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OBLIASA XAPAKTEPUCTUKA PABOTBI

AKTYaJbHOCTh TeMbl. [lonmsanepHble KOMIUIEKCHI IMEPEXOAHBIX METAJLIOB SBIISIOTCS
KJIIOYEBBIMH KOMIIOHEHTAMHM MHOTHX OHOJIOTHYEeCKHX ((EepMEHTATHBHBIX) U CHUHTETUYECKHX
KaTAINTUYECKUX CHCTEM, OTBEUYAIOUINX 3a MPOTEKaHUE Pa3HOOOPa3HBIX pPeJOKC-TpaHChopMauii
— OT OKHCIIEHUS BOABI M TUAPUPOBAHUS pa3IMYHBIX OpraHuyeckux cyocrtparoB po C-C
couetanusi, C—H akTuBanum U HU3KOTEMIIEPATYpPHOTO BOCCTAHOBJIEHMS MOJIEKYJISPHOTO a30Ta.
Takoil OOMMPHBIA CHEKTP MNPUIOKEHUN KIACTEPHBIX CTPYKTYp OOYCJIOBJIEH HAJIUYUEM Y
JAHHOTO KJIacCa COCAMHEHUH NMPaKTUYECKU YHHUKAJIBHOIO CBOWCTBA — BO3MOYKHOCTH HIMPOKOTO
BapbUPOBAHUS AJIEKTPOHHOIO COCTOSIHMS 0€3 3HAUMTENBHOIO M3MEHEHMs] F€OMETPUU KiacTepa,
YTO CYIIECTBEHHO OO0Jerdaer mIpoTeKaHHE MHOTOZJEKTPOHHBIX PEIOKC-peakUIuii B TaKUX
cucrtemax. Kartanusumpyemoe KIaCTEPHBIMM METOKCHIHBIMM KOMILJIEKCAMU HHM3KOBAJEHTHOTO
MOJINO/IeHa BOCCTAHOBJIEHUE a30Ta SIBJISIETCS OJHUM W3 HauOoJiee MHTEPECHBIX U B TO KE BPEMs
MaJION3y4YEHHBIX NPHUMEPOB TaKHUX MPOLECCOB, HECMOTPSI HA TO, YTO CHCTEMBI, COJEpKaIUE
NOJIMSAIEPHbIE METOKCHABl MOJMOJEHA B KauecTBE AKTUBHOIO LIEHTpa, pa3padOTaHHbIE MOJ
pykoBoactBoM A.E. IllmmoBa, o0OnamaroT HENPEB30WACHHOW Ha CETOMHAMIHUNA  JCHB
KATAINTHYECKOW aKTUBHOCTBIO.

CrtpoeHre METOKCHIHBIX COCTUHEHMH MOJIMO/JEeHAa — KOMIIOHEHTOB JIAaHHBIX CHUCTEM — K
HACTOSILIEMY MOMEHTY IIPAKTHMYECKHM HE HCCIEJOBAaHO, 4YTO HE IO3BOJSAET OIMUCATh
MOJIEKYJISIPHBI MeXaHU3M akTuBaluU Ny, KOTOPBIA HE M3BECTEH HU ISl MOJIEIBHBIX CUCTEM, HU
JUIS IPUPOJIHBIX HUTporeHas. bonee Toro, MeTokcuapl MOIMOAeHa, BBICOKO- U HU3KOBAJIEHTHOTO,
FOMO- U TeTepOMETAJUIMYECKHE, SBIISIOTCS CPaBHUTEIBHO C1a00 H3YyYEHHBIM KJIACCOM
coequHeHnid. OnucaHo JMIIb HEOONBIIOE KOJIMYECTBO CTPYKTYp JaHHOrO Tuma, Habop
CHUHTETHUYECKHX MOJXO0JIOB Takke orpaHuueH. [lo 3Toil mpuumHe HEOOXOAMMO H3y4YeHUE U
pa3BUTHE MOAXO00B K CHHTE3Y, CHCTEMaTHUECKOE UCCIIEIOBAaHUE CTPOCHHUS, (PU3UKO-XMMHUYECKUX
CBOICTB M PEAKIMOHHON CIOCOOHOCTM METOKCHIHBIX KOMIUIEKCOB MOJMOJEHA B PA3IMYHOM
BAJICHTHOM COCTOSIHUW, HMHTEPECHBIX, NPEXKJIE BCEro, Kak YHUKAIbHBIN KIACC COEIWHEHMHI,
CHOCOOHBIX K AaKTHBAIlUM W BOCCTAHOBJICHHWIO MOJIEKYJSIPHOTO a30Ta B MSTKHX YCIIOBHSX.
OcoObIil uMHTEpeC MNpeACTaBISIECT ONMUCAHUE CTPOCHHS KOMIUIEKCOB: KaK HEMOCPEACTBEHHBIX
KaTaJIM3aTOPOB, TaK U MPEIIIECTBEHHUKOB, (HOPMUPYIOLINXCS HA PA3IMYHBIX 3Tanax MOJTy4eHUs
AKTHBHBIX B KaTaJU3€ BOCCTAaHOBJIEHUs a30Ta coequHeHui. MccnenoBaHue AaHHBIX CHUCTEM
MO3BOJIMJIO ObI HE TOJIBKO PACKPBITh MPUHUMUIINAIbHBIE 3aKOHOMEPHOCTH KJIACTEPHOr0 KaTalau3a
BocctaHoBieHUs: N,, HO W, BO3MOXKHO, Jajgo OBl CBOEro poia PYKOBOACTBO K AM3ANHY

COCJIMHEHUH, CIMOCOOHBIX KaTalUTHUeCKH TpaHcPopmupoBatb N, B OpraHudeckue MpPOIYKTHI,



YTO MOTJIO OBl CTaTh YPE3BBIYANHO LIEHHBIM MPAKTHUYECKUM MPUIOKEHUEM.

Leab paGoThl — CHUCTEMATHYECKOE W3YYCHHE CTPOCHUS M PEAKIMOHHOW CIOCOOHOCTH
HNOJIUSAJIEPHBIX TOMO- M TeTEPOMETANIMYECKUX METOKCUAHBIX KOMIUIEKCOB MOJIMOCHA;
YCTAHOBJICHUE XHMMH3Ma TMPOIECCOB, MPOTEKAIOUMX B XOJ€ MHOTOCTaJAMIHON MpOILeaypHI
MOJIYUYCHUS KATAJIUTUYECKU AKTUBHBIX MPOTOHHBIX a30TPUKCHUPYIOMIUX CHUCTEM; pazpaboTka
3¢ (HEeKTUBHBIX CUHTETHYECKHUX IMOAXO0/0B, MO3BOJISIONIMX OCYIIECTBISATh HANIPABICHHBIA CHHTE3
AJTKOKCHUJIHBIX KJIACTEPOB MOJMO/ICHA C JKEJIaeMbIMH CTPYKTYPHBIMH CBOMCTBAMU; UCCIIEIOBAHUE
(U3UKO-XMMUYECKUX U PEIOKC-CBOMCTB MOJIYYCHHBIX COSAMHEHHI.

Tanbl 4 3212491 HCCJIET0BAHUA:

1. N3ydyeHne MOJEKYISIPHOTO CTPOCHHSI U TPOIECCOB (HOPMHPOBAHUS OKCO-aTKOKCHUTHBIX
KJIAaCTEPOB BBICOKOBAJICHTHOTO MOJIMOIcHa, oOpa3yromuxcs B peakiuu meranonuza MoCls
B INpPUCYTCTBUM pa3IMUHBIX OCHOBHBIX areHtoB M'A’. Vcranopnenue (akTopos,
OTIPEICNIAIONINX COCPKAHUE TEX WM HHBIX CTPYKTYPHBIX (PparMEHTOB B MPOAYKTax
PEaKITH.

s pewenus smoti 3a0auu mpeb608anocy.

e omnpenenuTs BiausHKMe cooTHomeHns MoOCls/M*A™ u Tuna xatwona (M) u anmona (A)
OCHOBaHMsI Ha CTpOCHHE (DOPMUPYIOMUXCA OKCO-KJIACTEPOB C LENbI0 HAXOXKICHHUS
NPUHIMIHAIBEHBIX (aKTOPOB, 00€CTIeUNBAIOIINX HAMYHE TE€X WU HHBIX (parMEeHTOB B
CTPYKTYpe 00pa3yromierocs KOMIUIEKCa;

® HCCJEI0BaTh MOJEKYIISIPHOE CTPOCHHE U (PU3UKO-XMMHUYECKHE CBOMCTBA OOpa3yOIIUXCS
KOMIUICKCOB; TPOBECTH aHAIU3 DJJIGKTPOHHOW CTPYKTYPBl OTICIBHBIX KIACTEPHBIX
(bparMeHTOB (OPMUPYIOITUXCS COCTMHCHHIA,

® ONpENEIUTh MPUHITUTTHATBHBIC YCIOBUS 00pa30BaHUs T€TEPOMETATUNIECKUX CTPYKTYP.

2. N3ydeHre MOJIEKYISIPHOTO CTPOSHUS U peakiuid (GOPMUPOBAHHS T€TEPOMETATUTHUSCKHUX
Mg-Mo(V, VI) okco-amKOKCUIHBIX KOMIUICKCOB. Pa3paboTka Moaxo0/10B K AU3aiHY TaKUX
CTPYKTYP.

s pewenus smoii 3a0a4u mpebdosanocy:

e IPOBECTH HcclenoBaHMe peakiuy Meranommsa MoCls B mpucyrerun Mg?*, BeLIenuTS I
OXapaKTePH30BaTh MPOAYKTHI;

e pa3zpaboraTh 3PPEeKTUBHBIC METOIMKHU cHHTe3a | BbiAeaeHus Mg—Mo(V, VI) ankokcuios,
UCXOJIS1 U3 PETPOCHHTETHYECKOTO aHAIHM3a TIOy4YEHHBIX CTPYKTYD.

3. Pa3paboTka CHHTETMYECKHX TMOJAXOJIOB, HU3YYEHHE CTPOCHHUS U PEAOKC-TIOBEJICHUS

KIIACTCPHBIX KOMIIJICKCOB MOJ'H/I6I[CH8. B HU3KHUX CTCIICHAX OKHUCJICHU.
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s pewenus amoti 3a0aqu mpeb608anocy.
e pa3paboTraTh MOAXOJbI K CHHTE3y alkokcuiaHbix komiuiekcoB Mo(lll, 1V), ucxons wu3
nerkogocTynubix coeaunenuii Mo(0), Mo(l11), Mo(1V);
® UCCIENOBaTh pPEAOKC-CBOWCTBA TOJYYEHHBIX COCAMHEHHH, a TakKe OIEHUTh UX

KaTAJIUTUICCKYIO aKTUBHOCTD B PCAKIIMN BOCCTAHOBJICHHA a30Ta.

Hayuynas HoBHM3HaA. B pa0ote BHepBble NMPOBEAEHO CHUCTEMAaTUYECKOE HCCIEAOBaHUE
NOCJEJOBATENbHBIX  CTAAUM  MOJY4EHUS  MPOTOHHBIX  a30T(PUKCUPYIOIIMX  CHCTEM,
COIIPOBOXKAAIOIIEECs] CTPYKTYpPHOM XapakTepus3auued NpoayKToB peakuuu. IIposeneHo
uccienoBanue peakiuu metanonuza MoOCls B mpucyTcTBHM pa3siuYHBIX OCHOBaHHWM. bbul
MOJy4eH M CTPYKTYPHO OXapaKTEPU30BAH MOHOSJACPHBIA A(OUPHBIA OKCO-XJIOPUIHBINA
komiuiekc Mo(V), M30CTPYKTYpHBIH COEIWHEHHUIO, MOCTYIMPOBAaHHOMY B JIHTEpaType Kak
ocHOBHO# npoaykt peakiuu MoCls ¢ metanosoM.

