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CNMUWCOBOKPALWEHWWNY C/NTOBHbIX

AIM — Atoms in Molecules

bian, (Ar-bian, R-bian, 6 n a-Hauenadren-1,2-auumun
bpy (bipy) — 2,2’ -ounupuamn

cod — 1,5-1uKII00KTaqued

DAB - 1,4-nmuaza-1,3-0yraauex

dba — nuben3mmaenamneToHn

DFT (density functional theory) — Teopus pyHKIIMOHANA ITTIOTHOCTH
dmit — 1,3-gurna-2-tnon-4,5-quTHoar

dpp — 2,6-muu3onponuidheHuI

dpp-bian — 1,2-6uc[(2,6-auu3onponuideHnn ) MMUHO |atieHap TeH
dsit — 1,3-nurna-2-tnon-4,5-nuceneHonaar

EtBr — 6pomun stuaus

Fc — depporien

GPC ( I M X1enp-npoHukaroiasi xpoMarorpadus

mes— me3utui (2,4,6-TpucMeTrIheHn)

mian (M N @ HMoHouMHUHOAIICHA(TEH

NBO — Natural Bond Orbitals

M A — meTriIakpuiat

MAQO — meTunanroMOKcaH

MU — metun-10-yHaeneHoar

NBE — Hon6opHen

NHC — N-rereponmknndecknii kKapOoeH

NHE — HopMasnbHBII BOJOPOIHBIHN 3JEKTPOJT

PDI — unnekc monmaucnepcHoCT!

phtl — 4-pennn-1H-1,2,3-rpuazon

PNBE — nonmmaonGopHeH

ppy — 2-beHunmupuanHa

Py — NUpUAUH

SCE - cTaHIapTHBIN KaJIOMETBHBIN 3JIEKTPO.T

SHE — crangapTHBII BOJOPOIHBIN AIIEKTPO

SOMO — HanonoBUHY 3alI0JHEHHAs MOJIEKYJIIpHas OpOUTab
tmp-bian — 1,2-6uc[(2,4,6-TpumeTtnindennn)umMuHO |atieHap TeH

UA — 10-ynaenuieHoBasi KHCJIOTa

OBO3HAUYEHWUMN



A ® K- aktuBHBIC (DOPMBI KUCIOPOIa

B 3 M@OMO ) — Beiciias 3aHsTasi MOJICKYJIIpHast OpOUTAIb

4 M C ODMSO) — aumetuiicyibHOKCHT

O M ® ADMF) — numerundopmamu

4 © N [DPPH) — 2,2'-nudenn- 1 -mukpuiruapasmi

N K— uadpakpacHas cieKTpoCKOIHs

HCM O (LUMO ) — uu3iast cBOOOIHAS MOJICKYJIsIpHAsi OpOUTAITH
P C A peHTreHOCTpYKTYpHBIN aHAJIHN3

C T G cBepxTOHKas CTpyKTypa

T I' ®THE) — Terparunpodypan

T M G- rerpameruncunan

Ll B A- nukiinyeckast BOJIbTaMIIEPOMETPHS HITH BOJIbTaMIIEpOTrpaMMa
3 I P- snexkTpoHHBIN MapaMarHUTHBIN pe30HAHC

3 C [} ek TpOHHBIN CIIEKTP MOTIIOUICHUS

1 M P- sinepHblil MarHUTHBINA PE30HAHC
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BBEOEHWE

AKTyanbHOCTb TeMb uMUccnepgoBaHWA

B nocnennue gecsatuiieTst 0coOblil HHTEpEC UCCIeI0BaTENeH COCPEIOTOUCH Ha H3YYCHUN
CBOWCTB alleHa()TEHUMMHOBBIX KOMILJIEKCOB KaK KaTaJlM3aTOPOB Pa3IMYHbIX IPOLECCOB IS
OpPraHMYECKOro CHHTE3a (B TOM YHCIIE MOJUMEPOB), a TAK)KE KOMIIOHEHTOB (YHKIIMOHAIBHBIX
MaTepHaoB. Y HUKAJIbHBIC OKUCIUTEIbHO-BOCCTAHOBUTEIIbHBIE CBOWCTBA MMUHOAIICHA(TEHOBBIX
JMTaH/IOB SBISIOTCS KIFOYEBBIM (DaKTOPOM, KOTOPBIA OIpEneNsieT WX BOCTPeOOBAHHOCTH B
KOOpAMHAIIMOHHOM  XxuMuu. KiroueBol 0COOEHHOCTbIO MMHHOALCHA()TEHOB  SIBJISETCS
CHOCOOHOCTh OOpPaTUMO IMPUHUMATh A0 YEThIPpEX 3JIEKTPOHOB M 0OpaTUMO OOMEHMBATHCA
AJIEKTPOHAMHU C KOOPAMHUPYIOIIUM METAJIJIOM, YTO MOXKET 3aIlyCKaTh PA3JIMUHbIE OKUCIUTEIBHO-
BOCCTAaHOBUTENIbHBIE IIPEBpalleHUs. B ciieacTBue 3TOro Juisi HEKOTOPHIX METaNIOKOMILIEKCOB
XapaKTepHO SBJIEHHE OOpaTMMOr0 BHYTPUMOJEKYJSIPHOTO IlepeHoca 3JIEKTpoHa (pemoKc-
U30MEpHsl WM BaJEHTHAs TayTOMEpHs), YTO OTKPHIBAET BO3MOKHOCTh JUIsl IU3aiiHA HOBBIX
MarHUTHBIX MAaTE€pPHAJIOB U MOJIEKYJISIPHBIX MEepeKitodaresneil. boiee Toro, MeTayIoKOMILIEKCHI ©
aneHa)TEHUMHHAMU  BBI3BIBAIOT OOJBIION HHTEpPEC B CBA3M C HX HCIOJb30BAHUEM B
MHOT'OJIEKTPOHHBIX IPOLECCaX AKTUBALUU MaJbIX MOJIEKYJ M KaTaJIUTHYECKHX pPEaKLusX,
OCHOBAHHBIX Ha pEJOKC-TIpeBpalieHusx. B 3ToM cioyyae MOryT HPOMCXOAMUTH JIMOO
UCKJIIOYUTENBHO JIMTaHJ-LIEHTPUPOBAHHBIE DPEIOKC IMPOLECCHl, KOI/a METAJUIMYECKUH LEHTP
OCTaeTcsi B TOM JK€ OKHUCIHUTEIBHOM COCTOSIHUM, JHMOO0 OJHOBPEMEHHOE H3MEHEHHUE CTEIEHU
OKHUCJICHHS KaK JIMIaHja, Tak M MeTaula. JTO CO34AaeT HEOJHO3HAYHOCTh B OIPEIEICHHUU
AJIEKTPOHHOI'O COCTOSIHUSL METajula M JMranja. Takas ocCOOEHHOCTh BCTPEYAETCsl B MPUPOIAHBIX
00BeKTaX, B KOTOPBIX AaKTUBHBIA LIEHTP COJEPKUT PEIOKC-aKTUBHBIN JHUraHja (Hampumep,
nop(UPUHOBBIE CUCTEMBI MJIM OCTATOK THPO3WHA), KOTOPHIA pabOTaeT B CHHEPIMH C MOHOM
MeTala.

