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BBEJIEHUE

[Tocnennee paecATuiIeTHE O3HAMEHOBAaHO BO3POCUIMM HHTEPECOM HCCIIEAOBaTeNed K
U3YYEHHIO BO3MOXKHOCTH HCIIOJIb30BaHUSI TOMOT'€HHOTO METaNIOKOMIUIEKCHOTO KaTallu3a JUIs
reHepanuu cBszei pocdop—yriepon. B aureparype onuchiBaoTCsS MPUMEPHl OJHOCTAIMIHOTO
ruapodochopurpoBanuss U TUAPOGOCHUHUPOBAHUS HEMPEACTHHBIX COCIUHEHHH, OOBIYHO
WHEPTHBIX K JeHCcTBHIO P-HykieodusoB B Kiacchueckux ycloBusx peakumid [lygoBuka u
ApOy3oBa. OOHapyKEHHBbIC KAaTaIMTUYECKUE METOABl CcHHTe3a  (HochOpOpPraHNIECKUX
COECTMHEHUIN OTBEYAIOT TPEOOBAHMIM «3€JIEHONM XHMHU» — MOBBIIIAIOT aTOMHYIO SKOHOMHUIO U
aTOMHYIO0 3(Q(PEKTUBHOCTh CHHTE30B LENEBBIX (ochHOpOopraHnYecKux MNPOayKTOB. OYeBHIIHO,
YTO s Pa3pabOTKM HOBBIX M MOJEPHU3ALMU HUMEIOIIUXCA CIIOCOO0B KaTaJMTHYECKOTO
dbochoprpoBanus HETIPeIEIbHBIX CYOCTPATOB HEOOXOAMMO U3Yy4YE€HHE MEXaHHU3MOB pPEaKIni,
JeKaIluX B OCHOBE MPOIECCOB B3aUMOIEHCTBHS (hoCchHOpMITMPYIOLINX areHTOB ¢ CyOCTpaTaMu B
IMPUCYTCTBUH METAUIOKOMIUIEKCHBIX KaTalu3aToOpPOB.

Jlannast pa0oTa TOCBSIIEHA TEOPETUYECKOMY M OKCIEPUMEHTAJIbHOMY H3y4YEHHIO
AKTUBHBIX MHTEPMEANATOB KAaTAIUTUYECKOTO MPHUCOCAMHEHUS AUATKUI(POCPUTOB K alIKeHaM,
TETParaJloreH>TWIEHaM U aQJKMHaM B MPHUCYTCTBUU TOMOKapOOHMIIBHBIX KOMILIEKCOB
HOJIbBAJICHTHBIX METAJUIOB MOArpymIbl Xpoma, komiuiekcoB mnamtagus(ll), (IV), a Taxxke
coenuuennit wiatuHbI(11). Llenbio paboThl TakKe SBIETCS ONMpeeieHUe CIEIM(MUIHOCTH TaKHX
UHTEPMEINATOB M M3YYEHUE CTENECHH BIMSIHUS CPEAbl Ha COCTaB U CTPOCHUE OOpa3yIOIIUXCS
IPOIYKTOB.

AKTYAJbHOCTh _Mcciae10BaHusi: Pa3paboTka HOBBIX M ONTHMHU3ALMS CYILIECTBYIOIINX

cucteM TeHepanuu cBs3n P—-C ¢ MOMOIIBI0 TOMOTCHHOTO METaNIOKOMIUIEKCHOTO KaTalln3a
TpeOyeT MOHMMAaHUs MEXaHM3Ma KaTAIMTHYECKOTO ITUKJIA, MPUBOJAIIETO K OOpa30BaHHIO
[ENIeBBIX NPOAYKTOB. K cokajgeHHI0O B HAcTosIee BpeMs MOUCK HOBBIX KaTAIUTHYECKUX
IPOIIECCOB, MPUBOAALINX K MpHcoeanHeHuio nuankuiadochutoB k C=C cBA3SIM, HHEPTHHIM B
YCIOBUAX KJIaccu4eckoil ¢ochopopraHndeckoit XUMUH, KaK MPAaBUIIO OCYILECTBIISETCS METOJIOM
CKPMHMHTA KaTaJIUTHYECKOW AKTUBHOCTH METAJUIOKOMIUIEKCOB, M3YyYCHHIO MEXaHH3Ma 3THX
peaKIyii MPaKTHYECKH HE YIEISIIOCh JOCTATOYHOTO BHHUMAaHHs. B CBS3M ¢ ITHM H3ydeHHE
NPOJYKTOB B3aMMOJCHCTBUS NUANKIIPOCHHUTOB ¢ METAUIOKOMILIEKCAMH — TIOTEHIIMATbHBIMH
KaTaJln3aTopaMu HeKJIaccuieckoil peakiuu [TyoBrka mpeacTaBisieTcss AKTYaJbHBIM.

B kauecTBe 00beKTOB MCCJIETOBAHUS BHIOPAHBI TOMOJIUTAaHIHBIC TeKCAKApPOOHUIBHBIC U
CMEIIaHHbIe TPHA3MHAHOBOKAPOOHMIBHBIE KOMILIEKCHl METAJUIOB TPYIIBI XpOMa B HYJIEBOU
CTEICHU OKUCIICHUS, a Takxke psin komiuiekcoB namtanusa(ll), (1V) u miatunsi(l1).

Leas HacTosimieli padoTbl — TEOPETHYECKOE M OSKCIEPUMEHTAIbHOE H3Y4YECHUE
B3aUMOJICHCTBHUS METAJIOKOMIUIEKCOB C AUANKHI(HOCPOCHOPUCTHIME KUCIOTaMH, BBIICHCHHE
3aKOHOMEPHOCTEH MPOTEKAHUs OTHX pPEaKIHH, OIpEIeNieHHEe CTPYKTYpPhl 00pa3yromuxcs
IPOJIYKTOB, UCCIIC/IOBAaHNE  KATAIUTHYCCKOH AKTHBHOCTH  TOJYYCHHBIX  HOBBIX
dbochamMeTaIOpraHMIecKuX coennHeHni B peakuusax [lynoBuka u ApOy30Ba, BEISICHEHUE ITyTeH
NPOTEKAHHUS KaTAIUTHYECKOro (HOCHOPHIUPOBAHHUS HENPEACTbHBIX COCTUHEHUH, KOTOpPOE
MO3BOJISIET ONTUMH3UPOBATh Mporecchl (ocHopuIMpoBaHus HENPENENbHbIX COEAUHEHHUH

PA3JINIHOIO THUIIA.



HayuyHasi HOBM3HA M T€OPETHYECKAS 3HAYMMOCTD.

OCyIIeCTBICHO TEOPETHYECKOE M HKCHEPUMEHTAIbHOE H3Y4YEHUE B3aHMMOACHCTBUS
rekcakapooHmiMeTauioB(0) rpynmel XxpoMa ¢ auankuwidochuramu. s xpoma, MoiaubaeHa u
BOJIb()paMa BBITOJHBIMU SIBJISIETCS Kak cradbunuzanus meramiooctoBoM OH-tayromepHoii
dbopmbl muankwipochuTa, TaK MW MPOIECC OKUCIUTEIBLHOTO mpucoeanHeHuss P-H cBs3u
mankuigochuTa K - KOMIUIEKCY MeTalla.  OKCIIEPUMEHTAIbHOE  M3Y4YE€HUE  JAHHOTO
B3aWMOJICUCTBUS TMOKAa3aJl0, YTO CTPOCHHE TPOJYyKTa OINPENeNsaeTcs Cpeao, B KOTOPOM
IPOTEKAeT peakuus: MpU IPOBEAECHUM pEakUMu Oe3 pacTBOPUTENS peaau3yercsl Ipolecce
OKHCIUTENbHOrO mpucoequHenuss P—-H cBs3u nuankundocdura K KOMIUIEKCY MeTalia,
B3aUMO/IeiiCTBHE B OEH30J1€ MMO3BOJISIET MOIYUYUTh MPOIYKT cTabuian3anuu MetamuiooctoBom OH-
TayTOMEpHOH Qopmbl auankuwidochura, a peakuuss B ITUIOBOM CIHUPTE MPHUBOIAUT K
dochameTaIOrHAPUAHON YacTUIle — NPOAYKTY aTtaku (ochUT-aHHOHA HA YIIIEPOA OTHOU M3
MOJIEKYJT MOHOOKCHJA YIJIEpOAa, KOOPIAMHHPOBAHHOH ¢ aTroMoM Mertamia. Bce mosmydeHHble
(docameramiopraHndeckre COeAMHEHUs 00Ialal0T KaTaIUTHYECKOH aKTUBHOCTBIO B PEAKIIMSIX
ruapodochopruIMpoBaHUs HETIPEIETHHBIX CyOCTPaTOB.

3aMeHa B JIMTaHAHOM OKpPY)KEHHHM METajula TpPeX MOJIEKYJ MOHOOKCHJA yriepoja Ha
TPUIACHTATHBIN Xenatupyromuid turany 1,3,5-tpudennn-1,3,5-Tpuazanukiorekcas (Tprua3uHaH)
NPUBOJUT K U3MEHEHUIO PEAKLIMOHHOM CIOCOOHOCTH KOMIUIEKCOB. Tak, s Xpoma U MoJu0ieHa
BBITOJTHBIM CTAHOBUTCS MPOLECC OKUCIUTENBHOTO npucoeannenust P-H cBs3u quankundocdura
K KOMIUIEKCY MeTajula, MPOTEeKAIoINi KaK Yepe3 AMCCOLMAIMIO JABYX MOJIEKYJ MOHOOKCHA
yriepoja U3 KOOPAMHALMOHHOW cdepsl MeTalia, Tak M IyTeM SJIUMHUHHMPOBAHUSA OJHOU
MOJIEKYJIbl MOHOOKCHJA YIJepoJa M3 KOOPAMHAIMOHHOW cepbl MeTamaa W TranToTPONHON
NEeperpynnupoBKd  TpUA3WHAHOBOro JjurasHaa. Jlias koMiuiekca Bosib(hpama — mporecc
OKHCIUTENbHOTO mpucoequHeHuss P—-H cBs3u nuankundocdura K KOMIUIEKCY MeTaila,
HAa00OpOT, HEBBITOACH, a OJIATONPUATHOW SIBISCTCS KOOPAMHAIMA C METAIJIOOCTOBOM
mankuipocpura B OH-tayromepnoii ¢opme. Hambonee BBIrOJHBIM OKazajcs Mpolecc
CTa0MIIM3alMU METAJUIOOCTOBOM Cpa3y JABYX Mojekyn auankuwidochura B OH-tayromepHoii
(opMe BHE 3aBHCHMOCTH OT IIyTH NPOTEKaHMs PEAKIIMM — Yepe3 JAUCCOLUAIMIO JIBYX MOJIEKYJ
MOHOOKCH/Ia YIJIEPOAa U3 KOOPAMHALMOHHON chepbl MeTaia WK MOCPEICTBOM IallTOTPOITHOM
HeperpyninupoBKY TPUA3UHAHOBOTO JIUTaH/A.

Teopernueckoe n3ydeHne B3aUMOICHCTBHUSA HC-Ouc(nporroHuTpr)auxaopornamiaaus(Il)
¢ IuATUIPOCHUTOM TOKA3bIBACT, YTO BBITOJHBIMH SBISIOTCS MPOLECC KOOPAWHAIMH
nuankuigochuTa ¢ METAIOM dYepe3 KHUcIopo ¢GochopuiabHON TPynnbl U KOOPAMHAIUS C
metayuioM guankuidocputa B OH-tayromepHoii ¢opme. B pesynbrare 3KCiepUMEHTAILHOTO
U3ydeHHsl B3auMojeiicTBus auankuwidochura ¢ psmom  komiuiekcoB Pd(Il) u  Pd(IV)
YCTAQHOBJICHO, 4YTO BO3MOXKHA peaju3alus O00OuX IyTed, CTPOEHHE NPOAYKTa 3aBHCHUT OT
3¢ (EeKTUBHOTO MOJIOXKUTEIBHOTO 3aps/a Ha aTOMe NMaJIafus - 10 MEpe ero yBEIMUYEHUsI PacTeT
JIOJIST TIPOJIYKTa KOOPJIWHAIMK JuaidkuidochuTa ¢ MeTaioM 4yepe3 Kuciopon (ochopuabHoit
IpYIIIBIL.