BriepBele ObLTM  YCTaHOBJIEHBI KpUCTAJUIMUECKUE CTPYKTypel Tpex K-Mo oxkco-
ankokcuaoB. Ha ocHOBaHMM aHanM3a CTPYKTYpPHBIX OCOOEHHOCTEW psiia moiydeHHbIx K—-Mo
KOMILIEKCOB Obljla IMOKa3aHa BO3MOXKHOCTh pealM3allMM PEIKON peakiuu AealKWINPOBAHUS
MOCTHUKOBBIX METOKCHIHBIX TPYIIII.

B paborte HaligeHbl NpuUHUUNUATIBHBIE YciaoBus mnonydeHuss Mg-Mo cmemanHbix
AIKOKCUJHBIX KOMIUIEKCOB. BriepBble NpPUMEHEH PETPOCMHTETHUYECKHM MOAXOJ K aHaIHU3y
CTPYKTYPHBIX 3aKOHOMEpPHOCTEH, a TakKe K CHHTe3y rerepoMmerauimueckux Mg—MoO oxkco-
AIKOKCHUJIOB. bbu1o momyueHo 6 HOBbIX MQ—MO ankoKCHAHBIX KOMIUIEKCOB, COJEpIKaIIHUX, CO-
rinacHo JaHHbIM PCA, MarHuii kak BHYTpH CKeJIeTa KOMIUIEKCA, TaK U B KAYECTBE MPOTUBOMOHA.

Peanu3oBaH OpUrMHaNIBHBIA MOAXOA K CHHTE3Y AJKOKCHIHBIX KJIACTEPOB HU3KOBAJIECHT-
HOTO MOJIMOJICHA, OCHOBAHHBIM HAa PEIOKC-PEAKIHUAX JIETKOMOCTYMHBIX coenuHennin Mo(0),
Mo(lI11), Mo(1V), Mo(V), Mo(VI), mpiBoAsIIuii K MONYHEHHIO Psiia CMEIIaHHOBAICHTHEIX MO' —
MoV, Mo"'-Mo" kinactepoB. CTpPyKTypHO  OXapakTepu3oBaHO 3  HOBBIX  KiacTepa
HU3KOBAJIEHTHOTO MOJUO/EHA, AJI1 OJHOIO U3 KOTOPBIX ObUIO MOKA3aHO MPUHIIMIIUAIBLHO HOBAs
OopraHu3anus KJIacTEpHOIo Kapkaca.

beimo mokazaHo, 4YTO peakuuss BOCCTAHOBJIEHHS HEKOTOPBIX OXapaKTEpPU30BAHHBIX
QIKOKCHJHBIX  KOMIUIEKCOB  BBICOKOBAJIEHTHOTO MOJHUOJEHA MPHUBOJUT K  IOJYYEHHUIO
COEJIMHEHUH, aKTUBHBIX B PEaKIM1 BOCCTaHOBIEHUS Ny,

IIpakTHyeckast 3HAYUMOCTh

B pamkax paHHOH paOOThl IMPOBEIEHO CUCTEMATUYECKOE HCCIIEIOBAHUE CTPYKTYPBHI,

CBOMCTB U peaKHHOHHOﬁ CIIOCOOHOCTH psaga roMo- U TICTCPOMCTANIMYCCKUX AJIKOKCHUIAHBIX
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KOMIUIEKCOB MOJIMO/I€HA, YTO MOKET ObITh UCIOJIB30BAHO JJIsl TOCIEYIOIIETO Pa3BUTHS JAHHOTO

HaIpaBJI€HUsS KOOPAMHAMOHHON xumuu. [IpakThdeckuil WMHTEpeC MNPENCTaBIsIeT pa3paboTKa

OPUTMHAJIbHBIX METOJMK CHUHTE3a MOJUANECPHBIX T'OMO- U I€TePOMETATNIMUYECKUX AIIKOKCHUIHBIX

KOMIUIEKCOB MOJIMO/IEHA.

Boimonnennass pabota coctaBiser 0a3uc s JajdbHEHIIEero W3y4eHHsl MPOTOHHBIX
MOJIMOACHCOAEPKAITNX a30T(PUKCUPYIONIUX CUCTEM, TIOHUMAHUE MEXaHU3MOB (YHKIIMOHHUPOBA-
HUSl KOTOPBIX IO3BOJIUT BIUIOTHYIO MOJOWTH K PEIICHHIO psAna (QyHIaMEHTAJIbHBIX 3ajad:
YCTAHOBJICHUIO MeXaHu3Ma akThBaluu N, Ha MOJUMETAITUYECKUX HEHTPaX, K KOTOPhIM OTHO-
CATCS KaK KO()aKTOp HUTPOTeHa3bl, TAK U MOBEPXHOCTh I'€TEPOr€HHOr0 KaTaau3aTopa B Ipoliecce
l'abGepa-bomia, a Takke, BO3MOXHO, JacT PYKOBOJCTBO K JU3aiHY CHUCTEM, CIIOCOOHBIX
KaTaJuTH4ecku TpaHchopmupoBaTh N, B OpraHMyYecKHe MPOJIYKThI, YTO SIBISETCA HCKIIIOUU-
TEJIbHO BaXKHOM ITPAKTUYECKOM 3a1auei.

IloJs10:keHNs1, BBIHOCHMBbIE HA 3AILNUTY:

1. Pesynbpratel uccnemnoBanus peakuuun meraHoim3a MOCls B npuCyTCTBHM pa3mHUHBIX
ocHoBaHuM. OnucaHue BIWAHUS THUIA OCHOBAaHMS HAa MOJEKYISIPHOE CTPOEHHE OKCO-
AIKOKCUIHBIX KoMIIeKkcoB MonuOieHa(V), 00pa3yromuxcs B JaHHON peaKIiy.

2. PesynbTatel uccnenoBanusi peakiuu coBMectHoro meranonmsa MoCls ¢ coenmaeHusIME
maruus. Ctpoerne Mg—Mo(V, VI) okco-ankokcuaos.

3. PeTpocuHTeTHYECKHIA TTOAXOM K JU3allHYy M CHHTE3y rerepoMertaininueckux Mg—Mo(V,
V1) 0KCO-aJIKOKCUTHBIX KOMILIEKCOB.

4. [logxonpl K CHUHTE3y METOKCHUAHBIX KIJIACTEPOB HHU3KOBAJIEHTHOTO MOJMOAECHA, WX
peaKIOHHasi CIIOCOOHOCTh, HCCIIEJIOBaHUE (PU3UKO-XUMHUUYECKUX U PEJOKC-CBOMCTB,
OLICHKAa aKTUBHOCTH KaK KaTaJlM3aTOPOB BOCCTAHOBJICHUS a30Ta.

Anpoéauus padorbl. Pe3ynbrarel paboOThl OBUIM TMPEACTABICHBI HA CIEIYIONIIUX
koHpepenuusax: VI mexnynapognas HayuyHas koHpepeHius "KuHeTuka M MeXaHU3M
Kpuctamzanuu. Kpucrammsanus kak ¢popma camoopranusanuu Bemectsa" (MBanoso, Poccus,
2014); 20™ EuCheMS Conference on Organometallic Chemistry (EUCOMC XX) (St. Andrews,
Scotland, 2013); International symposium “Modern trends in organometallic chemistry and
catalysis” dedicated to the 90" anniversary of the academician M.E. Vol’pin (Moscow, Russia,
2013); Il Bcepoccuiickas MoJoAekKHas KoHpepeHIHs “Ycmexu XUMHYSCKOH (GU3UKU”
(Uepnoronoska, Poccus, 2013); VII Bcepoccuiickas KoH(pepeHLHs M0 XUMHUU HOJUSIEPHBIX
coequHennii u kinacrepoB “Kiactep-2012” (HoBocubupck, Poccust, 2012); Student’s Scientific
Circles Session (Cracow, Poland, 2010); International Conference on Coordination Chemistry

(ICCC39) (Adelaide, Australia, 2010); VIII PernonanbHas cTyaeHYecKas HaydyHasi KOH(EPEHIHs
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“DyHmgamMeHTalbHbIE HAayKH — choenuanucty HoBoro Beka” (MBanoBo, Poccusa, 2010);
MexaynapogHas HaydHas KOH(EpEHIHsS CTYIEHTOB, AaCHUPAHTOB M MOJOABIX YYEHBIX
"JlomonocoB-2009" (Mocksa, Poccus, 2009).

Myonuxanuu. Ilo marepmamam paboOThl OMyOJWKOBAHO 3 CTaThU B PEICH3UPYEMBIX
MEXKIYHAPOIHBIX HAyYHBIX KypHasiax U 10 Te3ucoB TOKIaH0B.

Ctpykrypa u o0bem auccepranuu. [luccepranmonHas pabora wu3nokeHa Ha 151
CTpaHHUILIE, BKIIOYAET BBEJICHUE, JTUTEPATYPHBII 0030p, SKCIIEPUMEHTAIBHYIO YaCTh, 00CYKIECHUE
pe3yabTaTOB, BBIBOJBI W CIHCOK HCIOJIB30BaHHOW JuTepaTypbl (242 Oubnuorpaduyueckue
3anmcu). TeKcT conpoBoxkaaeTcs 69 pucyHkamu.

baaromapHocTtu. ABTOp BbIpakaeT 0JIaroIapHOCTh HAYYHOMY PYKOBOAUTETIO J.X.H.
baxxenoBoii T.A. 3a moMoImp Ha BceX 3Tamax paldOThl, a TaKKe KoJuleraM IO J1abopaTopuu
KOMIUIEKCHBIX KaTanuzaTopoB Manakuny lO.B., k.x.H. KoBaneBoit H.B., KoGenesoit C.U. — 3a
pPa3HOTO poJa DJKCHEPUMEHTAIbHYIO TMOMOIIb. ABTOp Onarogaputr coTpyaHukoB lLleHTpa
peHTreHOoCTpyKTypHbIX ucciaepoBanuin HMHO0C PAH k.x.H. ®Pengumna W.B., n.x.H.
JIsicenko K.A., a taxke k.¢p.-m.H. Ilmmosa I'.B. (mabGoparopus crpykrypHO Xmmuu HIIXD
PAH) 3a mpoBeneHne peHTTEHOCTPYKTYPHBIX HcCcienoBaHui; K.X.H. backakoBa C.A., K.X.H.
backakoBy FO.B. — 3a perucrpauuto UK cnekrpos, k.x.H. KomapoBy H.C. — 3a mpoBenenue
AIEKTPOXMMHUYECKUX H3MEPEHUH, K.X.H. MaprteiHeHKO B.M. — 3a 3ammce Macc-CIEeKTpoB,
I'yceBy I'.B. — 3a mpoBegeHune >neMeHTHOTO aHanm3a, K.¢.-M.H. BacunseBa C.I'. — 3a peructpa-
uuto crektpoB AMP, n.x.H. bynbiky M.®. u k.x.H. ['onpaumerep H.®. — 3a noJie3Hbie 3aMedaHus

M0 TaHHOM paboTe.