CTeneHb pa3paé mbBIcCacH/HEOOTBAA H U 5

Hecmotpst Ha 1O, uTO amnenadren-1,2-muuMunabl U3BeCTHBI ¢ 1960-X TOMOB, TEpBbIE
KOMILJIEKCHBIE COSMHEHUS HAa UX OCHOBE ObLIM MOTy4YeHbI TOJIBKO B 1990-x rogax. B Hactosiee
BpeMs B Poccum cucremarmueckue HccieloBaHMS B 00JacTH KOOPJMHALMOHHOM XHMHUHU
arieHa) TeHUMHMHOB NpoBoAsTCs B HCTUTYTE MeTammooprannueckoit xumuu um. I'.A. Pa3yBaeBa
PAH (Hwxuuii HoBropon), B wactHoctH, B rpymnmne akagemuka PAH W.JI. ®enmromkuna.
OcHOBHOE BHUMaHHE B 3TOH TpyIIe yJensercs KOMILIEKCaM HENepeXOHbIX METAJIOB U
JaHTAaHUIOB. J[Is1 HUX MPOJEMOHCTPUPOBAHA YHUKAJbHAs CIIOCOOHOCTH BCTYNATh B PEAKIMH
UKJIONPUCOEMHEHUS C TEPMUHATIBHBIMU aJIKWHAMHU, OTKPBITa PEIOKC-U30MepHs U OOHAPYKEHBI

HEOOBIYHBICE  KaTAIWTHYECKHME  cBoWcTBa.  Kpome  Toro, Tmoka3zaHa  CIIOCOOHOCTB
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arieHa() TeHAMMMHHOB CTa0MJIN3UPOBATh HU3KHE CTEIIEHU OKUCIIEHUS] HEKOTOPBIX JIEMEHTOB (Zn,
Ga, Ge, Si, Yb, Euu ap.).

Uro Kacaercsi MEpPexXOIHBIX METaNIOB, TO B O3TOW 00JacTH YCWIHA B OCHOBHOM
COCPEOTOUEHBl Ha U3YyYeHHHM KOMIUIEKCOB 3d-meTamioB M mamiaaus. Tak, OCHOBHbBIE YCHIIMS
uccieoBarenei ObUIM HalpaBiIeHbl HA U3yUYeHHE alleHa()TEeHUMHUHOBBIX KOMIUIEKCOB MaJuIaaus
KaK KaTaJIn3aToOpOB PEeaKIfii moJuMepHu3auu oleGuHoB (kartaiau3aropsl bpykxapra). Hanportus,
XUMHSI KOMIUIEKCOB JpPYIMX IUIATUHOBBIX METAUIOB (B YAaCTHOCTH, POJAUS M HPUIUS) C
arleHa TEHUMMHOBBIMU  JIMTAHJaMU HAXOJAUTCS B CYILIECTBEHHO MeEHee pa3paboTaHHOM
coctosHuu. Ha MoMeHT Hauyasna paOoThl ObUI M3BECTEH TOJBKO OJUH MPUMEP CTPYKTYpPHO
OXapaKTEePU30BaHHOTO KOMIUIeKca ponaus. s upuaus ObLIM ONMMCAHBI CMEIIAHHOJHUTaH/IHbIC
LUKJIONEHTAJUCHUIIbHbIE ~ KOMIUIEKCBI Y LHMKIOMETAJUIMPOBAaHHBIE  KOMIUIEKCBI € 2-
(beHUITIUPUANHOM.

C npyroit CTOpoHBI, HECMOTPSL Ha OIPOMHOE KOJMYECTBO MYOJIMKAIMHA MO KOMIUIEKCaM
najiaaus (B MEHbIIEH CTENEHM JUIsl IJIaTUHBI), CTPYKTYPHOE pa3HOOOpa3ue TaKMX KOMILIEKCOB
HE CTOJIb BeMKO. B ocHOBHOM, 310 Kommekchl Thna [Pd"X;Xo(Ar-bian)] (Xi = Cl, CHs, OH u
Ip.), 17151 KOTOPBIX I€TAJIbHO U3YYaJIUCh KaTAIMTHUECKUE CBOMCTBA. MOHO- M reTeposIeNTHYECKUE
kommiekcsl Pd(Il), conepskalime HECKOJIBKO THUIIOB PEIOKC-aKTMBHBIX JIMTAHJOB, HE ObUIM
onucanbl. s Pt(Il) u3BecTHO TOIBKO HECKOIBKO IPUMEPOB AMMUMHUH-TUTHOIATHBIX KOMILIEKCOB.
HccnenoBanusi OMOJIOTHYECKONW aKTUBHOCTH KomiiekcoB Pd m Pt ¢ mMmmHoaneHagTeHamu He
HIPOBOJWINCH, XOTS, UCXOJS M3 CTPYKTYPHBIX OCOOCHHOCTEH M PEJOKC-aKTUBHOCTH, TaKHe
KOMILJIEKCHI MOTTIM OBl 00J1afiaTh MEPCIEKTUBHON MPOTHUBOOITYX0JIEBOM aKTUBHOCTHIO. B 11emom,
COUYeTaHHE PEJOKC-aKTUBHOTO alleHaQTeHMMMHA M HOHAa MeTaula IJaTMHOBOM TpyNIbl Kak
MO3JHETO MEePEeXOJHOr0 METajula MOXKET MPUBECTU K HEaJJUTHUBHBIM 3JEKTPOHHBIM CBOHCTBAM
oOpasyrolierocss KOMIIJIEKCHOTO COEIMHEHMsI W3-3a 3HepreTuyeckoi Onmsoctu d-opOutaneit
MeTaJula U TPaHUYHBIX OpOUTaNel pelOKC-aKTUBHOTO JIUTraHaa. B 3Tom ciyyae MOXKHO OKUAATh
HEOIpEECNEHHOCTh B OTHECEHHWU CTENEeHEW OKHUCIEHHS Kak MeTajlla, TaKk W JIMragaa, a
aneHa)TEHUMHHBI MOYKHO pacCMaTpUBaTh KaK HEMHHOIIEHTHBIE JIUTaHIbI.

Llenbt pfaHHOW [ WNCCep sadcd OnHTEs 01 iMizyupHae CCpoeHsts,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX M JAPYTUX CBOWCTB KOMIUIEKCHBIX COEIMHEHUN pOAMS,
UPUANS, TAIAAUS ¥ TUIaTUHEI ¢ 1,2-6uc[(2,6-auu3onponuideHnT)uMUIHO |arieHadh TEHOM.