[To pe3ynbraTaM M TEOPETHYECKUX, U SKCIIEPUMEHTAIbHBIX MCCIEAOBAHUHA €IMHCTBEHHO
BBITOJHBIM ~ IIyTEM  IPOTEKAHHUS  peakIMM  Mexay  KoMmiuiekcamu — muatussi(ll) u

nuankuigochuTaMu - SBISETCS  MPOLECC OKHCIUTENbHOro mnpucoenuHeHus P-H  cBs3u
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nuankuigochuTa K KOMIUIEKCY METajula, CONPOBOXKIAIOMIMKCS MMOCIEAYIOIUM OBICTPBIM
3IIMMUHUPOBAHUEM TaJIOTEHBOOPOIA.

VYcraHoBlIeHa KaTaJUTHUYECKasi aKTUBHOCTH BCEX IMOJIYYEHHBIX KOMIUIEKCOB NaJIagusl U
IUTaTUHBI B peakiuu (GochopuanpoBaHus HUKIOTEKCEHA, OJJHAKO COTJIACHO HAIMM pe3yJbTaTaM
IpenapaTuBHOE  WCIOJB30BAaHME  KaTanu3aTopoB  ruapodochopmimmpoBaHns — ajlKeHOB
CIIEPXKHMBACTCS UX HEBBICOKOW aKTHBHOCTBIO.

IIpakTH4yeckass 3HAYUMOCTH PA0OTLI.

Pe3ynpTaThl NpPOBEAEHHOTO HCCIEAOBAaHUS IO3BOJIAIOT IPEACKa3aTh Kak CTPOEHHUE
IPOJYKTOB B3aUMOJICHCTBUS KOMILJIEKCOB MeTaiioB 6 u 10 rpynmsl ¢ auankuidochuramu, a
TaKXe 3apaHee OICHUTh KATAIUTUYECKYI0 aKTUBHOCTH MPOJIYKTa TAaKOTO B3aUMOJCHCTBHUS, UTO
MOXET SIBJISATHbCA IICHHBIM NOJCIOPbEM sl Ju3aiiHa HOBBIX KaTaJUTHYECKHX IPOLIECCOB
INPUCOCTUHECHUS TUATKUIPOCHOPUCTHIX KUCIOT K KPATHBIM CBSI3IM OJE(UHOB U alKWHOB,
HEaKTHUBHPOBAHHBIX 3JIEKTPOHOAKLENTOPHBIMU 3aMECTUTEIISAMHU.

O0beM M CTPYKTYPa PA0OTHI.

HuccepranyionHas paboTa COCTOUT W3 BBEICHHS, TpEX IJ1aB, PE3ylbTaTOB U BHIBOJIOB
paboThl, CIMCKa IUTHpPYeMOW JuTeparypbl. OCHOBHOW TEKCT OuccepTaliyd M3J0KeH Ha 143
CTpaHUIIaX MAIIMHOMUCHOTO TEKCTa KOMITBIOTEPHON BEPCTKH, CONEPKUT 24 cxeMbl, 7 Taduuil,
NPUBOAATCS MpHIIoKeHust. bubnmorpaduyecknii cnucok auccepranuu coaepxut 99 cceuiok. B
NepBOM  TIJIaBe TMPEACTAaBIEH KpaTKui 0030p KIACCMYECKHX  METOJIOB  IMOJIy4eHUs
dbocopopraHUueCKUX COSAMHECHH, a Tak)Ke ONMHCAHO NPUMEHEHUE METAJUIOOPTaHMYECKHX
COEIUHEHUHN B MOJTy4eHUH (PochOpOpraHNYEecKUX BEIECTB, PACCMOTPEHBI CYIIECTBYIOIINE Ha
JaHHBIA MOMEHT TPEICTAaBICHUS O MPEANONaraéMblXx MEXaHW3Max M HHTepMeauaTax
KaTaJIMTUYECKOro  (ochOopuiIMpoBaHUsl HEMPEACIbHBIX coeAnHeHUH. Bo BTOpoil riaBe
MPUBEICHB OCHOBHBIE PE3yJIbTaThl JKCIEPUMEHTATbHBIX W TEOPETUYECKUX WCCIICIOBAHUIA,
MPOBEJICHHBIX aBTOPOM, U WX oOcyxkaeHue. Jlanee CleayroT OCHOBHBIE PE3yJIbTaThl U BBIBOIBI
quccepTanuu. B TpeThbeil rnaBe (IKCIeprUMeHTaIbHas Y9acTh) MPEACTaBICHB METOIUKN CHHTE3a
MOJIYYEHHBIX B Pa0OTE COCTMHEHUN M OMUCAHKE MMPOBEICHHBIX YKCIIEPUMEHTOB.

PaGota BbIMONIHEHA B OT/ENIe XUMHUU 3IEMEHTOOPTaHUYECKUX COETUHEHUH XUMHYECKOTro
uHctutyra uMm. A.M. BytnepoBa KazaHCKOro rocyaapcTBEHHOro yHuBepcuTera um. B.U.
VYnabsHOBa-JleHNHa W SABISETCS YacThIO MCCIIEAOBAHMM MO OCHOBHBIM HAyYHBIM HampaBlICHUIO
xumuueckoro ¢akynprera «CTpoeHHE U peaklUHUOHHas CIOCOOHOCTh OpPraHMYECKUX,
AIIEMEHTOOPTaHUYECKUX U KOOPIUHAIIMOHHBIX COeTUHEHMIT». PaboTa mpoBeieHa B COOTBETCTBUE
¢ rocoromkeTHpiMA TeMamu MOuH P® «TeopeTudeckoe U 3KCIEPUMEHTAIBHOE MCCIIEAOBaHNE
B3aMMOCBSI3M CTPYKTYpPBhl M PEAKIIMOHHON CIOCOOHOCTH OpPraHMYECKUX coequHeHui (pocdopa
pa3TUYHON KOOpJMHAIIMHM, a TakKe MPOU3BOIHBIX IPYTUX HEMEPEXOIHBIX JJIEMEHTOB, U
pa3paboTka Ha ero ocHOBE A((PEKTUBHBIX METOJIOB CHHTE3a HOBBIX THIIOB BemIecTB» (per. Ne
01200106137) u «HoBoe mokoJyieHne OMOAKTUBHBIX KOMILIEKCOOOPA3yIOIINX, SKCTPAKIIMOHHBIX,
MOHO(MOPHBIX, MEMOPAHHO-TPAHCIOPTHBIX M JPYIMX MPAKTHUECKU IOJIE3HbIX BEIIECTB Ha
OCHOBE TMONUGYHKIMOHATBHBIX COCIWHEHUH ¢dochopa: CHHTETUYECKHH, CTPYKTYPHBIA U
MexaHucTudeckuit acnekte» (per. Ne 01200609690), mmanoB HayuHo-00pa3zoBaTeinbHOTO

nentpa KI'V «Marepuansl u texHosorun XXI Beka» Poccuiicko-aMepUKaHCKOM MpOrpamMMmbl



CRDF u MOuH P® (rpant Ne REC-007), rpantoB MOuH P® «Yuusepcurersi Poccun —
bynnamenTanbHbie uccaenoBanus» (05.01.081 u 05.01.007), AH PT (03-12).

ITo teme nucceprauuu omyOiukoBaHa 1 cratbs B JKypHane opraHmdeckoil Xumuu, 2
cratbu B kypHaie Mendeleev Communications u Tte3uchl 36 1OKJIAA0B Ha HAyYHBIX
KOH(EepeHIMSIX pa3InYHbIX YPOBHEH, BE CTaThU MPUHATHI K nedyatu B JKypHaje opraHn4ecKoin
xumuu (per. Ne 92/07).

Anpob6anus padoThl.

Pe3ynbrarel paboThl JOKIAIBIBAIUCH U OOCYXKAAINUCh HA cleayromux KoHpepenuusx: II,
IV, V, VI, VIl Hayunsle KOoH(pEpEeHIIMH MOJOABIX YYEHBIX, aCIUPAHTOB U CTYACHTOB HAy4HO-
oOpa3zoBaTenpHOro IeHTpa Ka3aHCKOro TocyAapCTBEHHOro yHHBepcuTeTa. «Martepuanbsl u
texnonorun XXI Beka» (Kazaup, 2001, 2004, 2005, 2006, 2007 r.r.); 13 MexnyHapoaHas
KoH(pepeHIms o xumuu coeaunenunit pocdopa (ICCPC-XIII) u 4 MexayHapoIHBIA CUMIIO3UYM
o XUMHM U TpUMEHEeHHI0 ¢ocdop-, cepa- U KPEMHUHOPraHUUECKUX COEAUHEHUMN
“ITerepoyprckue Bctpeun” (ISPM-1V). (Canxkt-IlerepOypr, 2002 1.); V Hayunas mikona-
KOH(EepeHIMsI MOJIOABIX YYEHBIX 1Mo opraHudeckod xumuu (ExarepunOypr, 2002 r.); TpeTbs
MOJIOZIeKHAsI MIKOJIa-KOH(GEPEeHIIUs MO0 OpraHuYecKoMy CHHTe3y «OpraHudeckuil CHUHTE3 B
HoBoM Beke» (YSCOS - 3) (Camxt-IletepOypr, 2002 r.); MexnyHapoaHas KOH(pEpeHIHS
«HoBbIe MOAX0IbI B KOOPAUHALIMOHHON 1 MEeTAJJIOpraHudeckoil xumun. Barisg u3z 21-oro Beka»
(Huxuuii HoBropon, 2002 1.); l-as MexayHaponHas koH(pepeHIUs «BpIcCOKOOpraHM30BaHHBIE
KatanuTuaeckue cucremel» (YepHoronoBka, 2002 r.); MeXIyHapoaHBIH CHUMIIO3UYM,
MOCBSIIEHHbIM  mamsaTd  akagemuka M.E.  Bomenuna  «HoBble — HampaBieHuss B
METaJUI0OpTraHuYecKor U Karamutudeckon xumum» (Mocksa, 2003 r.); XVII MenaeneeBckuii
che3nl mo obmieit u npuxmangnor xumun. (Kazans, 2003 1.); XIV MenaeneeBckuii KOHKYpC Ha
JYYIIyI0  HAy4YyHO-MCCIENOBAaTEIbCKYI0 paldoTy  cTylneHTOB-XxuMUKOB (MBaHoBo, 2004),
MexnayHnaponHass — KoHepeHIus,  mocBsimeHHas — 50-Tuio  00pa3oBaHHS ~ MHCTHTYTa
anieMeHToopranndeckux coequHeHuit um. A.H. HecmesHoBa «CoBpeMeHHbIE HanpaBiEHUs
AJIEMEHTOOPTraHnuecKor 1 nosmMmepHoit xumun» (Mocksa, 2004 r.); VII MononexHas HayyHas
mKoa-koHdepeHIus no oprannyeckoi xumun (Exatepunoypr, 2004 r.); 16 MexayHapoaHas
koH(pepenmms o xumuu Gocdopa (ICPC 2004) (bupmunrem, 2004 r); Mtoroas koHbepeHIUS
Pecny0arkaHCKOTO KOHKypCa HaydHbIX pabOT Cpeau CTYIEHTOB Ha COMCKaHUE NMPEMUU HUMEHU
H.N. Jlo6aueBckoro (Kazamp, 2004, 2008 r.r.); 14 MexayHapoaHbId CHUMIIO3UYM II0
romorenHomy karanu3y (ISHC-14) (Mriouxen, 2004); VIII mononexnas mikosa-KoHGEpEHIUS
no opranndeckoit xumun (Kazanp, 2005 r.); XIV MexayHapoaHnas KOHQEpeHIHsS MO0 XUMHU
coequnenuit ¢ocdopa (ICCPC-XIV) (Kazanp, 2005 r.); 4 MexayHaponHas KOH(EpEHIH
MOJIOJBIX yueHbIX 1o opranuueckoi xumuu (Cankrt-IlerepOypr, 2005 r.); MexayHapoaHas
koHpepeHmms «OT monekyn k marepuanam» (IV Pasysaeckue urenus) (Huwxumit Hosropos,
2005 r1.); 1 Bcepoccuiickas koHpepeHIUs-mKkoaa «BBICOKOpEAKIIMOHHBIE WHTEPMEINATHI
xuMu4ecknx peaknuii» (Mocksa, 2006 1.) — ycTHBIN q0KIa1; MexnyHapoHas KOHGEPESHITUS 10
opranndeckor xumuu «Opranunyeckas Xxumus ot bytinepoBa u benpireitHa 10 COBpEMEHHOCTH»
(Cankt-IletepOypr, 2006 r.); IX MononexHas Hay4yHas IIKOJIAa-KOH(EPEHLINs 0 OpraHuYeCKOn
xumun (Mocksa, 2006); XIV MexayHnaponHas HayuHasi KOH(DepeHLUsI CTyIEHTOB, aCIIMPAHTOB
u MoyioAbix y4yeHbix «JIomonocos-2007» (Mocksa, 2007); XVIII MenneneeBckuii che3n mo
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obmelt m mpuknanHoi xumuu. (MockBa, 2007 r.); XV MexaynapoaHas KoH(epeHLus MO
xumuu coeaunenuit pocdopa (ICCPC-XV) (Canxr-IlerepOypr, 2008 1.) — ycTHBII noknan, 38
MEXIyHapoaHas KoH(epeHuus no koopauHarmonuoi xumun (Mepycanum, 2008).

