PEakiiiy, COOTHOIIEHWS
peareHTOB M INPHUPOABI pacTBOpHTENd. IIpu W3ydYeHWM XHMHYeCKOH axKTHBHOCTH 1,2-
denneHIMaMUHOB 10 OTHOUIEHHIO K NONMSNECPHBIM THBANATAM HHUKENA MPOJEMOHCTPHPO-
BaH NyTh TPAHCHOPMUPOBAHKL KOOPIMHHUPOBAHHBIX MOJIEKY OPTaHMMECKIX TUAMHHOEB B pe-
3ynbTaTe NPOLECCa OKUCIATENBHON KOHACHCAIMH, BILIOTH K0 06pa3oBauus paHee HEH3BECT-
HOTO OPTalHHYECKOTO TETEPOLMKIMYECKOTO COSNUHEHNS, ¢ BBIIGNIEHNEM BCEX IIPOMEIKYTOY-
HBIX TIPOZAYKTOB PEaKHy U HCCASIOBAHHEM UX CTPYKTYP ¥ XHMUYECKHUX CHOMCTB,

e B pe3yibTaTe M3y4eHHs XHMHYECKOH aKTHBHOCTH BHOBH CHHTE3WPOBAHHOTO KOMILIEKCA
Co(OOCCMe3)2(H2NCHzCECH)4 [0 OTHOWICHWIO K NPOUaprEIaMuHy ODHapyXeHa HoBas
'peaKunﬂ OKHCIIMTENBHOH KOHJIEHCAHH KOOPAWHHUPOBAHHOTO aMiHa ¢ o0pasoBaHuieM KOM-
riexca Co(Ill), coaepxamiero - panee Hew3BecTHBHY mmraHz - N,N’-munponaprun-1,3-
JUEMUHOTIponHonar anuoH (N, N'-(NR),-CsHjs, rae R = nponaprian).

e ('uHTe3npoBaHa cepus OWANEPHEIX KOMIUIEKCOB ¢ (parmentom Ma(u-OHp)(u-

OO0CCMes ). MOAEIHPYIOMEX 3KTHBHYIO METATIOCOXSPIKALLYIO YaCTh IPUPOIHEIX (PEPMEH-



TOB C aTOMaMH KOOa/IbTa H HUKEIA, H YCTAHOBJIEHO, YTO MarHWTHBIE CBOMCTBA TAKHX COSHU~
HEHUH ONpeNensioTCa NPUPOIOH METAIIONEHTPOB H HX JIMIaHAHBIM OKPYKEHHEM.

e B xoxe uccneNoBaHWs MOJETbHON peaKi[iid MOYEBUHEI ¢ GHANEPHBIM KOMIUIEKCOM KO-
Sanbra(ll) Briepebic 3ad)UKCHPOBAH MPOLECC TIPEBPANICHNS] MOYCBHHEI B IHAHATHEIA HOH B
HHEPTHLIX YCIOBUSAX M B OTCYTCTBHE IPOTOHOZOHOPHBIX PaCTBOPUTENEH, YTO BECEMA BAXHO
JUIs IOHMMAHUS TTPOLIECCOB MPUPOAHOro OHOKaTaNu3a. YUHTEBas 3TOT PE3YNBTAT, HPEILIo-
KeH MEXaHW3M TepBOi CTaIMK aKTHBAIKY MOYEBHHE! NPHPOIHBIME (GepMEHTAMH.
IlpakTugeckas 3SHAYHMOCTD.

= Paspaboranbl 3¢dexTHBHEE NPENapaTHRHEBIC METOABl CHHTE3a TOMMANCPHBIX NMBaNaT-
ueIx KomruiekcoB Huxens(Il) u xobamsra(ll), obnagaromux BEICOKOH IETYYECTBIO M PacIBO-
PUMOCTBIO B OPraHHUECKUX PACTBOPUTENAX — yNOOHBIX HCXOAHBIX PEAreHTOB /UL IONydeHHUs
MAarHMTHBIX MaTepHATIOB ¥ KaTal3aTOPOB.

= Hajinen croco® HanpasiieHHOTO HOPMHPOBAHUS CIOXKHBIX OPraHHYECKHX [ETEPOUHKIH-
HECKUX MOJICKY/] U3 apOMATHHUECKHX INHAMMHOB B KOODIMHANMOHHOH cdepe HUKENS [yTem
OKHCJIMTEABHOTO NETHAPHPOBAHUS aMHHO-TPYHI, YTO IAEMOHCTPHPYET IPHHIHAINANBHEIC
BO3MOMXHOCTH METOZIOB OPraHMYECKOH XHMHH KOODAXHUPOBAHHEIX JTUTaH 0B,

s HalineHsi cniocobsl cHHTE3a TeTpa- U OMsmepHbIk muBanatoB Hukens(ll), npossusronmx
deppoMarHuTHbIC OOMEHHEIE B3aMMOIEHCTBUS, YTO OTKPHIBAET NOMONHATEIBHEIE NepCrek-
TUBBH! B TIOUCKE MOAXOXOB K HAIIPABICHHOMY IOJNYIEHHIO MATEPHATIOB HOBOIO IIOKOIEHUS —
MOJIEKYJIAPHBIX (eppOMAarHETHKOB.

»  Pazpaboran 00U MOAX0] K HONYYCHHIO OMsICPHBIX KOMIUIEKCOB, MMHTHPYIOMIHX aK-
TUBHBIE METAJLIOUEHTPHl KOGAIbT- ¥ HUKENh- cofepKamumx (epMEHTOB — TOTCHITHATBHBIX
YHUBEpCATLHBIX aHATOTOB MPUPOTHEIX 0HO0KATANH3aTOPOB.

Jinurblii BKJ2J aBTOPA. ABTOPY IPHHANIEKAT KII0Y9eBas posib B BRIOOPE HAIIpaBIeHH HC-
cireoBaHui, ONpPeIeeHAN CTPATeruH XUMMIECKOTO KOHCTPYHPOBAHHS [TABANATHEIX KIIaCTe-
POB M KOMILIEKCOB C aTOMAMHE HUKeNs ¥ KobanbTa, MHTepHpeTanuy B o600IeHIH nonyJeH-
HBIX PE3yNbTATOB. DKCIICPUMEHTAbHAA CHHTETHYECKAA 9acTh pabOTHI BBIIOJHEHA aBTOPOM
COBMECTHO C COTPYAHMKaMH U acnupaHTamu jJaboparopun KoopArHAIHOHHEIX COeIHHEHHUHR
matuHoBsix MeTanos MOHX um. H.C. Kyprakosa PAH. MargetoxuMuyeckie HCcleoBa-
HHAS HOBBIX KJIACTEPOB W KOMIUIGKCOB IIPOBENEHBI COBMECTHO C naboparoprell MaTHHTHBIX
matepuanos MOHX PAH (wien-koppecnonnenr B.M. Hosoropres) u MexayHapoOHsM To-
morpaduuecknm uentpom CO PAH (n.x.H. B.H. Hkopckuit). PeHTTeHOCTPYKTYPHBIE HCCIe-
JOBAHUs BBINOJIHEHE! B LIeHTpe peHTIeHOCTPYKTYpHBIX HecnenoBaruit OOTX PAH (MHDOC

um. A.H. Hecmesnosa PAH) corpynuukamu 1a60paTopHy KOOPAMHALKOHHBIX COEIMHEHKH



nnaruHopeix mMetaioB MOHX PAH (nx.m. C.E. Hedenos, k.x.H. [.I'. Anekcannpos) ¢ uc-
DONB30BAHMEM MOHOKPHCTAJIIIOR, BRIPAIIEHHBIK aBTOPOM.
Anpobanus paborbl. OCHOBHEIE PE3yIbTATH paGoTHl JOKIAALIBAINCE Ha CHELYIOMMX BCe-
POCCHICKHX H ME&XTyHapoauslx Konbepentmsx: Mexyraponsas kondepernuus «MeTaro-
opranuueckas xuMus Ha 3ape 21 Bexa», Mocksa, 1998; XVI Menjeneesckuii cress o 06-
e u npuknannoit xumuu. Canxr-Ilerepbypr, 1998; XIX Beepoccuiickoe Uyraerckoe co-
BellaHWe N0 XMMHM KOMIUIEKCHEIX coegHeHuH. KBamoso, 1999; MexnyHaponso#t koude-
peHMM «MeTaIopraHi4ecKie COeAuHEH s - Marepuansl Oymymero Teicsueneray (I Pa-
sysaesckue ureHus), Huxanit Hosropox, 2000; XVII Mexaysapoasoe qepﬁﬂescxoe coBe-
HiaHUe [0 XVMHUH, aHAIH3y U TeXHOIOIMH IJIATHHOBBIX MeTamioB. Mocksa, 2001; III Bcee-
poccuiickas KOHQEpeHLHs [0 XuMHH KnacTepoB. “TIoNHsaepHbIC CHCTSMBI M aKTHBALS
CO," Kazanp-Yeboxcaper 2001; XX Mexnyrapoasas Uyraepckas KOHQEPSHIHS MO KOOPIH-
HanroHHOH xumuu. Poctos-ga-/lony, 2001. Orxenerble yacT paboTsl OTMEYEHE! IPEMUASIMH,
TIPUCYIKIAEMBIMA Ha EXET0JHOM KOHKypce HaydHbIX pabor MOHX PAH (1996 — 1 npemus,
1998 — 1 u 2 nmpemuwn, 1999 — | npemus, 2000 — 3 npemms). PaGora noanepxkana Poccuii-
cxuM (oHIOM (yHHAMCHTANBHBIX HCCnefoRaHuH (mpoekTs 99-03-33091 m 02-03-32453),
MuHHCTEPCTROM NPOMBIIIICHHOCTH, HayKi # Texsonoru# (mpoext 09.03.05) 1 INTAS (upo-
ext No 97 30344). OrnensHele uacTy paGoOTEl BEIMIONHEHE! B COOTRETCTRUN C INOTPAMMOLH
PAH «HHoBble MPUHIKAINEL ¥ METOIBL CO3LaHNS HANPABICHHOTO CHHTE3a BEUIECTB ¢ 3aaHHEI-
MU CBOMCTBaMU».
Odbem u cTpykTypa quccepTanmn. Pabota COCTONAT U3 BBOISHNS, IUTEPATYPHOTO 0030pa,
obcyXIAeHNS pe3yJbTaTOB, 3KCIIEPUMEHTANbHOH dJacTH, BBIBOJOB H  Oubmurpadun
( CCHIIKH). MaTtepuan H310)KeH Ha.........CTPaHHNaX, BKIIOYAET........ PHCYHKOB,
........ CXEM K ..........TAONHIIL.
OCHOBHOE COJIEPXKAHUE PABOTLI

Bo BBenenue 060CHOBAaHA aKTYaNbHOCTE PaboThl B CHOPMYITHPOBAHLI 3aKaYl HCCIC-
xosanus. B o63ope mrTeparyps! (I'1aBa 1) paccMOTpeHO COCTOSHNE XMMHAN KapOOKCHIIATHBIX
KOMIUTEKCOB HUKENS ¥ kKo0albTa ¢ IpHBIeUeHIEM HEKOTOPBIX JaHHBIX [0 CHHTE3Y W Ompese-
NIEHHUIO CTPYKTYD psida KapOOKCHIaTOB XpoMa, MOJIHONEeHa, JKele3a, Meny U runka. Ha ocno-
BaHWK aHANN3a UMEIOIIKXCS Ha CeroJHs JNHTEPaTypPHBIX JAHHBIX CHIENaH BHIBOI O TOM, YTO
OHH BECBMa OFPAHMYEHB! ¥ HE IIO3BONMIOT HONYYHTEH JOCTATOYHO IIOJIHOE HIPEACTABICHHE O
XHMHH 3TOr0 BaKHeHIIero kiacca coequnenyit. OTMedeHo, 9Tto GoNbInas YacTh HUCCIEHoBa-
HH BBITONHEHA B BOXHEIX PACTBOPAX W OTHOCHTICH, B 3HAUUTENEBHOH Mepe, K XUMHH MOHO-
SACPHBIX AKBOKOMILIEKCOB ¢ KOODAMHUPOBAHHBIME MM BHEWIHeChEPHBIMU KapGOKCHIIATHE-

My aHHOHamMH. B mTOore, u3 0630pa CTAHOBATCS HMOHATHIME IPOGIEMBl NOIYUESHNUS TTONHUIIED-
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HbIX KapGOKCHIATOB H 0603HAYAOTCS TPHOPUTETHEIC HALPABMICHIS /Uil TIOMCKA HOBBIX nyrei
cuuTesa Takux cucteM. C yd4eToM paccMOTPEHHBIX JAHHEX chopMyIupoBaHa Heib Juccep-
TaHHOHHOHN pabOThL

['7aBa 2 TIOCBALICHA PE3YIETATAM, IIONYHIEHHBIX aBTOPOM, B HX 00CYXICHHIO. B nep-
BOM pasjiclie PacCMaTpUBAIOTCS CHOCOOB! HAIPABISHHOTO (hopMupoBaHUA NHBAIATHEIX KIia-

CTE€POB HUKEJIS U kobanpTa B pa3HbIX yCIOBHAX, HCXOOs U3 OJTEMEPHBIX I(ap60KCHIlaTOB.

1. Tepmuteckas AecTPYKIHA TPHMETHIANETATHRIX NONHMEPOE HAKCIA H KobanbTa B
OPraHH%eCKHX PAcTBOPUTENNX.
1. 1. O6paszoBasHe rHIPOKCONHBANIATHBIX KIaCTEPOB Ni(IT) u Co(1l) B yrieBogoposax

B KauecTBe HCXOMHEIX COSAMHEHU JUIsl MONydeHHs PA3THYHEX NUBANATHHIX KiacTe-
pos i komiexcos Niu Co 65UIA HCIONB30BARB! TOMUMEPHBIE IPOAYKTEL, KOTOPHIE NOMyHa-
FOTCS 1O ABYM OCHOBHBIM METOZMKaM: 0OMEHHOH peakiuel MCL-6H,0 (M = Ni, Co) ¢ mu-
BanaTOM Kaima B BonHol cpene [A.A.ITackmckuit u ap. KoOpOUHAYUOHHAA XUMUA, 1976, 2,
1060] wmn crurasnenuem M(CH;C00),-4H,0 (M = Ni, Co) ¢ nusanuHOoBo# KucnoTol [AIT
Tyns u ap.. Koopdunayuonnas xumus, 1991, 17, 1265}. B nepsoM cilydae, IpH TEPBHUHOMN
SKCTPAKLMHK 1IPONYKTOB PEAKITHH, IEKCAHOM, GEH30J0M WM CH,Cl; ¢ BBICOKMM BBIXOOOM
BLIIEASIOTCS [HAPOKCOTPMMETANALETATS], NIPEICTABNIAoIUe CO00H mOCHE BHICYMUBAHAA
crexnooGpaznbie nponyxrsl (1(Ni) u 3(Co)), TepeKPUCTANIH3ANHEH KOTPEIX U3 alKaHoB IO~
JydeHbl TOJMsiAEPHbIe THIPOKCOTPUMETHIANETATE — eBATHANePHbIA XnacTep Nig(ua-
OH);(u_-,—OH)g(;.L4—OOCCMe;)(u3-0OCCMeg)3(u-OOCCMeg)s(HOOCCMe3)4 (2) (Cxema 1,
puc.l) ¥ IIECTUANEPHBIA - C05(p.3-OH)z(u3—OOCCMeg)z(pz-OOCCMe;)g(HOOCCMe3)4(4)
(Cxema 1, puc.2). B autudeppoMarHuTHOM Kacrepe 2 H4ETHIPe [aphl aTOMOB HEKCIA (pac-
crosnust Ni...Ni 8 napax HesKBuBaneHIHbI i pasusi 2.826(2), 2.746(2), 2.724(2), 3.056(2)A)
PACIONOXEHB B BUJIE M30rHYTOM NEHTHI (PACCTOSHIA MEXIY COCEIHHUMU aTOMAMK HUAKEIT B
Pa3sHBIX Dapax paBHbI 2.916(2)-2.924(2)4). JlesThIA aToM HHKENS CBA3aH C aTOMAMU METajl-
0B mocnesedt mapsl (Ni.Ni 2x 3.383(2)A) 2a cuer TpHIERTATHO KOOPAHHHPOBAHHOTO T0~
Ma Kucnopona THapokcmisHoi rpymmsr (Ni-O 2.045(8) - 2.047(6)A) 1 Tpex MOCTHKOBBIX
xapboxcmnatasx rpynn (Ni-O 1.997(6)-2.146(6)4). Kpome MOCTHKOBBIX KApOOKCHIATHBIX
JMTAHAOB B MOJEKYJIE MMEETCs INeCTh THAPOKUCTBHEX MOCTHKOB, TPA M3 KOTOPBIX IIPOSB-
JSEOT OYeHb PEAKHH THI JEHTATHOCTH — 9ETHIPE, IIPUHIEM aTOMBI KHCIOpOJa B 3TOMW CUTYAIHH

OKa3bIBAIOTCH CBA3AHHBIMHU C MATHIO COCEHAIMH — YETHIPEMS aTOMaMy HUKENA U OJHEM
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aTOMOM BOAOPOJA. Bcee aToMpr MeTaIa HAXOAATCA B HCKAKEHHOM OKTadAPUYECKOM OKPYXKe-
HHHY U3 aTOMOB KHMCJIOPOJa ¥ PACHOJIOKCHBI Ha HECBIA3BIBAIOIIUX PAaCCTOSHHSAX, pa36poc KO-

TOPBIX JOBOJIBHO IIHPOK.
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Pue. 1. Ctpoenue xnactepa 2

B oTanyne 0T HUKEIEBOTO KiacTepa 2, KoOaIbTCoNepIKaHil KiIacTep 4 HMEET TOAbKO
YETHIPE OKTAYIPHUECKAX METALTONEHTPA, TOT/A KAK JBa APYTHX OKa3BIBAIOTCS TETpasIpuue-
ckumu. [pu stom B Monexyne 4 paccrogaus Co-Co Toxe HeceaswBatorme (3.357(1) —

3.433(1)A). B urore, yxe Ha cTamuH QOPMUPOBAHKS THAPOKCOTHBANATHAIX KIACTEPOB B He-
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KOOPAWHHUPYIOLIHX pAaCTBOPUTENIAX HNPOCICKHIBACTCI O6npIIag CKIOHHOCTH HNOTUARCPHBIX

TIPOU3BOAHBIX KOOankTa K COYETaHHIO B OJHOM CTPYKTYPE METAUIOUCHTPOB ¢ PA3HBIMH T'e0-

METPUYECKUMHA 0COOEHHOCTSIMH.