JI7ist MOCTHKEHUS ATOM 1IeNT OBLIM TIOCTABJICHBIC ST € Ay Wne 3 ajgadu:
1 pa3paboTka 1 ONTUMHU3AIUSA METOIOB CUHTE3a HOBBIX KOMILJIEKCOB POJIHS, HPHUIUS, MajIaans

U Tatussl ¢ 1,2-0uc[(2,6-auu3onponuieHna)MMUHO |alieHad TeHOM;
1 ycraHOBIEHHME MOJIEKYJISAPHOTO M KPUCTAJUIMYECKOTO CTPOEHHS MOJYYEHHBIX COETUHEHUM

METOJIOM PEHTT€HOCTPYKTYpPHOT'O aHAJIN3a;
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1 wu3yueHHe pelOKC-CBOMCTB IMOJIyYEHHBIX KOMIUIEKCOB B PacTBOPE METOJOM IUKINYECKON
BOJIbTAMIIEPOMETPHH;

1 wu3ydyeHME MArHUTHBIX CBOMCTB KOMIUIEKCOB poausi U wupuaus ¢ nomoinbio IIP-
CHEKTPOCKOIUU U MarHETOMETPHH;
M3YYCHHE MMPOTUBOOITYX0JICBON aKTUBHOCTH KOMILUIEKCOB NAJIANS U TUTATHUHBI;
MIPOBEJICHUE KBAaHTOBO-XMMUYECKUX PACUETOB JJII YCTAHOBJICHHUS DJIEKTPOHHOU CTPYKTYpbI
KJIFOUEBBbIX COCTUHEHUI U UHTEPIpPETAIlH SKCIIEPUMEHTAIBHBIX JaHHbIX.

HayyHada HOBMUW3HaA

JlaHHOE HCCeI0BaHNE HAMMPABICHO HA PA3BUTHE CHHTETUYCCKUX TTOIXOIOB U Pa3pabOTKy
HOBOTO CEMEHMCTBA PEJOKC-aKTUBHBIX KOMIUIEKCOB IUIaTUHOBBIX MeTauioB (Rh, Ir, Pd, Pt) ¢ 1,2-
ouc[(2,6-muu3onponuindenmn)umMuHo |arieHadpTerom (dpp-bian). B nmuccepranmonHoit padore
pa3zpaboTaHbl METOJbI CHHTE3a 14 HOBBIX COCAMHCHHI TAKOTO THUIA, JUISI KOTOPBIX MOAPOOHO
W3YYCHBI OKUCIIUTEIPHO-BOCCTAHOBUTEIILHEIC M IPYTHE CBOWCTBA (MAarHUTHBIC, KATATUTHYCCKHE,
[IUTOTOKCUYECKHE).

BaxxubiM HUTOrOM paboOTHI CTajg0 OTKPBHITUE HOBOTO CEMEHCTBA KOMILIEKCOB POAUS U
upuaus ¢ 1,2-6uc[(2,6-nuu3onponuadheHu ) MMUHO |alieHahTEHOM ¢ 00TaThIMH OKHCIUTEIBHO-
BOCCTAHOBUTEJIBHBIMU CBOWCTBaMU. Cpely HHUX YHUKAIBHBIM HUTPO30KOMIUICKC HPUIHS,
[Ir(cod)(dpp-bian)(NO)](BF4)2, conepxammii cpasy Tpu pparMeHTa NmepeMeHHOW BaJICHTHOCTH
(Ir, NO, dpp-bian), 1511 KOTOpOro JA0Ka3aHa MapamMarHuTHas IPUPOJIA. ITO SBISETCS CIEACTBHEM
HEUHHOLIGHTHBIX CBOMCTB, MPHUCYUIMX HHUTPO3WIBHOMY UM JTUUMHHOBOMY Jjurangam. Ha
OCHOBAaHMW  O3TOTO  CJCIIAHO  TPEIINOJIOKCHHE O  TEPMUYECKH  WHIYIHPOBAHHOM
BHYTPUMOJICKYJIIPHOM TIEPEHOCE JIEKTPOHA (BaJICHTHOW TayTOMEPHH) U CYIIECTBOBAHUU JIBYX
DIIEKTPOHHBIX HW30MEPOB (IMAaMAarHUTHOrO M mapamarHuTHoro). O moOJ00HOM MOBEACHUU
KOMIUIEKCOB HpHUINS B JHTEpaType HMeeTcs IUIllb OJHO ynomuHaHue. [lommmo »sTorO,
YCTaHOBJICHO, YTO HUTPO30KOMIUIEKC HEYCTONYHB K MOTEPE HUTPO3OTPYIIIHI M MIPEBPAIIACTCS B
napamarHuTHbeIM  [Ir(cod)(dpp-bian)|(BFs): u  amamarnutssii  [Ir(cod)(dpp-bian)](BF4)
KoMIuiekchl. OOpa3oBaHHE PEIKOro MapaMarHUTHOTO KOMILIEKCA JIBYXBaJIEHTHOTO WPUIUS
noka3aHo ¢ nomoisio cnekrpockonuu JI1P. [Tokazano, uto kommueke Rh(III) cocrasa [Rh(dpp-
bian)(H20)Cl3)], mposBiseT KaTaJIUTUYECKYI0 aKTHMBHOCTh B pEAKLUUU 3JIEKTPOXUMHYECKOIO
BocctaHoBieHus: CO».

B pesynpTaTe OKMCIMTENBHOTO MPUCOSAMHEHHUS NBYX MOIEKYJIT JUMETHIOBOTO 3dupa
aneTuieHInKapOoHoBo# kucnoThl K [Pdx(dba)s] (dba = qubeH3muaeHaeToH) ¢ mocueayomuM
nobasneHnem dpp-bian noxyyen komiuiekc [Pd(dpp-bian)(C4(COOMe)4)] penkoro cTpyKTypHOTO

THUIIA, COJACPIKAIINI B CBOEM COCTABE MAJUIAOIMKIIONCHTAIMCHIIIBHBIN (DparMeHT.
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Pa3paboranbl MeTONIbI CHHTE3a HOBBIX PEIOKC-aKTUBHBIX T'€TE€POJENTHUYECKUX TUUMHUH-
XJIOPUIIHBIX M JTUUMUH-IATHO(TUCEIICHO)IATHBIX KOMIUJICKCOB TMMAaulagusi W IUIATHHBI BHJA
[M(dpp-bian)Clz], [M(dpp-bian)(dmit)] u [M(dpp-bian)(dsit)]. YcTaHOBIEHO, 9YTO 3T KOMITJICKCHI
o0nanarot 0oJiee BHICOKOW MPOTHBOPAKOBOM aKTHBHOCTHIO B OTHOIIEHHUU arpeCCUBHBIX KIIETOK
paka MOJIOYHOH KeJIe3bl, YeM KIMHUYECKU UCTIOIb3yEeMbIH MpenapaT UUCIIaTuH (10 19-kpaTHOTO
yiyumieHus). [ucrnnaTiH, Kak HM3BECTHO, BBI3BIBACT THOENb PAKOBBIX KIETOK B pPE3yibTaTe
KoBajieHTHOTO cBsi3biBaHus ¢ JJHK. OqHako Takoii MexaHu3M ObICTPO BBI3BIBAET PE3UCTEHTHOCTD
pakoBbIX KJIeTOK. KoopauHarus peaokc-akTHBHOTO M 00beMHOro AuruMuHa dpp-bian k nony Pt(ID)
wiu Pd(II) mpuBena k coBepiieHHO HHOMY MEXaHU3MY JE€HCTBUS KOMIUIEKCOB Ha PAKOBbBIE KIIETKH,
a uMeHHo K naTepkasinuu JIHK B coueranuu ¢ renepamnueid ak THBHBIX JOPM KUCIOPOA.