OCHOBHOE COJAEP)KXAHUE PABOTbI

Bo_BBejeHMH TIpUBEICHO O0IIee omucaHue o00JIacTH UCCleA0BaHUN, O0OOCHOBaHA
AKTyaJIbHOCTh TEMBl Pa0OTHI, CPOPMYIUPOBAHBI IENM W 3a7a4d, TEPEUUCICHBI OCHOBHBIC
MOJIyYEHHBIC pe3yJIbTaThl, UX HayYHAas HOBH3HA U MPAKTUUECKask 3HAYMMOCTb.

B mepBoii rjiaBe npuBeAeH 0030p JUTEpATyphbl MO TeMe auccepranuu. JlaH KpaTKuii

0030p CcHCTEeM, CIIOCOOHBIX K AaKTHUBallMd MOJICKYJSIPHOTO a30Ta, Ha OCHOBE KOMIUICKCHBIX
coenMHeHUN MonubaeHa u xene3a. Ocoboe BHUMaHUE YJEJICHO OMHMCAHUIO IPOTOHHBIX
a30TQUKCUPYIONINX CHUCTEM, pa3paboTaHHBIX ToJ pykoBoactBoMm IllmmoBa A.E., m wux
XUMUYECKOW ‘“OBoroluu”’. PaccMOTpeHbl M CHCTEMATU3UpPOBAHbBl IMOAXOJbl K CHHTE3Yy
QIKOKCUJHBIX KOMIUICKCOB TEPEXOJHBIX METAUIOB (TJaBHBIM 00pa3oM MOJIUOJeHAa U
Bosibppama). [IpoBeneH aHaiM3 CTPOCHUS M PEAKIMOHHOW CIOCOOHOCTH (OKCO-)aJIKOKCHUIIOB

MOJ'II/I6I[CHa B PA3JIMYHBIX CTCIICHAX OKHUCJICHUS.



Bo _BTOpOI#i IJj1aBe OIMCaHbI OKCIICPUMCHTAJIbHBIC MCTOAUKHW W aHAJIMTUYCCKHC MCTOIbI,

UCIIOJIb30BaHHBIE B pabore. s Xapakrepuszaluu COCIUHEHUW WCIOJIB30BAIUCh METOIBI
penTreHocTpykTypHOro anamsa (PCA), UK, UV-Vis, *C CP-MAS SIMP crexrpockonuu, ESI
MacC-CIIEKTPOMETPHH, IIUKIMYECKON BOJIBTAMIIEPOMETPHUH, JIEMEHTHOTO aHAIN3A.

OnucaHuio pe3ylbTaToB U UX 00CYK/ICHUIO MOCBAIIEHBI [J1aBbl 3-5 AriccepTanuu.
1. Memanonuz MoCls ¢ npucymcmeuu paznuunvix 0cCHO8HbIX a2eHM 08

T'omomemannuueckue (oxco-)memokcuovt Mo(V)

Puc. 1. Monexynsprnoe cmpoenue xomniexcos 2 u 3. 30eco u danee amomuvl 6000p0OOA MEMUTLHBIX 2PYNN

He NOKA3AaHbI.

Bzaumopeiicteue MoCls ¢ MeTaHOIOM MPUBOIUT K 0OPA30BAHUIO PACTBOPA, U3 KOTOPOTO
IIPU CTOSTHUU TIPU KOMHATHOM TeMIiepaType 4epe3 HECKOJIbKO YacOB BBINAAIOT KOPHUUHEBBIE KPH-
CTaJUIbl, PEHTTEHOCTPYKTYPHBI U DJIEMEHTHBIM aHalnu3 KOTOPBIX COOTBETCTBYET COCIUHEHHIO
[M0,(OCHj5)¢Cly4] (1), omucannomy B padote [Kamenar B. et al. Acta Cryst., Sect. C, 1990, V. 46,
P. 195]. Beixon xomruiekca 1 He mpeBbimnaeT 20%, OCHOBHBIM KOMIIOHEHTOM CMECH SIBJISICTCS,
M0-BHJIUMOMY, MOHOSIICPHBIH OKCO-
rajoreHut Mo(V) cocraBa [MoOCIzL,] (n =
1, 2), cooOmarwmuii pacTBOPY 3€JICHYIO
OKpacKy. YJaloch MOJYYUTh U CTPYKTYPHO
OXapaKkTepHU30BaTh POACTBEHHOE COEIUHE-
HUE, B KOTOPOM HEHTPaAIbHBIMU JIUTAHIaAMHU

L BBICTYITAKOT ABC MOJICKYJIbI AUITUIIOBOTI'O

adupa: [MoOCI;(OEty),] (2) (puc. 1).

YactuuHas HEUTpaNIM3aLns KUCIOTHI,

A-Mo -ClA-OA-Co-H
Puc. 2. Monexynapnoe cmpoenue
[M0gO16(OCH3)sCl(CH30H)4] (4). 3a cuer A00aBlieHHs METWJaTa HaTpus B

obpasyromieiics B xone meranonuza MoCls,



otnomenn NaOCH3/MoCls = 3 mpuBoauT k 00pa30BaHHIO IPYroro JAMEPHOTO KOMILIEKCA —
[Mo0,(OCH3)sCly] (3) (puc. 1) [Bardina N.V. et al. Mend. Commun., 2006, V. 6, P. 307],
AHAJIOTMYHOT'O 10 CTPOCHHIO COCTUHEHHUIO 1, HO cojepikaleMy MEHbBIIEe YUCIO TaJOTCHUIHBIX
JIMTaH0B, KOTOPBIE 3aMEIIAIOTCS B XO/I€ PEAKIIMH METAHOJIM3a HA METOKCH/IHBIC TPYIIIbIL.

ITpu 3aMeHe MeTUIaTOB Ha THAPOKCHAB B peakimu: MoCls + CH;OH + M*A™ (M* = Na’,
K*; A" = OCHj, OH), npu cootsomennn KOH/MoCls ~ 4.9 M0XHO MOTyYHTh HEHTPaIbHBIH
OKTasIICPHBIi OKCO-METOKCHIHBII KOMILIEKC [M0*°05(5-0)4(1t2-O)a(pt3-OCH3)(1to-
OCHy5)4Cly(CH30H),4] (4) (puc. 2). O6paszoBanue 4, mo-BUAUMOMY, OOBSCHACTCS H3MCHEHHEM
MEXaHHM3Ma peakuu MeTaHoymsa B pesynbrare 3ameHbl OCHj3; Hykneodwmia na OH. Kak u B
cllyyae HCIIOJIb30BaHHMsS METHIIATOB, MPH 3aMEHE KAaTHOHA OCHOBAHMS TPH IPOYHUX PABHBIX
YCIOBHUAX TaKKe 00pasyercst coeauHeHue 4.

MoOXHO caenaTh BBIBOJ, YTO B KUCIIOW cpeme npu MmeraHoimse MoCls He mpoucxoaut
(GopMHPOBaHMs TETEPOMETAUNINYECKUX COCAMHEHHM, W CTPOEHHE O0Pa3yIOIIMXCS KOMIUIEKCOB

3aBucHT 0T cootHomenuss M"A/MoCls 1 Tua aHuOHa OCHOBAHHUS.
T'emepomemannuueckue okco-memoxcuool Mo(V) ¢ werounvimu memaniamu

[Tomuast HeHTpanu3amus KHUCIOTHI, oOpasyiorielics mo peakiuu Metanonmuza MOoCls,
OPUBOIUT K 0Opa30BaHUIO C BBHICOKUM BbIXOAOM Na—MO rerepoMeTamindeckoro KOMIUIeKca
[Na(CHgoH)MOZOz(OCH3)7] (5), AHAJIOTUYHOTO [Ll(CH3OH)M0202(OCH3)7] (6) [KeSS|er V.G.
et al. J. Chem. Soc., Dalton Trans., 1998, P. 21]. 3amena NaOCH; na KOCHj; mo3BossieT
nonyuuth coeaunenue [K(CH3OH),M0,0,(OCHs);] (7), uMmeromee CXOIHYIO OpPraHH3aIUIO
MOJIMOACHOBOTO JUMEPHOro (pparMeHTa, HO OPraHU30BAaHHOTO B HMHYIO MPOCTPAHCTBEHHYIO
CTPYKTYpY (puc. 3).

Bo Bcex Ttpex caywasx (5, 6, 7) aHuoHHBIH (parmMeHT umeer mpuOIM3UTENBHO Cq
CUMMETPHIO C 3€pPKaJbHOM TUIOCKOCTBIO, Mpoxoasmiei yepe3 cBsizu M0=0 u oJlHy U3 METOKCO-
rpymm. be3 ydera Mo---MO B3auMoelicTBUM, KOOPAWHAIMOHHBIA TOJMAJP aroMa MeTasuia
MOKHO OIHACAaTh KaK CHJIBHO HWCKAKEHHBIH OKTAdJIp C JBYMS TEPMHUHAIBHBIMH U JABYMS
MOCTHUKOBBIMH METOKCO-TPYNIaMU, HAXOASAIIUMHUCA B DKBATOPUAIBHOM MojoxkeHuu, u =0 u
O(4)-C(4), 3aHMMAONIMMHU alUKAJIbHBIC TO3HUIINH.

B cnyuae xomIuiekcoB S5 u 6 IMIETOYHON MeETaul KOOPAWHUPYETCS TEPMUHAIBHBIMU
METOKCO-TPYIIIaMu TaKuM 00pa3oM, 4TO KaTHOHHBIA U aHHUOHHBIN (parMeHThl OpPraHU3YIOTCS B
GeckOHeuHble MoMMMepHEIe nenouku. B kommexce 7 [K(MeOH),]" gparmenT umeer kxopoTkue
KOHTAKThI TOJILKO C OJIHOM TEPMHUHAILHOW METOKCO-TPYMION, IBYMsI MOCTUKOBBIMU T'PYIIIIAMU U
KkuciopoaasiM  aromoM Mo0=0 ¢parmenra cocegHero aumepa. JlaHHble B3aMMOACHCTBUSA
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MMPUBOJAT K OpraHv3allii KaTUOH-daHHUOHHBIX arperaTtoB B JIBOMHBIC 1ICIIH. OI[HaKO, HCCMOTPA Ha
pPa3iiniHy0 MOpUpOoAYy MEIOYHBIX MCTAJUIOB, a TAKKC Ha TO, 4YTO B KATHOH-daHHOHHBIX
B3aUMOICHCTBUSIX IMPUHHUMAKOT Y4YaCTHC pPa3HbIC aTOMbl, U3MCHCHHA B I'COMCTPHUHU AHHUOHHBIX

{Mo,} dparmMeHTOB HE3HAYUTEIIHHBI.

A-Mo&-O0 A-C "-Na ' -Ko-H
Puc. 3. @paecmenmuvl kpucmaniuueckou pewemku xKomniexcog 5 (ciesa) u 1. Ilokazano obveounenue
KAMUOHHBIX U AHUOHHBIX (DpacMeHmos 8 NOJUMEPHYIO CIMPYKIMYP).