Puc. 3. Ctpoenue xnacrepa 4.

1. 2. YerbipexbsiaepHble TPHMETHIANETATHBIC KOMIJIEKCHI HHKE/IS U Ko6aJbTa ¢
KOOPAVHUPOBAKHBLIMYU MOJIEKYIAME 3THJIOBOTO CIIAPTA.
[pocrefimuM O-IOHOPHEIM NHIaHAoM, (QOPMHPYIOMEM MeTALIOKapOOKCHIATHEIR
OCTOB MNPH AECTPYKLHY IIOIMMEPHBIX KapGOKCHIATOB, OKasaIcs 3TWIOBBI crupr. Tak, Ha-
rpeBasue coenuHeHuH 1 - 4 B 3TaHONE TNPHBOIUT K OGPa30BAHHIO HETHIPEXBANEPHEIX KOM-
nnexcos My(EtOH)s(13-OH)a(a-O0CCMes)s(n*-00CCMes), (M= Ni(5), Co(6) (Cxema 2,

puc 3).

}{‘l Et R
H ) N
0 i
! [IOJIUMMEP EtOH R
HIM(OH)(OOCCMe)-nlm|  gs0c R {,O/M G I <
M =Ni(1 umu 1a). L \ L

7
Co3 uau 3a) lo\ Rt E{OH (< /R
LN . W
/M H\ A/CR
g M
=0 - \H ¢
-
Et Et
Cxema 2 i‘{":é’;}l (g), Co6)

ITo nannbmv PCA xoMIuiekcsl 5 u 6 copepixaT METAUT00CTOB M4 B BHIC HCKAKEHHOTO
pomba. Ero xopoTkue CTOPOHB! CTIHYTHL ABYMS KapOOKCHIATHHIME MOCTHKAMHE, & HaJ ¥ MOJ

IJIOCKOCTBIO METALIOOCTOBA pacnonararotes ase pa-OH rpynmel. HanmessmuM paccTosHu-



em M...M B MoJleKyNiax SBRJISETcS KOpOTKas quaroHais pomGa (3.089(1)A 8 5 u 3.078(DA B
6). B TO BpeMs K&K OCTaNbHbIE PacCTOAHMS MeTai-MeTaul 3aMeTHo Gonbie (B § Ni...Ni 2 x
3.335(1)A u 2 x 3.680(1)A); B 6 Co...Co 2 x 3.325(1)A u 2 x 3.752(2)A). Koopaunanuonnas
chepa aToMOB MeTana, 00Pa3yIOIKX KOPOTKYIO JHarOHATh, HOMONHAETCS aTOMaMH KHCHIO-
POZa ABYX KOOPIMHUPOBAHHEBIX MOJEKYJ CHMPTA, & AHHHYIO — XEJIaTHO-CBI3aHHOH KapOoK-
CHIIATHOH} IpyInol. B utore, Bce aTOMEI HEKENA B § 1 KoGanbTa B 6 MMEIOT HCKAMKEHHOE OK-

Ta>APUUCCKOE OKPYKEHHE.

Puc 3. Crpoenue xoMniexca S.

BeposTHo, npy GOpPMEpPOBAHKK TETPASAEPHOTO 0CToB2 5 U 6 Gonkunol H3bwITOK NMTH-
ranna (EtOH) npuBoAuT K BEIPABHHBAHIIO KOOPAUHAIIHOHHBIX BO3MOKHOCTEH 000nX METal~
JI0B. DTO OT/ANHAET JAAHHYIO CHTYALHIO OT YCIOBMI 00pa3soRaHEs, HAIPUMED, FeKCasaepHOR
MONeKybl 6, KOrZ2 ATOMBL KOOAIbTa HCIOIB3YIOT «AOHOPHbIE BOSMOKHOCTHY JHUIIb KapSoK-
CHATHEIX W [ IPOKCIIBHBIX IPYIII, KONWIECTRO KOTOPHIX 3a0KEHO B HCXOTHOM IIOJIAMEDE,

a JOTONHUTENbHAA KOODAMHALMS PACTBOPUTES (JIKAHBI) B 5TOM CIIydac HCKIIOYEHA.

1. 3. Tepmonunz Coy(us-OH):(0O0OCCMes)s(HOEL)s B aexanumne.
KoopanHUpOBaHHEIE MONEKYIEl CHHpTa B 6 c1ab0 CBs3aHBI ¢ METALIOLEHTPAMH H
NIErKo yaasiioTesl IPK XPaHEHHH KPHCTAILIOB, YTO BEET K 3aMETHOH IOTEpe DaCTBOPHMOCTH
B OPraHUYECKHX PacTBOPHTEIX. MBI HCMONB30BANH 3TO CROMCTBO 6 /i1 HApAIMBAHES Me-
TanmoocToBa kiactepa. ONHAKO OKA3ATOCH, YTO TP Harpesaswd B nexamane (2 1, 170°C) 6
HE TOIBKO TEPAET BCe MOJIEKYJIBI ITAHONA, HO ¥ MOJICKYJTy BoJbl (06pazosanHyso u3 neyx OH
Tpynn). Npespaliaschk B HOBBIA aHTH(EPPOMATHHTHBI OKTasyepHeli Komrieke Cog(us-

O0)a(pa-00CCMes)s(p3-O0CCMes)s (7) ¢ BEIXOT0M 75% (Cxema 3):
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RZCMC3
Cxema 3

Ho maunemm PCA (Puc. 4) momekyna knacrepa 7 COZEPKHT [BA CHMMETPHYHSIX
(parmenta Co(p-O0CCMe3)3(pu-0)Co3(n-00CCMes)s, B koTopsix atomst Co(ll) pacriono-
KeHbl Ha Heca3pBaromumx pacctogrusx ( Co...Co 3.057(1) — 3.925(1) A). Ilpu sTom Kax-
IblH U3 JIBYX W4-MOCTHKOBEIX aTOMOB KHCIIOPOZa ABRJISETCA HeHTpoM Terpasapa Cos0 (Co-O
1.984(1) - 1.966(1) A), B KOTOPOM COCEIHYE TIaphl aTOMOB K0OalbTa CBA3aHLI MOCTHKOBBIMH
TIUBANATHBLIMA JIMTaHJaMe, TPM H3 KOTOPBIX TPHACHTATHO KOODAHMHHPOBAHBI 3d CUET CBS3E-
BaHHWs aTOMa KMCIOpOaa ¢ OJHHM H3 aToMOB Kobambra cocensero dparmenra. ViMeHHO 3TH
uiecTh KapOOKCUIATHBIX Py «cimuBatoT» aea ¢pparmenta Co(p-O0OCCMes)s(ps-0)Cos B
BOCbMHANEPHBIH Kiactep. B urore, nepmbepnﬁﬂble aToMbl Co(2) u Co(2A) OKa3BIBaIOTCS B
TETPA’APUYECKOM OKPYXEHHH, 4 OCTaJbHBIE INECTh - B HCKAKEHHOM TPUIOHAIBHO-
OunupaMuaanbaoM. Hanyume «pasHbIx aTOMOB METaJlIa B MOJEKYe 7 MOATBEPKAAET TANIO-
T€3y O KOOP/HHAIMOHHON «TulKOCTHY KOGANbTa IpH OmpeleNeHHOM NeduuuTe JOHOPHBIX

JIMTaHA0B.

Puc 4. Crpoenne xommiexca 7. (CHs-Tpyuns! He MOKa3aHst).
HonwiTkn TepmoiM3a x1actepa 7 ¢ UeIbIO CHHTE3a Golice KPYITHEIX CTPYKTYP OKa3a-

much Hed(hdeKTHBHBIMU U3-32 BEICOKOH JETYUeCTH 3TOTO coefuHenus. Jlaxe B OTCYTCTBHE
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BaKyyma, Harpesanue 7 B TBepaoM Buze o 200-250C npuBOIMT K BOrOHKE BEINECTBA B
TpyOKy OOpaTHOrO X0:IOAUNbHHKA Ge3 M3MEHEHHS CTPYKTYDH! (KpucTamiorpabuueckue ma-
PameTphl BO3OTHAHHBIX KPHCTALIOB MACHTHYHE! TapaMeTpaM 7).

Beposrtno. BeIcOKas NeTyuecTs KiacTepa o6yCIOBIEHa KOMIAKTHOCTBIO MOJIEKYIEL,

BI(paHHpOBaHHOﬁ €O BCEX CTOPOH 00BEMHCTRIMEI Tpe'r-ﬁy'rmmm;mn 3aMECTUTCIIAMH.

2. XgMH4ecKas AeCTPYKIUS OJHMEePHBIX B KIACTEPHbIX HBAJATOB HHKEIS U
KobanbTa.
2. 1. llepButnbie AMHEHBI: 0COGEHHOCTH PeaKUHil AHUIMHA ¥ NPONAPTUIAMHUEA C
MOJHAACPHEIMH TPHMETHIANETATAME HAKEIA B K00a/IbTa.

Jlns ueenenoBanus nyTed XHMMYECKOH HECTPYKIHH NONMANEPHBIX KapGOKCHIATOR
HHKeN ¥ KOOATbTa Mbl HCIIONIB30BA/TH IBa IEPBHYHBIX MOHOAMHHA: aHUIMH U IIPONapruia-
muH. O6a conepxar NHy-rpynmy, koTopas CBA3aHa, B IIEPBOM CIIy4ae, C AOCTATOYHO yCTOMH-
YHBEIM (BEHAIBHBIM PATUKATIOM, @ BO BTOPOM, C TOpasao Goree peak{MOREOCIOCOOHBIM TPo-
Napru/bHbIM pafukanom, conepxantum HC=C- rpynmupoBKy, CKIOHHYIO K HOITHMEPU3AIHH.

BraumozeticTBEE TOMUINEPHBIX coequHenmnH HuKelsd 1 uim 2 ¢ HeMOCTATKOM AHMIIHHEA
(cooTHOmEeHKE aHunuH @ Ni = 1 : 2) NpHBOIHT K 0GPa3OBAHHIO TETPASAEPHOIO KOMILIEKCA
Niy(PhNH,),(HOOCCMe3)s(13-OH)2(u-O0CCMes)s (8) (Cxema 4). Tlo ganmemt PCA (Puc.
5a) METAnI00CTOBOM MOJIEKYJIB! 8 SIBNSETCA MOYTH INIOCKHM HCKaKEHHBIH poMG, copepika-
M. xaKk ¥ KoMIiueKe S5 ¢ aranonom, gparment Nigus-OH)(-OOCCMes)s, ¢ BedKBHBA-
JIEHTHLIMHU HECBSA3BIBAIOWIMME paccTosauamMy Ni...Ni (IIpOTHBOIONOMKHDIC ITHHHbE CTOPOHE
-2 x 3.525(1)A. kopotkue - 2 x 3.333(1)A). Ipu 310M MONEKyNa aHMIMEA B 8 CBI3aHA C aT0-
MamH HUKens, o0pasyrolHMH THHHEYIO JuaroHats pomGa (Ni-N 2.132(4)A, N-H 0.93(5) u
0.83(5)A).

1um2
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Cxema d. R=CMes
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Tlo naHHbIM TEpPMOMArHHTHBEIX M3Mepenuii B uaTepBane 2-300K, TeTpasnepnsiit KoM-
niexc 8 obnazaer (eppOMArHMTHBIM THIIOM B3auMozeiicTBuil co cmabeiv anTH(eppomar-
HHTHBIM MEXMOJIEKYISPHEIM 00MEHOM, IposBisomuMcs B nuanasone 10-2K (Puc. 56). 3a-
METHM, YTO 3TO HEPBBI NMpUMep TETPasiepPHOTO HHKENHCONEPXKAMEro KapOoKCHIATHOTO

KOMILIeKca, 06nafaloero nogoOHKMH MATHUTHBIME CBOHCTBAMHE.

.
6 8194

0 50 100 150 200 250 300
6 K

a

Puc. 5. Crpoenne knactepa 8 (@), 3aBHCHMOCTE 3 )EKTHBHOTO MarHUTHOIO MOMeHTa 8 oT
TEMIIEPATypLI (7).

JleticTBue n3bsiTka aHminHa Ha 1, 2 win 8 NpUBOIMT K IIPaKTHYECKH KOJHYECTBEH-
HOMY 00pa3OBaHUI NapaMarHUTHOrO MoHosAepHoro xommexca, Ni(HoNPh)(OOCCMes),
(9) (Cxema 4), HMEIOLIEro YEThIPEe AHUIMHOBBIX JIUTaHIa B IKBATOPHANLHON mockocTr (Ni-
N 2 x 2.146(3). 2 x 2.171(3)A,) u OB MOHOLEHTATHO CBAI3AHHEIC KAPOOKCHIIATHEIE IPYIIIBI
(Ni-O 2 x 2.035(2)4, C-0 1.278(5) u 1.254(4)A,) B axcransHex monoxeHnsx. Kominexcsr 8
1 9@ 0BpaszyIoTCs KaK Ha BO3LAYXeE, TaK H B HHEPTHOH arMocdepe H JOCTATOUHO yCTOHUMBEL B
TBEPAOM BHIE M B PACTBOpAx.

B oranune 0T aHMIMHA [eliCTBYE HEZOCTaTKa IpolapruiaMuHa Ha 1 uma 2 BemeT B
yraesogopozax, CHyCl,, MeCN mmm TT'® kx 06pa3oBaHMIO NPAKTHYECKH HEOTPAHMHMEHHO
PACTBOPHMBIX MPOAYKTOB. OHAKO NPOBENCHNE ITOM Peakiuy B 3¢Upe B IPUCYTCTBHM TBEP-
noro KOH nosponsger BeimemuTs HoHHB xommmieke [(HC=CCH;NH;):Niz(ps-OH)(p-
O0CCMes)eJ{K(OEL)] (10) (BBix0n 22%) (Cxema 5). TTo ganusmi PCA (Puc. 6a) anTudep-
POMarHHTHBIN TpeyronbHbii anuoH (Puc. 66) u3 atomor Hukens (Ni...Ni 3.492(1), 3.517(1),
3.494(1)A) uenrpuposan p3-OH-rpymoii. CTOpoHS!I TpeyrogbHHKa CONEPIKAT IO JBa MOCTH-
KOBBIX OMBANATA, 3 KAXKIBIA aTOM HHKENs CBs3aH ¢ Mojexynoll npomaprmiammaa (Ni-N

(2.065(8), 2.085(5), 2.076(7)A). Tpexvanepupii AHHOH B3AMMOLCHCIBYET C KATHOHOM
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[K(OEt:)]". xotopeii pacrionaraetcs Haz ¢parmentoM NizO (K-Ouenmp 2.864(4)A; K-Ooco
2.845(5)-2.922(5)4) (Pic. 6a).