MpaKTUUYILCKAGIP E TMHEBLKMAC T b pPabdoT bl

B nanHoM uccrienoBaHuM moiayyeHa pyHIaMeHTalbHas HHGOpMaIlKs O METO/IaX CHHTE3a,
KPUCTAJIMYECKOH M MOJICKYJISIPHOH CTPYKTYpe, JJIEKTPOHHOM CTPOCHHUH, OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX, MArHUTHBIX, ITUTOTOKCHYCCKMX M KATATUTHYECKUX CBOMCTBaX HOBBIX
KOMIUIEKCHBIX ~COEIMHEHUN poaus, WpUAMs, DNaiaaus W 1miaTuHsl ¢ 1,2-0uc[(2,6-
nuusornponwigeHun)uMuHo |arieHadgreroM (dpp-bian). PazpaboTaHHble CHHTETHUECKHUE ITOXO/TbI
K HOBBIM CeMeHCTBaM peloKC-akTUBHbIX KomruiekcoB Rh, Ir, Pd u Pt moryr ObiTh
pacnpocTpaHeHbl KakK Ha PACIIUPEHHUE 3TUX CEMEHCTB, TaK W HA TOJyYEeHUE HOBOTO THIIA
KOMIUTEKCOB. CBeieHUsT 00 OKHCIMTEIhHO-BOCCTAHOBHTEIBHBIX M KATAIMTHYCCKUX CBOMCTBAX
CUHTE3MPOBAHHBIX KOMIUIEKCOB MPEICTABISIIOT HMHTEpeC i JalbHEHIIMX HCCIEAOBaHUN B
o0nactu pa3pabOTKU HOBBIX BHICOKOI(DPEKTUBHBIX KATATUTHUYECKUX CUCTEM JJIsi OPraHUYECKOTrO
cunte3a. OOHapyXeHHBIC I HUTPO30KOMIUIEKCA UPHIUS HETHITMYHBIC MAarHWUTHBIE CBOWCTBA
SIBIITFOTCST BAXKHBIM HAYYHBIM JOCTHKCHHEM Kak IS (pyHIaMEHTALHOW HAyKH, TaK U C TOYKH
3peHus MOTEHIIHAIBHOTO MPAKTUYECKOTO puMeHeHus. [lomydenHbie (yHIaMeHTalbHbIE TaHHbIC
0 IUTOTOKCUYECKOW aKTHBHOCTH KOMIUIEKCOB Majnagus U IuiatuHbel ¢ dpp-bian, a Takxke o
MEXaHHM3MaX WX JICWCTBUS HA PAKOBBIC KJIIETKH, MOXXHO HWCIIOJL30BaTh MPH pa3pabOTKe HOBBIX
MPOTUBOOITYXOJICBBIX  TIpenaparoB.  CTPyKTypHBIE  JaHHBIC  ONHCAHHBIX  COCAMHCHHU
nenonupoBanbl B KemOpumkckuii 6ank cTpykTypHbIX JaHHBIX (CCDC) 1 AOCTYHBI 11 MUPOBOM
HAYYHOU OOIIIECTBEHHOCTH.

MeToaoONoEmMEBIAM MUCCEePTALUWOHHOINIO MCCNegoOBa

MeTo0510THS  MCCIICIOBAaHUsT BKJIIOYAaeT B CeOs TMOJMY4YCHHWE W BBIJICIICHHE HOBBIX
KOMIILJIEKCOB ponus, UpUaus, naaiagus u ILIATUHEI c 1,2-6mc[(2,6-
TUU30TPONIII(pEHNUT)MMUHO |aieHahTeHOM,  BBIpAlllMBAaHWE WX  MOHOKPHUCTAJNIOB  JUIA
PEHTTEHOCTPYKTYPHOTO aHAIN3a, MPUTOTOBJICHHE OOpAa3IoB JUISl aHATUTHYCCKHX MPOIEAYp, a

TAaK)XXEC HU3IYUCHHUC HX OKHCIHUTCIbHO-BOCCTAHOBUTCIBHBIX CBOI>'ICTB, HpOTHBOOny.]'IGBOfI
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AKTUBHOCTH, MAarHUTHBIX M JAPYTUX (U3UKO-XUMUYECKUX CBOMCTB. /[l 1ocToBepHOMU
XapaKTepu3aluy MOJTyYeHHBIX COSIMHEHHUI MCIOIb30BaH HA00p (PM3MKO-XUMUYECKUX METOJIOB
aHaym3a: peHTreHocTpyKTypHbid anamu3 (P C A pentrenodazossriii ananus (P ® A, nukimyeckas
BosibTamiiepomerpust (L, B A sneMeHTHBIM aHanu3, CIEKTPOCKONHUS SACPHOTO MAarHUTHOIO
pezonanca (A MP), undpakpacHas cnekrpockonus (M K), ayekTpoHHas CIEKTPOCKOIHS
norsomenust (D C [  macc-crieKTpoMeTpHusi BBICOKOTO pa3pelIeHusi C pPaclbUICHHEM B
anektpuyeckoM mone (M C). MarHutHble CBOWCTBA IOJyYEHHBIX COCAMHEHUH H3ydYalnuch
METOJIOM CTaTUYECKOH MAarHUTHOM BOCHPUUMYHMBOCTHY M C TIOMOMIbIO CIEKTPOCKOIUU
3JIEKTPOHHOTO MapamMarHuTHoro pesonanca (3 I P HccnenoBanue MHTEpKaISIUU KOMIUIEKCOB
nawragud u 1atudael B JIHK  ocymecTBiusnuch ¢ NOMOLIBIO PETMCTPALMUA  CIIEKTPOB
¢ayopecuenmuu. McecnenoBanusi Mo NpOTHBOOIYXJIEBOH aKTUBHOCTH KOMIUIEKCOB HayUTaius U
IUTATUHBI TIPOBOAMINCE cOBMecTHO ¢ ['onkonrckum yHuBepcuteroM (I'onkonr, Kurait). Jlns
YCTAHOBJICHHSI JJIEKTPOHHON CTPYKTYpbl M HWHTEPIIPETAllMd CIEKTPOCKOIMYECKUX JaHHBIX
IPOBOJWIINCH KBAaHTOBO-XMMHUYECKHE pAcCUeThl METOJOM TeOpHH (YHKIHMOHAJA IUIOTHOCTH
(DFT).
[MTonoxXeHNS4Aa, B bBHaO LG M TMYbI € H a
1 ™Meronabl monmydyeHUs KOMIUIEKCOB pOJAWSA, WUPHAWA, Naiaius W miaTuHsl ¢ 1,2-6uc((2,6-
JTUU30NPONIIIPEHIIT)UMUHO |arieHa(h TeHOM;
1 IaHHBIE O KPUCTAIIMYECKUX U MOJIEKYJISIPHBIX CTPYKTYpax MOJTYYEHHBIX COSTUHEHUN;
pe3yNbTaThl UCCIEI0OBAHUS JIEKTPOHHOTO CTPOCHHSI MOTYYCHHBIX COSTUHEHU;
JaHHBbIE 00 OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX, MATHUTHBIX U KAaTAIUTUYECKHX CBOWCTBAX
MOJTyYSHHBIX COSAMHEHUI;
1 pe3ynbTarhl HCCIENIOBAaHUS MPOTHBOOMYXJIEBOW AKTUBHOCTH TUXJIOPUAHBIX U JUHUMHH-
JTUTHO(CENIEHO)IaTHBIX KOMITJIEKCOB MallIaius U TUIaTHHBI.
NInyHubllA BKNapg aBTOpa
[Ipy HEmoOCpenCTBEHHOM Yy4YaCTHHM aBTOpa OBUIM TIOCTaBIEHBI M[EIH M 3a7adu
UCCIIEIOBaHMsI. ABTOPOM BBITIOJIHEH aHAJN3 JTUTEPATyPHBIX JaHHBIX MO TeMe JuccepTanuu. Bes
CHHTETHYECKass YacTh palOThl, BKJIOYas pa3pabOTKy METOJO0B CHHTE3a, IOJyuYeHHE
MOHOKPUCTAJIJIOB  JUIsI  PEHTT€HOCTPYKTYPHOIO  aHallM3a, IMOJIrOTOBKa 00pa3loB s
AQHAIUTUYECKUX TPOIenyp, ObUIM BBIMONHEHBI aBTOpPOM. McciemoBaHus, CBsSI3aHHBIE C
peructpanmell IUKIMYECKHX BOJIBTAMIIEPOTpaMM, a TakKXe dYacTh paboT 1Mo H3yYSHHIO
IPOTHBOOITYXOJIEBOW ~ aKTUBHOCTH  TPOBOAMINCH JIMYHO aBTOPOM. ABTOp TNpPHHUMAI
HEMOCPEJICTBEHHOE yUacTUE B aHATN3€ U UHTEPIPETAINH JaHHBIX, MOJTYYSHHBIX BCEMH (PU3UKO-