ABTOp  BBIpaKaer OjarogapHOCTh  CTyAeHTaM  Xumuyeckoro HMHcTHTyTa  HUM.
A.M.byrnepoBa KI'Y A.H. Xammarynnuny, M.B. Tlak (byO6nuk) u HaydHBIM PYKOBOJIUTEIISIM:
npodeccopy a.x.H. P.A. UepkacoBy u gmomenty k.x.H. A.W. Kypammuny, 3a momomp B

BBITIOJTHCHUH Pa0OTHI.

OcHoOBHOe coiep:kaHue PadOThbI.

B kauecTBe OTHpaBHOW TOYKU HCCIICAOBAHUS HAMU OBIJIO BEIOPAaHO KBAaHTOBO-XUMHUECKOE
U3ydyeHHe  B3aUMOACUCTBUS  auMeTwidocdura W ITUICHA € TOMOJHMIaHAHBIMU
reKcakapOOHWIMETAJUIaMUd  TOATPYMNBI  XpoMa. MBI  pacCMOTpENId YEeThIpe BO3MOXHBIX
MEXaHHM3Ma y4acTUsl KOMILIEKCa MeTajlla B mpolecce rHapopochopiinpoBanus ajakeHos: 1) n-
KOMIUIEKCOOOpa3oBaHue cyOcTpara ¢ METaJUIOLEHTPOM, NPUBOJSAIIEE K IMOHMKEHUIO
SJIEKTPOHHON TIUJIOTHOCTH Ha KpaTHOW CBSI3UM HEMPEIENbHOro CcyOcTpara M OOJErdeHHuIo
HYKJICOQHIbHON aTaku IO KPaTHOH CBsI3HM; 2) OKHCIHTENbHOE mnpucoennHenue cpssu C—-H
aJIkeHa K METAUIONCHTPY € MOCIENYIONIMM 3aMEIICHHEM aToMa MeTaia Ha atoM ¢ocdopa; 3)
crabmimmzanust MetaywioneHTpom OH-taytomepnoit ¢opmel auankunpochopucToil KUCIOTHI,
npucoeNUHEeHHEe K KpaTHOU cBsizu OH-kucnotHO# dopmbl auankmigochuTa ¢ MOCISTYIOMUAM
npotekanneM (ochur-hocHoHATHON MEePErpyHIUPOBKH; 4) OKHUCIUTEILHOE MPUCOCAUHEHHE
cBs3u P-H mmankundochura K METALIONEHTPY C MOCISAYIONIMM BHEAPEHUEM KPAaTHOHN CBSI3U
ajnkeHa 1o cBs3u P-H.

Jns  OHeHKH  OPEANOYTUTENIBHOCTH  TOTO  HWJIM  HHOrO  crmocoba — mepexojna
rekcakapoonmwixpoma(0) -monubnena(0) wu  -Boimbdppama(0)) B aKTHUBHYIO  YacTHILY,
OTBETCTBEHHYIO 32 OCYILECTBIIEHHE KaTaJIUTHUYECKOTO THApPO(oCcHOpUINpOBaHUs alKeHa, HAMH
paccuMTaHbl SHTAIBIUU MoOJeNbHBIX peakuuii (1) — (4). Hdus pacuera CTPYKTYpHBIX U
SHEPTeTHYECKUX MapaMeTpoB Ha ypoBHE Teopun XapTpu-Doka O6w11 BeIOpaH 6azuc ECP (SBK),
B KOTOPOM DJIEKTPOHBI BHYTPEHHHUX O0O0OJOYEK OMHUCHIBAIOTCS MOJEIBHBIM MOTEHLIHAIOM
CruBenca-bama-Kpaycca. Jlns Bomopoma wucmonb3oBasics 0asuc 6-31G, s BaJleHTHBIX
000JI0YeK TSDKETBIX SIEP — KBaJpo- W Tpu-zeta Oa3ucHble HAOOPHI st s, p U d obomouek
COOTBETCTBEHHO. JIJIsl TSHKENBIX METAJUIOB UCHOJb30BaNach d-nmossipusyromas GyHkus. B atom
0a3uce Oblua BBIMOJHEHA IIOJIHAS T'€OMETPUYECKash ONTUMHU3AIUS HCXOIHBIX KOMILJICKCOB H
IPOJYKTOB UX MPEBpAILCHUS.

Jlns peakuuii OKUCIUTENBHOTO TpucoenuHeHus (2) u (4) onTUMHU3UPOBAIUCH CTPYKTYPHI
IPOAYKTOB TpPaHC-IPUCOEANHEHUS, KaK HaumOojee BeposiTHble. Pe3yapTaThl TEOPETHUECKOTO
uccienoBanus peakuuii (1) — (4) npuBeaeHsl B Tadauue 1.

Tadauma 1. Teopernmuecku paccuntanasie Merogom RHF/SBK  sHTamenum  peaxiuit
TOMOJIUT@HAHBIX KapOOHMJIBHBIX KOMILUIEKCOB METAJJIOB TMOATPYMIBI XpOMa C Y4aCTHHUKAMH

KaTAIMTHYECKON peakiuu ruapoochopriiipoBaHus aJIKEHOB.

AHpg Ak, kx/Monb

MeTtann Cr Mo W




Peaxius (1) -80.2 -57.5 -4.6
Peaknuus (2) +142.8 +105.4 +170.5
Peakmus (3) -120.1 -62.6 -22.3
Peaxius (4) -34.9 -26.5 -17.6

B nensix nmpoBepku KOPPEeKTHOCTH Pa3paOOTaHHBIX TEOPETHUECKUX MOJENCH Mbl U3YUUIIN
B3auMoJieiicTBUE NUANKHI(OCPUTOB ¢ rekcakapOOHUIBHBIMH KoMmIuiekcamu Mmoiubnaena(0) u
Bonbhpama(0). B mnpupogHOW HW30TOMHOW CMECH OTHUX JJEMEHTOB  IMPUCYTCTBYIOT
MarHUTOAKTUBHBIC HM30TOIBI, B3aHMMOJCHCTBHE KOTOPHIX C sapaMu ¢ochopa WM BOAOpPOIA
HO3BOJIICT CYIUTh O CTPYKType NPOAYKTOB IO 3HAYEHHWIO KOHCTAHT CIHMH-CIMHOBOTO
B3aUMOICUCTBUS (hochHOop-MeTalT WIIH BOJOPOI-METAIL.

s mpoaykra peakiuu audtwidocdura ¢ rekcakapoonunBoasppamom B 10 % pactBope
muankuidochura B OeHzone (1Mo oObeMy) (GHUKCHUPYETCS CHUTHAI € XMMHUYECKUM CIABHTOM
156 M. M KOHCTaHTOW CHHH-CIMHOBOTO B3auMOAEHCTBHS (ocdop-Bonbdpam 323 I'ig

31P—183W). HaOmromaemMoe 3HadueHHEe KOHCTAHTBI

(M3MEpeHO MO CATTEJIUTHOMY pACIICIICHUIO
CIIMH-CITMHOBOTO B3amMojielicTBus coryacyercsi co 3HaueHusMu KCCB  docdop-Boashpam
MEPBOro MOpsiKa, MPUBEAEHHBIMU B JINTEPATYPE U CBUACTEIHCTBYET O HAJIMUYUU KOBAJECHTHOM
CBSA3M Mexay atomamu Boibppama u ¢dochopa. B UMK cnexrpe CKOHIEHTpHUPOBAHHON
PEAKIMOHHOM CMECH TMOSABISETCA WHTEHCUBHAs IIMpOKas moJioca morjomeHus 2600 CM'l,
OTHOCSIIAsICS K BaJIeHTHBIM KojebanusM cBsi3u (P)O—H. [IMP cnekTpsl peakimoHHON cMech
TAaK)KE€ YKa3blBaIOT HA HAJIW4YME B IPONYKTE PEAKLUU THMAPOKCUIBHOM rpymnmsl — B SIMP 'H
HaOJIOAAJICsl CHUHIVIETHBIM YIIMPEHHBIH CHUTHAI € XUMHUYecKuM ciaBuroM 4.20 m.a. Otu
CIEKTpPAJbHbIE  JIAHHBIE TO3BOJISIIOT  NIPEANONOXKWThb, YTO B  pe3ylbTare peakluu
muankuiadochura ¢ rekcakapOOHMIMETaUIaMH  00pa3yroTcs  docdaMeTaioopraHudeCcKue
COCMHCHMS, coAepkamme B  KoopawHaruoHHo cdepe OH-tayromepnyro  dopmy

TuanKuiIHocHOPUCTON KUCIOTHI.

RO\
(RO),P(O)H+ M(CO)g ————— > P—OH +
R = Me (1), Et (11 RO/ \ o
= : M(CO)s
M =Mo ©.W) | 6-8, 111 6-8

WNuble  pe3ynpTaThl  OBUIM  TIOJNYY4€HBI ~ MpPU  HW3YYCHHH  B3aWMOJCHCTBHS
rekcakapoonmwimonu6oaeHa(0) u -soabdpama(0) ¢ auankuipochuTaMu HEMOCPEICTBEHHO B
muankuidocoure. SIMP p CHEKTPBbl PEAKLUOHHBIX CMECEH, IOJYYCHHBIX IIPU HArpeBaHUU
rexkcakapOonunmeTaioB()) HemocpeACcTBEHHO B auankuidocdurax, TakkKe yKa3blBalOT Ha
obpazoBanune koBasieHTOH cBsizM M—-P (KCCB 340-355T11 m 220-260 I'i m1s mpou3BOIHBIX
BoJIb()pamMa U MOJTMOIEHa COOTBETCTBEHHO). OTHAKO B TAHHOM CJIy4ae CHUTHAJIbI aToma docdopa
(GUKCUPYIOTCS HE B CJIA0BIX TMOJISIX, OHM TPOSIBISIIOTCS B obOnactu 20-10 M.z, He3HAYUTEIbHAS
BEJIMYMHA XUMHUYECKOTO CIIBUTa, XapaKTepHas, ckopee, misi aroma ¢ocdopa B docdonare,
MOYET CBHUJICTEILCTBOBATh B MOyb3y Toro, uro B coeaunenusx (I1) u (IV) arom ¢ochopa
COXpaHsAeT IITUBAJIEHTHOE YETBIPEXKOOPAMHUpPOBAaHHOE cocrosiHue. B SAMP 'H CIIEKTpE
peakIMoHHOU cMmecH, conaepxarnie npoaykT (IV B), 3adukcupoBaH CUIBHOMOJBHBIA CHUTHAT —

5.8 m.1. u KCCB 28 I'm (u3MepeHo MO CaTTeIMTHOMY PAaCHISIICHUIO BOJOPOI-BOJIb(pam).
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OtpunarenbHOE 3HAYEHHE XMMHMUYECKOTO CIBUIA aToMa BOAOPOJAa B COUYETAHUHU CO 3HAUEHHUEM
pacuierieHust curxana, coorerctByomero KCCB Bomopoa—Bosbdpam mepBOro mopsiika,

no3Bosisier xapakrepusoBath coeaumHenus (I1) m (IV) kak ¢ocharuapuaHbie TpOU3BOJHBIC

monubaeHa U Boib(pama, [IOJIyYEHHBIE  HEMOCPEACTBEHHBIM  B3aUMOJCUCTBUEM
nuankuidochura ¢ rekcakapOOHUIMETAILIOM:
RO
(RO),P(O)H+ M(CO)y ———— R—0
/ \ +2C0
R = Me (1), Et (IV) RO (GO
M = Mo (), W(s) M(CO
H
11 6-8, IV 6-B

Mounutopuar obOpa3zoBaHusi cBs3u M-H B peakumonHoit cmecu ¢ mnomomisio HK-
CIEKTPOCKOMUU OBLIO 3aTPYAHEH TeM, YTO MOTJIONICHHE B HMHTEpBaJie HauOoliee BEPOSITHOTO
NposiBIeHUsT KojeOaHuil MmeramuruapuaHoro ¢parmenta (2500-2600 cm™) IIEPEKPBIBAIOCH
ropasio 0oyiee HHTCHCUBHBIMU KoJjiebaHusiMu cBsizn P—H mauankundocdura, B cpeae KOTOPOro
OCYIIIECTBIISIACh PEaKIusl.