2 1)NH2CH2CCH

Hibbitok HCCCHNH, 2)KOH ( 8) Et_ _FEt
m‘ (") ;:H
-

PNE—-O~_ CMes
O=F)CM63 s MesC O(d’ﬁ?r’v\o\ )
= —CH, or L0\ e CMe:

HC=C Q*-.H (f NﬁCHg e ‘/,/H \ f)c
- 4 s O \

N\Ni/ N;\ C=0—=Ni——,

* NH CCH: 0. MesC ‘NHv

N2 N 0FCH g OO CHz

HCsc— ch, ? i

Me;C; H
10
11

Cxema §.
[lpy BBeIeHHH CTEXHOMETPHYECKOIO KOJNHYECTBa IIPONAPIHIaMHHA B PEakimio ¢ 1
nin 2 obpasyerca (Cxema 5) OTHOCHTENBHO YCTOHYHMBEI Ha BO3IAYXKE MOHOMED

(HoNCH,C=CHLNi(OOCCMes); (11), mo cTpoeHHIO aHAIOTHIHBIH KOMILIEKCY 9, comepxa-

IeMy aHMJUH, B HeM ueThIpe NpONAprHIaMEHOBLIX JHTaHNa, cBsi3aHbl ¢ aromoM Ni(Il) sa

cuet wxectkoi» NH; rpymmst (Ni-N 2x 2.146(2) m 2 x 2.160(2)A,).

62 ces)
o )

5511

6 50 100 150 200 250 300
TK

Puc.6. Ctpoerue 10 (a) u 3aBAcHMOCTS MarHATHOTO MoMeHTa 10 0T Temueparypsr (6).
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Boigennts Kakne-nma60 KOMIUIEKCH! HPH MCHOJB3OBAHAM HEXOCTATKA AHMIMHA MM
NpONapru/iaMyHa B PeaKiusx ¢ COe/MHEHHAMA kobansTa 3 mid 4 HaM He yaanock uz-3a 06-
Pa3oBaHNS HECTAOUNBHBIX TeNe00pasHbX MPoyKTOB. ONHAKO H3GHITOK AHMIHHA B 5TOH pe-
akumn (Co @ PhNH; = 1 : 4,5) cpasy npuBoauT K 06pasoBasMio NapaMarHiTHOTO KOMIDIEKCA
Co(NH2Ph)y(n-O0CCMe;3); (12, Co-N 2.218(2), 2.228(2)A; Co-0 2,046(2)R) ¢ BHICOKEM BbI-
XoIoM (96 %), cTpoeHHe KOTOPOTO aHANOTMYHO HHKeIbCOREPXkKAeMy ananory. Peaxuus 3
un 4 ¢ n36biTKOM nponapraavuna B CHyCly takoke mpuBOZHT k 06pa3oBanmio mapamar-
auTHOrO Kommiekca Co(OOCCMes),(H,NCH,C=CH),; terpaamusosoro tuma (13, seixox

95%., Uaggp: 4.96(293K) M.B.), koropsiii cTabuien JHIIL B HHepTHOH atMochepe (Cxema 6),

Cog(OH),(00CCMe3) 10 (4)
wuin
[Co(OH)n(OOCCMes)2-nlx

4 3x8. NHyCH,C=CH,
CH,Cly unn Tonyou,
atmocdepa aproua

Oscomes
HC=CCHNH,_ T -~ NHCH,0=CH
0

HC=CCH;NHS | S NH,CH,C=CH

Me;CC
- HQ  pHc=cH
13 C  NH,
Y
1-2 5k, NH,CH,G=CH, Bt l &
CHyCly unu Tosyou, armocdepa HE 7" B / O?lCMe;
= Co:
BO3MYNA 3
\C'-“:I;J/ e 3
H gH 00— CMe,
A
CH,C=CH

Cxema 6.

Crtpoeunne xomnnexca 13 mogo6Ho xomiiekcy Hukens 11 ¢ aHATOTHYHEIM COCTABOM
(Co-N 2.206(2) — 2.214(2)A, Co-O 2 x 2.064(1)A). B otnmume 0T NPOH3BONHOTO HEKENS
KoMnieke KobanbTa 13 upe3sbaliivo JIETKO OKHCISETCS B PACTBOPE HA BO3AYXE JaXe HpH
KOMHATHOH  TemmepaType, oOpasys  JAMaMarHWTHBIE  KoMmiuiexe  koGamsTa(Ill),
Co(OOCCMe;)»(NHyCH2C=CH)o[(HC=CCH,NCHCHCHN-CH,C=CH)] (14, BbIXOX 18%)

(Cxema 6). B oxtasapuueckom koMmiuiekce 14 (puc. 7) atom MeTauia CBS3aH ¢ IBYMA axcu-
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aJlbHO PACTIOAOKEHHBMH MOJIEKyIaMu IponaprinamuHa (Co-N 1.947(2)4), a sxsaropuans-
HOE OKpYyXeHHe aToMa MeTaia o6pa30BaHO HBYMA KOHIEBLIMH NHBANATHHIME aHHOHAMM

(Co-O 1.796(2)A) u xeJaTHO-CBS3AHHBIM N,N’-gumnponaprun-1,3-(uuMUHOIPOIAOIATHBIM

anuoroM (Co-N 1.936(2)4) ({NR},-C;Hs, rae R = mpomaprin), a30THEIM aHAIOTOM aUeTHIT-
aueTonatnoro anrona (C=N 2 x 1.303(4)A, C=C 2x 1.347(4)A).

g}

CBal

Puc. 7. Ctpoenne xommuiekca 14. Puc. 8. Ctpoenue xommexca 15,

Jns obpa3oBaHus 3TOr0 aHHOHA TpeOyeTcs TPH MOJEKYIHI HponaprujamuHa. B or-
CYTCTBME KHCIOPOAA PEaKIus HE UIIeT, 2 0e3 n30hITKa cBOGOHOTO NPOTaprHIaMyHa [IPOLeCe
[IPOXOUT 3aMETHO MEJUIEHHEE U € TOPa3io MEHBIIHM BEIXOLoM 14,

Yunreipasi cTaCrIbHOCTE HUKENEBOro aHaiora 11 u, IpuHuMas BO BHUMaHWE pasiinyue
noTenuuanos nepexoga M — M™ m M = Ni u Co B 0QHHAKOBOM NUTaHAHOM OKpPYKEHHH,
MOXHO OBUIO [OJIaraTh, YTO B NEPBYIO odepens IponcxomuT oxucnerue atoma Co(Il). Jna
TNIOATBEPIHAEHHUS 3TOTO NPEATIONOKEHH ObIA HCCIeIOBAHA PEAKIHs IHECTHAIEPHOTO TpUMe-
THHaueTaTa kobansTa 4 ¢ 1,3-1MaMUHONPONAHOM, COSAHHEBMEM YCTONUNBEIM K OKACICHHUIO.
Ha neproii crazuu B aTMocdepe aprora HabIIORATIOCk 06pa30BaHKe KpalHe UYBCTBUTEILHO-
ro K KHCIIOPOLY BO3IyXa PO30BOro TIPOJIYKTa (mo-BrIIMOMY,
Co{(NH2)2C3He}2(O0CCMes)2), KOTOPBIH NPy KOHTAKTE ¢ KACIOPOIOM BO3JAYXa MPaKTHYE-
CKH MTHOBEHHO IpeBpaaICs B JIMaMATHHTHEIA HOHHBIH KOMILIEKC
[Co™ { (NH:):C3He}2(00CCMes) (OOCCMes) (15). Tlo mammsmv PCA (Puc. 8) B karnone
komriexca 15 arom Co(Ill) cBg3aH ¢ 9eTHIPEMS aTOMaMH a30Ta aMUHOIDYIIL, PacoNOKeH-
HBIX B 3KBATOPHANBHOH 110ckocTH (puc. 15) (Co-N 1.968(2) ~ 1.978(2)A) u npyms axcuans-

HBIMY NHBAIATHEIMA arroHamMu (Co-O 1.923(1) — 1.934(1)A). DToT pe3yIbTaT CBHAETeNbCT-
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BYET B [10JIb3y NPEATION0KEHNAS O TOM, YTO JIeHCTBHE KHMCIOPOIA HA TETPAMHHHEIH KOMIIIEKC
13 B nepBy1o OuEpeab BEAET K OKUCIEHHIO aTOMa K0OabTa, B OKUCICHHOM TeTpaaMHHOBOM
katroHe atombi Co(1ll) (nanpmvep, B 15) MMEIOT BEITOAHYIO HACKUNEHHYIO 18-3/ekTpoHHyIO
KOH(QUIypauKIo, YTO NPUBOAHT K PE3KOMY YCHJISHHIO CBS3BIBAHHS METaUI-JIMIAHJ IO CpaB-
HEHHIO C OKTadApHUecKuMH TpumeTuianeraramMu kobansra(ll) i JommxHO BHI3EBATH Hepepac-
TpejiefieHHe 3NEKTPOHHOH IUIOTHOCTH B KOOPAMHHUPOBAHHOM opranndeckom amuHe. OcobeH-
HO 3TO CKa3hIBAETCA HAa KOOPIMHAPOBAHHBEIX OPraHMYECKHX dMHHAX, COICPIKAINMX HEHACKHI-
I[EHHBIC YTJIEBOJAOPOAHEIE (ParMEHTSI, CKIOHHBIE K JSTOKAIH3AIMH ICKTPOHHON ILIOTHO-
cru. B oTiuune OT HEX, aTA()aTHYECKHE AMHHEI COAEPKAT JOHOPHYIO AlKHIIBHYIO TPYTIIH-
POBKY. CIIOCOOHYIO B TOH FUIM MHOH CTENEHM KOMIEHCHPOBATH IOTEPIO HIEKTPOHHOM MIOT-
HOCTW Ha aToMe a30Ta M, TaKMM o0pasoM, cloco6CTBOBATE COXPAHEHHIO IPOYHOCTH CBS3H

N-H.

2. 2. Komnuiexchbl Hukens ¢ o-henuaeninaMuaoM H N-denun-o-ennnennuammunom.

JlefiCTRUTEILHO, ONHMM M3 BRKHEHINX CBOMCTB apOMATHYECKHX Opmo-AHAMHUHOB
SABJIAETCH UX CIIOCOGHOCTD K MOCNEAOBATENBHOMY ABYX3JIEKTPOHHOMY OKHCICHHIO ¢ 06paso-
BAHHEM  4HMOHA-pajuKana  opmo-OCH3IOCEMHXMHOHIMHMHHA, a4  3ateM  opmo-
OeH30XUHOHAMMMHHA C IpeBpalicHreM GeH30uaHoH Gopmel B xunOnAHYH. Oba npoxykra B
HEeK0OpAMHHPOBAHHOM COCTOSHHH KpafiHe HEeyCTOHUYMBBI, HO MOryT ObITh CTaCUIHZHPOBAHEL
B COCTABE Pa3NHYHBIX KOMIUIEKCOB.

Jns noHuManus MyTel XHMUYECKOH AerPajialliy NOMUSICPHbIX THBATIATOB HUKEIs H
kobajbTa NpPH B3aUMONCHCTBHH C apPOMATHYCCKEMH OpMO-IUAMWHAME, 4 TAKXKE TIyOHHEL
TpaHchOPMUPOBAHHS IHAMHHOB HA META/DIOOCTOBE KIIACTEPOB MBI HCCeNOBaNu peakuud 1 u
2 ¢ o-enunenauamMuaoM ¥ N-gennt-o-penunenmaaMuaoM. OKa3alocs, Y10 B Cliyyae He-
nocratka N-derun-o-denmnennvamura (L : Ni =1 : 2) erpoenne o6pasyromuxcs KOMIIEK-
COB 3aBHCHUT OT UCMO/B3YEMOr0 PACTBOPHTENA. Tak, B HEMONAPHLIK TeKcaHe wim OeH3one 06-
pasyerca  TeTpasjepubifl  xommmexc  Nig(o-CgHsNHNHPh)y(p3-OH)(HOOCCMes)s(p-
OOCCMes)s (16). BoIeneHHBIH B BHE 3€JICHBIX MPH3MaTHUecKux kpucTamwios (Cxema 7). Ilo
JannbiM PCA cTpoerre MOJIEKYNIB! KOMIUIEKCa 16 IpakTHYecku IOBTOPSAET CTPYKTYPY aHM-
nHOBOrO KoMmmuiekca 8. B TerpasmepHoM Kiactepe 16 mPHCYTCTBYIOT IBE MOHONEHTATHO
caasanubie (3a cuer NHy rpymm) monexynst N-Ph-o-deminenpmamuna (Ni-N 2,158(12) u
2.137(12)A). DddexTuBHbIE MarHUTHBIE MOMEHT 16 pacTeT IpH NOHMKEHUH TEMIEPATYpPh
ot 296 1o 79K or 3.15 n0 3,30 M.b. (ananoruusoe mosecHue Habmonanocs Juis 8). 4ro yka-

3bIBACT Ha (peppOMAarHHTHHIN XapakTep OOMEHHBIX B3aUMOACHCTBUN,
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Nig(HOOCCMe 3)4(114-OH)5(13-OH)3(-00CCMe 3)
2

bewson uan remra, 20-50C,
L.Nigr =1:2

MeCN, 50-700C,
L:Nigr = 1:2

Hep R
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KOH(Ts) KOH{rs)
R=CMes (16)
R=CMe;(17)
18
Cxema 7.

Koopaunanus rpynmuposks NHPh ¢ 06pa3soBaHreM XenaTHOrO NMUK/a HPOMCXOIHT
npy UpoBeneHny peaxuyy xommutekca 1 v 2 ¢ 1,2-(NH)(NHPh)CgHs 8 MeCN (Cxema 7).
B HOBOM TeTpasiepHOM KOMILIEKCE Ni4{nz-a—CGm(NHz)(NHPh)]Z(m-OH)z(MeCN)z

(OOCCMe;)2(1-O0CCMes)4 (17), ABILTIOMEMCS 8HATIOTOM KOMILIEKCa 5, COASPIKUTCS TaKok

® L)
s0 " 5877

0 50 100 150 200 250 300
6 T.K

Puc. 9. Crpoenue 17 (a), 3aBECHMOCTS MATHHTHOTO MOMeHTa 17 o1 Temnepatypsr (6).
e CTPYKTYPHBIH tparmenT, Nig(us-OH)y(p-00CCMes)s(>-00CCMes),, ¢ Guskumu reo-

METPHYCCKUMH XapaKTCPUCTHKAMH, & 3apsa/l aTOMOB METaJlIa TaK X€ KOMICHCHPYIOT MiBa-
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JIATHBIE W MHIPOKCHIBHBIE aHHOHBL B 17 [uaMyHOBEIE TMTAHAB XENaTHO CBA3AHE! C ATOMAMHU
nukeids (Ni-N(NHp) 2.134(2)A, Ni-N(NHPh) 2.217(3)4,), o6pasyiommmu KOpOTKYHO JHaro-
Hanb pomba (Puc. 9a), a MOJEKyNsI alleTOHHTPHIIA - C aTOMaMH MeTailla, o0pasyromuMu
anuuayio anaronans (Ni-N 2.167(3)A). B 17 atomsl MeTamia coXpassioT 20-3/eKTPOHHYIO
KOHGMUIYpaurIiO ¥ HCKAXKCHHOE OKTadIPHYECKOE JIMIaHAHOE OKpPYXKEHHE, HOA00HO CHTyaluu
B 8 1 16. [pu 3TOM B TETpasiepHOM KoMIJiekce 17 MEHSETCs JIMIb II0TI€ IMTaH/0B Y aTOMOB
HUKEJIs, UTO CYLIECTBEHHO CKa3hiBaeTCd HA MarHATHBIX CBOHCIBAX 3TOTO COSNVHCHHS. B o1-
amume ot peppomarterukos 8 u 16, TeTpasaepubiit kommueke 17 nposeuseT anTndeppomar-
HUTHBIC OOMEHHbIE B3auMomeHcTBrs B upTepBasie 2-300K u ero MarHHTHBI MOMEHT MOHO-
ToHHO nagaeT (Puc 96).

IMpu BBexenuu B peakimo ¢ 1 wnn 2 usbeitka N-dennn-o-peHunenuammna (CooT-
Homenue Ni : L = 1:2) u xunggesun pacrBopa (B 6enzone, rexcare umu MeCN) Ha Bo3zy-
Xe. YA2eTCsl BBIOENUTH HEKOTOPOE KOMHYECTBO MOHOSIEPHOTO KOMILIEKCA ¢ ZBYMS XEJIaTHO
CBA3AHHBIMM aHWOHamMK N-¢Qenmi-o-Gensocemuxuonmuumura: Ni(CeHi(NH)YINPh)), (18)
(Cxema 7). Oanaxo aaxe upu ~20° BeIxox coeannenus 18 cymecTBEHHO TOBLIIIAETCS B IPH-
cyreteun TBepaoro KOH. B mnocko-ksazparaoM kommiekce 18 paccrosams Ni-N (1,828(3)-
1.863(HA) cunbro ykopoueHs! mo cpasHeHuio ¢ 16 1 17, npuueM B XeNaTHBIX JHTaHAax
aamHsl ceszedt C-C n C-N uMEIoT MpOMeKyTOUHOe 3HAYCHUE MeXAY OCH30HIHOM U XMHOHL-
HOl hopmamu. UeTbipexbAfepHbIe THAPOKCOTPUMETHNIALETATH 16 1 17 MOKHO IPaKTHUECKH
KONMYECTBEHHO HEpeBecTH B MOHOMep 18 mpu HarpeBaHHu MX PacTBOPOB B AEKATHHE 1O
150°C na Bozayxe.