XUMHUYCCKUMHU MCETOJaMH, HCIIOJIb30BaAaHHBIMU B pa60Te. O606H.I€HI/IG OKCIICPUMCHTAJIbHBIX
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JaHHBIX, TOJITOTOBKA MAaTepHAJIOB K MyOJIMKallMU, TPOBOAMIACH COBMECTHO C PYKOBOAMUTEIEM U
COABTOPAMH.

Anpobauyuna paborT bl

[lonydyeHHble B XO0/A€ AMCCEPTALIMOHHOM pabOTHI pe3yNbTaThl MPENCTaBISUIMCh Ha
MEXIYHApOAHBIX M POCCHUHCKUX  KOH(MEpeHLMsX:  MEXIyHapoaHas  KOH(epeHIus
«InorgChem2018» (Acrpaxans, 2018 r), monoaexnas konpepenmus Jlomonocos 2019 (Mockaa,
2019 r), XI MexnaynapoaHas KoH(pepeHIus IUIsi MOJOABIX YUeHbIX 0 xumun Menaenees 2019
(Cankt-IletepOypr, 2019), V MononexHas mkosia-KoHpepeHIus « DU3HKO-XUMUUYECKHE METO/IbI
B XUMHU KOOpAMHAIMOHHBIX coenuHeHnit» (Tyamce, 2021), XXVIII MexayHapoaHas
Uyraesckas koHpepeHus no koopaunanuonnoi xumuu (Tyarce, 2021), XXIII MexayHapogHas
UYepHsieBckasi KOH(EpEHIUs MO XUMHH, AHAJUTUKE W TEXHOJOTHHM IUIATHHOBBIX METAJJIOB
(HoBocubupck, 2022).

Myoé6numkauyuunm

PesynbpTarel paboThl OMyOJMKOBaHBI B 5 CTaThsiX, U3 HUX 2 — B PELEH3UPYEMBIX
POCCHICKHUX U 3 — B MEKIYHAPOIHBIX PEHEH3UPYEMBIX )KYypHAIax, a TAKKe ObLUTH MPEACTaBICHBI
B BUJI€ YCTHBIX U CTEHIOBBIX JIOKJIAI0B Ha 6 MEXKIYHAPOAHBIX U POCCUNCKHX KOH(pepeHIusax. Bee
U3JIaHUS MHACKCUPYIOTCS HH(POpMAIMOHHO-Onbnuorpapuieckumu 0azamu AaHHbIX Web of
Science, Scopus u Bxozat B Ilepedens nznanmii, pekomenaoBaHHbIXx BAK P® mns myGnukanum
Pe3yNbTaTOB AUCCEPTALIMOHHBIX HCCIIET0BAHUM.

CTeneHb AOCTOBEPHOCTW pe3ynbTaToB uUCCAen]n

JlocTOBEpHOCTH IIPEICTaBICHHBIX pe3yJIbTaToOB OIIpEAEIAETCS BBICOKUM
AKCIEPUMEHTAJIbHBIM M TEOPETHUYECKUM YPOBHEM, Ha KOTOPOM BBINOJHEHAa paboTa, a Takxke
COIJIACOBAHHOCTHIO 3KCIIEPUMEHTAJIBHBIX JAHHBIX, MOJYYEHHBIX pa3JIUYHbBIMH METOJAMHU.
OcHOBHBIE pe3yNbTaThl pabOThl ObUIM ONMYyOJWKOBAaHBI B PEIEH3UPYEMBIX KypHaldax u
OpPEJCTaBICHbl Ha POCCUHCKUX M MEXAyHApOIHBIX KOH(EepeHLusX, 4YTO TOBOPUT 0O
MH(OPMATUBHOCTH W 3HAUYMMOCTH IOJIYYEHHBIX pe3yJbTaTOB M HX MPU3HAHUU MHUPOBBIM
HAy4YHBIM COOOIIECTBOM.

CooTBerTCcCNTEBUWEA N1 A H dtetop r a H MM KA A

HuccepranuionHas pabota cooTBeTCTBYeT M. 1. « DyH/IaMeHTaIbHBIE OCHOBHI MOTYYECHUS
00BEKTOB MCCIICIOBAHUS HEOPTAHUUECKOW XUMUU U MaTEPHAIIOB HA UX OCHOBEY, 1. 2. «/{u3aitH u
CHUHTE3 HOBBIX HEOPraHMYECKHUX COEIMHEHMH M 0Cc000 YMCTHIX BEUIECTB C 3aJaHHBIMU
cBOMCTBaMW», 1.5 «B3auMOCBsA3b MEXYy COCTABOM, CTPOEHHEM M CBOMCTBAMHU HEOPraHMYECKHUX
coenquHeHnil. Heopranndeckue HaHOCTPYKTYpHpOBaHHBIE MaTepuaibl», I. 6. «Omnpenenenue
HAJMOJIEKYJIIPHOTO CTPOEHHS] CHHTETHYECKUX W MPUPOJIHBIX HEOPraHMYECKHX COEAUHEHHI,

BKJIIOYasds KOOPJAWHAIIMOHHBIC» U II. 7 ((HpOIICCCLI KOMHJ’I@KCOO6p330BaHI/I$I U pCaKIMOHHAasA
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CIIOCOOHOCTh KOOPAMHALIMOHHBIX COEAMHEHUU, PEaKIUH KOOPAWHUPOBAHHBIX JIHMTaHIOB)
nacnopta crneuuaibHocty 1.4.1. Heopranundeckas Xumusl.

O6bbenmMmCcTpyKTypa paborT bl

Pabota npencrasiiena Ha 119 crpanunax, cogepkut 47 pucyHkoB, 48 cxem, 12 tabnuil u
COCTOMT U3 BBEACHHUA, JUTEPATYpHOro 0030pa, SKCIEPUMEHTAILHOM YacTH, OOCYXICHUS
pE3yJIbTaTOB, 3aKJIIOYEHMs, OCHOBHBIX pE€3yJbTaTOB U BBIBOJOB, cmHcka jureparypsl (191
CCBLIKA).