BepostHee Bcero BiMsiHHE KOHIEHTpAUHU AuankuidochuTa Ha CTPOCHHE MPOAYKTA €ro
peakmuu ¢ rekcakapOoonmiMeramiamu(0) ompeaenseTcs TEPMOIWHAMHYECCKHUMHU (PaKTOpamH.
Tak, B coorBercTBUU c pacueramu coeaunenus (I a) u (111 a) xapakTepusyrorcst yMepeHHBIMU
3HaYCHUSAMU JUTOIBHBIX MOMEHTOB (2.07 I u 1.86 JI 1 coequnenuii monubaeHa 1 Boib(pama
COOTBETCTBEHHO). B MPOTHBOIOIOKHOCTh UM BeIHMUnHBI MOMeHTOB KomiuiekcoB (11 a) u (1V 6)
sHaunTenbHo Bhime (543 11 u 5.66 1 mas (11 a) u (IV 6) coorBercTBeHHO0). O4eBHIHO, YTO
YUCTHIM  AHATKIWIPOCHUT HWMeeT OoJiblliee 3HAYCHHE KOHCTAHTBl  JUAJICKTPHUUYECCKOMN
MPOHUIIAEMOCTH U JIy4llle CTaOUIN3UPYET CUIIBHO MOJSIPHBIE COETUHEHHS, YeM MEHEee MOoJsipHast
nuankuidochur-6eH3onpHas cMech. TakuM o0Opa3oM, YBEIWYEHHE TOJSIPHOCTH CPeAbl TP
nepexosie oT paszbaBieHHoro OenzonoMm auankmwidochura k 100% auankundocpopuctoit
KHCIIOT€ MOXKET, KaK CTaOWMIM3UPOBaTh KOHEYHBIH MPOIYKT BHYTPHUMOJEKYISIPHOTO MEepeHoca
MPOTOHA K aTOMy MEPEXOJHOT0 METallia, TaK U OOJETYUTh T€TePOTUTHUCCKHUIA MPOIECC ITOTO
nepenoca. ['mapokcudochurabie komruiekcel (1) u (I11) B pactBopax, 0€3 BbIICICHUS,
pearupyroT ¢ IUKIOTEKCEHOM IpH HarpeBaHuu; ruapomeratndeckue komiutekesl (1) u (1V)
B3aMMOJICHCTBYIOT HEMOCPEICTBEHHO IMpU CMEIICHWHM LHKIOTeKCeHa C pacTBOpoM. Bo Bcex
ciaydasix  (GocQopopraHMYecKUM NPOAYKTaMH  pPEaKIuu  SBIAIOTCS  Hukiorekcui-0O,0-
muankuiadochoHaTel, o0pa3oBaHHE KOTOphIX  3adukcupoBaHo wmertomom  SAMP p
CHEKTPOCKOIHUH.

Ha arome yrmepoma B rekcakapOonmnMeTtaiax(()) HOArpymmbl XpoMa JOKAIM30BaH
CYIIECTBEHHBIH A(()EKTHBHBIA MOJIOKUTEIBHBIA 3apsi, YTO MPEIONpeeIsieT BO3MOXKHOCTh
aTaku HyKJIeopwia Ha KapOOHWIIBHBIM YIIEpOAHBIA aroM. ODTOT TpOIecC MPUBOIUT K
00pa30BaHMI0 CTAOUIIBHBIX WM METacTaOWJIbHBIX METAJUIOOPTaHMYECKUX aHHOHOB, CIIOCOOHBIX
BBICTYNIaTh B pOJIM HHTEPMEIMATOB psJia KaTaJUTHUYECKHX peakuui. OnucaHbl peakuuu
rekcakapoonunmetanoB(0) ¢ O-, C- u N-mykieoduniamMmu, ogHAKO pPEaKIMOHHAS CIIOCOOHOCTH
3TUX KOMIUIEKCOB B peakuusax ¢ P-Hykineodunamu He n3ydanach.

Hamu w3yuena peakuus TeKcakapOOHMJIOB MeTaioB ¢ P-mykieodpuimom —

maTuidochuTom HaTpus. BzaumoneiicTBue OCyIIecTBIIsUIN KUIITYCHUEM SKBUMOJIIPHON CMECH



rekcakapOoHwIMeTau1a,  audTuiadochuTa  HATPUS U JIBYX-TPEXKpaTHOrO  HM30bITKa
TATUI(POCHOPUCTO KHUCIOTHI B 3TaHONE. PeaklIMOHHBIE CMECH H3YYAIHUCh C IOMOIIBIO
muHammaeckoil SIMP *'P u NK-cnexkrpockonuu. B cnexrpax SAMP 3p PEaKLMOHHBIX CMECEH,
conepxanux Cr(CO)s, Mo(CO)s u W(CO)s HaOmomaercsi TOSBICHHE W MOCTEICHHOES
YBEJIMYEHHE WHTEHCUBHOCTH  CJIA0OMOJbHBIX  CHUHIJIETHBIX  CUTHAJIOB  TPEXBaJIEHTHOIO
TPEXKOOPAMHUPOBAHHOTO aroMa (ochopa ¢ XxuMuueckumMu capuramu 112 m.a., 148 M. m 152
M.I. JUIsI KOMIUIEKCOB XpoMa, MojubOaeHa u Bosb(ppaMa cOOTBETCTBEHHO. Pacumieruienue
CUTHAJIOB aTOMOB (pocopa, 00yCIIOBIEHHOE B3aUMOJICHCTBHEM sIpa 1P ¢ MArHUTOAKTHBHBIMHU
spamu °Mo u W, ne HaGmonaercs, Tak 4TO BO3MOXHOCTh KOOPAMHALHH TPEXBATCHTHOTO
docdopa ¢ mepexoHBIMI METaIaMU MOKHO HCKIIIOUNTh. B cooTBeTcTBUM ¢ naHHBIMU SIMP p
CIEKTPOCKOIUY 32 2 Yaca KUISYCHUS PEaKIMOHHOW CMECH B3amMOJeicTBHe nuainkuidochura
HaTpusi ¢ TrekcakapOooHmiIMonubaeHoM(0) mpoTeKaeT MOJHOCThIO, B TO BpeMs Kak B
PEaKUMOHHBIX CMECSAX, COJAEpXKALIUX IPOU3BOJHBIE XpoMa U Bosib(ppama, HaOIIOAAIOTCS
OCTaTOYHBIC CUTHAJIBI TUATKWI-(ochuTa HaTpHsI.

B MHK-cnekTpe peakIMOHHBIX CMECEH, TMOJYyYEHHBIX TIPU B3aUMOJCHCTBHM JU-
stundochura ¢ rTekcakapOoHmMonnoaeHoM(0), HaOIIOJAETCS TOSBICHWE W YBEJIMYCHUE
MHTEHCUBHOCTU oOcTpoil mosiocsl 1700 eM™, NPUMIMCAaHHOM Hamu KojeOaHusiM cBsizu C=0O
CIOXHOA(UPHONU TpyNmUpoBKU. OTHOBPEMEHHO TIOSIBISIETCS ¥ YBEJIMYUBACTCS MAaJIOMH-
TEHCUBHEIN curHai 2368 CM'l, OTHECEHHBbI HAMH, B COOTBETCTBUHM C JIUTEPATYPHBIMU JTAHHBIMH,
K KoJiebaHnusM cBsi3u Mo-H.

N3ydenne »HTOM Ke€ PEaKIMOHHOW CMECH METOJAOM XPOMATO-MAacC CIHEKTPOMETPUU
MO3BOJIUJIO 3a(UKCUPOBATH B PEAKIIMOHHOW CMECH COEIMHEHUE, MOJEKYISIPHBIA HOH KOTOPOIro
XapakTepu3yeTcss 3HauyeHneM m/z 376, COOTBETCTBYIOIIUM  MOJICKYJISIpHOW  QopMmyiie
CnglogpMO.

Pe3ynbpTarhl CHEKTpPANIbHBIX HUCCICAOBAHMNA HAWIY4YIINM 00pa3oM COTJacyroTcs C
NPENONI0KEHUEM O BO3MOXHOCTH MPHCOCIUHEHUS JHATKWIPOCHUT-aHHOHA K DIIEKTPO-
¢wIbHOMY aToMy YIJIepoja OJHOTO W3 KapOOHMJIBHBIX JIMTAHJOB C TMOCIEIYIOUIMM o00pa-
3oBaHreM (ochurarmmmatapix  MetautoruapunoB (Vo a-B); aMOumeHTHbBIN  (pocuT-aHHOH

MIPOSIBIISIET TIPU ATOM cBoicTBa O-HyKIeodwua.

EtO),P(O)N || /OEt
M(CO)s + (Et0) POy E2ONa_ H—t(c0),—C—0—+(_

V a-B
M= Cr(a), Mo(6), W(B)

OmnwuceiBaeMass peakiys MPEACTaBIsAeT COOOH TEepBbIM NpUMep B3aUMOJCHCTBUS
dochopcoaepxaniero Hykiaeopuiaa ¢ KapOOHMIFHBIM KOMIUIEKCOM METaJuIa MOATPYIIIBI XpoMa,
B pe3ylbTaTe KOTOPOro IPOUCXOAUT HE 3aMelleHne KapOOHMJIBbHBIX JIMTaHIIOB, a
NPUCOETUHEHNE HYKIeo(huIa M0 31eKTPOPHUIbHOMY KapOOHIIBHOMY aTOMY YIJIEpO/ia JIMTaH[a.

[TonydyenHble coequHEHUs OONAJAlOT KATAIUTUYECKOM aKTUBHOCTBIO B  PEAKLUU
rupodocopunpoBaHns  AJIKEHOB M alKMHOB. HarpeBaHume SKBUMOJIBHOM — cMecH
TeTpaxyiopaTUiieHa u mudtuidochura, conepxamieid 10 MonpHbIX mporeHToB ruapuna (V 0),
npu 120°C B TeueHue 6 4YacoB NPUBOAUT IO AaHHBIM AMP 3Pk mommoit KOHBEPCUU

maTHiadocduta u oodpasosanuio O,0-audtnin-1,1,2,2-rerpaxmoparundocponara (V1) [dp = 9.3
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M.a.(s), M m/z =302 (78%), 304 (100%), 306 (49%)] u O,0-mu>tun-1,2,2-
tpuxnopsuaundocponara (VII) [6p = 5.7 m.a.(s), M™: m/z =266 (100%), 268 (96%), 270
(31%)].