M3 NpoBeIeHHbIX SKCIEPIMEHTOB BUAHO, YTO BO BCEX CIydasx HeHCTBHE KHMCJIOpPOa
Ha KOMIUIEKCH] C KOOP/IMHHPOBAHHBIMYA MOJNEKYJIaMH 0-IHAMHHA BEIET K 00pa30oBaHMIIO Ce-
MUXUHOHIRMMUAHOBOH (HOpMBI Urasia (T.e. HabIogacTCcs OHOIEKTPOHHBIH NpoUece), Ho
HE 3aTparuBaeT MeTau, fasad B urore xoMmnekc 18 ¢ aromom Ni(Il). ITonkiTka opranm3sanun
creaywowel cTaauy OKHUCIeHNS, Belyliel K TeHEpaluu KOOPAMHHUPOBAHHOTO JHUHMUHA, TIPH
npopesennn peaknun 18 ¢ tprudiarom cepeGpa B OeH30me NpHBENa JHIUB K 00DPa30BAHMIO
conbaata 18-CyHe. Ol HeoObIYEH TeM, UTO B KPHCTAIE STOT0 COSMHCHHUS MOJEKYIBI GeH30-
Jia pACTIOJIararoTCsl MEXAY MOJEKYJaMH KOMILUIEKCa TaK, YIO OTYeTIHBO IIPOCHEKHBAIOTCI
cnabhle HEBAJICHTHBIE B3AaMMOICHCTBHS aTOMOB BOJOPOJA, CONBBATHEIX MoneKyt CsHe ¢ Me-
ramonesTpamu (Ni.. . H(C4Hg) 3.004(4)R) u aTomamu azota NH rpynn (H...NH 2.843(4)A)
(Puc. 10). OcHOBHbIE FeOMETpUYECKHIE TapaMeTpsl KOMIUIeKea 18 npaxTuyuecku cosnanaior ¢

XapakTepUCTUKaMH ero COIbBATHPOBAHHOHM (QOPMEL
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Puc. 10. ®parmenT ymakoskr conbsara 18 CgHs.
AxTuBupoBaTh 18 ynaeTcs mpu IepeTHpaHHWH TBEPAOTO KPHUCTAUIMUECKOrO KOMILIEKCE ¢
GosbimM u3GeiTkoM AgO3SCF3 (4-5 5xB) B HpHECyTCTBUY 3-5 Kanenb aueroHa. JTO TPHBO-
AUT K 06pa30BaHHMIO reTepOlIUKINIECKOro coeantenns (19), koTopoe SBUIO BRIAENEHO B BHIE

KaTHOHA. (Cxcma 8):

Ph
\ / 4-5 5kB. AgO;SCF; @(NWN>:M°
) \ CHs CCH3 " /\/\N+ Me
Ph i
18 19

Cxema 8.

M3bexars BHYTPUCDEPHOTO OKHCICHHS MOJNEKYIb! AUAMMHA yLAeTcs TpH IpoBese-
HAHM TepMmonu3za coenunenus 17 B unepTHOH atMoctepe B kewnone. [lpu atom Habmonaercs
yZalIeHHE KOOPAMHMPOBAHHBIX MONEKYJI AaLeTOHUTPUIIA ¥ PasIOKeHHE TETPAsAEPHOTO OCTOBA
< 00pa3oBaHUEM ACHMMETPUYIHOTO GusiiepHoOro KOMILeKca Niz[(nz-o—
CoHy(NH2)(NHP)][(n'-0-CsHa(NH:)(NHPh)](n”,1-0,0-00CCMe3)(-OOCCMes)a(n’-
O0CCMe;) (20) (Cxema 9). Tlo nammemy PCA paccrosinie mexmy atomamu Hukens(l) B
xomitekce 20 Hecs3bsaromee (3.394(4) A). Ipu sToM aTOMBI METaWIE COEHHEHBL JBYMSI
mocTukosbiMu (Ni-O 1.967(9) - 2.000(9)&, C-O 1.22(2) - 1.30(2)4, yron O-C-O pa-
Ben125.0(13) - 125.7(13)° ) u onmoit xenarro-mMocTrKoBoH (Ni-O 2.066(8) - 2.094(8)A, C-O
1.29(2)A. yros O-C-O paeen 117.9(11)°) xapGoxcnnarapmvu rpymmave (Puc. 11).
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McCI\\7\“\ 7% f\ }

Ph Hl ORCC
5/ R
R =CMes (17)
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Ar, 1400C R. Ro_o NHy lph

NepeKPUCTALTH3AMS 2
u3 Gensona, 50-800C

R
o 5o L7
/C§/\Oi\ /NH2 Nsh

Ni;
nih N I~

Hy »Ni
ot o2
R

21

=

Cxema 9.
Uersepras xapGoxcunaTHas IPYNIHMPOBKA OKA3HIBACTCHA XCIATHO-CBA3AHHON C ATOMOM Me-
Tanna (Ni-O 2 x 2.091(8)A, C-0 1.26(2) u 1.29(2)A. yrox O-C-O pasen 118.3(11)°), KOOpJTH-

HALMOHHAs cepa KOTOPOro JONOTHACTCS aToMoM asoTa rpymmsl NH, MoHozeHTaTHO

Pue. 11 Crpoenne xommmiexca 20.

KOOPAMHUPOBAHHON Monexymst muamuna (Ni-N 2.168(11)A). Bropas momexyna nuamuna

OKa3bIBAETCs XEJIATHO-CBA3AHHOH U KOOPAMHHPYETCA Ha NPOTHBONOIOXHOM METAIJIOLEHTPLC
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(Ni-N(NH) 2.087(10)4, Ni-N(NPhH) 2.142(10)A). B urore, 06a aroma Ni(Il) oxassmaiores
B OKTadPHUYECKOM OKPY>KEHMH B MMEIOT 20-3JIEKTPOHHYIO KOH(UTYPAHIO.

[lpu nepexprctanmuzaumy 20 u3 OeH30/a KOMIUIEKC IEPEXOMHT B CHMMETPHYHBIA
mamep Niz{n'-0-CeHyNH2)(NHPh)}2(u-0O0CCMes)s (21) co cTpykTypOif «kuTatickoro dho-
napuka» (Cxema 9). Cornacro nauaeM PCA (Puc. 12) wethipe kapGOKCHTATHBIX MOCTHKA
npaxruuecky dksuBanenTHsr (Ni-O 1.989(1) - 2.038(1)A, C-0 1.255(2) - 1.260(2)A, yron O-
C-O pasen 124.3(1) u 124.4(1)°), u 1Ba anuKATEHBX MOHOACHTATHEIX JHAMHUHOBBIK IATAHAA
cBsi3anel 3a cuet Gomee wiectkoi» NH; rpymmsr (Ni-N 2.038(1)4, yrom N-Ni..Ni pasen
177.55(4)°). B mostexyne 21 Habmoaaercs peKOPAHO KOPOTKOE JUTS 3TOTO THIIA KOMILIEKCOB
paccrosiaue Ni...Ni (2.4967(4)A). Onnaxo, HECMOTPS Ha 3T0, B coequuenur 21 Her npaMoi

CBSA3H METATI-METALI, M KOMILIEKC OKa3RIBACTCA aHTH(beppOMaIHeTHKOM<

Pric.12. Ctpoenne komimiekca 21.

Wnaue npoTekaeT peakurs 1w 2 ¢ HesamemeHsM o-GermrenanaMuaoM. Tak, npa
HEJO0CTATKE JHAMMHA OCHOBHBIM TPOJYKIOM DEakNHK B AUETOHUTPHIE OKA3BIBACTCS He-
oObIuRbI  Tpexwsaepueit  Kommiueke  [Niz{p-N,N’-(NH;),CeHa}>(HCCOOCMes)3(3-
OH)(LOOCCMes)s] (OOCCMes)” (22) ¢ MOCTHKOBEIME 0-EHHIESH {AAMUHOBBIME JIUTAH/A-
My (Cxema 10), a He TeTpasepHble KoMIekcr! (aganoru 16 u 17), xak 310 HabmonaI0CH
s N-Ph-zamemensoro nuavusa. [To JaHHBIM PEHTTEHOCTPYKTYPHOIO aHANH3A B TPEXbi-
JIEPHOM KaTHOHE aTOMbI METalLia 00pasyoT TPEYTroIBHUK ¢ HecBmLmaJoxﬁuMn PACCTOSHUS-
mu NiNI(Ni(1)-Ni(2) 3.481(1), Ni(1)-Ni(3) 3.337(1), Ni(2)-Ni(3) 3.542(1)A), B ueurpe
KOTOPOTO pacnonioxkeHa TpuaenTartHo-Moctukosas OH rpynma (Ni-O 2.023(7) — 2.038(6)A,
Ni-O-Ni 1104(3) - 121,4(4)°) (Puc 13a). Ilpu sTOM xBE CTOPOHBI TPEYrONBHHKA
(Ni(2)...Ni(1) u Ni(2)...Ni(3)) uMer0T HEOKBUBATCHTHbIE MOCTHKY: Kapboxcunarasi (Ni-O
2.023(7) — 2.092(8)A) u o-pennnenmmamunossit (Ni-N 2.093(10) -2.169(10)A), a tperss
cropona. Ni(1)...Ni(3). cranyra AByms MoctukoBsME rpynmamu OOCR (Ni-O 1.999(7) —
2.042(7)A). W36biTox nuavuHa 1py B3aumoneicTeuy ¢ 1, 2 mmm 22 IPUBOAT K KOMAYECT-

BEHHOMY 0o0pa-
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<0
24

Cxema 10,
30BaHHIO MOHOSJEPHOTO KOMILIEKCA Ni{n2—(NH2)2C6H4}z(OOCCMe3)2 (23, Ni-N 2.151(2) -
2.114(2)A: Ni-O 2.073(2)3) (Cxema 10; prc. 136). B 23 maGmonaercs BHYTPHMOJIEKYTISIPHOE
(2.00(5)4) u mexmonexynsiproe (1.94(4)A) Booponmoe cRA3BRAHHE MEXAY aroMaMH BOJO-
poia aMHHOTPYHI M aTOMaMHd KHCI0poJa KapOOKCHIATHBIX JIMTaHTOB, IPHYEM NOCHICHHEE
NPUBOIUT K 06Da30BaHuIo GECKOHEUHBIX Ilefiell B KpHCTaLIe.

Kowmnnexc 23 ycToiuns B TBEPAOM BHAE, HO MEICHHO OKHCIIETCS B PACTBODE alle-
TOHHMTPHNIA KHCIOPOJOM BO3JyXa YXe€ IPH KOMHATHOM TeMIIeparype, a TP KHIISYECHUH Ha
BO3JYXE C KONMYECTBEHHBIM BHIXOZOM ofpasyerca wu3BecTHHM MoHoMep [G.Swartz,
R.H.Soderberg Inorg. Chem. 1968. V.7. P. 2300] ¢ aByMs XeNaTHO-CBS3AHHBIMY AHHOHAME

o-6enzocemuxunonauumuna Ni{(NH),CsHy}2 (24).
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Puc. 13 Crpoenne KOMILIEKCOR HUKENS ¢ o-GenmienmuamuaoM 22 (a) u 23 (6).

3. 3. MpoayxTs! B3auvogeficTBHS MOJHANEPHLIX NHBAIATOR KobamsTa ¢ N-benu-o-

(heHHICHIHAMHHOM.

TMosmsiaepHsle HRANATH KOGATHTA 3a 1 6 B IPHCYTCTBHE KUCIOPORE BO3AYXA JIETKO

pearupytot ¢ N-Qenun-o-heHUICHMAMIHOM B PasHbIX PaCIBOPHTENAX (IKaHAX, apOMAaTH-
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weckux yraesopoponax, CH,Cly, THF, MeCN) ¢ oGpa3oBanneM JUaMarHATHOTO COCAUHECHUS
[Co{n -N(Ph)CoHN(H)} 2(r'-N(H;)CeHsN(Ph)(H)} ' (Me;sCCOO.. H... OOCCMes) (25) ¢
HouTH KoHuecTBeHHsIM BhixonoM (Cxema 11). Ifo pauusmm PCA B 25 (Puc. 14) uenrpans-
Huiii atom Co(lll) mMeeT ACkakeHHOE TeTparoHANbHO-IMHPAMUJANLHOE OKPYXKEHUE U3 TATH
aTOMOB a30Td. 4Y€Thipe K3 KOTOPBIX BXOIAT B COCTAB [IBYX XE€NATHO CBA3aHHBIX O-
CEMVX MHOH AHMMAHOBEIX JIHTAH/I0B, PACTIONOKEHHBIX oA yrmom 153.7° npyr k apyry (Co(l)-
N(1) 1.906(6)A. Co(1)-N(2) 1.854(7)A, Co(1)-N(3) 1.914(7)A, Co(1)-N(4) 1.856(7)2), a ms-
TEI OTHOCHTCSL K 7)'-KOODIMEHPOBARHOMY IWAMMHY, CBA3QHHOMY € aTOMOM Ko0amsTa 3a
cuer HenopeneHnod mapsi NHp-rpymmer (Co(1)-N(5) 2.005(8)R, N(5)-C(25) 1.428(10)A,
C(25)-C(30) 1.425(10)A, C(30)-N(6) 1.404(10)3).

Puc. 14, Ctpoenne xommnekca 25.

ITpu nposenennn peaxnuu xommiekca [Cos(usz-OH)2(00CCMe;3)s(HOE)s] (6) ¢ N-
(penni-o-(eHUICH IHaMHEOM B aHaIPOOHBIX YCTIOBHSX B alleTOHUTPUIIE YAAJIOCh BBLIETHTEH
Ipyroe MOHHOC COCHMHEHHe [Co{nZ-N(Ph)C6H4N(H)}2MeCN]+[Coz(p.z—O,nz-OOCCMeg(p-
00CCMes)(n>-00CCMes),] (26) (Cxemal 1). To mammsm PCA (prc. 15) B coenunenuu 26
MOHOS1€pHbI} KaTHOH SBIAETCS SICKTPOHHBIM aHAJIOTOM KaTHOHA coelumeHus 25, B KOTO-
POM MECTO MOHOJEHTATHO CBSI3aHHOTO JWaMHHa 3aHAMAeT MOJeKyla aueToHmTpuia. B 6us-
JEPHOM aHuole 26 NBa aroma KOGaIbTa CBSI3aHbI TPEMST MOCTHKAMH: JIBYMs OOBIUHBIME Kap-
GokcunaTHeIMA M MOCTHKOBHIM aroMoM kwucioporna ((Co(1)-O(8) 2.007(4), Co(2)-O(8)
2.148(4) A) XenaTHO-MOCTUKOBOMH IEanatroll rpynnsl. B TakoM aHMOHE NPHUCYTCTBYIOT He-
5KBHBAJICHTHALIE aTOMBl KoGaisTta - 17 anextpournsii ¢ KU =5 u 19 snekrponnsii c K4 =6. B
UTOre, B MPOLIECCE XAMUUECKOMH IECTPYKIME HOMMAIEPHBIK MHBAIATOB KOOAIETa O AeHCT-

BreM N-3aMelieHHOTO AHamMuHa He YIaeTcs 3a(uKCHPOBATE TETPa- WM TPEXbIJCPHBIX HH-
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Pue. 15. CtpoeHue xoMiiekca 26.

tepmenuaros xobanbra(ll), mogobro caryanuy ¢ npeussomueMu Ni(Il). Beposrao#t mpwsm-
HO# ITOT0 MOJKeT ObITh CKITOHHOCTH NMEBANIATHEIX KOMILIEKcoB KobansTa(ll) ¢ KoopauHupo-
BAHHBIMK JMaMUHAMH K JIETKOMY OKHCIESHHIO METAJLIOLENTPA, OKa3aHHad HaMH Ha pUMepe

Komirekea ¢ 1,3-IMaMyHOnponaHoM.,

3. XumMuHecKkoe KOHCTPYHpOBaHHe THBAJATHBIX KOMILIEKCOB KO0AIbTA H HUKEJI,
MMHTHPYIOMHX MeTaiopparMenThl HPHPOTHLIX GepMEHTOB

Psin GepMeHTOB conemkuT OrsiepHBIE METAIO(ParMeHTsl, B KOTOPEIX JBa aToMa
METa/1Ia COEANHEHE! OHON W HECKOJILKUMU KapOOKCHIATHRIMY IPYIIAaMH, IPHYEM 3a9ac-
TYIO B K24yecTse JAONOIHUTENFHOTO MOCTHKA B TaKOH CHCTEME IIPHCYTCTBYeT MOJEKyNa BOJb!
[R.H.Holm et al, Chem.Rev., 1996, 96, 2239]. Cpenu Takux 5H3UMOB MOMKHO BEIIEIHTH
Gosrpuioe CeMEHCTBO MMAPONas, K KOTOPbM oTHOCATCS Co-3aMeINenHas aMunonenmuoasa a
Ni-3aMellennas ypedsd. ITH «xapOoKCHIaTHEIE (PePMEHTH OTBETCTBEHHB, B JYaCTHOCTH, 32
KaTanuTH4ecKuit TUOPOJIA3 MOYEBUHBI B IPHADOIE. Y‘H'ITI:IBZ.S{, 9TO B yIIOMHHaBHIPIXCﬂ BBIOE
nonusiepHbix Kapbokcuiuarax kobambTa M HEKENS YKe IPUCYTCIBYIOT «(parMeHTBI-
3aroroskn» M(pu-OOCR)(u-X) (X = OH, O), MoxHO GbII0 0XMAATH, YTO ITH KIACTEPH! Oy-
IlyT TEHEpPUPOBaTh B ONPEAENCHHBIX YCIOBUIX OUSIEPHBIE KOMILIEKCE], SBISIONIHECS CTPYyK-

TYPHBIMH aHATIOraMH aKTHBHBIX Memnotbpameﬁ'ros IPUPOIHEIX SH3UMOB.
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3. 1. BaaumogeiicTBHEe NOIMAXEPHLIX TPUMETHAALECTATOB HEKES M Ko6aIbTa ¢
NMUPHAKHOM U €ro MPOH3BOHLIMHM.
Oxasaiocs, 4T0 NOJUSIepHEIE IMBANATHI HUKENH 1 ¥ 2 JIETKO PearupyioT ¢ MUpHIy-
HOM M €ro I[pPOHM3BONHBIMH, 3,4-IyTHIMHOM wi  pExopapganoM  (NCsHg-m-
{C(O)NHC;HsONOy}), ¢ npakTeueckM KOJHYCCTBEHHEIM OOpa3oBaHHEM KOMILIEKCOB
LsNi(OOCCMe3)y(p-O0CCMes)x(n-OHy) (L = Py (27), 3,4-Lut (28), Nic (29)) (Cxema 12).