HuccepranmonHass  pabora  mpoBoauiack 1o miany HUP  ®denpepanpHOTro
roCyAapCTBEHHOTO OI0KETHOTO YUpexkAeHU HayKu IHCTUTYT HeopraHudecko Xxumuu um. A.B.
HukonaeBa Cubupckoro otnenenus Poccuiickoit akagemun Hayk (MHX CO PAH). Kpome Toro,
pabora nopnepxuBanacb PODU (rpant Ne 19-43-543022) u PH® (rpant Ne 21-13-00092).
PesynbTarhl uccnenoBanus ObUIH OTMEUeHBI pemueil umM. A.B. Hukonaesa 3a Gomnbline ycrnexu

B HAy4YHOI paboTe.
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1. NUWTEPATYPHbLIN OB3 0P

B nmanHOM nmTepaTrypHOM 0030pe CHCTEMaTH3WPOBAaHBI M3BECTHBIC HA CETOTHSIIHUMN
MOMEHT CBEJIEHHUS O COCIMHEHMSX Oyiaropoanbix metamuioB 9 m 10 rpynn c aunenagren-1,2-
JUMMHUHAMH.

1.1 O6wunme cBepgeHuAaA-1amodnameH@GENRERM aHgaX

Hauunas ¢ cepeuHbl NPOLIOro CTOJIETHS] BHUMaHME MCCeNoBaTeleld MPUBJIEKIN TaK
Ha3blBaéMble HEHWHHOLIEHTHbIE (non-innocent) JmuraHabl. OTO T€ JMUIaHAbBl B COCTaBe
METAJIJIOKOMILJIEKCA, KOTOPbIE HE I03BOJISIIOT OJHO3HAYHO YCTAaHOBUTH CTENEHb OKHMCIEHUS
LEHTpaJbHOr0 aTroMa MeTauia. Kak mNpaBuio, KOMIUIEKCHI, COJAEp)Kalue HEMHHOLEHTHBIC
JUraHapl, oO0JIAAAI0T OKHCIUTEIbHO-BOCCTAHOBUTEIBHOM AaKTUBHOCTBIO IIPU  YMEPEHHBIX
noreHnuanax. Takue JUraHabl MOTYT HAaXOJUTHCA B PasHbIX OKUCIUTENBHBIX COCTOsSHUAX. K
HEUHHOIICHTHBIM JIMTAHJAaM OTHOCSTCS O-JIHMMMHHBI, B TOM uuncie 2,2°-Ounupuaunsl u 1,10-
(eHaHTPONHMHBI, KOTOpPBIE O00ECIEUYNBAIOT MHOT000pa3ne XWMHYECKHUX CBOWMCTB KOMILJIEKCOB
METAJIJIOB Ha UX OCHOBE Oyarojapsi CBOEH SpKO BBIPAXKEHHOM peloKc-akTUBHOCTH. K 3Ttomy
KJIacCy COEIMHEHHH OTHOCATCS W aneHadreH-1,2-nuumunsl (bian). OHu u3BectHb ¢ 1960-x
roJIOB, OJHAKO MX IEpBble METAIIOKOMIUIEKCHl ObUIM MOJTy4eHbl b B Hadaie 1990-x ronos.
Bonbmioii Ha JaHHBIE MOMEHT MAacCHB JIAaHHBIX IO KOMIUIEKCAM METalIoB C aneHadTeH-1,2-
JUMMHHAMH OCHOBAaH Ha OTHOCHTEIHHO HEOOJBIIOM YHciie bian ¢ pa3iMyHBIMH apUIBHBIMH
3aMEeCTUTeNIIMU IpU aToMax aszoTa [l-5]. MHOXecTBO HCClIeOBaHMM OBLIO IOCBSIIEHO
KoMmIuiekcam ¢ 1,2-6uc[(2,6-quuzonponmindenun)umuHo |arieHagTenoM (dpp-bian) [2, 4, 5].

AuenagreH-1,2-TMUMUHBI OTHOCSTCS K KJIACCY apOMaTHYECKUX aKIENTOPHBIX TUUMUHOB,
oOnanaromux  HEOOBIYaHO OoratbIMM  KOOPAMHALIMOHHBIMU U OKHCIIUTENBHO-
BOCCTAHOBUTENIbHBIMU ~ cBoMcTBamMu [2, 6-8]. OHM conepkaT LeHTpanpHeld  1,4-
na3a0yTaJueHOBbIH (parMeHT, JOMOJHEHHbIM HaTaJIMHOBBIM OCTOBOM. OTa KOMOWHAIHS
IPUBOJIUT K COYETAHUIO CHIIBHBIX G-TOHOPHBIX U T-aKIENTOPHBIX CBOMCTB, YTO OOECIEUnBAET
CTaOMIIN3allMI0 HOHOB METAJIJIOB KaK B BBICOKMX, TaK M B HU3KUX CTeNeHsAX okucieHus. Kpome
TOTO, apoMaTU4YecKUi Ha(TaJIMHOBBIN (parMeHT CTaOWIM3HUPYET aHTHU-aHTUKOH(POPMALUIO O-
JUMMHUHOBOTO  (hparMeHTa, TeM caMbIM CHOCOOCTBYS CHUJIBHOMY XENaTHPOBAHUIO C
METATIMYECKUM LEHTpoM. AneHadTeH-1,2-TuuMuHBl 00pa3yroT KOMIUIEKChl MPAaKTHYECKU CO
BCEMH DJIEMEHTaMU TIaBHBIX Tpyt [9—12] u nepexoaasivMu Metamuiami [ 13—19]. J{ns HekoTophIx
KOMIIJIEKCOB Ha OCHOBE bian 0OHapy»XeHa peoKC U30MepUs WU BaJieHTHas Taytomepus [20, 21].
HeynuButenbHO, YTO KOMIUIEKCHI METAUIOB € bian KaTaJu3upyloT OOJBIIOE KOJIUYECTBO

OpraHnYecKux npeBpamieHuid. Cpean HUX peakIuu MoJuMEpU3alne 0JIE(UHOB, a TAK)KE PEAKITUN
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BOCCTAHOBJIEHUS: THUApUpOBaHUE [22—25], BOCCTAHOBJIEHHWE HUTPOAPEHOB [26-28] wu
ruipoaMuHupoBanue [29-31].

K ornmunTensHpIM uepTaM bian MOKHO OTHECTH CJIEIyIOIee:

. CnocoOHOCTh 00paTUMO MPUHUMATH JO YETHIpEX OJIEKTPOHOB, 0OOpaszys
cTaOUIbHBIE AaHUOHBI ¥ AaHUOH-PAUKAIIbI;

. Kondopmannonnass KeCTKOCTb JUMMHUHOBOTO (parMeHTa B  CIEACTBUE
3aTpyIHEHHOr0 BpauieHus 1o cssizu C-N;

. ApuIIbHBIE TPYMIIBl PACTIONOKEHBI MEPIEHAUKYIISIPHO MIOCKOCTH aneHapTEeHOBOM
CUCTEMBL.

Hwke mnpuBenena oOmas cxemMa  IOCIEIOBAaTENLHOTO  YETBIPEXAIEKTPOHHOTO

BOCCTaHOBJICHHUs arleHadTeH-1,2-TuuMIHOB (cxema 1).