JlanpHeiiee yBeauueHue menoqHocT cpenbl B peakiiuu MoCls + CH;OH + KOCHj 3a
cuer pobOapneHus gonoiaHuteabHoro skBuBaieHTa KOCH;3; (KOCH3/MoCls = 6.5) npuBoaut k
00pa30BaHUIO y-0KCO-, Omc-(Mp-MeTokco-) komiuiekca [Ky(CH30H);M0,0,(o-OCH3)H(1o-
O)(OCHa)4] (8) (puc. 4), oTnuuaromerocsi OT 7/ 3aMEMICHHEM OJHOM l,-METOKCO-TPYIIIBI Ha [lp-
0Kco-MocT. Takoro poja TpaHcopmManus JTOBOJIBHO HEOKHAaHHA, TaK KaK, HECMOTPS Ha TO, YTO
DJIMMUHUPOBAHUE d(PUPAa B AIKOKCHJIHBIX COCAMHCHUSX, MPUBOJSIIICe K OOpPa3oBaHUIO OKCO-
rpymi, sBiseTcs u3BecTHOM peakiueit [Turova N.Ya. et al. Polyhedron, 1991, V. 10, P. 2617],
PE3YNIBTaTOM SIBIISICTCSI, KaK MPABUIIO, 00pa30BaHKUE TEPMHUHATBHBIX =0 TpyII, B TO BpeMs Kak B
cirydae coeMHEeHHs 8 HaOIroaeTcs HerocpeIcTBeHHoe npeBparierue p-OCH;3 B 1p-O mocr.

HNHTepecHO npoBeieHUEe CPaBHEHHS CTPYKTYPHBIX MapaMeTpoOB CoeauHEeHui 7 U 8 u orle-
HKa BIIMSHUS 3aMEIICHHS METOKCO-TPYIIBI Ha o-OKCO-JUTaHJ Ha TEOMETPHIO KOMIUICKCA.
Heobxonumo ormeTuth ymiunHenue csizeid Mo—(U,-OCHg3) B coeauaennn 8 o cpaBHEHUIO ¢ 7,
YTO BBI3BAHO TPAHC-BIMSHUECM IOSBUBIICHCSA B CTPYKType Up-O rpymmel. HaOmomaercs Takxke
ynnuHeHne Mo—O TepMHHANBHBIX METOKCO-TPYII, YTO BKYINE C YMEHBIICHHEM BaJCHTHBIX
yriioB Mo—Ogemina—C ~ yka3piBaeT Ha ocnabnenue cBsizsu Mo—O 3a cueT yMEHBIICHHS -
JOHHPOBAHUSI C KHUCJIOpOJa Ha MeTaul. Bce TepMHUHAIBHBIE METOKCO-TPYIIBI B KOMILIEKCE 8
KOOPJMHUPYIOTCS JIBYMsSI aToMaMHW KaJlds, KOOpJMHAIMOHHAas cdepa IICIOYHOIO MeTalia
JIOTIOJTHEHA OKCO- W MeTokco-rpynmnamMu Mo—MO aumepoB, nennas BO3MOXHBIM OOBEIUHEHUE

nemnoyek B 2D cioun.
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BBl10 MHTEPECHO BBISCHUTDH, BO3MOXHBI JIM MOCICAYIOIINE PEaKIMHU JICaTKUIUPOBAHUS
ATKOKCHJIHBIX nuMepoB. Peakius meranonu3a MoCls B mpucyrctBum ~ 9 skB. KOCH;3; u

K,CO3; npuBoaut k oOpa3oBanuto coenunenus, PCA kKoToporo mokasaji, 4To MOJYy4€HHBIN

KOMIUJIGKC ~ MOpeAcTaBisieT coOoi  rerepomerammyeckuit  K-MO  kjacrep  cocraBa

[K4(CH30H)sM0202(p12-0)2(OCHs)2(CO3),] (9) (puc. 4).

A-Mo A-O A-C-Ko-H

Puc. 4. @pacmenmuol kpucmaniuueckou pewemku Komniekcos 8 (crnesa) u 9.

Coenunenrie 9 COAEPKHUT pPacCHpPOCTPAHEHHOE B XUMHH OKco-coemuHenuid Mo(V) sapo
{M0,0,}**, o6pazoBaBuIcecs, IO-BHIAMMOMY, B pe3yibTaTe IOJHOrO JCANKHIAPOBAHHS
METOKCHUIHBIX MOCTOB B ONHCAaHHOM BbINIE OusgepHOM ¢parmente. [umep xapakTepusyercs
KOPOTKHM pacctosareM Mo---Mo (2.576 A), xoopmuanpyer no nsa tepmuHanpabix OCH3 1
ounentataeix CO5> nuranza, o6pa3ys, TakuM o6pasom, {Mo—-Mo}* dparmenT, mpoTHBOHOHAMK
KOTOPOTO SIBISIIOTCS 4 pPa3IMYHO KOOPAMHUPOBAHHBIX WOHAa Kamusa. {Mo0,} aumeps
OpPTraHM30BaHbl B CIOXHYIO JBYMEPHYIO CTPYKTYpPY 32 CUET KOOPIWHAIIMH BCEX KHCIOPOIHBIX
aToMoB (uckimouas O arombl MeTokcwaHbix rpymm) [Mo,04(OCH3),(0,C0),]* dparmenta

MOHAaMU KaJus, CBI3aHHBIMH MEXIy COO0H depe3 MOCPEACTBO OOLIMX MOJIEKYS METaHOIA.

Ananuz pacnpeodenenus 21eKMPOHHOU NIOMHOCMU, NOJYYEHHO20 U3 PEHM2eHOCMPYKMYPHO2O

1
dKcnepumerma, 6 KOMNjaexKce 7

Beoime, Ha npumepe ctpykryp 1, 3-9, Obuto mokaszano, yto aumepHslii Mo—MoO motus
XapakTepeH [UIsl OKCO-coeAuHeHni wmonuoaena(V), uiss TOMO- M TE€TePOMETAIUTHYECKHX,
HEUTPaJIbHBIX U AaHUOHHBIX, M COXPAHAETCS B XOJI€ Pa3JIMYHBIX peakluil 3aMelIeHus JTuraiios. B
CBSI3M C 3TUM HMHTEPECHO OBUIO MPOBECTH HCCIEAOBAHUE AIIEKTPOHHOTO CTPOCHHS TAKOTO poja

JMMEpPOB, 4YTO IMO3BOJIMJIO OBl TMEPEHECTH pe3yabTaThl Ha IIEeNbIi Kiacc MOJHOIEHOBBIX

! Ipeni3HOHHBII PEHTTEHOCTPYKTYPHBIT IKCIEPUMEHT, aHAIH3 U 06paGOTKa pe3yIbTaTOB IPOBEACHBI 1.X.H. JIbicerko K.A.
(MH50C PAH)
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coequHeHnid. MHGOpPMAaTUBHBIM TIOJXOJOM K HCCICJOBAHHIO CTPYKTYPHBIX OCOOCHHOCTEH
KPUCTAUIMYECKNX  COCNMHEHWH  SBISIETCA  NPEHU3MOHHBIM  PEHTreHOAn(PaKIMOHHBIN
IKCTICPUMEHT C TIOCJICIYIOIIUM aHAJIM30M IOJYYCHHOTO PACIPEICIICHUS 3apsI0BOM IIOTHOCTH B
pamkax Teopun “AToMbl B Monekynax”’ beinepa (QTAIM) [R.F.W. Bader Atoms in molecules.
A quantum theory. Clarendron Press, Oxford, 1990].
bbuto MpoBeneHO uccie0BaHne KaIui-MOJUOICHOBBIX KOMIUIEKCOB 7 W 9, MaBIIMX KpH-
CTaJUTB OTJIMYHOTO JU(paKuoHHOTO KadecTBa. [loMMMO mpoyero, MOMCK KPUTHYECKHUX TOUYEK
o o(4) o®) (CP) moka3zai, 4To BCe OKUIaeMbIe CBSI3H, B
ToM yucie u Mo---MO KOHTakThl, MOTYT
OBITh ~ OTHECEHBI K  aTTPaKTHUBHBIM

B3aMMOJCHCTBUAM, T.€. JUIS BCEX OBLIM HaW-

neasl CP (3, -1) (puc. 5). Heobxomumo

OTMCTHUTB, 4YTO JIaHHBIM OKCIICPUMCHT HOall

o(5)
. o) prIMOC 3KCH€pI/IM€HTaJIBHO€ J0Ka3aTcClib-

Puc. 5. Monexynapuwlii 2pagh anuonnozo crBo Hannaus Mo-Mo cBsisu B pumMepHOM

[M0,02(0OCH3)7]” ppaecmenma 7; amomet yenepooa MOJTHOIEHOBOM KJIacTepe.
He NOKA3AHbL.

A 2+
2. Coemecmuvtic memanoauz MoCls u MQ~. I'emepomemannuueckue MQ-MoO okco-

AIKOKCUOHbIE KOMNJIEKCBL: pempocuumemuuecmu? ananui, Cunmes, Cmpoenue

W3BectHO, 4TO HeKkoTOopble anmkokcuabl wmoaubnaeHa(V, VI) ¢ wmarHuem SBISIFOTCS
BBHICOKOBAJICHTHBIMU TIPEAIIIECTBEHHUKAMU AaKTHUBHBIX B KaTaJlu3€ BOCCTAHOBJIICHUS a30Ta
KoMIUTeKCOB. CTpyKTypa OJHOTO M3 TaKMX COEAMHEHHH Oblia yctaHoBieHa MmeronoMm PCA,
MOKAa3aBIIIMM, YTO HCCIEAYyEeMbIM KOMIUIEKC MPEACTAaBIsSET COOOM CIOKHBIA OMMETATUYECKUM
Mg—Mo oxco-meTokcuaubil Kiaactep [Mg;MogO,,(MeO)g(MeOH),][Mg(MeOH)q] (10) [M. Yu.
Antipin et al. J. Chem. Soc., Chem. Commun., 1989, 1467], koTOpbIii MpH BOCCTAHOBIICHHH
Na/Hg (mpearnonoXureiabHO 10 COCTOSHUS M0+3) MPOSIBJISIET BBICOKYKO AKTUBHOCTH B OTHOLIE-
HUM BOCCTAHOBJICHHMsSI a30Ta amanbramoil HaTpusi. CoequHEHHsS] HEU3BECTHOIO CTPOCHUS,
OXapaKTePHU30BaHHBIC PA3JIMYHBIM CcoOoTHOomeHHeM MQ/MO, mociie BOCCTAaHOBJIECHHS TaKKe
MPOSIBISIOT KaTAIMTUYECKYI0 aKTUBHOCTb. B CBSI3M € 3TUM aKTyallbHBbIM SIBIISIOCH MPOBEJICHHE
uccienoBanusi crpoerust Mg—Mo komriiekcoB, 00pa3yrOIIMUXCS B YCIOBUSAX IMPUTOTOBICHUS

aKTHBHBIX PacCTBOPOB (T.e. pu npoBeaeHnu mertanonmsa MoCls B mpucyrcTBun Mg®"):
MoCls + XMg?* + CH3;OH + >5 M*A™ — “Mg—Mo okco-MeToKcHb!”
x=0+2, M"=Na’, K, A"= OCHj, OH" (1)
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OTO TO3BOJAWIO OBl YCTAaHOBUTH 3aKOHOMEPHOCTH (DOPMHUPOBaHUS TaKOro poja
coenuHeHUH U pa3zpaboTaTh O6oee 3pPeKTUBHBIC TOIXO/IBI K UX CHHTE3Y U au3aiiHy. [lo Hamemy
MHECHHIO, YCTAHOBJICHHE KOPPEJAINUNA MEXKIY YCIOBUSIMHU CHHTE3a M CTPOSHUEM O00pPa3yIOIHXCS
MIPOYKTOB JaJI0 OBl BO3MOKHOCTh KOHTPOJIMPOBATh KATATUTHUECKUE CBOMCTBA CUCTEMBI 32 CUET
TIOHWHTA CTPYKTYPHI BEHICOKOBAICHTHBIX MPEANICCTBCHHUKOB KaTATUTHYSCKUX KOMILIEKCOB.