Nig(HOOCCMg)4(H-OOCCMe)1a(He-OH}(1-OH)
2

+L,
Genson

MesC CMe; MeC CMe
s Py. 20-500C, /gy\c\

b, SV 0& L Y B

v o i ' -~ Ni Ni—
b O/Nl‘\\O/INi\L*‘————-L / \0/ N\ L
Hy

110-140C, O
/ H, Q\ KCHACH i 2 ({
Me;C(,gO O/}CMQ Me;CC\O O//?CMQ
30 L = Py(27), 3,4-Lut(28), Nic(29)

L =Py, L' = HOOCCMe;

N\

1 5ke. H>0, 2 sks. HOOCCMes,
GEH301 WK renTay
Tepmonns Teepaoro 36 40-600C

Teepmpiit KOH,

B BKyyMe. 170°C CH,CI,

Cxema 12

o nannpiv PCA Bce KOMIUIEKCHI HMEIOT GIIM3KHE T€OMETPHYECKHE XAPAKTEPHCTHKH OMs-
aepuoro metamiodparmenta (Prc. 16a, nmpuseneHo crpoenne xominiekca 27). Tak, aToMBI
MeTana B MONEKYaX PacoNOKEHsI Ha HECBS3BBAOMMX paccTosHasx (Ni..Ni 3.513(1) A
(27): 3.549(3)A (28); 3,505(4)A (29)), a nuraHAROE OKPYKEHHE METATNOLEHTPOB OIH3KO K
OKTadapudeckoMy. Kaxaplil aToM HIKEIL B KOMIUIEKCAX CBA3aH C TEPMUHAIBHON KapOOKCH-

JaTHOH rpynnoﬁ. ABYM# NUPUJMHOBEIMY JTATaNAaMH, ABYMSI aTOMaMH KHCIOPOJA MOCTHKO-
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BbIX [THBAJIATHBIX IPYINMPOBOK M ATOMOM KHCIOPOJia MOCTHKOBOM MONEKY/Is! BoAbl. Mar-
HUTHBIC JAHHbIC CBUJETENBCTBYIOT O HAIHYMM B 3THX COSOWHEHMX Tonsko atomoB Ni(Il)
(sanpuMep, 1isi MOHOKpHCTamia 2 X 2 X 1.5 MM komILiekca 27 MarHUTHELH MOMEHT PacTet OT
3.077 1o 3.134 M.B/ar. Ni B untepsaie 300-20K, a 3atem nazaer no 2.700 M.b. B unreppane
20-2K) (Puc. 166). Taxoe noseneHune (aHATOTHYHEIE 3aBHCAMOCTH HAOMIONAETCA TAKXKe 1l
xomitexcos 28 u 29) Becbma HeOOBMHO U1 OUsIEpHBIX KapOOKCHIATHEIX COeNVHEHMH, B
TOM YHCIe HHKEs. H COOTBETCTBYET IPOSBICHHIO BHYTPHMONCKYISPHEIX 0OMEHHBIX B3aH-
MozeitcTeuil BeppomarautHoro Tuna (21 = 17(27), 12(28), 9(29) em’) u cnabrix Mesxmo-
NeKyIApHBIX B3anmoneicTBuil anTudeppomarautHoro Tuma (-2Jy = 2.3(27), 4.8(28), 2(29)
em™.

BaxHO# CTPYKTYpHOH 0COGEHHOCTRIO 3THX COENHHEHMH ABISCTCA HAJIAIHE BHYTPH-
MONEKYJISIPHbIX BOIOPOAHBIX CB3€H MEXKIy aTOMaMHU BOIOPOZa MOCTHKOBOH MOJIEKYJIEL BO-
IbI ¥ aTOMaMH KUCJIOPoa KOHIEBBIX KapOOKCHIATHBIX rpyniuposok (Puc. 16a), aranoruy-

Has KapTHHA HAOTIOKAETCS UL KOMILIeKCOB ¢ IyTHarHOM (28) 1 HuKOpaHauioM (29)).

Hetr e
a5t

e® © o o © o o o ® ® o
r

[0

4.0

35

3ok . . . . . ,
0 50 100 150 200 250 300
K

a

Puc. 16. Ctpoerine komiuiexca 27 (a), 3aBHCEMOCTE MATHATHOTO MOMeHTa 27 OT TEMIEpATy-
pbl (6) (BeIMUMHB] MOMEHTA PACCIUTAHB] HA OUANEPHYIO MOJNEKYIY)
B yrore, aKBa-MOCTUK B COSNMHEHHAX NOCTATOUHO MPOYHO CTaOMIN3HPOBaH, U HarpeBaHue
27 B xcunoae (110-140°C) B Teuenue 2-4 YacoB UPUBOAKUT TONBKO K IIOTEPE ABYX ITHPUAUHO-
"BbIX JIMIaH10B. MOCTHKOBAT MOMEKYNa BOIBI IIPH 5TOM COXPAHAETCH B 06pasyeTcs KOMILIEKS
Py,Nio(HOOCCMe;3),(00CCMes)a(p-O0CCMe; )x(p-OHy) (30) (Cxema 12, Puc.17). Mone-
Kyna 30 TakKe COEEpXKHMT JBA ATOMZ METAlla, PacIOJOKEHHBIC Ha HECBA3HIBAIOUICM pac-
crosuun 3.465(2)A. Tipn 3T0M cOXpansiercs BHYTPHMOIEKYIIPHOE BOJOPOIHOE CBA3BIBAHME
MEXKY MOJEKYI0i BOAbI U KapOOKCHIATHRIMY TPYHIAMHU ¥ NOABIISIOTCA HOBBIE BOJXOPOJHBIE

CBS3H MEXAY NPOTOHAMH HeﬁTpaﬂbHBD( MOJICKYJI KHCJIOThI B aTOMaM¥ KU CIIOpO1a Kapﬁoxcn-
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Pue.17. Crpoenne xommnexca 30.

AaTHBIX MOCTHKOB (Puc. 17). BO3MOXHO, HMEHHO 3T0 OGCTOATENHCTBO BIMSET HA PE3KYIO
CMEHY MarHuTHbiX CBOHCTB koMIulekca. B ormmume ot deppomarnsraoro 27 xommiexe 30
TNIPOSIBNAET aHTUQEPPOMArHUTHBIE CBOMCTBA ([apy/aT Ni = 1.90 - 0.84 MLB. B untepnane tem-
neparyp 293-79K, 2] = 265 em™). TTockonbky IpH OXIKACHUN PEaKUUOHHON CMECH, CO-
Jepxantet xommaexe 30, g0 20°C, IpoxyKTe TEPMONH3a NPAKTHUECCKY KOTMMUECTBEHHO nepe-
XOJAT B MCXOAHBIM KOMIUTEKC 27, B PacTBOpE (haKTHYECKH OCYHIECTBISETCS OBPATUMOE TeM-
TIEPATYPHO-3aBHCHMOE PABHOBECHE «DEpPPOMarHETHK S AHTH(HEPPOMATHETHE.

Kommexe 30 Tepaer KOOpIMHMPOBAHHBIE MOJEKYIEl KApGOHOBOH KHCIOTH F BOJEL
nume npy Barpesanny 1o 170°C B TBepmom BuzeE, B BaKyyMe, NaBas GHANESDHEIH, paHee He-
M3BECTHBIH anTH(heppoMarHuTHbIl TeTpakapboxcunar PyNin(OOCCMes); (31, Ni.Ni
(2.603(2)A) co cTpykTypoO#t «xuTatickoro (pomapukay. Kommmeke 31 Moxer 6BTh TONyHeH ¢
BBICOKHM BbIx0A0M (70%) mpu B3aumonercTun 27, pactsopensoro B CHyCly, ¢ Tepapv
KOH B mpu xomHatHo# Temueparype (Cxema 12). Blamx YCIOBHAX [Ba IMPHAMHOBBIX JIH-
TaHa ¥ MOCTHKOBAsl MOJEKY/IA BOJIBI BEITECHSIOTCS U3 KOOPIHHAIMOHHON chephl METAIIOB.
B oTcyTcTBHU O-3aMecTUTENEH B aKCHATRHOM MHPHIMHOBOM JIHFAHIE, CTACHIM3UPYIOMMX
CTPYKTYpPY «doHapuxa», koMivieke 31 mMoxeT GBITH BHOBb IIPEBPANICH B aKBA-MOCTHKOBBIA
KOMIA€eKe 30 npy B3aMMOJEHCTBIM C ABYMS MONEKYJIaM¥ TPUMETHITYKCYCHOR KHUCIOTEL ¥ Ofi-
HOM MOJIeKy0# Boxb! B aneronutpune npu 80°C, a neficTere THPHIMHEA HPEBOIHT K TEPEXo-
oy 31 B 27 (Cxema 12).

B oTrnuie 0T cnoxHOH neny npespamenni, 2(anmu 1)—-27—>30—31, Gusaepusiit ve-
THIPEXMOCTHKOBBIH [HHUKENEBEH (parMeHT €O CIPYKTYpo# «(oHapuKa», K4K H3BECTHO,
JIETKO  (POPMHMDYETCA TPH HCIONB30BAHWM O-3aMEINCHHEIX [IPOM3BOHBIX TNHPHINHA
[A.A Hacumexnit u np., Koopounayuonnas xumus, 1976, 2, 1060]. JelictaurensHo, peaknys

1 wnu 2 ¢ 2.3-nyrununom (2,3-Lut) cpasy IpUBOAMT K HONYUEHHIO aHTH(DEPPOMArHUTHOIO
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aumepa  (2,3-Me;CsH3N),Nip(OOCCMes)s  (32), omHako, B HeM paccTosmme Ni...Ni
(2.726(2)A) B nenuneinom hparmente N-Ni...Ni-N (168.3(1)°) 3aMeTHO AnuHHee, yeM B aHa-
JIOTHYHBIX KOMILIexcax ¢ mupuarnoM (27) m N-Ph-o-berunenamamunom (21), u 6nasko 1o
3HAYCHHUIO K HAOJIONABLIEMYCS B M3BECTHBIX TPUMETHIIALCTATHBIX «IUMepax-GOHAPHKAXY C
IPYTUMH OL-3aMElIeHHBIMHE IPOU3BOIHBIME THPHIHHA.

Heoxunanno okazanock, 910 OHANEpHEIH KoMIIEKe ¢ TOZOOHOMH CTPYKTypoii ob6pasy-
€Test TIpU B3aumofelicTsuu 1 uiwm 2 ¢ TpHSTHIAMHHOM. BeposTHO, B 3TOM cliydyae NpOsIBIIINCEH
cTepuyeckHe (GaKTopbl OOBEMUCTOTO TPHITHIEMEHA, BO3MOXHO BEIPAXEHHBIE JAXKe CHIBHEE,
4eM B YIOMMHABIIHXCS Ol-3aMEIEHHBIX IHPHIMHAX, YTO H olpefendet obpasoanue TeTpa-
moctukoBoro auMepa (EtsN);Ni(OOCCMes)s (33) co crpykrypoit «gouapuxa». B stom
komnnekce paccrosaue Ni...Ni zocratoaso mmumoe (2.728(2)R), xora gparment N-Ni...Ni-
N npaxruueckn andeet (177.7(3)°) (Prc. 18). Cpase Ni-N (2.106(6)A) B xommexce 33 oxa-

3bIBACTCH 3aMETHO cnaﬁee, YEM B M3BCCTHBHIX JIUMEPHLIX TPUMCTUIIALCTATAX 3TOrO THIIA C

Puc. 18. Crpoenne xomimiexca 33.

o-3aMeleHHbiMu mupuaaRame (2.030(8) — 2.047(9)A) u Tem Gosee ¢ He3aMeIEHHBIM IHpH-
auxoM (2.012(5)A). D10 creayet He TonpKO M3 AMMEE cBs3H Ni-N, HO ¥ K3 XUMHUECKHX
ceoicTs kommnexca. Coenunenue 33 npu KumsI9eHEN B GCH30JE C 2,3~y THAMHOM UJTY MHPH-
JHHOM JIETKC TePsieT KOOPAMHEPORaHHEIE MoneKkynsl Et;N, koymyecTBenno o6pasys cooTseT-
CTBYIOUIME KOMMUIEKCH! 31 umu 32. ABaNOrHYHEIM 06pa3oM JIyTHAMHOBEIA nHrasjy B 32 Mo-
KeT OblTh 3aMELIEH HAa MOJIEKYTy nHpuiauHa. Takum o6pasoM, peakndoHHAS CHOCOBHOCTSH
KoMiliexca 33 OTKpBIBACT ITMPOKUE NEPCIEKTHERI I CUHTE3a Ha €10 OCHOBE JPYTHX TpHUMe-
TUJIALETATHEIX «IHMEPOB-(QOHAPHUKOBY.

Hcnonbsosanue B peakuyy ¢ NOJHMSASPHBIMY IHBanatamu kobansta 3, 3a u 4 nupu-
JMHA UM HUKOPAH[MIIA IPHBONHT B MATKHX YCHOBMSX K 06pasoBaHuio OUSIEPHEIX KOM-
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nzexcor Co(ll). comepKaliux MOCTUKOBYIO MONEKYJY BOubl, ¢ obuiei dopmymoit CosLy(u-
OH)(OOCCMe;3)2(p-O0CCMes), (L = Py(34), Nic(35)) (Cxema 13). ITo saunsm PCA xom-
nnekc 34 sBifeTCs AHAJOTOM HMEIOLIETO TAKOM XE COCTaB HMKENEBOro KoMIexca 27
(Co...Co 3.569(11A). Heo6x0auMo TaKme GTMETHTE, 9TO HEKOOPAMHHPOBAHHEIE ATOMEI Ki-
€I0pOa KOHLEBBIX IHBANATHBIX JIMTAHAOR 00pasyioT BOAOPOJHLIE CBS3H C aTOMAMH BOXO-
pona MocTHKOBOM mostexyist Boasl (O(5)...H(1A) 1.94, O(5)...0(1) 2.5634), mozo6uo cuTya-

1Y, HabmoAaeMoH B aHATIOTAYHOM KOMILTEKCe Hukea 27.

3w 4
L
CMS3
MesC.  CMes Lo 3Ccy
C>\/ /O/§n
o0 o0, Py, H,0 0 x O\
L/ N L - A \
Y a . L-C Co-1,
L—Co ===
i < tooC, N i
/0 = ({ TOMYON O\O (:>>/Sg /O
Me _;CC%O B P et MesC  CMe;
L = Py ( 34).Nic (35) L =Py (36),23-Lut(37)

Cxema 13.