Ar—N N—Ar Ar—N N—Ar A—N-  ON—aAr
N\ // N/, .
s QENps Qi

o O e A N
N
- || +e
A—nN°  °N—aAr A—N  ON—Ar
+e”

Cxema

OTH mponecchl 0bUTM NOAPOOHO M3yueHbl B oaHOM u3 pabor M.JI. demromkuHa U ero
koiuter [32]. ABTOpbl cOOOLIAIOT O MOCJIENI0BAaTEIIbHOM BOCCTAaHOBIEHHWU dpp-bian HaTpuem.
HNHTepecHo 3aMeTUTh, YTO MPOAYKT OIHOIEKTPOHHOIO BoccTaHOBIeHUs dpp-bian HaTpuem
UMEET KpAacHYI0 OKpacKy, MpPOAYKT JBYXIEKTPOHHOTO BOCCTaHOBIIEHUS — 3€JICHYIO,
TPEXIIEKTPOHHOTO — KOPUYHEBYIO, YETHIPEXIEKTPOHHOTO — KUPITUYHO-KPACHYIO.

12 KomMnnekcb 6naropoagHbXx MeTaAR@BVUINVMHRBWMOL
121 KomMmnnekcb popgunsdzguniageHarpnm e H

K mMomeHTy Hawana naHHOW paOOThl OBLIO JHINbL OJHO YIOMUHAHHE O MOJYYEHUU U
CTPYKTYpHOH XapaKTepu3alluud KOMIUIeKca pojusi ¢ arneHadreH-1,2-nuumMuHoM. Peub uuper o
komruiekce Rh(I) cocraBa [Rh(CO)(dpp-bian)Cl] [33]. Kommiekc Obul monyueH B pe3yibTare
Baumogeiicteust  [{Rh(CO)2}2(u-Cl)2] ¢ dpp-bian B  muxmopmerane (cxema  2).

Koopaunanuonnsii yzen RhCCIN2 umeet kBagpaTHOe CTpOEHUE, XapaKTepHOE 1Jisi HOHOB 4d- u
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5d-metanna ¢ anekTponHO# KoH(uryparmeii d®. Jlunmun dpp-bian koopauHHpYyeTCS K POAHIO B

HEUTPAIBHOM COCTOSIHUHU.

clipp
. N
OC R/ \ / dpp-bian . OC\Rh/ A O
\ / \ CH,Cl, cl’ \N/ Q
|
dpp

Cxefda

IToxpo6HO Hccien0BaNNCh €ro OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA C TOMOILBIO
muknyeckord  Boipramnepomerpun (LIBA). B IIBA pmanHoro xommiekca HaOIOAa0TCA
AIIEKTPOXUMHUYECKHE TPOLIECCH B KaTOJHOW 00JACTH, KOTOPBIE OTHOCSATCA K BOCCTAHOBJICHHUIO
dpp-bian. B pactBope TI'® Obuin OOHapyKEeHbI MNPOAYKTHI OJHO- U ABYXAJIEKTPOHHOTO
BOCCTAaHOBIEHHUs: aHMoH-pagukan [Rh(CO)(dpp-bian)Cl]™ u muanuon [Rh(CO)(dpp-bian)CI]*,
4T0 OBLIO MOATBEPsKIeHO MeTofaamu DIIP-, UK- u Y®-cnekrpockormuu (E'ip =-1.25 B, E?p = -
2.31 B (orn. Fc'/Fc)). Hanportus, B CHIBHOKOOpAMHMpYIOIIEM pacTtBoputene PrCN mpu
OJITHOZJICKTPOHHOM ~ BOCCTaHOBJIEHHMU XJOPMJHBIA JIMTaH7  3aMellaeTcs Ha  MOJEKYJy
pactBoputens ¢ obOpazoBanueMm paaukana [Rh(CO)(dpp-bian)(PrCN)]". Dto HeoOpaTuMblii
npouecc npu Ec = -1.25 B (orn. Fc'/Fc). Iocnenyromee Boccranosienue [Rh(CO)(dpp-
bian)(PrCN)]" npu Ei» =-1.83 B (otn. Fc¢'/F¢) sBisercs 06paTuMbIM.

1.22 Ko mMn N eperbacn fa L, e H-BAHImmenHtM n H a M 1

[Tpumepon CTPYKTYPHO OXapaKTepU30BaHHBIX KOMIIJIEKCOB UPUTAS C
TUAMHAHOANIEHAPTEeHaMH HM3BECTHO OYEHb Majio. Bce OHM OTHOCATCS K COENMHEHHSIM
TPEXBANEHTHOTO HUPUAMsA. DTO LMKIONEHTaJUEHWIbHbIE KoMILIekchl Tuma [1n°-(Cp*)Ir(Ar-
bian)CI1]" [34-36], a TakKe NUKIOMETAUIMPOBAHHBIE KOMIUIEKCHI ¢ 2-(heHMImupuIaHoM (ppy),
[(ppy)2Ir(Ar-bian)]" [37, 38].

IepBbIM KoMILIekcoM upuaus ¢ bian sensercs [n°-(Cp*)Ir(tmp-bian)C1](BF4) (tmp-bian =
1,2-6uc[(2,4,6-tpumetnndenun)umuno JaieHadgren). On mnomyden B 2007 roxmy rpymmoin
aBcTpaniniickux ydeHblx [34]. Kommiekc oOpasyercst nmpu oOpabOTKe TOJIYOJIbHOH CyCHEeH3UU
[[r(Cp*)Cl2]2 nByms skBHBasieHTaMH tmp-bian u AByMs 3kBuBajeHTamMu NaBF4 B MeTanose npu
KOMHATHOW TeMIleparype coriaacHo cxeme 3. JlaHHas MeToauKa SIBISAETCS YHUBEPCAIBHOW IS
CHHTE3a LUKJIIONEHTAIUCHUIIbHBIX KOMIUIEKCOB HUpUIMs ¢ N,N-TOHOPHBIMH OHJAECHTAaTHBIMU

JIUraHaamMu.
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,?\r
. Cl N
* tmp-bian

clw Cl— P P o |/
Cp* cl Cl  NaBF, MeOH Cp \N/

|

Ar

CxemRa

Kommiiekc Haxomutcs B KoHpopMmanuu ¢opTenuaHHod Ta0ypeTku (piano-stool),
XapaKTePHOU IS TTOTYCOHIBUUEBBIX COeqMHEHHI. CTOUT OTMETHUTH, 4yTO O0e3 no0asienus NaBF4
KOOpAWHAIMK tmp-bian K METAIJIONEHTPY HE MPOUCXOAMT. ITO, TO-BUIMMOMY, CBS3aHO C
HEJO0CTAaTOYHOU JOHOPHOM CLIOCOOHOCTHIO aTOMOB a30Ta JIMTaH/a, YTOObI pa30pBaTh MOCTHKOBBIE
ces3u Ir-Cl B [IrCp*Clz]o. Henb3s uckimtouaTh U cTepuyeckuil (HakTop, KOTOPBI MOKET
MPEMSITCTBOBATh KOOPJAMHAIIMM OOBEMHOTO tmp-bian W3-3a MPUCYCTBHSA JPYTHX OOBEMHBIX
murannoB (Cl, Cp*). CBoiicTBa 3TOr0 KOMILIEKCA HE U3yYaIIUCh.