AmnanornyHo peakiuu MertaHonuza MoCls B orcyTcTBre MarHus (CM. BBIIIE), B YCIOBHUAX
KHACIONH cpeapl O00pa30BaHUS TETEPOMETAIUIMUECKUX COCIMHEHUH HE NPOUCXOIUT, W
dopmuposanre Mg—MO rerepoMeTayIHuecKuX KOMILICKCOB (kKak u B ciaydae Na—Mo u K-Mo)
IIPOUCXOIUT B LICIIOYHOM Cpelie.

[IyreM mnepeKkpuUCTAUIM3AMA W OKCTPAKIMU yIAIOCh BBIICIUTh W  CTPYKTYPHO
OXapaKkTepPHU30BaTh PsAJl TeTEPOOMMETAUIMYECKUX MarHUKW-MOJMOCHOBBIX OKCO-METOKCHUIHBIX
KOMIUIEKCOB pa3nuuHoii Teomerpur u  sjuepHoctH: [MO0gO1,(OCH3)1,Mg,(DMF),]  (11),
[M0gO12(OCH3)15Mga(CH30H)6] (12), [M0gO16(OCH;3)sMg2(DMF)s] (13),
[Mg(DMF)3(CH30H)3]5[M02,Mg4048(OCH3),5(DMF)e]  (14), a Takke ONUCAaHHBIA paHee
[Mg,(CH30H)4;M0,0,(0OCH3)10] (15) [M.Yu. Antipin et al. Gazz. Chim. Ital., 1993, V. 123, P.
265], 06pasyromuxcs B ycI0OBUAX, MoKa3aHHBIX Ha cxeme 1 (X = 0.6, M"A” = NaOCH,, 6nm3kas k

HEUTpaJIbHOM cpena).
Ananuz cmpykmypuuix ocobennocmeti Mg—Mo komnnexcos

Hecmotpst Ha Kaxkyiieecs: CTpyKTypHOE MHOT00oOpa3ue MoJydyeHHBIX COCTUHEHUN, MOKHO
NPOaHAU3UPOBATh CTPYKTYPHl KOMILJIEKCOB C TOYKM 3PEHHS UX YCTPOWCTBA KakK MPOAYKTOB
arperanu pasznuuHbix Mo- u Mg-copepxammx “‘cTpouTenbHbIX 050KOB”. Tak, CTpyKTyphl
coemuuennit 11, 12, 13 MOXHO HHTEPIPETHPOBaTh Kak comepxkarmue sapo {Mo,Og(OCH5),}*,
cocTasieHHoe 13 1ByX M0Y—Mo" auMepoB, 06beIMHEHHBIX Yepe3 ITOCPEACTBO Hp-METOKCO- H g-
OKCO-TPYII. DTO sAPO MMEeT 6 KOOPIWHAIIMOHHBIX BAaKaHCHI, KOTOPbIE B PacCMaTPHUBAEMBIX
COCIMHEHMSX 3aHATH aToMaMu Krcaopona Mo"'- w/um Mg-comepxkammx GpparMeHTOB.

B cinyuae kommiekca [M0gO1,(OCH3)1,Mg(DMF),] (11) (puc. 6) xoOpIWHAIIMOHHOE
okpyxkenne MO artomoB ueHtpairpHOoro {MO4} sapa  JOMOMHEHO KOOpPJAWHALIMEW Tpex
METOKCHAHBIX rpymm (Bcero - 6) [MoO,(OCHg)s)* u [Mg(DMF),(OCHs)]* moHosmepHbIX
($parMeHToB, KOOPAMHAIIMOHHBIE OKTa’JIpbl KOTOPHIX OOBEIMHEHBI, B CBOIO OYepe/lb, OOIIUM
peopom (u-OCHgj). B coemunernu [M0gO12(OCH3)1sMgs(CH3OH)e] (12) (puc. 6) nuranmnoe
okpyxenue {Mo0,} ¢parmenTta mpaktudecku aHanormuHo 11, MCKIIOYEHHMEM SIBISIETCS 3aMeEHa

[M0O,(OCH3),]* dparmenta ra [Mg(OCH3)s(CH30H),]*. K oGpasoBanHOMY TakuMm 06pasom
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npaktryecku mwiockomy [Mg(u-OCHs),Mg] tukny ouaentatno npucoeauder [Mo,0,(OCHs),]

¢dbparmeHT, 00pa3yst HETOTHBINA KyOaH.

A-MoA-Mg A-OA-C ~A-No-H

Puc. 6. Monexynapnoe cmpoenue nekomopwvix Mg—Mo0 xomnnexcos.

JIroGonbITHON 0COOEHHOCTHIO coeauHeHuit 11 u 12 aBusieTcst TOT QakT, 4TO 3aMeleHne
(popmanbHOE) MONMMOACHA HA MarHUM MPAKTUYECKU HE CKa3bIBA€TCS HAa TEOMETPUU KOMIUIEKCA.
Orta WHTEepecHass OCOOCHHOCTh MOXKET O00€CIeunBaTh BO3MOXKHOCTh IPOTCKAHUS PEaKIIHM
U30MOP(HOTO 3aMEeIIEeHHUs, YTO TPUMEHSIETCS B CHHTE3€ TeTePOMETATUTHYECKUX ATKOKCUIOB.

B coemunenun 13 (puc. 6) awrangamm {MO,} sapa sBISIOTCS JBa OHAEHTATHO
KOOPJMHUPOBAHHBIX MOJIHOAT-HOHA. OCTaBIINECs BAKAHCHM 3aHSATHI MOCTUKOBBIMH METOKCH/I-
HBIMH TPYIAMH, COCIWHEHHBIMH TaKX€ C aroOMaMd MarHus, KOTOPBIE JIOMOJHUTEIHHO
KOOpAUHUPYIOT Lp-O rpymnmel {Mo—-Mo} dhparmeHTos.

Annonnas vacte komiuiekca [Mg(DMF)3(CH30H)3],[M02,,Mg4045(OCH3)5(DMF)e] (14)
(puc. 7) MokeT OBITH MpPEJCTaBICHA COCTOAIICH W3 TPEX THIOB MOJIHOACHCOCPIKAIIMX
“ctpoutenbHbIX OM0KOB”: {Mo0g}, {M0,} u {Mo:}. {Mo0g} dparmeHT COOTBETCTBYEeT ABYM
[M0,05(OCH3),]** cyObemunmnam, oGbeIMHEHHBIM Yepe3 MOCPEACTBO Hp-METOKCO- U H3-OKCO-

rpym, 3amemarommx [p-OCH; B [M0,05(OCH53),]** dparmenre. {Mo,} mpexcrasisier coboii
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pacrpoCTpaHEHHBIN [M0,0,(u,-
0),(OCH;)4]* dparment, B To Bpemst Kak
{Mo,} - 3TO OKTadAPUIECKH
KoopauHupoBanHas Mo0,”"  wacTHa.
[Maper {Mog}, {Mo0,} u {Mo,} dbparmen-
TOB, a TaKKe deTsipe noHa Mg®" o6beu-
HEHBI 4epe3 TIOCPEJCTBO OKCO- H
METOKCO- MOCTOB, YTO NPHUBOAHWT K

00pa3oBaHUIO OMMETaINYeCKOTO

IIOJIMOKCOMETAJIJIATHOI'O COCANHCHUA,
HMEIOIIETO (1)0pMy KOJIbIIA, IOIIOJIHCH-
A-Mo A-Mg A-O A-C 2-N poro gBymst [Mg(CH3OH)3(DMF),]**

Puc. 7. Cmpoenue anuonnozo ghpaemenma IIPOTUBOMOHAMH.
komnnexca 14.

Pempocunmemuueckuii nooxoo k nonyuenuio cemepomemaniudeckux Mg—Mo kracmepos

CuHTE3BI, MPOBOAMMEIE COTJIACHO cxeme 1, MpUBOAIINE K TOTYYCHHUIO OMMMCAHHOTO CIEK-
Tpa COEIMHEHU, TIO3BOJISIOT TIOyYaTh IeJIeBbIe MPOAYKTHI JUIIb C HU3KUMHU BBIXO/JaMH, KPOME
TOTO, MPOLIEAYpa BBIJCICHUS JOBOJIBHO MPOJIODKUTENbHA U HEOCTATOYHO XOPOIIO BOCTIPOU3BO-
muma. Tak kak wuccrnenoBaHHble MQ@—MO KoMIIeKChl SBISITUCH OOBEKTAMU  JAIbHEUIINX
UCCIIeIOBAaHUHM, HEOOX0UMO OBLITO pa3paboTath FP(HEKTUBHBIE CITOCOOBI UX TOTYyUEHUSI.

YMo3puTenpHOe pa30MeHne CI0KHOTO KOMIUIEKCHOTO COEIWHEHHUS Ha 0oJiee MpOCTHIC
CTPYKTYpHBIE (pparMeHTHl yJAOOHO MPUMEHSATH HE TOJBKO JUIS aHaJIM3a €ro CTPOCHHUS: TaKOTO
pona “cTpouTenbHbIe OJOKH MOXKHO pacCMaTpUBaTh KaK PETPOHBI B T.H. PETPOCHHTETHYECKOM
aHanmuse — cTparerud, paspaboranHoir 3. Kopu (Corey) mist niaaHHpoOBaHHS MHOTOCTAIHIHBIX
CHUHTE30B CJIO)KHBIX OpPTaHUYeCKHX MOJeKysd. [IpuHuMas BO BHUMaHHE W3BECTHYIO TEHJICHIIUIO
AIIKOKCO-COEIMHEeHMI (hOPMUPOBATH KPYIHBIC arperarhl, BKIIOUYasi reTepOMETaNTNIeCcKue, u3 00-
Jee MeNKuX (parMeHToB, ObUIO MHTEPECHO MPOBEPHUTH MPUMEHHUMOCTH PETPOCHHTETUYECKOTO
NOaX0Aa K TUTAHUPOBAHUIO PpAalMOHATBHBIX CHHTE30B MQ—MO KOMIUIEKCOB — CTPYKTYpHO
0XapaKTEPH30BAHHbBIX IPOIYKTOB PEaKIMU CoBMecTHOro Meranommsa MoCls u coemunennit Mg,
Ha puc. 8 mokazaHo cxemaTudHoe U300pakeHue paszoneHus coequueHnii 12 u 16 (CTpyKTypHBIi
aHasor 11) Ha Habop peTpoHOB (B TepMHUHOJOrMM KopW) M MOKa3aHbl COOTBETCTBYIOIIME UM
cuHTOHBI. Ta ke cxeMa, yTo u 115 cuHTe3a 16, okazanack MpUMEHUMOM U AJis nonydeHust 13, Ho

2. +6
ucnonb3ys MoO,~ Bmecto M0O,Cl, B kadecTBe MO "-coieprkaiiero CHHTOHa.
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Puc. 8. Cxemwt obpazosanus coedunenuii 12
(6nuzy) u 16, nokasamnvi CUHMOHBL, U3 KOMOPbLIX
npoucxooum co6opka nONULOEePHbIX CIPYKMYp.
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— 0
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(Mg(OMe),)

Kpome Toro, Ham yzianoch mokasarh, 4yTo pactBoperue 11 B aumerundopmamuae (DMF)
NPUBOJUT K ero mpeBparieHuio B 13 ¢ BeicokuM (> 70%) BbIxogoM. MOXHO MPEAIONOKHUTh, YTO
MEXaHHM3M ATOM peakIy BKIOYaeT B ceOst quccormanuio 11 Ha ¢pparMeHTsl, O1HM3KHE M0 CTPYK-

Type CHHTOHaM, U300pakK€HHBIM Ha CXeMe 00pa30BaHMs aHAJOTHYHOTO IO CTPYKTYpe KOMILIEKCa
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16 (puc. 8), Tak Kak JaHHas peaKIHs MPEACTaBIsSeT COOOW, B CYIIHOCTH, CTPYKTYPHYIO

HeperpyniMpoBKy MoJeKyibl 11, compoBOXIatOIIYIOCS I€AIKUIMPOBAHUEM YaCTH METOKCO-TPYIIIL.