(|)Et (|)Et
V 6 O—P—OEt O=—P—OEt
Cl,C==CCl, + (Et0),P(O)H ———> | +
FUIBTHERIIe cl,Hc—Cccl, cl,c=ccl
V1) (VI

[lpy npoBeneHUM peakiu B OTCYTCTBHE 00ABOK OCHOBHOTO THIA COOTHOIICHUE
npoaykToB ruapodochopumuposanus (V1) u meranorendpochopuaInpoBaHms TETPaxJIOPITUICHA
(VI1) cocraBnser 2:1; Ta ke peakuus B NMPHUCYTCTBUH KapOOHATa HATPUsS COIMPOBOKIAETCS
00pa3oBaHUEM €IMHCTBEHHOTO MpoaykTa — BuHWwiIdochonara (VII).

OEt

V 6,Na,CO; ~ O=—P——OEt
Kursg4eHne

cl,c==ccl, + (Et0),P(O)H
Cl,C==ccl
(VI

Oo6padotka cmecu mpoayktoB (VI) u (VII) xapObonarom HaTpus TakKe MPUBOIUT K
NIOJTHOM KOHBepcHuHU ankuidochonara B BUHUIPOCHOHAT.

Heckonpko HeoObrieH TOT ¢akT, Y9TO B CMECH HE OOHAPYKHMBAIOTCS MPOTYKTHI
NIPUCOCTUHECHUST BTOPOU MOJIEKYJIbl qHaTKMiI(ochuTa K KpaTHOU cBsizu. Hanbosee BeposTHBIM
HaM TPEICTaBISIETCS CIEAyIoliee OOBSICHEHHE: TEPBOHAYAIBHO MPOUCXOAMUT MPHUCOSAUHEHHE
muankmwidochuTa MO0 TBOWHOW CBS3HM Yriepoi-yriepon ¢ odpasoBanueMm O,0-mmdtmn-1,1,2,2-
TeTparaioreHdTuiIdgochoHaTa, KOTOPHIH CO BPEMEHEM OTIIEIUISIET MOJICKYITY TaJIOT€HOBOIOPO/IA.
OcyiecTBiIeHHe peakiuu 0e3 OCHOBAaHUN MPEMSITCTBYET NETHAPOXJIOPUPOBAHUIO aAYKTa WU
MO3BOJIIET 3a(PUKCUPOBATH €T0 B PEAKIIMOHHOW CMECH.

Karanmutuaeckass ponb Qochaanunatueix Metautooruapuaos (V' a-B) B 00pa3oBaHUU
NPOJYKTa TPUCOCIMHCHUS 3aKJII0YACTCs, MO-BUAMNMOMY, B 3JCKTPOPHILHOM MPHCOSANHEHUH
dbparmerTa M-H 10 KpaTHOM CBSI3M TETPAXJOPITUIIECHA C TMOCICAYIOMUM 3aMEIICHUEM
MeTauicoaepkamero (¢parmenta dochopunbHoi Tpynmoi. IIporekatomee ¢ OodbINeH wWIH
MEHBIIICH MOJHOTOMN, B 3aBUCUMOCTH OT YCIIOBUU MPOBEACHUS PEAKINH, JETUAPOXIOPUPOBAHNE
aJJIyKTa TMPUBOJUT K COOTBETCTBYIOIIEMY IPOAYKTY BHUHWJIBHOTO 3aMelleHus Xxjopa P-

HyKieoduiaom (cxema 1).
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i
CCl,=CCI—P—OEt

OFt
-HCl
’ JOEt
o H—M(CO), C~O—P. )
i e CCl,=CCl,
CHCIZCCIZ'Fl’—OEt
OFEt
(E0),P(O)H )~k
CHCI,CCI,M(CO), C~0—P_
OFt

Cxema 1. IlpenmomaraeMplii MEXaHU3M KaTATUTHYECKOTO MpUCOSANMHEHUsT nuankmidochura
TETPaXJIOPITUIICHY.

VYcnemnoe dbochopmupoBanme aJKeHa c 00IBIINM KOJIUYECTBOM
AJIEKTPOHOAKLENTOPHBIX 3aMECTUTENe, MOCTaBHJIO TMepeJ HaMH BOMPOC: BO3MOXKHO JIH,
UCTONB3Ys TOT K€ KaTalu3aTop, TMPOU3BECTH NpUCOeAMHEHHEe Qochuta K MeHee
aKTHBUPOBAHHOW TBOWHOU CBsI3HM. B KaduecTBe MOJIEIM TaKOTO COSTWHEHHUS ObLT BHIOpaH TpaHC-
1,2-mudenmmatunen (Tpanc-ctumiibOeH). K coxxanennro, CTUIHO0EH B ONMMCAHHBIX BHIIIE YCIOBUAX
He ¢dochopmwmupyercs. [nsg  BeISICHEHWsA, Kakue HWMEHHO (aKTOpPhl  MPEHSTCTBYIOT
dbochoprIMpoBaHUIO TpaHC-CTHJIBOCHA, OBLITO H3y4eHO KaTAIUTUYECKOE
ruzpodochopunpoBanre HEMpPEAETbHBIX COSIUHEHUN ¢ MeHee 00bEMHBIMU 3aMeCTHTEISIMU. B
KayecTBe cyOCTpaToB ObLIM BBIOpAHbI: CTHPOJI, 1-XJIOPCTUPOI M IUKIOTreKceH. [Ipu HarpeBanun
CMECH, COJep)Kalleld »HKBUMOJSPHBIE KOJIMYecTBA JudTWIGochUTa W CTHpOJA WIH K-
XJIOPCTHpOJA B MPHUCYTCTBUU METAJNIOKOMIUIEKCHOTrO Karainu3atopa (V' 0) B cnMpTOBOM
pactBope, B criektpe SIMP Sp PEaKIMOHHONW CMECH HaOII0JAI0TCS MHOKECTBO CHUTHAJIOB, JIBA
Haubosee MHTEHCHBHBIX COOTBETCTBYIOT MPOJYKTaM MPHUCOCAUMHEHUs AUATKUI(OCHOpUCTO
KUCJIOTHI K oJiepuHy Kak B COOTBETCTBHHM, TaK M TMPOTHUB IMpaBwia MapKOBHHUKOBA.
['unpodochopunpoBanne NPOXOAUT C CYMMapHBIM BBIXO/I0M MPOAYKTOB He MeHee 60%.

[MonGop ycnoBUil KaTaJTUTHYECKOTO TPHCOSAWHEHHS IUANKUI(POCHUTOB K alKeHaM
NO3BOJIMJI HAM pacIpOCTPaHUTh pPa3pabOTaHHBIA CHHTETHYECKUH METOA Ha Mpolecc
ruzipodochopuIpoBaHns TPOMHON CBA3HM YIiIepol-yriepoa. Belio m3ydeHo B3aMMOJACHCTBHE
dbenunaneTuiacHa U MeTUIGEeHUIANETHICHA ¢ AUITIIPOCPUTOM B IPUCYTCTBUU KapOOHUIBHBIX
KoMILTIekcoB Moo aena(0).

I'unpodochopunpoBanne aaKWHOB MPOTEKAET MPHU KHUIISIUEHUU PEaKLHOHHOW CMECH,
coJieprkalieil SKBUMOJISIpHbIE KOJIMYECTBa alleTUICHOBOTO YIiieBoAopoaa, nudTmidocdurta u 10
MonbHBIX TpoueHTa Mo(CO)s. Ilpucoeaunenue auankmwidocpura MPOTEKAET pEruo- u
cTepeocnenn(PpUIHO ¢ KOJMUYECTBEHHBIM 00pa30BaHUEM €JMHCTBEHHOTO (hochopopraHnIecKoro
nponykra — O,0-quatiin-(Z)-2-penmnsunmndocdonara (VII1).
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CocraB u crpoenue pocdonara (VIII) moarBepkaaeTcss JaHHBIMH MacC-CIIEKTPOCKOITHH,
snemenTHOro anammsa, UK, 'H u P SIMP CHEKTPOCKOIUU. ISl BBISICHEHUS NIPUYUH PETHO- U
crepeocnenupuuHocTH  THApOodochoprMpoBaHus  (PeHMWITALETHIIEHa OBUIO  MPEeNIpPUHSATO
U3YYCHHE CTPOCHHS KATATMUTHUYECKH AaKTUBHOTO WHTEpMEIUaTa pPEaKIMH MPHUCOSIUMHECHUS.
Metonom TpOOHOM MEePEKPUCTATUTU3 AU u3 PEaKIMOHHOU cMecHu BBIICIIEH
monokapoonmtTpu(henunaneruicH)moanoaeH(0) (1X), crpykrypa KOTOpPOro MOATBEPKIACHA
JTaHHBIMH 3JeMeHTHOro a"ann3a, UK n 'H amPp CIIEKTPOCKOITHH.

Bepositiee Bcero, metammokomimieke (1X) sBisieTcss HHTEpMEAUAaTOM KaTaTUTUYECKOTO
runpodochopunpoBannss  (EHUIANETWICHA M €r0  BO3HMKHOBEHHE  OOYCIOBIMBAeT
obpazosanue O,0-audTIn-(2)-2-penunBuamindocdonara.

Msl cumtaeM, uyTo KoopawHamus (eHwnanerwieHa ¢ MonubaeHoM(0)) TPUBOAUT K
MOHMKEHUIO AJIEKTPOHHOM TNIOTHOCTU Ha TPOMHOM CBsI3M, 00JIeryast TeM CaMbIM HYKJICO(PHIBHOE
npucoenunenne ruapodochopunpHoro coenuuenus. Ha mepBoii craguu P-nykneodw atakyer
CTEpUYECKH MEHEe 3arpyK€HHbI TEpMUHAJIbHBII aToM Yyriepoja ajlKWHOBOTO (parmMeHra.
[TomuMo cTepUyecKHUX, TaKO€ HAaNpaBiICHHE MPUCOCIUHEHUS HYKICO(UIbHOW YacCTHIIbI
OOyCIIOBIIEHO U DJIEKTPOHHBIMHM (akTopamu. IlpucoenuHuBIIAsCS 3JIEKTPOHOAKLIETITOPHAS
docdopmibHas rpynmna, MO-BUANMOMY, OCIA0NsSeT CBs3biBaHHE (QeHmBHHMWI(OCPOHATA C
METaJUIOLIEHTPOM, CIIOCOOCTBYSI €r0 TMCCOLMAIMK M3 KOOPAMHAIIMOHHON c(epbl KOMIUIEKCa U
KOOPJMHAIMK C METAIJIOLEHTPOM HOBOM MOJIEKyIbl (eHunanernieHa. CrepeocnennpuaHoCcTb
npucoenunenus: ¢pparmenra P-H oOycnoBnena, ckopee Bcero, 3ppekToM KOOPAMHAIIMOHHOTO
y3ia.

B nonp3y mpenioxkeHHOro MexXxaHW3Ma KaTaIUTUYECKOrO IMKJIa MOXET TOBOPUTH Kak
PErHOXUMHMSI PEAKIIMHU, TaK U OTCYTCTBHE B PEaKIIMOHHOW cMmecu OuchochoHATOB — MPOAYKTOB

NpUCOCTUHEHNUS AUanKuipochuToB Kk BUHWIPOCHOHATY.
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Cxema 2. [IpeanonaraeMplii MEXaHU3M KaTaIUTUYECKOTO MPHUCOSAMHEHUs AuanKuiapochura K
(dbeHunaneTuIeHy.