Kunsuenne 34 unu 35 B Tonyone B Teuerre 10 MuH. IpEBOIUT K 06PA30BAHUIO AHTH-
(heppoMarHUTHRIX TeTpakapOoKCHIaTHRIX KoMIUeKcoR L,Cox(p-OOCCMes) (L = Py(36),
Nic(37)) co ctpykTypoii «boHapuKay, SBISIONUXCS aHAJOTAME HUKETEBOrO KoMiuiekca 31.
Io nansbiv PCA xommiexca 36 (Puc.19) paccrosmus Mexmy atoMamyl MeTalla SRISIOTCS
necssssiBaompmu (Co...Co 2.734(1) u 2.770(1)A B IBYX HE32BHCHMBIX MOJNEKYJax),a alli-

KaUIbHBIC O3MIMK B MOJIEKYJIe 3aHATH MUpHAuHOBEME nuraniamy (Co-N 2.067(3)A u

Pue 19. Crpoenne xommrexca 36.
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2.071(3)A), yron CoCoN 160(1)° 1 168(1)° B iBYX HE3aBHCHMEIX MOJEKYJIAX ).

[lpu B3aumozeiicTBus 36 ¢ M30BITKOM MUPHAKHA B IPUCYTCTBHM BOJBI HPOMCXOMMUT
peBpaleHHe KOMILIEKCa Co CTPYKTYPol QOHApHKa B HCXOMHbIH KOMILIEKC 34, KaK ¥ B CIIy-
yae AaHATOTMYHbIX COeTHHEeHHH Hukend. OnHaKo 3/iech MOJOOHBE Mepexo] NPOUCXOMHUT Jake

Tpy KOMHATHOM TeMIepaType.

3. 2. Peakuus TPHMETHIALETATOB HHKeIS H KobaabTa ¢ 2,2 - IANHpHANIOM,
2,2’ -nunupuaniamMasoM 1 2,2°:6°,2” -TepnyupHIHHOM.
[TonunupuAvHOBLIE CHCTEMBI, 2,2’ -UNUPUIAN, 2,2 -IuIupHaunaMus 1 2,2°:6°,2-
TEPTIMPHAHH LIMPOKO IPHMEHSIOTCS B KOOPIHHAIMORHON XuMuH, 6aarofapst ceoel crocod-
HOCTH JIETKO 00pasoBbIBaTE NPOYHBIE XENATHEIE UK/LL. MICIONb30BaH e 3THX JIUTAHOB HO-
3ROJISET BAPLHPOBATH PACIONOKEHKE THPHIHHOBBIX (PPArMEHTOB B KOOPAHHAKOHKEOMU chepe
aTOMa MEeTanna ¥ o0ECTICYHBATS PA3JIHUYHEIE YTH JECTPYKIAH MONUSACPHBIX KapOoKCHIaToR.
YcTaHOBIEHHE CTPYKTYpooGpasyrommeit POy TOMHIHPHAMHOBEIX JTUTAHI0B HEOOX0MUMO 11t
HANPABAEHHOM COOPKH KOMIUICKCOB, SBISIOMMXCA CTPYKTYDHBIMH aHANOramMu OHSNEpHBIX
MeTaLIO(ParMeHTB Psaa SH3MMOB.
Bsanmoneiictaue 2,2 -nunvipriwia ¢ 1w 2 (cootnomenne L : Ni =1 : 1) npusogut
Kk oGpazopanuto GusmepHoro xommnekca Dipy;Nix(OOCCMes)(u-O0CCMe;)y(u-OHy) (38)

¢ BHICOKMM BBIXoznoM (60-70%) (Cxema 14). Ctpoenue MeTamnoocrosa cocuteHns 38

|
Dipy. Genso:, \ N e =,
2000 = 0 0.0
we \ \/ \N/ ~
N\

Tepmonns TRepaoro 38
nipu 1700C B Bakyyme

| =~ Me;C
NN cCMe; <3
~ \ N
\\ N/"\Q’—O =
™ SN
N\ f
39 CMe; o O\Cf
CMe;

Cxema 14.
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I10108HO HalIeHHoMY B coemuuenusx 27 — 30 (Ni..Ni 3.479(1) u 3.488(1)A B aByx HezaBU-
cumpix Monekynax) (Puc. 21a). Ongaxo, MOCKOABKY MHPHAMHOBHIE KOIbUA AUIHPAIMIBHOIO
JMTaHa PACroIOKEeHbl IPAKTHUECKH B OHOM [UIOCKOCTH (Yroll MexIy HUMH paseH 3.2(2)°),
B CTpyKkType kommnuekca 38 Habmomaercs MHOE PacloNOXKEHHE NHTaHgoB BOKPYT KaNIOTo
atoma Ni(ll) 1o cpaBHEHUIO C MUPHIMHOBBIM NPOU3BOAHBM 27, T€ MIOCKOCTH THPHINHO-
BhIX Mragyoe obpasyior yron 104.2(3). 3Ty paznuams B OKPYXKEHMH NPUHLHIHATEHO HE
CKa3BIBAIOTCSA HA MAarHUTHOM INOBEICHMH KoMiuiexca 38 - on Takxe mposBiser deppomar-
wuTHble cBoficta (g = 2.13, 81 =8, = [, J; = 2.0 cm™) co cnabrm antudbeppoMarsuTHbmM
MEXMOJEKY/ISpHbIM B3auMOIeHCTRIEM B AuanazoHe Temmeparyp 300-2K (Z1 U'=.0.15 em™)

(Puc. 2106).

Herba

450 s
4473
4.0

®e 00000 ° ® o
4316
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Puc.19. Crpoenne 38) (a), 3aBMCHMOCTS MarBRTHOTO MOMeHTa 38 0T Temmepatypsl (6).

B otnuume OT MHPHAMHOBOIO KOMILIekca 27, coefuHeHHe 38 ¢ KOOPAUHHPOBAHHEIM
JIMTTUPUIUIOM TEPMHYECKH BechMa CTaOHITLHO M OTIIENIIIET MONCKY/Y BOJBI IpH HArpeBa-
HUK B TBepAoM Buze npu 160-170°C TOIBKO ¢ OZNHOBPEMEHHEIM BaKyymMupoBamueM. [Ipu

3TOM TIONYYaeTes MOHOSIEPHBIH MapavaruTabii xommieke DipyNi(OOCCMes) (39, Mogip

= 3.09 M.B. (300K)), comepxaiuuii IBe XeIaTHO-CBA3aHHBIX IHBanaTHeIX rpynmst (Ni-N
2.033(3). 2.050(HA u 2.0337(3), 2.052(5)A; Ni-O 2.106(4)-2.137(3)A u 2.104(4)-2.135(H)A B
ZBYX He3aBHCHMbIX Moiekynax) (Cxema 14).

Mounosaepusiii komruiexe DipyNi(NH;Ph)(OOCCMe;); (40) ¢ ueTsipeMs dopMansHO
pasHbIME Juragnavu 06pasyeTcs IPAKTUHECKH € KONWYECTBCHHBIM BBIXOIOM B DeaKiuu
xomiiexca 38 ¢ ammnunoM (Cxema 14). AToM MeTamna CBA3aH C JBYMs pasHbMH N-
nonopasiMi auranzamu  (Ni-N(Dipy) 2.066(6), 2.075(5)A u 2.053(6), 2.073(5)A; Ni-

N(NH,Ph) 2.097(4) u 2.113(4)A B IByX HE3ABHCHMBIX MOJEKyIax), & TPUMETHIALETaTHEIE
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rpyTibl KOOPAMHUPOBaHbI pasnuuno: KoHuessM (Ni-O 2.039(4) u 2.023(4)3) n xenatnbM
obpazom (Ni-O 2.194(4), 2.059(5)A u 2.221(4), 2.070(5)4).

BsaumoeHCTBHE NOIMMEPHOr0 NHBanara kobanera 3a B alleTOHUTPUIE ¢ H3OBITKOM
JunupyInna  TAloKe  OPUBOAMT Kk 0oOpa3oBaHMIO — MOHOMEDHOTO  KOMIUIEKCa

Co(OOCCMe;)Dipy, (41), (Cxema 15) comepxamiero aToM KoOanbTa B BHICOKOCTHHOBOM

3a

MeCN wnu Tonyon, 80-1000C, gf)e_cl::m"g” TONMyO,
SISt usbeirok Dipy
i = M&C
/"\ \ | /3 0
N CMe; N
== N CCMes L ??
AN | /0 0 Homwep3 \ __O,_CCMe3
e Coe——y MeCN nnu Tonyon, x N
/0 ® O/ |\ 80-1000C 7 | \
O
e =
=0 C N
Me;C Me;C LN \
2 41

Cxema 15.

cocTosHuA ([yp = 5.49 MLB. (301K)). Tlo nanusiv PCA B mMomekyne 41 (Puc. 20) atom me-
T2AJIA XEJATHO CBA3AH C JABYMS NHUIHpWMIbHEIME mrrangave (Co-N 2.153(2)-2.164(2)3) u
JIByMS KOHIEBEIME KapboxcunatHeMu rpymmami (Co-O 2.043(1), 2.049(1)A , C-O(Co)
1.282(2), 1.282(2)A, C-0 1.237(2), 1.237(2)E, yron OCO 125.5(2), 125.1(2)°).

[Tpu nelictBuy nomuMepa 3a Ha KoMmiuieKe 41 ¢ BEICOKHM BRIXOZOM OBUT BBLICTCH
Gusaepuslil  anTdeppoMarEHTHbI KoMirexe [Coy(u-OOCCMes)y(n>-00CCMes),Dipy;]
(42) (Cxema 15). B monexyne 42 no nauemM PCA (Puc 21) nBa atoma xobansTa HaxousaTes
Ha HecBs3bIBaromeM paccTosauE 4.383(1)A w coenumensr qumb ABYMS KapOOKCHMIATHBLIME
moctukamu (Co-O 2.030(2), 2.043(2)A, C-O 1.249(4), 1.240(4)A, yron OCO 124.8(3)%), a
KOOpIMHALHOHHasS c)epa aTOMOB MeTallla JOLOHICTCA ABYMS aTOMaME KHCIOPOIa Kejar-
HbIX TpuMeTuaaueratHeix rpymn (Co-O 2.105(3), 2.218(3)A, C-O 1.258(4), 1.261(4)A, yron
OCO 120.3(3)") u ABYMS aTOMaMM 430Ta XENATHO CBS3aHHBIX AUNAPHIUIBHEIX JTHTAHAOR
(Co-N 2 x 2.116(3)A). Crenryer 3amMeTaTh, 9T0 KOMILIEKE 42 MOXKET GBITh NOLY4eH HEMO-

cpencTBeHHO H3 3a v qumupupiIa npu cootHomerny Co : Dipy = 1:1. TIpu stom 42
JOCTATOUHO YCTOHYMB B MHEPTHOH arMochepe ¥ He IIEPEXOIAT B MOHOMED JAXKe IpY KHIId-

YEHHH B KCUJIOIE.
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Pue. 21. Ctpoenue kommnexca 41. Puc. 22. Crpoenue nuvepa 42.

CymiecTBOBaHNE ABYMOCTHKOBOIO KapGOKCHIATHOTO JuMepa 42 ¢ IOXOBHEM cocTa-
BOM H CTPYKTYpOH KpaliHe HeoObIMHO U panee He GhU0 06HAPYKEHO HE TONLKO TS KoBaih-
Ta. HO ¥ VA JPYTHX MEPEXOAHBIX 3neMeHTOB. OOLIMHO COEOMHEHMS C COCTABOM
M(OOCR);Dipy. kax yxe ymoMuHABIINICS KOMIIEKS Ni(OOCCMes),Dipy (39), crabunsnet
B MOHOMepHOH (opMe. YUnRTHIBas HONHYIO aHANOIHIO COCTABA coenunennit 42 u 39, cxonHbie
KOOp/IMHAUHORHBIE BO3MOXKHOCTH aromoB Co(Il) n Ni(ll), manGonee BeposTHEMYE NpHanHa-
M# HEONMHAKOBOTO CTPOEHUS KOMILIEKCOB MOIYT OBITh PasHUNaA SIEKTPOHHBIX KOH(HIypa-
LIMH 1 TeOMETPHUECKUE OCOOEHHOCTH MTaHTHOTO OKPYKEHHS METaNIONEHTPOB.

B 970} cHTYallnY BAXHO ONEHHTS POITb CTEPHUECKUX (BAKTOPOB, BIUAIONIHX Ha dop-
MHPOBAHHE CTPYKTYDP KOMILIEKCOB, HAIPHMED, U3YYMTh BIMSHUC pasMepa N-JOHOPHOTO xe-
JIATHPYIOUIEro Juranza #a pOPMAPOBAHHE KOOPIHHAIMOHHOTO TIOMHI/PA ATOMOB METAA H,
kaK pesymbTarT. CTPYKTYpHI KoMillekca. Okasanock, 410 3aMeHa 2,2°-THmHpHEWIA Ha 2,2°-
AWIAPHANTAM HHOBKT Jturas;l, o0pasyiontyil IpH XeNaTHOH KOOPAHHALAY Gosee pacIIypeH-
HbII. LIECTHUICHHBIH METATITONUKT BEIET K M3MEHEHUIO Samxaiimers OKPYKCHHA aToMa Me-
TAJLIA 32 CHET yCHICHNS BO3MOXHBIX HEBAICHTHRIX B3AWMOGHCTBIH aTOMOR BOJOPO/A, CBI-
3aHHBIX € aTOMAaMH Yriepoja B 3- B 3° MONOKSHUSAX, ¢ APYTHME COCEIHHMHE JTUTaHmaMy. B
HTOTE. peakuys nommvepa 3a ¢ munupurEIamurom (Co : L =1 : 1) cpasy npusomur x o6pa-
30BaHHIO MOHOSIIEPHOTO KOMILIEKCA Co{(C5H4N)2NH}(nz-OOCCMe3)2 (43), asmsmomerocs
CTPYKTYPHBLIM aHanoroM Moromepa ruxens 39. Tlo nanuem PCA (Puc. 23) yeranosneno, 4to
B Mostekyste 43 yroa B xenatHOM 1ukie N-Co-N (90.15(7)°) samerao Gonbllle, YeM B qUMepe
42 (76.46(11)°). DTO MPHBOIHUT K IOSBICHHAIO CTEPHYECKUX IPENITCTRHHA B TI0CKOCTH pac-
TOI0KEHHs INTMPUAMIAMHHOBOTO TUIgH/A, ATOMBI BOKOPOa KOTOPOTo (IIpH ATOMAx yIjic-
POZa B NONONEHUAX 3 1 37) PACMIONOKEHB! IOUTH MAPATIEIBHO APYT APYTY, GaKTHUeCKH 3K-

panupys atom Co(Il). B nrore, OKa3sIBaeTCs HEBOSMOKLEIM OIHOBPEMEHHO PACHOIOKUTE Y
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aToMa K00anLTa JABE MOCTHKOBBIC KapOOKCHJIATHEIE Trpymmbl ¢ Gomsumm yriom O-Co-O

(107.84(10)" B 42) u xenarHyro KapGOKCHIATHYO IPyITHPOBKY.

Puc. 23. Crpoenne kommnexca 43.