3. AnKoKcuOHbIE KOMNIEKCbl HU3KO0GAICHMHO20 MOJIUOOCHA: CuHnmesnl, cmpoenue, nposeepka

AdKmueHocmu KaK Kkamajiu3iamopoe 60CCmaHoO6/1eHuA N2

CrnenyromuM 3TanoM UcciieoBaHus Oblia pa3paboTka MOAX0A0B K CUHTE3Y aJIKOKCHUIHBIX
kiaactepoB Mo(lll) u Mo(lV), sBasionmxcss HCTUHHBIMU KaTajau3aTopaMHu BoccTaHOBICHHUS No.
AnbTepHATUBON peaKIuu BoccTaHOBJIeHUs coenqunenuit monuoaena(V, V1) sugenucs 2 nmyTtu:

® [0JXOJ, OCHOBAaHHBII Ha KOMIUIEKCOOOpa3oBanuu mpocThix coeaunenuit Mo(l11), Mo(1V);

e MsArkoe okuciienue coenquHeHuit Mo(0) B mpUCyTCTBUM HMCTOYHUKOB METOKCHJIHBIX I'PYIII.

Cunmes u peaxyuonnas cnocoorocmo [M0,Cl4(OCH3)4(CH30H),]

+3 +4
br110 HHTCPCCHO OICHUTL PCAKIHMOHHYIO CITOCOOHOCTH XJIOpUI0B Mo nu Mo B

OTHOIICHUYW PEaKIUK METAHOJM3a, C TEM YTOOBl TMOJIYYHUTh XJIOP-METOKCHUIHBIC KOMILICKCHI,
KOTOPBIE MOIJIM OBl CTaTh IEHHBIMH CHHTOHAMH JUISl MOCIICAYIONUX TpaHchopMaiuii 3a cuer
NPUCYTCTBUSA Ja0mibHOro XmopuaHoro juranga. Peakuus [MoCls(THF);] ¢ CH3;OH nHe npuso-
JUT K OOpa30BaHUIO YCTOWYMBBIX KPHCTALTU3YEMBIX TPOAYKTOB, B TO BpeMs Kak
B3aumoseiicteue [MOCI4(CH3CN),] ¢ MeTtaHo/OM 3aKaHYMBACTCS 00pa30BaHUEM KPHUCTAJLTHYE-
ckoro BemectBa (Beixom ~ 60%), PCA koToporo mokaszand CHeAylIllee CTPOCHUE:
[Mo",Cl4,(OCH3)4(CH30H),] (19) (puc. 9).

Komrmieke 19 — neHTpocHMMETpHYHAsE MOJICKYJIa ¢ IICHTPOM MHBEPCHUH, JICKAIMM MEXKIY
aToMaMH MoIMOJeHa, COeIMHEHHBIMU JBOHHOI cBa3bio (2.5107(3) A). ®parment Mo(1)-O(1)-
Mo(1A)-O(1A) mpakTHYECKH IUIOCKHW, YTO THIUYHO s MOJHOACeHOBBIX aumepoB ¢ —OR
MoctamMu. KoopJMHAIIMOHHBIN TONMHM3p aTOMa MeTajlla MPEACTaBICH OKTad’JIpPOM, alMKaJIbHBIC
MO3UIIMKA KOTOPOTO 3aHATHI TEPMUHAIBHBIMH METOKCHIHBIMH U CIIMPTOBBIMHU TPYIIIAMH.

WutepecHo cpaBuenue coeaunenus 19 ¢ ero Mo(V) ananorom, [Moy(OCHs)eCly] (1),
HOJTy9aeMbIM ITOXO0KUM 00pa3oM — 1o peakiuu MeraHoiu3a MoCls. Paccrosane Mo---Mo B 19
cymecTBeHHO kopode (2.511 u 2.732 A B 1), 4TO TOBOPHUT O HAIMYMU JBOMHON CBSA3M MeETAILI-
metaur B 19. Tepmunanbubie cBszm M0-O(C) B 19 3HaumTenbHO iMHHEEe, YeM B 1, 4TO
yKa3bIBaeT Ha YMEHBIICHUE T-JIOHUPOBAHUS C KHCIOPOIa Ha METAUI MPU MOHWKCHUHM CTCIICHH
OKHCIIeHHsI MouOeHa ¢ +5 10 +4.

C uenpro nmonyuuth noaxomsnire st PCA kpuctamwibl 19 Mbl mpeATPUHSIIA MOTIBITKH €T0
NePEeKPUCTAIUTM3AINN U3 Habopa AOCTYMHBIX O-TOHOPHBIX paCTBOPUTENEH. DKCIIEPUMEHTHI TN

HEOXKUJJAaHHBIC Pe3yIbTaThl, TaK Kak MeTaHoN u Terparunpodypan (THF) Bcrynanu B peakuuro ¢
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19. Tak, koHLIEHTpUpPOBaHKUE HackIeHHOTO pacTtBopa 19 B THF mpuBoauT k o6pa3oBanmio ABYX
coemuuennii, [Mo""V,Cl4(OCH3)4(THF),] (20) u [Mo"V,Cl,0,(OCH,),(THF),] (21),
BBIJICIISIFOIIUXCSI C HU3KHM, HO BOCIIPOM3BOIUMBIM BBIXOJ0M. [IpoBenenne PCA mokasaino, 4To
BMECTO O0XXHMJAeMOro JIMTaHIHOrO0 oOMeHa MeTaHoja Ha [THF B cucteme mpoTekaeT penokc-

Imponccc.

Puc. 9. Monexynaprnoe cmpoenue 19, 20 u 21.

Kommieke [Mo0,Cl4(OCHs)4(THF),] (20)
(puc. 9) — JUMEpPHOE  COCIMHEHHE C
HCCHMMETPHYHBIM  PACIIOJIOKCHUEM  JIUTaHJIOB
BOKPYI' METAJLTMYECKUX IIEHTPOB. DKBATOpHAJIb-
HbIC TIO3WMIIMA KOOPIAMHAIMOHHBIX OKTa3JpOB

atomoB Mo(1) u Mo0(2) 3aHATHI OJMHAKOBHIM

HaObOpoM JUTaHnoB (Mapoil  TepMUHAIBHBIX
XJIOPHJIHBIX M MOCTHKOBBIX METOKCHJHBIX TPYII), KOOPJWHAIUS AalUKaJIbHBIX ITOJOXCHUN
ornuyaercs: aroM MO(1) 1onoaHUTENBHO KOOPAMHUPYET 2 HEUTpalbHbIX MoJekynbsl HF, atom
Mo(2) — nBa METOKCHUIHBIX JHUraHaa. HesKBUBAJICHTHOCTh JIMTAHIHOTO PACIPEACICHHUS JacT
OCHOBAHHUS TPUITHCATH Pa3JInYHbIC (OpMaTbHBIC CTCIICHH OKHCIICHUS aTOMaM MOJuOIeHa — +3 1
+5. BepositHo, coenunenue 21 (Bropoit mponykt peakuuu 19 ¢ THF), npencrasnsromee coboii
LeHTPOCHMMETpHUHEI  mumep  Mo'-MoY  (puc.  9),  oOpasyercs B peakiuu
muctiponiopurnonuposanust Mo(1V).

Bbonee uHTepecHble mMpeBpalieHus, TPUBOIALINE K 00pa30BaHUIO erle Oojee HEOOBIYHBIX
IPOJYKTOB, HAOMIOMATUChH TIPU B3aumonericTBuu 19 ¢ meranomom. TakuM myTeM HaMm ynanoch
nonyuuth Terpasaepubiid kinactep [Mo,Cl,0,(OCH3)g(CH30H),4] (22) (puc. 10), koTopsiid ObLT

yIKe BBIIEIICH HaMU paHee 110 peakuun Mexay [Mo ™ Cly(THF)s] u [Mo*°,Cl,(OCHs)s] (1).
18



Iooxo0wl k cunmesy [M04Cl,0,(OCH3)s(CH30H)4/. Cmpoenue, ceéoticmsa, pedokc-nosedenue

OpavH U3 caMbIX JIETAHTHBIX M3 OMMCAHHBIX B JINTEPATYPE TOIXOJ0B K CHHTE3Y KIacTepOB
HU3KOBAJCHTHOTO MOJHUOJIEeHA OCHOBAaH Ha TOM, YTO MPAaBWJIBHO TOJOOPAaHHBIC COCIMHCHUS
MOJINOICHA, COJIEPIKAITE METAUT B PA3IUYHBIX CTETICHSIX OKUCIICHHUS, TIPOSBIISIOT CKIIOHHOCTh K
arperanuu ¢ 00pa3oBaHHEM TPEYTOJbHBIX KIACTEPOB B PEAKIIUH COMPOIIOPIIMOHUPOBaHUs. bblIo
MHTEPECHO MPOBEPHTH, IPUMEHHM JIH TAKOH MOAXOX K CHHTE3y KiacTepoB Mo, Mo™, ucxoms
u3 goctynubix coemuHenui: [MOCI3(THF)3] u 1, 3, 5. Pa3BuTre naHHOW WACOJIOTHH 3a CYET
HAXOXKICHUSI KOPPEJAIUNA MEXKAY CTPOSHHUEM pEareHTOB MW CTPYKTYpol 0Opa3yromuxcs
kiacrepoB Mo(Ill, IV) moxker mpemocTaBUTh MEPCHEKTUBHBIN CMOCOO au3ailHa W TIOHUHTA
KOMILUICKCOB MOJIMOJICHA C LENbI0 MPHAAHUS MM KEIACMbIX CTPYKTYPHBIX M 3JIEKTPOHHBIX
CBOJICTB.