HeomHokpaTHO TpeAnpuHUMABIIKECs MONBITKH BbiAeacHus coenuHenuid (1) — (V) us
pPEaKUMOHHOW CMECHU OTTOHKOW pACTBOPUTENS WU OCKICHHEM TMPOJIYKTa pEaKIHuH, K
COXAJICHUIO, MPUBOAAT K paspylieHuo ¢ochaMeTasoopraHuyeckiux 4YacTHil. [Bepble
MPOAYKTHI, BBIJICICHHBIE U3 PEAKIIMOHHOM MacChl, B COOTBETCTBUM C AaHHbIMU SMP 31p e
conepkat ¢ocdopa, B ux MK cnexrpax npucyTCTBYIOT CII0KHBIE CUCTEMBI IIJI0XO0 pa3peIIeHHbIX
nosioc moryomnieHuss B uHTepBaie 1700-2000 em?, CBUJICTEIILCTBYIONNE O TPUCYTCTBUU B
oOpa3lie MOJEKyJll MOHOKCHJIA yIiepoja, MO pPa3iMyHOMY KOOPAMHHPOBAHHBIX C
METAJUIOIICHTPOM. B03MOXHO, 4TO HeBbIcOKas cTabwibHOCTh coenuHenuir (1) — (V) BHe
pacTBOpoB, B KOTOpPHIX MPOUCXOAUT HX oOpa3oBaHue, CBsi3aHA C JAOMIBHOCTHIO
dochameraIoOpraHMuecKuX YacTUL, O KOTOPOH MOXHO CyauTh, HalpuMep, IO
CYIIECTBEHHOMY YIIMPEHHIO CHUTHAJIOB aroMoB (ocdopa B SAMP 3p CIIEKTpax J3THUX
COCTUHEHUN.

Mpl npeanonoXuian, 4TO 3aMeHa TpeX KapOOHMUJIBHBIX JIMTAHJIOB Ha XEJIaTHPYIOIIUN
TPUACHTATHBIN 1,3,5-tpucdenni-1,3,5-rpuazanukiorekcal (TpHazuHan), MTO3BOJIUT
CTAOMIIM3UPOBATh MPOIYKT B3aMMOICUCTBHS KOMITJIEKCAa MeTalIa ¢ TUATUI(OCHUTOM.

B3aumopneiicTBre TpUKapOOHMITPHA3MHAHOBOTO KOMILIEKCA € AMATHI(HOCHUTOM MOXKET
MPOTEKATh KaK 3a CUET AWCCOIUAIINHN OJTHOTO WJIM HECKOIbKUX KapOOHWIBHBIX JIUTAHIOB (cxemMa
3), Tak ® 3a CYeT TaNTOTPONMHOW TEPErpyNIUpPOBKH TPHUA3MHAHOBOTO JIMTaHIA B
KOOPJIMHAIIMOHHOHN cdepe, MPUBOAAMIECH K H3MEHEHUIO TOMOJOTHH CBS3BIBAHHS TPHIIEHTATHOTO
JUTaH/a ¢ METAJUIOLIEHTPOM (cxema 4).

C  mnoMompl0  KBaHTOBOXMMHUYECKMX  pacyeToB  (ObUT ~ MCIONB30BAaH  METOJ
nuddepennupoBanroro Gynkuonana miotHoctu (DFT), dynkmumonan B3LYP B coderannu c
6asucom LANL2Z.) wu3yyeHO dYeTblpe OCHOBHBIX  HAalpaBlIEHUS  B3aWMOJEHCTBUSA
muankuidocouta ¢ 1,3,5-tpudennn-1,3,5-TpruazaiKiIoreKCaHOBBIMH  KOMIUIEKCAMU TPYIIITBI

xpoma: 1) BXOx/IeHHe B KOOPAMHAIIMOHHYIO chepy IBYX MoseKyn GochuTta B HOHU3UPOBAHHOM
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¥ HEMOHU3UPOBAHHOHN THIIPOKCU-TayTOMepHOU Gopme (cxema 3, peakuus 1 u cxema 4, peakius
6); 2) koopmuHamus nudTHIGOChHUTa C METAUIOM depe3 Kuciopoa (ochopuiibHON TpyIIIEI
maTUII(GochoprcToil  KUCIOTH, atoM ¢ochopa B KOTOPOW HAXOIUTCA B IISITUBAJICHTHOM
YeTBIPEXKOOPAMHUPOBAHHOM COCTOSIHMU (cxema 3, peakums 2 u cxema 4, peakuus 7); 3)
crabmwmm3anus OH-tayromepnoit popmbl pochuta B pe3ynbpTaTe €ro KOOPAHMHAIIMH ¢ METAIIOM
o 03-aT0My dbochopa (cxema 3, peaknus 3 u cxema 4, peakius 8); 4) OKHCIUTEIbHOE
BHenpeHue metamia B cBi3b P—H (cxema 3, peakmus 4 m cxema 4, peakmus 9), s 3TOro
npolecca paccMaTpuBalCa TaKKe TPETHH BapuUaHT B3aUMOJCHCTBUA: M3MEHEHHE TalTOBOCTU
CBSI3bIBAHMSA TPUA3MHAHOBOTO JIMTAHAAa C METAJIOOLUEHTPOM U  JUCCOLHUAIMA  OJIHOTO

KapOOHMIIBHOTO JIMTaH/a U3 KOOPAWHAIIMOHHON cephl MeTaa (cxema 3, peakuus 5).
®
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Cxema 3. PaccmaTpuBaemble MyTH B3aHMMOJACHUCTBUS METAIOKOMIUIEKCa M IuATUI(ochuUTa,

MPOTCKAOIMIKUC YCPE3 AUCCOLNUANTIO OAHOT'O UJIN HCCKOJIBKHUX Kap6OHI/I.HI>HBIX JJUTraHA0B.
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Cxema 4. Ilpenmonaraembie TyTH B3aWMOJCHCTBHS METaUIOKOMIUIEKCa U AUATHI(PochuTa,
MPOTEKAIOIIMe C U3MEHEHHEM XapaKTepa U TOMOJIOTHH CBSI3bIBAHUS TPUA3MHAHOBOTO JIUTaHAA C
METaJIOLEHTPOM.

Jnis xomriuiekca MonMOaeHa Hanboyiee BBITOIHON SIBISIETCS PEAKIUsS OKUCIUTEIHHOTO
BHEJIPECHUS HOJBBAJIIEHTHOTO MOJHOeHa B cBs3b P—H, mpoTekaromias ¢ auccomuamnmei ogHoro
KapOOHUJIBHOIO JIMTAHAA U C U3MEHEHHEM TalTOBOCTU CBSI3bIBAHUSI TPMA3MHAHOBOTO JIUTAH[A C
Tpex o AByx. CBoOOaHAs SHEPrus AToi peakuu coctasisieT —34.0 kJ[>x/MoIb.

Pacyer cBoOOmHOVW  SHepruM  00pa3oBaHUS  MOJENBHBIX  MPOAYKTOB  pPEaKIHU
TPUA3UHAHTPUKAPOOHMIIPHOTO KOMILIEKCa XpoMa JaeT Takoe jKe, Kak W s MoiuOJeHa,
KaueCTBEHHOE pacIpelie]ICHHe TEPMOAMHAMHYECKHA ONAronpusTHBIX W HEOIarompUsTHBIX
IPOIIECCOB B3aMMOACHCTBHS KOMIUIEKCOB XpoMa ¢ AMITHI(HOCHUTOM.

Jnis  KoMIUIeKcoB Boibppama HaOMIOZaeTCs NPUHIUIUATBHO WHOE, HEXETH s
KOMIUIEKCOB XpOMa WJIM MOJHOJIeHa, SHEPreTHUYeCKoe paclpeneieHe MOAEIbHBIX MPOAYKTOB
B3aumoeiicteus (EtO),P(O)H + (phtach)W(CO);. B stom ciyuae (He3aBHCHMO OT cItocoda
OpraHM3aly KOOPJIWHAI[MOHHON BaKaHCUM — JUCCOLMAlMs MOHOKCHJA YIiiepoja WIn
ranToTponHasi IEeperpynmnupoBKa TPUA3WHAHOBOIO JIMTAaHAA) MpoIecchl  00pa3oBaHUs
TUAPUIHBIX KOMIUIEKCOB OKa3bIBAIOTCSl HAMMEHEE BBITOJIHBIMU. bosiee Toro, peakiinu moaydeHus
BCEX MOJCIBHBIX THIPHUIOB OTJIHYAIOTCA TMOJOKUTENbHBIMU (B psAe CIy4aeB BechbMa

CyH_IeCTBeHHBIMI/I) 3HAYCHUAMU CBO60,Z[HOﬁ SHCPTHHU. BOBMO)KHO, YTO OJAaHHOC 00CTOSITEIILCTBO
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CBSI3aHO C HU3KOH 3((EeKTHBHOCTHIO TEpEKphIBaHUS aTOMHOW opOuTanu Bogopoxa u d-
opOuTanei BOJIb(ppama. HauGomnee 0JIaroNpUsSTHBIM TUTIOM B3aUMOJICUCTBUS
(EtO),P(O)H + (phtach)W(CO); sBisiercss  crabuiau3anusi THIPOKCHU-TAyTOMEPHOU  (OPMBI
mTHI(OCHUTA METALIONIEHTPOM, HaOII0JaeMast IPH BXOXKJICHUH B KOOPAHMHAIMOHHYIO chepy
KaK OJIHOM, TaK U JBYX MOJIEKYJ auankuidocdura.

Tabdauma 2. Teopermuecku paccuntanHple MetogoM B3LYP/LANL2Z cBoGoaHbIC
SHEPIUU I'n606ca peaKIuii n*-[(1,3,5-tpudennn)-1,3,5,-

TpHUasamukiIorekcat | tpukapooHuaMeTaiuio(0) moArpymnmmsl XxpoMa ¢ AUITHIIPocHuTOM.

AGpgakiym, Kx/Monb
Merann Cr Mo W
Peakmms (1) +29.8 +19.2 -22.8
Peakmuus (2) -03 -4.1 +2.3
Peakmus (3) -10.8 -14.8 -11.7
Peakrus (4) -23.9 -28.0 +22.1
Peaknus (5) -41.0 -34.0 +18.2
Peaxius (6) +19.8 +14.3 -22.8
Peaxuus (7) -16.3 -5.7 -2.4
Peaxius (8) -28.1 -14.8 -14.6
Peaxius (9) +8.6 +4.4 +13.5

Jlnist SKCIIEpUMEHTAILHOW TPOBEPKH PE3yJbTaTOB KBAaHTOBO-XUMHUYECKHX PACUYETOB MBI
OCYIIIECTBUIIU B3aNIMOJICHCTBHE n*-[(1,3,5-rpudernn)-1,3,5,-
TpHrasanukiiorekcas [rpukapoonumonoaeH(0) (X) ¢ mudtuindochurom. Ilocme TpexuacoBoro
KUTISTYCHUS U3 PEaKIMOHHOW cMecH ObUIO BbieneHo coeaunenue (XI1), npeacrasistoiiee coOoi
OPOAYKT OKUCIHTENbHOro TmpucoequHenuss P-H cBsa3u  dochuta K  MeTawIONEHTPY,
NPOTEKAIOIIEr0 C BHITECHEHHEM M3 KOOPIWHAIIMOHHON cdepbl MeTaia ABYX KapOOHUIBHBIX

JIUTAHJIOB, YTO MOATBEPXKIACTCS JAaHHBIMU (U3UIECKUX METOJIOB UCCIICIOBAHMS:

0
F\’h EtO—P—OEt
N
Ph\N//\*zPh+ (Et0),P(O)H ELOHEON _ - H— -1
// Ph.N// \N
~/——N~
Mo(CO)s LN P
X) Ph (X))

B ormuume ot mommbOmeHoBoro (X), aHanoruyHeiii BoJbppamoBbiii komriekc (XII)
oGpasyer mpOAyKT HHOH cTpykTypsl. Ilpu B3ammoneiicteun n°-[(1,3,5-Tpudennn)-1,3,5,-
TpHUasamukiIorekcat | rpukapooHmiBoabPpama(0) ¢ audTHIIPOCHOPUCTON KUCTOTOW B CHUPTE,
TaKXKe TPOUCXOAHUT araka (PocPopraHUYecKoro COSAWHEHHS Ha  METAJUIOKOMILICKC,

NpUBOAsAIIAsi, MO JaHHbIMUH SIMP 'H- u 31P-CHCKTpOCKOHI/II/I, K oOpazoBanuio (ochaTHoro
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komruiekca Bosibpama (XI11) ¢ BeITeCHEHHEM TPHA3MHAHOBOTO JIUTAHA U3 KOOPIUHAIIMOHHOM
cheper meramna. Ilpu stom, cyns nmo HK-cmekTpam NOJYyYEeHHOTO COEAMHEHUS, CBS3b C
METaJUIOLIEHTPOM BCEX TpeX KapOOHMIBHBIX TPYI COXPaHIETCS.