Crienyer 3aMeTHTD, 9TO B OHANEPHOM KoMIUTeKCe 42 aTOMbI KOOANbTa COICPKAT ONUH
«HILHKEY» 9AEKTPOH (110 CPaBHEHMIO ¢ HACBINECHHOR 18-3mekTponHO# 060m101K0iL), 8 «HEBLI-
roaueier (1o npasuny Uyraesa) uereipexwienHble Metamionukisl CoOCO, ofpasosannsie
XETaTHHIMH KapOOKCHIATHLIMY IPYIIaMH, OKa3bIBAIOTCH 3dMETHO PA3PHIXJIEHEL, O YEM CBH-
JETEeNLCTBYIOT BENMUHHB! M HEOKBHBAICHTHOCTD CBase Co-O. VIMeHHO 314 (pparMeHTHI Hau-
Gonee aKTHBHBI IPH JSHCTBUH JOHOPOB, HAUPUMEP MOIEKYIbl BOALL Tak, 42 MIHOBEHHO
B3aMMOJEHCTBYET ¢ Biaro# Bo3myxa, o6pasys OUANEpHBIA aHTHOEPPOMATHUTHLIN KOMILIEKC
Cop(p-H20)(p-00CCMe3),(00CCMes ), Dipy, (44) (Co...Co 3.569(2)R, Co-N 2.07(2)-
2.16(2)A) (Cxema 16), umerownii cTpoenye, cxonHoe ¢ Ni-copepxanmum ananorom 38. ITpu
obpazoBaimy MOJIeKyNbl 44 XegaTHsIe KapOGOKCHIATHBIE TPYIIBI CTAHOBATCS KOHIEBEIMH
(Co-0 2.099(12)-2.14(2)A), a ocBoGoAHBIIMECS MeCTA B KOODIHEAIHOHHOM cepe 3amomHs-
J0TCs aTOMaMy KHCHOpoa MOCTHKOBOR Monekyisl Boget (Co-0 2.135(13)-2.07(2)A, yron Co-
0-Co 114.7(5)"). Ilpn stom 1uki1 CoxOCO),, oKasbmaeTcs HEMIOCKHM € YIJIOM Ieperuta
mexay miockoctama Co,OCO 66.8°. Tonobuo cuTyanyy B yIOMUHABIIHKCS COSUHEHUIX
TAKOr'o THIIA ¢ aTOMamMu HHEKend u xobansra (27, 28, 29, 30, 34 u 38) o6pazopasiumiics akpa-
kapboxcunaTHbil ¢parMeHT B 44 DOTOJNHUTENBHO CTACHIN3HPOBAH ROIOPOANBIME CBI3AMU
MEKIY KapOOHHIBHBIMU ATOMaMH KHCJIOPOJA KOHUEBBIX KapOOKCHJATHEIX IPYMI M TIPOTO-
HaMH MOCTHKOBOH MOJIEKYJIBI BOJIBL

OTMETHM, YTO OHA JIETKO YAAISCTCH Jaike TPH HENpOAOIKATENLHOM BEUIEPKUBAHHN

pacteopa 44 B Tonyone npy 100°C ¢ KONHYECTBEHABIM IEPEXOKOM B HCXOMHbIN GUTepHELT
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Cxema 16.
xommiexe [Cop(u-OOCCMes)(OOCCMes),Dipy»] (42). TpucoeIMHERNE BTOPOH MOIEKYE!
BOJIBI K 44 IPOMCXOAUT 3aMETHO MeLICHHee npy Npubmasutenbao 10-kpatHom usbeitke HyO
(Cxema 16). B wrore, ymaercs BEIIENHTh HAPAMATHHTHBIN MOHOSNEPHBI KOMILIEKC
Co(OOCCMe;)(nZ-OOCCMe3)(OH2)Dipy (45, wapyp = 4,71(300K)). Crpoenue 45 nomobxo
COCNMHEHHUIO HHKENs] Ni(OOCCMe3)(n2-OOCCMe3)(NH2C6H5)Dipy (40), monHsIH amanor
KOTOPOTO  KOMILIEKC Co(O0CCMes)(m*-00CCMe)(NH,Ph)Dipy (46, Co-N 2.110(2),
2.162(2)A; Co-O(1) 2.231(2)4, Co-0(2) 2.124(2)A; Co-0(3) 2.017(1)A) 65in nonyuen peak-
nueit coenunennit 42 win 44 ¢ aHUTHHOM HE3aBHCHMO OT COOTHOIIECHYS PEAreHTOB 1P TEM-
nepatype 1o 100°C Ha BO3IyXe MITU B HHEPTHOH aTmocdepe.

V4HTHIBAS OUEBHIHYIO CKIIOHHOCTS JIBYMOCTHKOBOTO KOMINEKca 42 JIETKO IpHCOeIH-
HATb MOJIEKYJIbl ¢ JOHOPHBIMU aTOMAMY, Mbl HCTIONB30BANM 3TO CBONCTBO B €r0 Peakiuuy ¢
nonuMepom 3a. B 9TOM ciydyae B Ka9€CIBE IOHODHEIX MONEKYN BBICTYMAIOT KOOANbT-
xapBokcuiaTrble (parmenTsl moruMepa 3a. OKazanock, YTO PEAaKIlHsl 3KBUMOJIBHBIX KOIM-
yects 42 1 3a B MeCN unu 6en307e TPHBOUT K 06DPa30BAHMIO ACHMMETPHYHOTO CHANEPHO-
rO KOMIIIEKea Coz(ug—O.O,nZ-OOCCMeg)(p—OOCCMeg)z(nZ-OOCCMe3)Dipy (47), B xoTO-
pom coueratorcs hparmentbl DipyCo(OOCCMes); (u3 42) 1 Co(OOCCMes), (13 nonumepa
3a). [lo nanusiM PCA (puc. 24a) momnekyna 47 CONEP)KUT 1BA aTOMA KOGATbTa, PACIIONOKEH-
HBIX Ha HecBs3bIBAIOUIEM paccTosumy 3.272(1)A, KoTopoe 3aMeTHO KOpOUe, HEM B KOMILIEK-
cax 42 n 44. Busnepupiii gparment Cox(p-OOCCMes)x(u-Ooocr) B Kommtekce 47 togoben
Pparventy Cox(pu-O0CCMes)(u~OH,), Habmonaemomy B coenuneHuX 34 u 44 1 cogepxut
nBa kaGokcuaaTHelX MOCTHKa ¢ mecummerpuuneimu cszsvu Co-O (Co(1)-0 1.962(2),
2.014(2)A u Co(2)-0 2.017(2), 2.035(2)4, C-O 1.252(4)-1.258(4)A) 1 MOCTHKOBBIH aToM Ki-
cnopoga (Co(1)-0 1,987(2)A, Co(2)-O 2.25%(2)A), KoTopETH B KOMIUIEKCe 47 TPHHALICKHUT

xapBOKCHIATHON rpyline, XeTaTHpoBaHHol Ha atoMe kobansTa (Co(2)-0 2.141(2)R). C stum
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KC ATOMOM METalia CBA3aH JMuuMpHIWIbHBEL jurang (Co(2)-N 2.075(3), 2.100(3)A), rorma
KaK cO BTOPHIM METALIOUEHTPOM XeNaTHO CBA3apa KapOoxcmiarmes rpymma (Co(1)-O
1.993(2), 2.271(2)A). B urore, o H3 aTOMOB MeTAIIa OKA3BIBACTCS B HOKAKEHHOM OKTa~
SAPHYECKOM OKPYMEHHY M HMEeT 19-3MeKTpOHHYI00G0M0UKY, a BTOPOil UMEeT OKpyXKeHHe

6.113K0€ K TPHTOHANBHO-OMIHPAMHUAAIEHOMY B COAEPHKHT 17-31EKTPOHOB.

Pne. 24. Crpoenye xomnekcos 47 (a) u 48 (6).
Kommexe  Coz{(CsHaN);NH} (12-0, 0,n>-00CCMes)(1-O0CCMe3)a(>-O0CCMes)

(48) (Puc. 246) ananoruunsiii 47, HO coIepammi KoOpAMHHPOBAHHEI JUTHPHAIAMAH

(L). obpasyercs npu ero peakuuu ¢ moauMepoM 3a npa coorHomenny Co : L paBHOM 2 : 1.
HutepecHo oTMeTuTS, 4to peakirs Coa(ps-OH)(OOCCMes)s(HOE); (6) ¢ JUNAPHIAIAMHE-
HOM [py Takon ke coorromenk Co : L npuBonuT K 06pasoBaHmio JHIT, MOHOSIEPHOTO CO-
eanuenust Co {(C;PL;N);NH}(nz-OOCCMeg)z (43).

Baanmozie#icTBrE 6 ¢ TUIHPUIHIOM IPH COOTHOMIEHHH peareHToB CO Dipy=1:1
BefleT K 00pasoBamMIO  TpexbamepHoro  xommiexca  Cos(uz-OH)(p-OOCCMes)s
(OOCCMe:)Dipy- (49) (7.23 MLB. mipu 300K 1 2,5 M.B. mipu 4K). ITo samusm PCA (puc. 25)
B 49 Tpu aroma xobambta coemumensl pi-OH-rpyrmoit (Co(1)-O( 1) n Co(2)-0O(1) 2,08-
2,05(1)A. Co(3)-0(1) 1.98(1) A), npudem ABa U3 HUX, UMEIOIHE OIHHAKOBOE OKTasApude-
CKOE OKPYEHHE, COSIMHEHBI MEXIy COGOH JBYMS MOCTHKOBHIMH TpPHMETHIALCTATAHBIMH
auuonamy (Co-0 2,02-2,04(1)A, C-0 1,22-1,30(2)A), ¢ xmxmsM aTOMOM MeTania Xe1aTHo
cpasana Monekyia aunupunana (Co-N 2,09-2,11(2) A) u, xpoMe toro, Kaxaeit cpssan TpHU-
MCTUNALETATAHBIM MOCTHKOM C TpeThuM atoMoM kobansta (Co(1)-0(10) 2,09(1) A, Co(3)-
O(11) 1.94(1) A. O-C 1,26-1,32(2)). Tlocnennuit umeer TeTPasAPUHECcKOe OKPYIKEHUE, KOTO-

po¢  10CTpauBacTCi MOHONEHTATHO CBS3AHHOH TpHMeTIianeTaTHOH rpymmolt (Co(3)-0
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2.00(1JA). Ee crabunusanus o6ecneYnBacTes 3a CUeT BONOPOAHON CBI3M MEXLY IPOTOHOM
TPUAEHTATHO-MOCTHKOBOTO THAPOKCHIA U aToMoM kuecinopona OCO dparmenta. [ins nepe-
XOJIHBIX 2/EMEHTOB TPEXbsAEPHBIC KaPOOKCHIIATHBIC KOMILIEKCEI TAKOTO THIIA paHee He OBIin

H3BECTHBI.

TepnupuiuH, Aaxe Npu W3GHTKE HCXOIHEIX IONMSNEPHEX NUBANATOR HUKEL H KO-
Ganbra (1, 2. 3 win 4) cpasy HHALEMPYET 00Pa3OBAHME TONLKO MOHOSAEPHBIX KOMILIEKCOB
(Terpy)M(OOCCMes) (M = Ni(50), Co(51)). TIpu 31oM smrans HopMEpYET IIOCKYIO CHe-
TEMy M3 ABYX KOH/EHCHPOBAHHBIX IATHWIEHHBIX METAIIONUKIOB, IPHYEM PACCTOSHHA Me-
TAAN-a30T B Heil OKA3LIBAIOTCH 3aMETHO HEOKBUBAJNCHTHBIMI: CBA3H ATOMA METANIA C HEH-
TpanbHbiM atomoM asoTa (M-N 1.991(4)A u 2.050(3)A; M = Ni u Co, COOTBETCTBEHHO) 3a-
METHO YKOpOuYEHa [0 CPABHEHHIO CO CBM3sIMH C Kpafimumu artoMamu asota (M = Ni
2.087(4)2.111(3)A u M = Co 2.150(4), 2.156(4)R)) (Puc. 26). C y4eToM reOMETPHYIECKHX
ocobennocTelt (parmenta TerpyM, a TaxKe pasmiuns B KONMHYECTBE «M3OBLITOYHBIX» JIIEK-
TPOHOB Yy 4TOMOB HHMKENf ¥ KOBGAIbTa, IO CPABHEHMIO C 18-3JeKTpOHHOH Kom(ErypanueH,
CIEA0BATIO OKKIATH PA3PEIXIEHHs oTaenbHAIK ceazedt M-Ogocr. OKasanocs, 9o B coejmpe-
HUM HAKENS ¢ ABYMS IHIIHAMUY» EKTPOHAMI IPOUCXOAUT HEOXKHUIIAHHOE YIIPOUEHHE CBA3N
Ni-O ¢ TepMuHansHON KapOOKCHIATHON TPYIION (1.994(3)A), Torna xax caazu Ni-O B Me-
ramtowukine NiO-CR (Ni-O 2.073(4) u 2.176(2)2) samerso HesKBHBANCHTHE! ¥ crnafo pas-

DbIXTIEHBL
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Puc. 26. Ctpoenue komiuexcos (Terpy)M(OOCCMe;); (M = Ni (56); Co(51))
B ciyuae xoGanbTa (TOABKO OJHH «IUINHAN» 3IEKTPOH) HabIEOAaeTCs HEOOBIMHO CHILHOE
paspeixierue ez Co-O (2.395(3)A) ¢ aTOMOM KHCIIOPOJIA XENATHOM TPYIIIEL, HAXOAIHM-
€4 B TPAHC-TIONOKEHHH 110 OTHOLIEHHIO K aTOMY KMCJIOPO/a KOHIIEBOI0 THBANATHOrO aHHOHA.
B urore, HeCcMOTPs Ha To, 4T0 aroM kobansTa(ll) B 51 mveer Ha OIMH CIMUIHHRY 3JEKTPOH
menblre. uem atoM Hukena(Il) B 50, B xominekce 51 wckaxeHus u pa3peIXICHHE CBI3¢H 10-
HOPHBIX ATOMOB C aTOMOM METAJIIa BRIPAKEHE] CUIIbHES.

Kax ciejlyer U3 pacCMOTPECHHEIX BBILIE PE3YIHTATOB, OPraHr3anus OHsIepHBIX CTPYK-
Typ ¢ dparmentamu M(p-OOCCMes)o(u-OHz)M (M = Ni, Co), MOZEIHPYIOIUME aKTUBHEIE
METALIOUEHTPbl MPHPOIHBIX (JEPMEHTOB, IIPOUCXOUT IO BO3CHCTBUEM HECKOIBKUX (ak-
TOPOB. MOKHO [IPEIIOIOKUTE, YTO YKe Ha IepBOH CTaIHH NONyYeHHS HCXONHBIX TPHMETHII-
ALETATHBIX NOIHMEPOB B cucTeMe BozHHKaoT Gmoxu M(u-O0CCMes)x(pu-X)M (X = OH, O)
B 1 unu 3 wim M(p-O0CCMes)x(u-X)M (X = O) B 1a unum 3a. Kpome TOT0, B 3THX COSHUHE-
HYSX UMEIOTC KOOPIUHHPOBAHHBIE MONEKY/bl KHCIOTH — OTCHIATBHSIE JOHOPEI IPOTO-
HOB, B 710# cBasu. obpaszosanue dparmenta M(p~-OHp)M Oyner ompenensaTbes JTHIOE CHO-
COBHOCTBIO [TPOTOHUPOBAHUA MocTHKOBOW Tpynmsl X. HampuMmep, nepeHOCOM HpPOTOHA OT
HeftTpanbHOM MOJIEKY/IbI KUCTOTE! Ha aToM Kucnopona moctuxosoro OH ¢parmenta. Otme-
THM. YTO 3TOT NPOLECC MOXET OBITh TaKXKe BHEIIHeCHEPHEIM, HANIPHMeD, ¢ YIaCTHEM MOJe-
Kyl BOIBI M3 BJIard BO3AyXa WX pacTBopuTens. I8 MHHIMHPOBAHMA TAKOTO Ipolecca
ynoBHLIME PEAreHTaMH OKa3aJliCh CHIIBHEIE OCHOBaHHS JIBiO¥ca — MPOH3BOAHBIC THPHINHA.
Bosiee cnaBEle 0CHOBaHUS — IMEPBUYHBIC apOMAaTHUeCKHe TUAMUHEL, CaMM TIOIBEPraloTCcs Je-

MPOTOHHUPOBAHUIO B IIPUCYTCTBUY OKUCIUTSILL, Takum o6pa30M, COBEPIICHHO O4YEBHAHA TIO-
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crajuiHas camocGopKa GMﬂepHLIX aKBaI[I/IKap6OKCHIIaTHLD( KOMILIEKCOB M3 [IOJIUMEPORB Ye-
pes KapGOKCHﬂ'dTHbIe KJIaCTEphi, JIPHYEM B 3TOM Ciydae CYIIECTBEHHYIO chyKTypoo6pa-

3YIOULYIO POJTb UrpaeT N-JOHOPHBIH JIHranl.