Peakmust [MoCl3(THF)3] xak ¢ [Na(CH3OH)Mo0,0,(OCHj5)/] (5), Tak u ¢ [M0,(OCH3)sCl5]
(3) npuBogur Kk oOpazoBanuio cmecu coemuneHuii: [Mo0,Cly(OCH3)4(CH3OH),]  (19),
[M0,Cl,0,(OCHy5)g(CH30H),] (22), [M0gO16(OCH5)¢Cl,(CH;0H),] (4) (cocTaB cMecH 3aBHUCHT
OT KOHKpeTHBIX ycioBui). B To ke Bpems peakmmss [MOCI3(THF)s] ¢ [M0,(OCH3)sCls] (1)
IpoTeKaeT 0ojiee YMUCTO W TO3BOJSET MONYYHTh MPOAYKT 22 C YMEPEHHBIM BBIXOJ0M. Kpome
TOTO, COCIWHCHHE 22 SABISCTCS OJHUM U3 TMPOJYKTOB B3aUMOJCHCTBHS CS4[MOO4(H3-
OH)4(C0O)12]-nH,0 u Mo*®0,Cl,. Tlocnenuss peaKIus SBISIETCA JCMOHCTPAIUEH BO3MOXKHOCTH
peanuzaluy MoaXx0/1a, 3aKI0YAroIerocs B MATKOM OKHUCJIeHUH coeauHeHuit Mo(0), mo3Bossito-
el MPEIoNO0KUTh, YTO TaKOM MYyTh
TaK)Ke MOXKET OBITh YCIICIITHO TPUMECHEH
K TIOJIy4YEHHUIO KIAaCTEPOB Mo™*3*,

Kommiiekc 22 wmoxer Takxke
OBITH TIOJTYYEH C BBIXOJ0M 32% B x0IIe
JUcnpornopuronupoBanus 19 B wmera-
Hone. Ilockonbky peaknus oOpa3oBa-
Hus 19 w3 [MoCI4(CH3CN),] Tarke
NpoTeKaeT B Cpele MeTaHojla, |
koMmruiekec 19 ycroitumB B 3THX YycIo-

BUAX, HaOmogaemas TpaHcpopMaius

BBHI3BIBAETCS, OYEBUIAHO, H3MCHEHHEM
A-Mo -ClA-OA-Co-H KUCIIOTHOCTH cpefbl. [B xome peakiyu
metanommza [MOCI4(CH3CN),] cpena

Puc. 10. Monexynaprnoe cmpoenue 22.
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CTaHOBUTCS KUCIIO#H 3a cuet obpazoanus HCI:
2[MoCl4(CH3CN),] + 6CH3;0H — [Mo0,CIl4(OCHz3)4(CH30H),] (19) + 4HCI + 4CH;CN 2]

BzanmopeiictBue 19 ¢ MeTaHOIIOM B HEWTpaAJILHOW Cpele NMPHUBOIUT, MO-BUIMMOMY, K
Oosiee TiyOOKOMY 3amelneHuio xjopuaa Ha ankokcund. Ilockomeky OCHj3; m ClI' muranmsr
OTJIMYAIOTCS, IOMUMO MIPOYETO, B T-TOHOPHBIX CIIOCOOHOCTSIX, M3MeHeHHe 3 PeKTHBHOTO 3apsiia
Ha METaJlyIc MOYKET WHUIIMHPOBATh AMCIPONIOPIUOHUPOBaHUE MonuOeHa(+4) ¢ oOpa3zoBaHHEeM
Mo™ coeuHEeHHMIA, 9TO IPUBOINT B UTOTE K (POPMHPOBAHUIO KIacTepa 22.

WuTepecHo, uro coeauHenue 19, maromee B pe3yibTare JUCTIPOIIOPIIMOHHPOBAHUS
KJacTep 22, B CBOIO OYepe/lb, MOXKET OBITh IMOJTYYEHO B pe3yJbTaTe MOCIICIOBATCIIBHBIX PEAKITUI
conpBoimsa MoCls. Tax, ol myTs, Beaymmii or Mo™>Cls k [Mo**2,Cl,0,(OCH;)6(CH3;0H).]
(22), 3axmrouaercs B cepum peaknuii B3ammozekictBus MOCls u oOpasyromuxcs W3 HEro
NPOAYKTOB C JIOCTYIHBIMH PAcCTBOPHUTEISAMHU (AllCTOHUTPWI, METAHOJ) B OTCYTCTBHC
BOCCTAHOBHUTEIIA (B 00IIIEM CMBICIIC), TPUBOISAIIEH B UTOTE K 0OpazoBaHuto 22 ¢ BeixoqoM ~ 20%.

[Inanapuas pomOuueckas cTpykTypa kiactepa 22 (puc. 10) yHUKaTbHA B XUMHUU
TETPasSACPHBIX ATKOKCHUIHBIX KOMIUIEKCOB MoyinOaeHa. UeTblpe KOOpAMHAIMOHHBIX OKTadpa
MOJIMOICHOBBIX aToMOB o0ObeauHeHbl udeped W-O, p-OCHjz moctukoBbie rpymmbl. {Mo04}
(parMeHT MOXKHO pacCMaTpPHUBATh KaK JIBa TPEYTOJIbHUKA C OOIIIeH IPaHblo, KAKIBIH U3 KOTOPHIX
umeer U3-O nMraHax — OAMH JIekKAIIMd Haa IUIOCKOCThIO mukiaa {Mo04}, apyroit — mon

iockocThio. Kimactep — 10 7eKTpOHHBIHN, TAKUM 00pa3oM, CpeHssl CTENeHb OKUCIEHUSI aTOMOB

- /OR\| _OR monubneHa +3.5. VYuuTeiBasg HamuMuMe MATH  KOPOTKHUX
Mo Mo .
Re”7 | \"No 7 | ™~  paccrosauii Mo---Mo Buyrpm {Mo0,;} ¢parmenra, MOXHO
R | O | yTBEPXKIaTh, YTO KOMIUIEKC 22 MMEET MATh JIOKAJIM30BAHHBIX
sto/ \MO/OR
N a  oauHapHBIX cBszeit Mo—Mo.
ro?”” | or |\ p
o o ITomumo cBsizeii MO—MO ¥ MOCTHKOBBIX M3-OKCO-JHTaH-
“‘..” /O\“ .-=" JIOB, COCEJHHE aTOMBbI MOJHOJCHA OO0BEIUHEHBI MOCPEICTBOM
Mo Mo,
~ \O/ N
RO | ’ M3-OKCO-MOCTOB. TepMHUHAIBHBIC XJIOPHIHBIC M METAHOJIbHBIC
. /O\| _OR JIATaH/Ibl JIOTIOJHSIOT KOOPIMHAIIMOHHYIO chepy MonubieHa,
Mo——=Mo
v ||\o/ |\ b Kkpome Toro, arombl Mo(2) u Mo(2A), He oOpa3yromue
O O

JIHaFOHaHBHOﬁ CBA3U, JOITIOJIHUTEIIBHO KOOPAWHUPYIOT

Puc. 11. Cxemamuunoe

13
wsobpanicenue cmpoenus metokcuaayto rpynny. B “C CP-MAS SIMP cnektpe 5 curna-

{M040,(OR)e}**(a) u JIOB OJIMHAKOBOM HMHTErpajbHOM MHTEHCUBHOCTH, YTO COTJaCy-
2+
Mo4Og(OR b . .
{M04Os(OR)} (0) €TCs C ONMCAHHOM reomeTpuei kKomruiekca. B MK-cnekrpe B 00-
(ppazmenmos Komniexcos
22 (a) u 16 (b). JacTu BalleHTHbIX KoneOanuihi C—O cBszelt Habmomaercss 3
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ool noxocst (1049, 1020, 999 cm™), coorBercTBYyHO-
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- | | JIMTAHA0B Ha MOJIMOJEHE: TCPMHUHAJIBHBIM H
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ol
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o0 "= : b0 uHTEpecHO mpoBecTH HccieoBa-

1037.9 1037.8

1
75 |
b d
50
_...III |||I|...

f020 1030 1040 1050 1060 m/z - TpallIbHBIM (bpal“MeHTOM MaFHHﬁ-MOHH6HeH0-

HUE PEIOKC-TIOBEACHHUA Kiactepa 22, To-
CKOJIbKY €ro MOJHsAAepHas MpHUpoJa M CXOJ-

CTBO CTPYKTYpPHBI TETPASAEPHOTO CKEJIETA C LIEH-

BoIX(V, VI)  kommiekcoB  (puc. 11),

Puc. 12. ES| macc-cnexmpur 22 6 memanone (a) u

MPEAIIeCTBEHHUKOB a30T(OUKCHUPYIOIITUX
DMF (b) u paccuumannvie uzomonmovie pea b pyIom

pacnpeodeneHus 015l UOHO8 KaTajaus3aTopoB, IpeArojiarald BO3MOKHOCTH
{[M04Cl140,(OCHa3)s(CH30H)4] — CH30H — H]}

. y4acTHs JAHHOTO KIacTepa B KAaTATHTHUECKOM
(¢) u {[M04Cl40,(OCH3)s(DMF)4] + 2H]}" (d).

penokc-mpouecce (BO3MOHO, nocie

Mou(pUKaLMU, HAPUMED, 3@ CUET BBEJICHUS T€TEpOMETAILIA B CKEJIET).
bouin  mpoBedeHBI  HCCIENOBAaHUS — KOMIUIEKCa 22 METOAOM  IIMKIMYECKOM
BOJIbTAMIIEPOMETPUN KAaK B MPOTOHHOM (METAHOMI), TaK U B alpOTOHHOW (IAUMeTHUI(OpMaMHUI)
cpenax. M3BecTHO, 4TO cpena MeTaHojla HeoOxoauma i (PYHKIMOHHPOBAHMS IIMJIOBCKHX
OPOTOHHBIX a30TUKcHUpyOmUX cucteM. OuYeBHIHO, METaHOJ B HHUX JIHCTBYET Kak
IPOTOHUPYIOLIUI areHT, OJHAKO €r0 PoJib MOXKET OBbITh JBONCTBEHHOM, TaK KaK BO3MOKHO, UTO
BOCCTAQHOBJICHUE/OKHCIICHHE aKTUBHOTO KiacTepa B XOJl€ KaTaJIUTUYECKOro MpPOIecca MOXKET

TOIRA)Y 1000 wB.c! LMkA 0 MBe COII -
- wB e POBOXKJATECA  IPOTOHUPOBA

60 Huem/nenporonupoBanneM OR’/

30 mB¢!

ROH smuranmos, caBurast TaKuM
obOpazom OKHUCJIUTEIHLHO-
BOCCTAHOBUTEIBHBIM  ITOTCHITHAN
KOHKPETHOM TapHl.

Mertox ESI Macc-

CHEKTPOMETPHUH ObLI UCIIONIb30BaH

-1,5 -1,0 -0,5

E. B (Fc'/Fe) b BFe JUISL TIOATBEPIKICHHUS IIEJOCTHOCTH

Puc. 13. Juxnuueckue sorvmamnepozpammul pacmeopos 22 8
semanone (510 M, 0.1 M BuNPF¢) u DMF (7.5-10%M, 0.1 M K1acTepa 22 mociie pacTBOpeHus.
BusNPF¢) npu paznuunsix ckopocmsx pazeepmiu. B o0oux ciywasix B chekTpax
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ObLTH OOHapyKECHBI KBa3MMOJICKY/ISIPHBIC WOHBI, COOTBETCTBYIOIIHE
{[M04C|402(OCH3)6(CH30H)4] - H} (MCTaHOJ'I) )4 {[MO4C|402(OCH3)6(DMF)4] + 2H}+
(mumetuadopmamun) yactuiam (puc. 12).

DNEKTPOXUMUYECKUE  JaHHBIC  IOKA3bIBAIOT, 4YTO 22  MOXET  IOABEPTaThCs
JIBYXAJIEKTPOHHOMY BOCCTaHOBJICHUIO TP CPaBHUTEIHLHO BBICOKHX IIOTCHIIMAIaX B OO0OWX
pactBoputensax (puc. 13). OOpatuMocTh Mpolecca, OYeBHIHO, YKa3bIBaeT Ha TO, YTO BOCCTa-
HOBJICHHE TIPOTEKAET C COXPAaHECHUEM TETPasACPHOTO cKenera. HeoxkuaanHpIM (aKTOM SIBIISIETCS
TO, YTO TEPEHOC BTOporo AmekTpona B DMF npoTekaet npu 6ojiee BBICOKUX 3HaUCHHIX Ejjp, yem
B ciaydae MeraHona (-0.76 B 8 DMF, -1.20 B B CH30H orrnocutensno FC'/FC), B To BpeMs Kak
NIPU TPOTOHUPOBAHUM ATKOKCUIHON TPYIIBI, COMPOBOXKIAIOIICH BOCCTAHOBICHUE KilacTepa (cC
oOpa3oBaHEM HEHUTPALHBIX COCTMHCHUN THTIA [M0+34C|402(OCH3)4(CH30H)6]), 0XKHIAJIach OBl
WHasl 3aBUCHMOCTh. TakuM 00Opa3oM, peakivs BOCCTAHOBJICHUS, MO-BUAMMOMY, MPOTEKAeT, IO
WHOMY MEXaHH3MY.