Kommuiekchbl HOMb- U IBYXBaJCHTHBIX TUIATHHBI U MAJUIAANs HEOJIHOKPATHO MOIBEPTaIUCh
CKpUHUHTY Ha TpeaMeT TMpOSBIACHUS  KaTAIUTUYECKON  aKTMBHOCTM B  pealrusx
ruapodochopunupoBanrs aikeHoB. B nuTepaType oTMedaercs, 4TO HECMOTpPsSI Ha IOJHOE
OTCYTCTBHE KaTaJUTUICCKONH aKTUBHOCTH KOMILUIEKCOB TUTAaTHHBI(+2) U mamiaausi(+2) B peakiuu
NPUCOSIUHECHUS THATKII(HOCHUTOB K HENPEISIbHBIM COCIMHEHHUSIM, KOMIUIEKCHI TUIATUHBI(+2)
U nauaausi(+2) pearupyror ¢ nuankuidochutamu ¢ oOpazoBaHHEM MNPOAYKTOB, CTPYKTypa
KOTOPBIX €Ille He BhIACHEHA. KpoMe Toro, KOMIUIEKCHI TUTATUHBI(+2) U maymuiaausi(+2) SBIsSOTCs
>QDEKTHBHBIME KaTaIM3aTOPAMH 3aMEIICHHs TaJTOreHOB W TPH(IATOB y SP’-aToOMa yriepoa.
Mpbl [pennpuHSIM TEOPEeTHUYECKOE M SKCIEPHUMEHTAIbHOE M3Y4YEeHHE B3aUMOJICHCTBUA
TUANKII(POchUTOB ¢ KATHOHHBIMUA KOMIUIEKCAMHU IJIATHHBI U TaJlIaIusl.

C nmomompio metona DFT (B3LYP/LANL2Z) Mbl paccuntanu sHepreTudeckue 3P ekt
Tpex MOTEHLIUAJIBHO BO3MOKHBIX nyTen B3aUMO/JICHCTBUS uc-
OuC(TPONMTMOHUTPIIT ) AUXJIOponauiaausi(+2) u 1uc-ouc(MpoONTuOHUTPHI ) AUXIOPOIIATHHBI(+2) ¢
mmTIapochurom: 1) crabunmzamus OH-tayromepHoii popmbl GpochuTa 3a c4eT KOOPAWHALNU
¢ MeTamioM G° - aroma (ocdopa; 2) OKHCIHTENbHOE BHEAPEHHE MeTamia B cBssb P-H; 3)
KOOpAMHAIMS JU3TII(GocHTa C METAIIIOM Yepe3 KUCIopo PochOpMIIbHON TPYIIIHL.

OO6pa3oBaHue MPOIYKTOB KOOPAMHAIMM IUATWI(GOCHHUTA ¢ MaulafeM Kak IO aToMy
kucioposia (HochOprIIbHOW TPYNIBI, TaK M 4Yepe3 TPEXKOOPAMHUPOBAHHBIA aTtoM ¢ocdopa
TUAPOKCU-TAYTOMEpPHOU (opMbI IUaIKuiIpochuTa KUCIOTHI MMEET SK303PTUYHBIA XapakTep.
CBoOoanbie 3Heprun coctaBisaioT —27.4 u —36.1 k/[>k cooTBercTBeHHO. Ha ocHOBaHuM 3THX
JAHHBIX TPYIHO OJHO3HAYHO BHIOpaTh Hamboyiee BEPOSTHYIO CTPYKTYpY IPOIYKTa
B3aUMOJICHCTBUA TUATWIPOCHUTAa C HUTPUIBHBIMH KOMIUIEKCaMu nayanus. DopmManbHbIi
MOJXO/1 TO3BOJIIET MPEIOI0KNUTh, YTO TIOCJIE MPOTEKAHHUs PEaKIUU B T€UEHUE OTHOCUTEIHHO
JUIUTEIILHOTO BPEMEHU B CHCTEME JIOJDKHO YCTAaHOBUTHCS TEPMOAMHAMHYECKOE PaBHOBECHE C

cootHoIrenneM coeaqnuenut X1V : XV =1:33:

o—Et
H //O\E
O—Et e t
HO~ 5 |
SN ! ¢l —_— "N _cl
N—PIZ N—PdZ
c*? Cl _c* Cl
Et” Et
X1V XV

3HavyeHHs] CBOOOJHBIX HSHEPTUM PEAKIM KOMIUIEKCA IUTAaTHHBI(+2) TOKa3bIBAIOT, YTO
TCPMOANHAMHUYCCKAA CTa6I/IJ'H>HOCTb THIIOTCTUYCCKUX MTPOAYKTOB BSaHMOHeﬁCTBI/IH HUTPUIIBHOT'O
KOMIIJICKCAa IIJIaTUHBI C I[I/IBTI/IH(l)OC(bI/ITOM KapJAUWHAJIbHO OTJIUYacTCA OT QaHAJIOTHYHOI'O
najjiagueBoro KOMIIJICKCA. B 9TOM cjrydac CAUHCTBCHHbBIM BBITOAHBIM BapuaHTOM

BSaHMOHeﬁCTBHH ABJISICTCA  OKUCIUTCIIBHOC BHCIAPCHUC I[BYXBaHeHTHOﬁ IIJ1aTUHbBI B CBA3b

dbochop—BogopoI.
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Tabauua 3. Teopernuecku paccuntanusle MerogoMm B3LYP/LANL2Z cBoGoaHble
SHEPrUu I'u66ca peakuuii ouc(nporronutpui)auxiaoponamtanus(ll) u uc-

ouc(nponuonutpwi)auxiopormatuabi( 1) ¢ muatundochuToM.

AGpgakim, kKx/Monb
(C2HsCN),PdCl; (C2HsCN),PtCI,
Peaxrus (1) -27.4 +8.3
Peaxrus (2) +19.7 -25.4
Peaxrus (3) -36.1 +15.2

Jls IpoBEepKM 3aKJIIOUEHHH, OCHOBAHHBIX Ha pe3yJbTaTaXx TEOPETHUECKOro aHaJIN3a, MBI
U3YYWIN B3aMMOIeHCTBHIE TpaHc-Ouc(aneronuTpuin)auxioponamianusa(ll) ¢ nuatundochurom B
neirepoxiopodopme mpu kKoMHaTHOM Temmnepatype. [1lo nanasim SAMP putH CIIEKTPOCKOIIUHU
B PEAaKIMOHHOM CMeCH TMPHUCYTCTBYIOT JBa COEAMHEHUS: NpPOAYKT crabmim3auuu OH-
TayToMepHOi (opmbl dochuTa 3a cUeT KOOPAMHAIMH C METAIOM o°-aToMa dbochopa u

MPOYKT KOOPAUHAIIMK AUATUII(OChUTA ¢ METATUIOM Yepe3 KUcaopo GochOpUiIbHON TPYIIIIB:

OEt
H
\P//OEt

CHy
\c\% T

CHs\C N | _cl

S

7

\
S

/

N d/C' + (EtO)P(O)H
CI/P \N OCHOBHOIT ~
NPOAYKT
\\\
CHs OEt

OCHOBHOIi MHUHOpPHBIH = 25:1 \§N\ T/Cl
CI\I/ll/lllOlexl'l‘\;ll\ \
NMPOAYKT (_jH3

MpI npenonokuiiy, 4To IpH Mepexoie OT TaIOTeHHUTPUIILHOTO KOMITJIEKCa Majuiaaus K
areTary JO0KHO MPOUCXOAUTHh yBelandeHre 3((HEeKTHBHOTO MOJIOKHUTEIBLHOTO 3apsijia Ha aToMe
MeTalljia, YTO, B CBOIO OYepe/b, IPUBOJUT K YBEIMYCHHUIO OKCOMUIHBHOCTH METAUIONCHTPA U,
CJIEI0BATENbHO, K YBEIMUYECHHIO BbIX0/1a TPOyKTa O-KOOpAMHALIUH.

B peaknuoHHON cMecu, NMONY4YEHHOM INpU B3aUMOJEHCTBUM alerata namiagusa(+2) c
nudTUIhochuToM, 1o 1aHHpM SIMP p CIEKTPOCKOIUY B PEAKIIMOHHOW CMECH MPHUCYTCTBYIOT
T€ K€ JBa MPOAYKTa, HO MX COOTHOLICHHE, OMpEIEIEHHOE [0 MHTEHCUBHOCTH CHUTHAJIOB B
CIIeKTpe, cocTanisier 95:1.

Takum  oOpazoMm, yBenudeHwe I(P(HEKTUBHOTO  IMOJOXKWUTEIBLHOTO  3apsaa W,
COOTBETCTBEHHO, )KECTKOCTH MAJJIAANEBOT0 LIEHTPa MPUBOJUT K YBEITUUEHUIO J10JIH npoayKTa O-
KoopauHanuu auankmidochuta. MOXKHO TPEANONIOKUTh, UYTO YMEHBIICHHE KECTKOCTH
METAIJIONIEHTPA MyTeM BBEICHHS JUTAaHJOB, CIIOCOOHBIX K T-IaTUBHOMY B3aWMOJCWUCTBUIO C
METAJIJIOM, HamnpuMep, IUKIONEHTAIUCHUIBHBIX, MOXET IOBBICUTh OO MpoaykTa P-
KOOpJMHAIIHH.

JIJist IpoBEpKH 3TOTO MPEION0KEHUS MBI HCCIIEIOBAIH B3auMOIeicTBUE TUATHI(OCHUTA

C IUXJIOPOAULIMKIONICHTaTUEHIINAUIaqueM(+4) Mpu KUMSYEHUH PEaKIMOHHOM CMecH B
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ATaHoJIE. boin MOJTYYEHBI xyop(6uc|ouc(P-
naTiidochut)(tmukionentaauerun ) Monoxopnawiaaguii  (+3)]) (XVI), BTOphIM mMpOAyKTOM

peaKuuu SBISETCS S-XJIOPOIUKIONeHTa-1,3-11eH:

EtO OoH
B0/ H cl
eo \ L P on
CpzPdCl, + (BO)P(O)H—> EtO%P—Pd' Pd—PéOEt +
O Nef . OEt
/\\OEt

HO OEt
XVI

Crpoenue npoaykra XVI noarsepxkaeno merogamu SIMP p oy tH cniekrpockonuu, MK-
CIIEKTPOCKOIIHH.

[lo wuHOMY, HEXenM C TPOU3BOJHBIMH TAUIAAUs, TMPOTEKAaeT B3aWMOJIEiCTBHE
maTIIGochuTa ¢ TpaHc-OMuc(alleTOHUTPUI ) IUXIOPOIUTaTUHON(+2). B 3TOM ciydae cormacHo
JAHHBIM (U3UYECKUX METOJIOB HCCIENIOBAaHHMS B CMECH IPHCYTCTBYET MPOIYKT 3aMELICHHS
OJTHOTO M3 aTOMOB TajioreHa Ha ¢ochoHATHBINA (PparMeHT, 0Opa3yIOMHUIACS 3a CUET OTUICTIIICHUS

XJIOPOBOJIOPOa OT MPOAYKTa OKUCIUTENbHOT0 pucoeauaenus (XVII):

O—Et
Y Me
Me O=p Ce
“Coy cl Mo | o= N~p €
~pt~ (EtO),P(O)H N ! _CI - Et—O0— N
cl” N - = RUEN -HCl R N%\c
%C H g N%C Et 0 \\ \Me
“Me Cl “Me

XVII

B3anMopeiicTBue NUKIOOKTaAUCHAUXIOPIIATHHBI(+2) ¢ mudTuindochuToM B TEX Ke
YCIOBUSIX TPOTEKAeT aHaJOTHYHbIM oOpa3oM. OjHaKo, HapsAy C OCHOBHBIM IPOJTYKTOM
OKHCTUTENBHOTO TipucoenuHenus ¢parmenta P—-H ruapodochopuinbHOoro coenuHeHHs K
IUTATUHE, TIOJBEPralolIeMyCs 3aTeM OTIICIUICHUIO TaJOT€HBOJOPO/a, B CMECH MPHCYTCTBYET
MHUHOpHBIN (uX cootHomieHne 15:1) mpoaykr — O.O-audTminukiIookTaeH-4-mindocdoHar,
oOpa3oBaHHE KOTOPOTO MOXKET MPOWCXOAUTh B pesynbrare ruapodochopunupoBanus
UKIJIOOKTaUECHA.