4. MofieJibHble PeaKIUK NOMHANePHLIX NMUBAIATOR HUKEIN H Ko0aabTa ¢ MOeBHHOM,

B ymommHaBHIMXCS BHIIIE KapOOKCIIATHEIX KiacTepax 2 u 4 NPUCYTCTBYIOT (ppar-
menTsl M(p-O0CCMes ) (p-X)M (X = OH) 1 oHE MOTYT IPEICTABJIATE HHTEPEC B KAYECTRE
AKTHBHBIX YACTMI ZUIA [IpoUecca TAAPOIIH3a MOUEBUHAI (¢ 00pa3oBaHieM aMMMAKa U JIBYOKH-
CH YIIepojia). X0Ta TIPH TOM JHIIs GHAISPHBIC KOMIUIEKCHI SB/IOTCS (OpPMATBHEIME Mole-
TAME METaLToQParMEeRTOB IPHPOHBIK SH3UMOB. OKa3alock, YTO IHAPONN3 MOYEBUHEL H,
COOTBETCTBEHHO, 00pasOBaHke aMMUaKa JeHCTBHTENBHO (UKCHpPYETCS Aae TIPH B3aUMOJIEH-
CTBHM MOYCBHHBI C KiacTepamu Hukeis # koGamsra — pemstuspepEsmM Nig(ua-O)s(ps-
OH);(HOOCCMe)s(OOCCMes)i2  (2) u  mecrmsmepEsiM  Cog(uz-OH)(0OO0CCMes)o
(HOOCCMes); (4). OppaKo BHASTHTS NPOMEXYTOYHBIE COEAMHEHNS C KOODUHAPOBAHHOM
MOJEKYJIOH MOYEBMHEI WK IPOIYKTAMH €€ IIPEBPAIICHHS B 3THX CIy4asx Ham HE YIaloch.
WzmeneHye yclIOBMHM, a HMEHHO, CIUIaBieHHe 2 ¥ 4 ¢ ModeBMHOM npu Temmepatype 133-
137°C B Teuenye 2.5 4. IPUBOJWUT K BHUICTCHHIO aMHJIa TPEMETHIYKCYCHOH KHCIIOTEL, 06pa-
3yrouterocs B 060KX CIy4asx ¢ BRIKOJOM He Gonee 10%. D710 03HAYACT, UTO B XOAE Peariluit
TIPOHCXOANT NEPEaMIAUPOBAHHE G0 AIATUPOBARKE MEPBOHAYANEHO 00pa3yIomerocs am-
MHaKa TPEMETWIYKCYCHON KHCTOTOH ¢ 06pasoBaHmeM aMMOHHMEBOH COMH Me:CCOONH,',
IanbHeitllee HarpeBaHue KOTOPOH H mpuBOAHMT K ofpasoBanuio amuza. Hecomuernto, uro B
5TOM ClIyuae CYUIECTBEHHYIO POJIb MTPAOT aTOMBI MEPEXONHBIX METAIIOB, HOCKOIBKY H3-
BECTHBIE H3 OPraHHMYEeCKOH XUMHE CIOCOOBI TONYHEHHS aMHIO0B KapPOOHOBBIX KHCIOT He
NIPEATIONArAIOT UCTIONB30BAHNE MOYEBHHEBI KaK aMHUPYIOIIETO arenta KapOoHOBOH KHCIOTEHL
[March J. Advanced Organic Chemistry. Reactions, Mechanisms, and Structure. 4% ed: A
Wiley-Interscience Publication, 1992. Ch. 10. P.417.].

BusiiepHbie TPUMETHIALETATHbIE KOMIUIEKCH HEKens ¢ ofmedt dopmyno [Nix(u-
OH,)(1-00C CMe3)(00CCMes),LoL ] (2L = 2L = Dipy(38); L = Py, L'= Me;CCOOH(27))
B PEAKLMIX C MOYCBHHOH B CHCTeME GeH30I-BOJA TAKKS HHNIMAPYIOT IPOTICCC BBUICTCHUA
aMmuaka. [Tpu 9TOM Cpey OCHOBHBIX METAICOICPKAIMX NIPOLYKTOB PeakLliy yIaeTcs Bhl-
JIeNUTh JULIL MOHOSACPHBIH KOMINIEKC Ni(OHy)x(n'-00CCMes),Dipy (52), He conepxatimit
mouesunb! (Cxema 17). Tlo panmeiv PCA B KoMunexce 32 aToM HHUKENS HAXOIUTCS B KOOp-
JMHATIMOHHOM OKPY)KEHHH M3 IBYX aTOMOB 830Ta Xe/aTHO CBA3AHHOTO AHIVPHIUIBHOTO JIH-

rasna (Ni-N 2.135(1), 2.095(1) A), 1ByX aToMOB KHCIOPOJa KOBLEBBIX TPHMETHIIANETATHBIX
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rpynmaposok (Ni-O 2.167(2), 2.181(2)A, yron O-Ni-O 119.6(3)°) u IByX aToOMOB KHCIOPOZa
KOOPAMHUPOBAHABIX MoNeKyN Boabl (Co-O 2.063(2), A, yrom O-Ni-O 119.6(3)°). Bepositro,
3TO COEIMHEHHE SBISETCA KOHEUHBIM IIPOLYKTOM PEAKIMH.

Coemuuenue 42 UMeET METaIIOOCTOB 03 MOCTHKOBOH MOJEKYNBI BOXEI, 4TO (op-
MAbHO OTJIHYAST 3TOT KOMILIEKS 0T MOJIEIBHBIX coeiHHeHu. ORHaKo YTO6HI OLEHHTH POlb
BOJIbI B MPOLECCE IPEBPAINEHHS MOYEBHUHBI MBI HCIIOUIB30BAIIM €00 B PEaKLMH, IE TAKKe HC-
KITHOYKIIM BO3MOKHOCTD ISHCTBHS JPYIAX IIPOTOHO-TOHOPHBIX areHTOB. BhuIo OOHapyXeHo,
470 B3auMozekcTaue 42 ¢ MouerHHOH B abcomotHoM MeCN (cooTHoMmEHRE pearcHToB 1 : 4)
B atMocepe aproHa HeOXKIAHHO IIPHBOAUT K 0OpasoBaHuio koMiiekca Co(O0OCCMes ) (-
00CCMe;)(-NCO)(Dipy), (53), B xotopom, o gareEsiM PCA (Cxema 18, puc. 27), nsa
aroma kodansta(ll), Mo-NpexHeMy HaXoJATCS HAa HeCBA3BBAONEM paccToaumy 3.594(1A u
coenuHensl kapOoxcunataoi (Co-Q 2.035(4), 2.048(4)A) u mmanatsoit (Co-N 2.106(4),
2.130(4)A; N-C 1.179(5)A; C-O 1.190(5)4) MoctukoBrME rpynmnamy, Kpome TOTO, B Kp-
CTAIMYECKON suelike MPUCYTCTBYET acCOLMAT IMMBAIMHOBOM KHCIOTHI C MOTEKYJIOH Moue-
bt  HOOCCMe; (HoN),CO, ofpazoBanmeii 32 cueT Bomopoiusx csased (RCOO-
H...0=C(NH3)> 1.93(4)A u N-H...0=C(OH) 2.13(5)A) u cBsa3aHHEI ¢ 2TOMOM KHMCIOpOJAR
xenarHoro xapboxcunatHoro ¢parMerTa Kommnekca 53 uepe3 aroM BOZOpOAA aMHHO-
rpynibi Mosiexy/mst Mouesrrsl (N-H ...0CO 2.04(4)A). B 6usnepaoM kommiekee 53 nuanar-

uerit N=C=0 nurang ¢paxTiuuecky 38MeHSeT ONHY U3 MOCTHKOBBIX IIUBAIATHBIX TPy B 42,
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Cxema 18.
Oxpyxenue aromMo Co Npy OTOM 0OCTaeTca OKTasNpuyIecKEM, a paccrosune Co...Co cokpa-

maetes 10 3.594(1)A. TonydeHHBIH Pe3yABTAT HECKONBKO MEHSET PEACTABNCHHE O CYIIECT-
BYIOIMX MEXaHW3Max KaTATMTHHYECKOro THipomusa MoueBHHEB! Co-comepKamuMy (epMex-
TaMi. B KOTOPBIX NEPBOM 1 KIOUEBOH cTajuel Mpeanoiaranach aKTHBaLYA KOOPAHHEUPOBAH-

HOH MOJIEKYJIbI MOYEBHHBL HPOTOHaMPI

Puc 27. Crpoenne xomiiexca 53

MOCTHKOBOH MOJIEKYJIbI BOJIBE, KOTOPOH, KaKk BHIHO U3 HAIINX NAaHHEIX, HET B MOJEIBHOM CO-
eauHeHnu 42. TIpy 9TOM CTaHOBHTCS OHEBHIHOHN ponb KapOOKCHIATHBIX (parMeHTOoB, OIIpe-
JeJISIOLIMX HANPABICHUE TIEPBUYHON aTaku MpoToHoB NH, rpymil B MOYeBHHE 32 ¢ueT oOpa-

30BaHNs BOIOPOIHBIX CBs3eH ¢ aToMamMu Kuciopona MocTukoBbix OOCR.
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IMaasa 3 npencrapiseT co6ol SKCIEPUMEHTAIBHYIO 9acTh. B Hell H3JI05KEHBI METOI1~

KM CHHTE3a HOBbIX COSMHEHUN U ONUCAHEL YCJIOBHS HPOBCACHHA MOJEJILHBIX pCaKHHﬁ C MO-

YeBuno#. IlpuBozsatcs ganHbie xumumdeckoro anamusa, UK, SIMP u Macc-CHEKTpBI HOBBIX

KJIaCTEPOB ¥ KOMIIIEKCOB, a TAKXE KOPOTKO OMHCEIBAXOTCA HpI/I60pr, KOTOPEBIC MCIIOIb30Ba-

JIUCH /1114 IPOBEACHNS PA3IHIHBIX (I)HBHKO-XHMH‘ICCKHX HCCHEeNOBAHUMN,

o

BriBonpsi.

. P aBpaﬁOTaHbI HOBEBIE Sd)(i)eKTI/IBHBIC METOIBI CHHTE3a MTOJIH- U MOHOSICPHBIX ITHUBAJIATHBIX

KJ2CTEPOB U KOMIIEKCOB HHKES H KOOANBTA Pa3NMIHOTO CTPOEHHH, OCHOBAHHEIE HA
OpHHLMIAX TEPMHYECKOH H XHMMHYECKOM JECTPYKIMH HOJIMMEDHBIX COSAUHEHHI
[M(OH),(OOCCMes)z.0]m (M = Ni, Co). Cunresuposano Gonee 50 paHee HEM3BECTHBIX
COeNMHEHHH. CTPOSHHE KOTOPBIX YCTAHOBJIEHO METOIOM PEHTTEHOCTPYKTYPHOTO aHaIH-
34a.

Hccsenosana Tepmuueckas Aerpaials KapOGOKCHIATHBIX IIOJTHMEPOB B PA3AMYHBIX pac-
TBOPUTENAX U OINpPE/ENEHO BIMSHWE CPEZb! Ha IIPOLECCHI CTaOWIM3ALMM KIACTEPHEIX
CTPYKTYpP B 3aBMCHMOCTH OT JOHOPHBIX CBOHCTB pacTBOpHTens. Ha npuMepe TepMonnsa
TETPasiIePHOrO CoeNMHeH sl KOGabTa ¢ TaOUILHBIME THraHaaMH (MONEKyIaMH STHIIOBO-
ro CiMpTa) NPONEMOHCTPHPOBAHA BOIMOKHOCTS HAIPABICHHOM NMMEpU3AIll METALIO-
0cTOBa ¢ 00pa30OBaHKEM HOBOTO BOCBMHAIEPHOrO uBaNara kobansta(ll).

IToka3aHo, 4TO MPHPOAA METAUIOUEHTPOR U MOHOAMHHOBEIX JIATAH/I0B, HCHIONb30BAHHELX
B KQueCTBE MHCTPYMEHTA ISl XUMHUECKOH NECTPYKIHYU TOIMMEPOB, CYIECTREHHO BIIHS-
T Ha COCTAaB M CTPOSHHAE KaK WHTEPMEMATOB PEAKIHH, TaK ¥ KOHEUHBIX NPOAYKTOB. [Tpu
3TOM OGRapyKeHa HOBAs PEAKIMS OKHCIMTE/ILHON TPHMEPH3ALMY IPONAapriIaMuiHa, KO-
OpIHHUPOBAHHOrO Ha aromax kobambta(ll), B HemsBecTHpUi pamee mwramg - N,N’-
Aunporapru-1,3-nuaMunonponxonar asuos (N, N -(NR),-C3Hs, rne R = npomaprun).
V3y4ensl mpolecchl XMMHHYECKOH HeIpa/aléiél NONMMEPHEIX THBAIATOB HUKENS H KO-
Gaibra [OA  feHcTBAEM — He3aMEMEHHOTO M N-QeHMI-3aMemEeHHOTO  opimo-
(eHuNeHIMAMHHOR Ha BO3IYXe M B HHepTHOI atMoctepe. OBHapyKeHo, YTO TpH AOCTY-
11€ OKUCJIMTEN (KBCTIOPOIa BO3NYXa) PEaKIHHA CONPOBOKIAOTCA OKUCTUTENBHEIM NETH/-
pHpOBaHHEM JHAMHHOB ¢ OOpa3sOBAHHEM OHC-CEMHUXHMHOHIMMMUHOBBIX KOMIUIEKCOB,
CTPOEHHE M COCTAB KOTOPBIX PasJIMUHEL JUIS IIPOU3BONNLIX HHKENS U K0OaIbTa — HUKETh
06pasyet niocko-ksaapatabie coequrenns [1,2-(NR)YNH)CeH,1:Ni, a 8 ciyqae xo6ansta
nonyyatorea katrorsl Co(IIl), [1,2-(NPhYNH)CeHyloCoL' (L = muamuu mm MeCN), B
KOTOPBIX 4TOM METallla MMEET KBaipaTHC-THpaMHJAlbHOe OKpyxeHue. Ha mpumepe

MPOU3BOJHBIX HAKENs HARNEHO, YTO PeaKUuH ¢ HeZoCcTaTkoM N-Ph-o-benunennyamuna B
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nHepTHOH aTMocepe HE BEIYT K OKHMCICHAI) JMTania, AaBas B wrore antudeppomar-
HUTHBIH AMMEPHBIH KOMIUIEKC Niz{n’—o-C(,H4(NH2)(NHPh)}z(p-OOCCMeg)4 C PEKOPIHO
xopoTkum paccrosaneM Ni...Ni (2.4967(4)A) ans aToro THNa CoeMHEHHIH.

Ipu  MCCIENOBAHHM  OKMCHEHMS  OuC-CEMUAHMUMEHOBOTO  HpoM3BogHoro [1,2-
(NPh)(NH)C¢Hs]oNi tprdnarom cepebpa B aneTone ofHapyKeHa HOBAS PEaKIMS OKHC-
JUTENBHOH KOHAEHCAUMH JBYX CEMUAVHMPHORBIX JIHTAHTOB K (parmMenta CMe, Mmore-
KYJIBI ALETOHA B PaHee HEM3BECTHEIH TeTePOIUKIIMUECKHH KATHOH.

Hccaepopanbl nMpomeces XMMHYECKOR NECTPYKIMY MUBANATHEIX TOXHMEPOB KOOaIbLTa 1
HUKENs MoJ KeMCTBMEM MAPH/IMHOBEIX OCHOBAHHUIM C Pa3IMYHEIM KOIMUECTBOM LIUKIOB 1
HalieHb! yenosus o0pa3oBaHus OHANEPHBIX H MOHOSIEPHBIX COCAHHEHNUH, CTPOCHHE KO-
TOPLIX ONPEAENAETCS IPUPONOH METaNIOB ¥ FEOMETPHICCKAME XapaKTEPUCTHKAMY IIH-
PUIMHOBBIX NHrannos. IIpu stoMm pazpaboTaHe! METON! HANMPaBIEHHOTO GOPMUPOBAHNS
SusaepHsix CTpyKTyp ¢ (parmentoM Ma(p-O0CCMes)y(u-OH,), Momemmpyromme mMe-
TasodparMeHTsl BpHpoaHsx Co- i Ni-cofepXamux QepMeHTOB.

PaspafoTtans! ciocoObl cuuTe3a GU- K TepasiepHLIX KapOOKCUIATHEIX KOMINEKCOB HUKE-
s ¢ dparmenTamn Nip(p-OOCCMes)(u-OHy) m Nig(pz-OH)o(u-O0CCMes)q, nposie-
ASIOWMX (hepPOMAarHATHEIE CIIMH-CIIHHOBEIC OOMEHHEIC B3aUMOJEHCTBUS ¥ OIpPENEICHEI
VCIIOBHS W3MEHEHUs THHA 0OMeHa TS COSANHSHUH ¢ TOXOOHKMY CTPYKTYPDaMH.
M3yueHb! MOJENbHBIS PEaKIMH KJIACTCPOB M OMANEPHBIX KOMILIEKCOB C (parMeHTaMu
Ma(u-O0CCMes)y(p-X) (X = OH, H20) ¢ MoueBHHOM, MMHTHPYIOMHE TIPOLECCH IIPH-~
poAHOro GHOKATATMTHHECKOTO THAPONH3A B TIOKA3aHO, YT0 TAKHE KNaCTePhl ¥ KOMILIEKCEE
pasnararwot MoueBuHy 10 ammuaka B CO,, 11o06HO CHTyanyH B IPHPOJE.

Briepsie 3adUKCHPOBAaHO 00pa3oBaHHe IIHAHATHOIO HOHA B PEaKIWH IIPEBPAIIEHHS MO-
YeBHHBE HA OMSAEpPHOM KOMIUIEKCE C aroMamu Kobanbia Cm(p—OOCCMe;)z(nZ-
OOCCMe;3);Dipy; B OTCYTCTBHE IIPOTOHCAOHOPHBIX pacTBOpHTENeH (BKIIOYas BOAY) B
uHepTHOH arMochepe, YTO 3aMETHO MEHSIET CYMIECTBYIOIIHE IIPEJCTABICHIS O MEXaHH3-

Me DHOKATATHTHYECKOTO TUApOJIN3a MOYCBHHEL
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