CkanupoBanue mpu Oojee HU3KMX mnoTeHImarax B DMF mokazano Hammume naByx
JOTIOTTHHUTENIBHBIX HEOOPAaTUMBIX BOIH IpH ~ -1.5 B u ~ -1.7 B (Fc'/Fc), uro ykassiBaet, ode-
BHJIHO, Ha paspyiieHne {M0,} KiracTepa Ipu BOCCTaHOBICHHH MoinOaeHa 1o Mo*2. Okwucienue

22 B MeTaHOJIE TaK)Ke HEOOPaTHMO.

OueHKCl akmuerHocmu ANKOKCUOHBIX ~ KOMNJIEKCO8  HU3KOBANCHMHO20  MOAUbOOeHa KdK

Kamaiuzanopos 60CCmMaro6l1eHusl azoma

K HacrosimeMy MOMEHTY HAJEKHOM XapakTepu3alMd MPOJYKTOB BOCCTAHOBJICHUS
BoiZieieHHBIX Mg—Mo(V, VI) coeanHeHuit oCyIecTBUTh HE yIAJIOCh, OJHAKO OBUIA MPOBE/ICHBI
HepBble HKCIEPHUMEHTHl 10 MPOBEPKE HX AaKTUBHOCTH B peakuuu BoccTaHoBieHHs N,. Tak,
BOCCTAHOBJIEHUE COeTUHEHUI 16 1 4 B MPUCYTCTBUM HOHOB Mg2+ aMasabraMoOi €BpONUS TPUBOJIUT
K o0OpazoBaHMIO coequHeHni (nanee — red16 m red4, cooTBETCTBEHHO), /Uil KOTOPBIX ObLIa Olle-
HEHa aKTHMBHOCTh KaK KaTaln3aTopoB BoccTaHOBIeHUs1 N, amambramoii Hatpus. KoOMIOHEHTHI
000MX pacTBOPOB UMEIOT COMOCTaBUMYIO aKTMBHOCTh B pacuere Ha Moib Mo: ~0.3 skB. N,H, B
ciydae Karanmsa redd, ~0.6 sxs. — ms red16 (mpu 1 atm. N,, T = 20°C). Huskyro katamuride-
CKYI0 aKTUBHOCTh MOXKHO CBSI3aTh JINOO C HEONITUMAJIBHOMN CTPYKTYpOH JTaHHBIX COCTMHEHUH, 100
C HU3KHMM YyJENIbHBIM COZIEpP)KaHNEeM aKTHBHOTO KOMIUIEKCA B CMECH.

Kommieke 22 He mokasan akTUBHOCTH Kak KaTanu3aTop BoccraHoBieHus Np. OpnHako
MoauduKanus 22 3a cUeT BBEACHUS Martus B CTPYKTYpy (UTO, MO-BUAWMOMY, M MPOUCXONT B
menouHoit cpeze B npucyreTeun Mg naer coenuHenne, BHECEHHE KOTOPOTO B a30TOUKCHPYIO-

Y10 CUCTCMY ITO3BOJIAACT B MSATKUX YCJIIOBUSAX AKTUBUPOBATb M BOCCTAHABJIMBATDH N2 A0 rujapa-
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3MHA C KaTAIUTUYECKHUMH BbIXOAaMu (> 5 9kB. Ha Mosib MO0). lHTepecHO, 4TO BOCCTAaHOBIICHHUE
KomIuiekca 4, copepkamiero ananoruudbii {MO04} OCTOB, amManbramMoil eBpOIHS B IPUCYTCTBUU
2+ o .
Mg npuUBOIUT K MOJTYYCHHIO COCIUHCHMS (COeAMHEHU), XapakTepuzyemoro cxoaapiM UV-Vis
CHEKTPOM, YTO IO3BOJISET MPEAINOJIOKUTh, YTO AKTHBHBIM KOMIIOHCHTOM B O0OMX pacTBOpax
SIBIISTIOTCSL OJIM3KHE TI0 CTPYKTYpE BemIecTBa. TakuM 00pa3oM, MOXKHO CUHUTATh, YTO 00a MyTH
(BOCCTaHOBJICHHE TTOJIUSICPHBIX BRICOKOBAJICHTHBIX aJTKOKCHIIOB M COOpKa KJIIACTEPOB, UCXOJIS U3

+3,+4

OTHOCUTCIIBHO ITPOCTBIX COGI[I/IHGHI/Iﬁ Mo ) ABJIAIOTCA NCPCICKTHUBHBIMU IMMOAXO0AaMHU K CHH-

TC3Yy aKTUBHLBIX B KaTaJIM3C€ BOCCTAHOBJICHUSA a30Td KOMIIJICKCOB.

OCHOBHBIE PE3YJIbTATBI PABOTbHI 1 BBIBO/IbI

1. Metonom PCA 6b110 ycTaHOBJIEHO CTpOCHHE psiia clIoXHBIX Mg—MO 0Kco-MeTOKCHTHBIX
KOMILIEKCOB Pa3JIMYHON T€OMETPUM U SECPHOCTH, MPOAYKTOB COBMECTHOIO METAHOJIU3a
MoCls ¢ Mg*, SBIISIOMIUXCS  BBICOKOBAJEHTHBIMU  MPEALICCTBEHHUKAMHU
reTepOMETAIIMYECKIX KIACTEPOB — KaTallM3aTOPOB BOCCTAHOBIIEHHS a30Ta B MATKHX
ycioBusix. Pa3paboTraH moaxoa K palMOHAIBHOMY CHHTE3Y TaKUX IMOJTMMETAUIMYECKUX
CTPYKTYp, OCHOBaHHBII Ha PETPOCUHTETUYECKOM CTpaTeruu, BIEpBbIe peaTu30BaHHBIN Ha

npumepe AByX Mg—MO0 okco-MeToKCHI0B.

2. Cucrematnyeckoe uccienoBanue peakiuu Meranoiansa MoCls B mpucyTCTBUM pa3TuIHBIX
OCHOBaHUH MOKAa3aJi0, YTO UTOTOBAsI MIETOYHOCTh CPE/bl U TUIl OCHOBaHUs (KaK KaTHOHA,
TaK M aHWOHA) ONPEJICIIIOT CTpoeHue obpa3syrommxcs komiuiekcoB Mo(V). Haiineno, uro
MPUHIUIHAIBHBIM yCIIOBUEM 00pa30BaHUs reTEPOMETANINYECKUX COCTMHEHUHN B PEaKIuu
metanonu3a MoCls seisiercst pH cpemsl: o0pazoBanue oumeramumyeckux (Na—Mo, K-Mo,

Mg—Mo) ankokcu10B HaOII01a€TCS TOIBKO B MIEJIOYHBIX Cpefiax.

3. Pa3paboTaH Moaxo/1 K CHHTE3y KIaCTEPOB HMU3KOBAJCHTHOTO MOJIMOI€HA, OCHOBAHHBIN Ha
pEIOKC-B3auMOJICHCTBUM  JierkogocTynHbIX — coenuuenuin  Mo(lll), Mo(1V), Mo(V),
Mo(VI). B pamkax gaHHOTO MOAXOJa CHHTE3MPOBAH M CTPYKTYPHO OXapaKTepH30BaH
tetpasiaepubiii komiuieke [Mo4Cl40,(OCH3)s(CH30H),4], obnanaromuii yHUKaIbHBIM B
XMMHHU AJIKOKCO-COCIMHEHUN MOJIMO/ICHA TUIAHAPHBIM POMOUYECKUM KJIACTEPHBIM SITIPOM.
[MpoBemeHO  HWCCIEOBAaHME  €r0  PEIOKC-TIOBEACHUS  METOAOM  IMKIMYECKOM
BOJIbTAMIICPOMETPHUH, IMOKA3aBIIee BO3MOXKHOCTh peajHM3allMH JBYX IOCIICI0BATEIbHBIX
00paTHMBIX PEaKIUil epeHoca MEKTPOHA, YTO MOTSHIIMAIBHO MOXKET HAUTH MPUMEHEHHE

B KaTalln3€ PEAOKC-PEAKIIHIM.

4. BrniepBbie nonyudensl u oxapakrepuzoBanbl MeTosioM PCA 3 rerepoMeTauinueckux OKCO-
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METOKCHUIHBIX KOMILJIEKCOB MOJIMO/ICHA ¢ KaJIUeM; MTOKa3aHa 3aBUCUMOCTb UX CTPOCHHUS OT
MIEIIOYHOCTHU CPEJIbl PEAKIIUU.

a) OOHapyXeHO, YTO B TPHUCYTCTBHH KapOOHAT-WOHOB HaOII0aeTcs 0Opa3oBaHUe
AJKOKCHUIHBIX COEIMHEHHH cocTaBa [M0202(|,L2-O)2(OCH3)2(C03)2]4', YIIAKOBaHHBIX B
CIIO)KHYIO ~KPUCTAJUTMUECKYIO PEIIeTKy 3a CYeT BO3MOXKHOCTH  TIOJHICHTAaTHOMN
KOOPIMHAITIHT COgZ' MOHAMHU KaJIus.

0) IIpoBenen ananm3 QyHKIMHA pacTpeeNICHHS AIEKTPOHHOM IIIOTHOCTH P(I') B KpHCTAILIE
[K(CH30H),M0,0,(0OCH3);] B pamkax Tteopun QTAIM, gaBmmii  mpsmoe
AKCIIEPUMEHTAIbHOE  JIOKa3aTeNbCTBO  Hamuuug cBsisu Mo-MoO B aumepHOM

MOJ'II/I6I[6HOBOM KJIIaCTCpC.

Ha npumepe peakumii neadkuaupoBaHUs METOKCHIHBIX T'PYIN B HccienoBaHHbIX K—Mo
KJIacTepax M peakuusx oOpa3oBaHUs MONUANEPHBIX Mg—Mo KOMILJIEKCOB TOKa3aHa
BO3MOXHOCTh pealn3alliy JUisl JAHHOTO KJlacca COSAMHEHHM ABYX IMyTeill oOpa3zoBaHUs

OKCO-KOMIIJICKCOB: HCTUAPOJIUTHICCKOTO U THAPOJIUTHICCKOTO.

[Toka3zaHo, 4TO Kak BOCCTaHOBJICHHE BbIIeAcHHBIX KoMiuiekcoB Mo(V, VI), tak u moaxon,
OCHOBaHHBIH Ha COOpPKE KIacTepoB, HCXOAS W3 MoHosaepHbIX coeaunenuit Mo(lll),
Mo(lV), npuBOIUT K TMOJYYCHHUIO CXOJHBIX COCAMHCHUH, MPOSBIISIONINX aKTHBHOCTH B

KaTaju3e BOCCTAHOBJICHHS a30Ta amajibraMoi HaTpus.
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