Takum o0o0pa3om, HCCIeIOBaHHWE B3aMMOJCUCTBUS KOMIUIEKCOB mautanus(+2) u
mIaTuHeI(+2) ¢ amdTUA(GOCHUTOM TO3BOJIWIO 3apUKCHPOBATH COCAMHEHHUS, OOpa3OBaHHE
KOTOPBIX MPECKa3bIBaIOCh HA OCHOBAaHUH PACUETOB.

Hamu Obina mccnemoBaHa KaTadUTHYECKas aKTUBHOCTH MOJTYYCHHBIX HAMU MAJUIAAWA- U
wiatuHaochopopraHuueckux  CoeNMHEeHWH B peakuuu  [lygoBuka Ha — mpumepe
ruapodochopuIupoBaHUs [IUKJIOTEKCEHA,; PETHOCENIEKTHBHOCTh MPUCOETMHCHUS
mTIidochuTa B 3TOM ciaydae He TpeOyeT moapoOHOTo paccMoTpeHus. Jjis ompeneasieHus
KaTaJUTHYECKON aKTUBHOCTU B PacTBOp, COJEP KAIIMi CMECh MajlIaJMeBbIX WJIM IMJIATHHOBBIX
KOMIUTEKCOB amdTHidochuTa, 1T00aBISUIM IKBUMOJBHOE (10 OTHONICHHUIO K CYMMapHOMY
coJlep’KaHuIo0 TUATUI(OCPUTA) KOTMUECTBO LUKIOTEKCEHa, pacTBOP KUIISITUIN 4 4, TIOCTIE Yero
MOJTYYCHHYIO PEAKIMOHHYI0O CMECh aHaIM3upoBaIM MeToaoMm SIMP Slp, CnekrpanbHas
XapaKTEpUCTHKA MIOJyYEHHBIX COEMHEHUN ITpUBEIEHA B Ta01. 4.
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Tadauna 4. Xumuueckue capuru B cnekrpax SAMP 8p  cucrem UKJIOTeKCEH —
[ML«(EtO).P(O)H]

ML O, M.1. Brixox O,0-
AMAITHINUKIOrekcuigochonara
(mo nanabIM SAMP 31P), %

Pd(OAC), 5.70* 1 (\Jpy 671 T'); 9.05* 1 (MJp
695 I'ir)

(CH3CN),PdCI, | 7.95% 1 (*Jpn 694 Tir); 9.05° 1 ({Jpny

690 I'u); 65° ¢; 32% ¢ 2
Cp,PdCl, 72,6°c; 9.05° 1 (Jpy 695 I'm); .
32°¢
(CH3sCN),PtCl, | 87°c  (aybuer-cartenut, ‘Jpp 1
3430 I'm); 32°% ¢
(COD)PtCl, |85°c (mybmer-carremnt, Jppt 13

3430 I'm); 32%¢; 48° ¢

[Mpumeuanue. * CurHagbl B TPOMYKTaX B3aMMOJCHCTBUS AMATHIA(GOCHHUTA C HCXOTHBIMH
METaJUIOKOMIUICKCaMH. © OTHECeH K O,0-guyTumuknorekcundocdonary. © Ornecen k O,0-
TUATUIIUKIOKTeHUAGochoHaTy —  MPOAYKTYy  TpUcOoenuHEeHHs  amdTwidochura K

[IUKJIOOKTAIUEHOBOMY JIUTAHTY.

MoHO BUETh, uTO 3a uckiaroueHuem cuctembl PA(OAC), / (EtO),P(O)H Bce naynanuii- u
iatuHadochopopraHnuecKue COCIMHEHUS CHOCOOCTBYIOT 00pa30BaHUIO 0,0-
JV3TUIIIMKIOreKcuipochoHara, yTo MOATBEPKIACTCA TakKe M JAaHHBIMH CHEKTpoB SIMP 'H.
Boixon nponykra ruapodochopuiiipoBaHus HEBEIUK; OYEBUIHO, ISl 00pa3oBaHus (ocdoHaTa
IpU B3aUMOACHCTBHU IMKJIOTEKCEHA C METAUIOKOMIIEKCOM HEOOXOIMMO HAIW4ue CBSI3U
metamu—dochop, mockonbky B cucteme PA(OAC), / (EtO),P(O)H, B kotopoii mos nmpoaykra P-
KOOpAUHAIMK JuITHIGochUTa MUHUMAIbHA, oOpa3oBaHue (ocoHaTta HE pPETUCTPUPYETCH.

[naTHHOBBIE KOMIUIEKCHI 00ECTIEYMBAIOT HECKOJIBKO OOJIBITYI0 KOHBEpCHIO (hochoHara.

OcHOBHbBIE pe3yJabTaTbl U BLIBOAbI.

1. OcymiecTBIEHO TEOPETHUECKOE W  HKCHEPUMEHTAIBHOE M3y4YCHHE B3aUMOJICHCTBUA
rekcakapooHmiMeTauioB(0) rpynmnsl XxpoMa ¢ nuankuindochuramu. s xpoma, MosnbieHa 1
BOJIb()paMa, BBITOJHBIMU SBIISIETCS Kak craduinuzanus MetauiooctoBoM OH-tayromepHoi
dopmbl auankuiadochuTa, TaK M MPOIECC OKUCIUTEIBHOrO mnpucoeauHeHuss P—H cBszu
nuankuidocduTa K KOMIUIEKCY MeTallja.

2. DKCHEepHMEHTAIBHOE M3YYCHHE B3aUMOCHCTBHS reakcakapOOHMIMETAIIIOB IPYIIIBI XpoMa C
TATUWIGOCHUTOM TOKa3alo, YTO CTPOCHUE MPOAYKTa OIpPENENseTCsl Cpeioi, B KOTOPOi
IPOTEKAeT peakUus: MPU MPOBEACHUHU PpEeaKIuu 0e3 PacTBOPUTENS pealn3yeTcs Mpolecce
OKHCIUTENbHOTO mpucoequHenus P-H cBs3u auankuindochura K KOMIUIEKCY MeTala,
B3aUMoJIeiicTBHE B OEH30JIE€ MO3BOJISIET MOJYYUTh MPOIYKT CTAOMIM3AIMH METANIOOCTOBOM

OH-tayromepHoit ¢gopmbl nuankmidochuTa, a peakius B ITHIOBOM CIUPTE MPUBOAUT K
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dochameramIOruAPUAHON YacTHIIEe — MPOIYKTY aTaku (pochUT-aHNOHA HA YTIIEPO] OJHON U3
MOJIEKYJ MOHOOKCH/IA YTJIePo1a, KOOPIUHHUPOBAHHOM C aTOMOM METaJlja.

Bce mnomydennble (ochameTanIopraHuuecKue COSAUHEHHS O0NIaJaroT KaTaTuTHYeCKOU
AKTUBHOCTBIO B peakusaxX THApoochopuInpoBaHus HEMPEASIbHBIX CyOCTPaTOB.

[Ipu 3ameHe B KOOpAMHAIMOHHOW cepe MeTayia TpeX MOJIEKYJ MOHOOKCHJIA yriiepoaa Ha
TPUACHTATHBIA  XCJIATUPYIOIIUN  JIMTAH[] 1,3,5-Tpudenni-1,3,5-Tpuazanukiorekcad
(Tpua3wHaH) IUIsI XpoMa W MOJHOJCHAa BBITOJHBIM CTAaHOBHUTCS IPOIECC OKUCIUTEIHLHOTO
npucoenuHennss P-H cBsa3u muankundochura K KOMIUIEKCY MeTauia, MPOTEKAIOMUNA Kak
IyTeM AMCCOLMAIUU JBYX MOJIEKYJI MOHOOKCHIA yIiIepoJa U3 KOOPAMHALMOHHOW CQepsl
MeTajula, TaKk U TOCPEACTBOM IMCCOLMALMM OJHOM MOJIEKYJIbl MOHOOKCHAA YIJIEpoAa W3
KOOPJMHAIIMOHHON Ccdephl MeTaula ¥ TaNTOTPONHYIO HEPerpyninupoBKY TPHA3HHAHOBOTO
JTUTaHA.

BBenenne k atoMy MeTajia BMECTO TPEX MOJIEKYJI MOHOOKCHIA yIiiepoja TPHISCHTATHOTO
xenmatupyromiero juranaa — 1,3,5-rpudennn-1,3,5-rpuasanukiorekcana (TpuasuHaHa) IS
KOMIUIEKca Bosb(pama jgenmaer OJarompusITHOH KOOPAWHAIIMIO C  METAZIOOCTOBOM
muankundochura B OH-tayromepnoit dopme. Hambomee BBITOTHBIM OKa3zalics IMPOIECC
CTa0MIIN3aLMU METATIOOCTOBOM cpa3y ABYX MoJiekyln nuankuipochura B OH-rayromepHoit
¢opMe BHE 3aBHCHMOCTH OT IyTH TNPOTEKAHUS PEAKIMHU —JUCCOIMALUU JBYX MOJIEKYII
MOHOOKCHJIa yriepoja M3 KOOPAMHALMOHHOW cepbl MeTalla WM 4epe3 TalTOTPOIHYIO
HeperpynnupoBKy TPHA3HHAHOBOTO JINTaH/Ia.

Teopernueckoe n3ydeHne B3aUMOACUCTBUS UC-Onc(mpormuonuTpu)auxioponamiaaus(ll) c
TATIWIGOCHUTOM TIOKA3BIBACT, YTO BBITOJHBIMHU SIBISIFOTCS J[BAa HAINPABIICHUS pPEaKIUU:
MpoIecC KOOPJWHAIMKA JHAIKIIPOoCcPUTa ¢ METAIOM dYepe3 KHUciaopon ¢GochopuiibHON
IPYIIIBI 1 KOOpAWHAIMA ¢ MeTaiioM auankuidocdura B OH-TayromepHoit popme.

B pesynbraTe SKCHEPUMEHTAIBHOTO M3YYEHHUS B3aHMMOACUCTBUS JUATKWI(GOCHUTA C psiioM
kommiekcoB Pd(ll) u Pd(IV) ycraHoBieHO, dYTO CTpPOCHHE MPOAYKTa 3aBUCHT OT
3 PEKTUBHOTO IMOJIOKUTEIBHOIO 3apsa Ha aToMe HaJUTagus - MO Mepe €ro yBEJIWYCHHUs
pacTteT 10N TPOAYKTa KOOpAHMHAIMH JHATKWIGochuTa ¢ METAIOM dYepe3 KHCIOPO[
dbochoprIIbHON TPYIIIHI.

[To pe3ympTaTaM M TEOPETHUECKUX, W IKCIIEPHUMEHTAIBHBIX HCCICIOBAHUN €IMHCTBEHHO
BBITOJHBIM  TyTeM TMPOTEKaHWs] peakIuu Mexay Komiuiekcamu  miatusbi(ll)  u
nuankuiagochuTaMu  SABISETCA TMPOLECC OKHUCIMTENbHOTO npucoeauHenuss P-H  cBszu
TuankuiIgochuTa K KOMIUIEKCY METaljia, COMPOBOXIAIOUIMICSA IOCIEAYIOMINUM OBICTPBIM
BBIOPOCOM TaJIOr€HBOIOPOJIA.

YcTaHoBNIEHA KaTalUTHYECKas AaKTHBHOCTh BCEX IMOJNYUYEHHBIX KOMIUICKCOB NAIIAAUS H
IUIATUHBL B peakuuu  (GochopuimpoBaHHS  IMKJIOTEKCEHA, OJHAKO  BO3MOXKHOCTH
NPENnapaTUBHOTO KATAIATHYECKOTO THUAPO(POCHOPHINPOBAHHS alKEHa, CIACPKUBACTCS HX

HEBBICOKOH aKTHBHOCTBIO KaTaJIn3aTopoOB.
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