B gpyroii paGore coobmiaeTcs O CHHTE3e CXOXKHX KoMmiuiekcoB [n°-(Cp*)M(Ph-
bian)CI](BF4) (M =Rh, Ir), koTOpBIe 00pa3zyroTCs 10 TOM K€ CXeMe, YTO U MPEAbLAYIIHI KOMILIEKC
[35]. [Ans HUX HCCIAEAOBAINUCH KATAIUTUYECKUE CBOMCTBA B PEAKIUHA BOCCTAHOBIICHUS
TepedTaneBoro anpaeruaa. Peakuio npoBoauau B Bojie Ha Bo3ayxe npu 40 °C B npucyrctsuu 1
MOJIbHOTO % KatanuzaTopa (cxema 4). bbiio 00HapykeHO, YTO KaK pOAMEBbBIN, TaK U UPUIUECBBIN
KOMIUIEKC KaTalu3UpYIOT THAPUPOBaHUE TepedTalleBOro aubaeruaa ¢ o00pa3zoBaHHEM TOJIBKO 4-
TUAPOKCUMETWIOCH3AIBICTHA C KOJUYECTBEHHOM KOHBEPCHEH, MpH 3TOM 0Opa3oBaHUE
MPOJIyKTa MOJTHOTO BOCCTAHOBJICHHS HITH IPYTHX MOOOYHBIX TIPOTYKTOB He Habmogaercs. [lomHas
KOHBEpCHsI Tepe)TaIeBOrO abJIeTHIa HACTYIAeT Yepe3 2 Jaca U 45 MUHYT JUIsl HPUIUECBOTO U

pPOAUCBOI0 KaTalIn3aTopa COOTBETCTBCHHO.

: - //O [(Cp*)M(Ph-bian)CI|IBF, OH
4 \ / \H H,0, 40 °C ~ y
HCOOH + NaOAc
M = Rh, Ir
Cxeda

Kowmmnekcel  [n°-(Cp*)M(4-CIPh-bian)C1](BPhs) (M = Rh, Ir), cunTe3upoBaHHbIE
aHaAJIOTHYHBIM 00pa3oM [36], ObLIM MPOTECTHPOBAHBI B KadyeCTBE KaTalM3aTopa B PEAKIIUU
THJIPOAMHUHUPOBAHUS 2-(2-QEeHUIITUHII)aHWIMHA ¢ 00pa3oBaHueM 2-(eHmInHAona (cxema 5).
TetpadTopobopat cepedbpa AgBF4 ucnonp3oBasncs aBTopaMu, 4TOOBI CENAaTh 3TH KOMIUICKCHI

KOOpAWHAITMOHHO HCHACBIIICHHBIMHU 3a CUCT OTIICIINICHUA XJIOPHUAHOIO JIMTaH/1a. brino IIOKa3aHo,
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YTO MakcuMaibHas KoHBepcusi 2-(2-dbenmmdtunui)anuianHa (10 % ams o00MX KOMILIEKCOB)

JIOCTUTaeTcs 3a 75 MUHYT.

Ph

Zr [Ir(Cp)(bian)CI](BPhy)

10 mol% AgBF, \

Acetone-dg, 50 °C

Irz

NH,
Cxe®da
Jpyrumu npuMepamu sBJISIFOTCs KoMIuiekehl Buaa [Ir(Ar-bian)(ppy)2](PFs) u [Ir(Ar-bian)
(phtl)2(PFs)] (ppy = 2-penmnmupuaun, phtl = 4-penun-1H-1,2,3-tpuazon) (cxema 6) [37, 38]. Onu
ObLTH TIOoNTydeHbl ipu B3aumozecteuu [Ir2(ppy)2Clz] unu [Ir2(phtl)2Clz] ¢ cooTBeTcTBYIOMINM AT-

bian B quxjopMeTaHe ¢ Beixogamu 6oiee 90 %.

/
@)@ @fj :
R-bian, CH,Cl Ren
>'r > \ PFe) Rogr
| NH4PFg ©\/L) R = CO,Me
N R = COzH
NS

\—:3

=

<\:8/

Cxefa
CtpoeHre HHMKIOMETAITHPOBAHHBIX KoMmiiekcoB [Ir(Ar-bian)(ppy):2](PFs) u [Ir(Ar-
bian)(phtl)2](PFs) mokazano na puc. 1. Meronom PCA Obutn oxapaktepu3oBaHbl TONIbKO [Ir(4-
OMeCg¢Has-bian)(ppy)2](PFe), [Ir(COOMe-C¢Ha-bian)(ppy)2](PFe) u [Tr(4-OMeCsHs-
bian)(phtl)>](PFs) JlanHbie KOMIUIEKCHI HMMEIOT TUNWYHYI0 it komiuiekcoB  Ir(I1D)
OKTadJIPUYECKYI0 T€OMETPHI0 KoopanHanmonHoro y3na. Jmunsl cBszeit C-C u C=N B dpp-bian

YKa3bIBAOT HA €T0 HeﬁTpaJIBHOC COCTOsSAHHC.
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P nycH olkCtpoenue komruiekcoB [Ir(Ar-bian)(ppy)2](PFe) u [Ir(Ar-bian) (phtl)2](PFs)

OCOOEHHOCTBIO JTHX KOMIUIEKCOB SIBJIISIETCS TO, YTO OHHU HMMEIOT WHTEHCHUBHOE
MOTJIONICHUE CBeTa B KpacHOW oOmactu crnektpa (550-600 uM). B cBsism ¢ 3TUM OHU
paccMaTpUBAIOTCS KaK MEPCIEeKTUBHbIE CEHCUOMITU3UPYIOUINE KPACUTENN IJIsl UCIIOIb30BaHUS B
conmHeuHbIX Oarapesix. B [IBA gaHHBIX KOMIUIEKCOB B alleTOHUTpUJIE ObUIM OOHApYKEeHbI J1Ba
KBa3uoOpaTUMbBIX penokc mporecca B obmactu -0.4 — -0.6 B u -1.3 — -1.6 B (vs NHE)
COOTBETCTBEHHO, OTHECEHHBIX K [TOCIIEIOBATEIHHOMY JIBYXJIEKTPOHHOMY BOCCTAaHOBJICHHIO bian.
B ob6nactu 1.4-1.6 B Habmomaercss kBa3noOpaTUMBIN TIPOIIECC OKUCIICHHS, OTHECEHHBIN K Tape
Ir''"/Ir"V. TIpumeuarensHO, 4TO BapbUPOBAHUEM APUIBHBIX TPYII 3aMecTHTENel B Ar-bian MOXHO
CMEIIaTh KaK IMOJIOCH! TOTJIOMICHUS B TY WJIA UHYIO 00JacTh, TaK U PEAOKC-TIOTCHIIMAIBI, U TEM

CaMbIM PETYJIUPOBATH ONITHYCCKUC U OKUCIUTCIIbHO-BOCCTAHOBUTCIILHBIC XapPaKTCPHUCTUKH.
1.3 KomMnnekarbo pooigHbIX MeTannos 10l2ppyNMnHa®ua

131 KomMmnnexkcsb nanna a-hagven vavuHeaHvaup T € H

XUMHUsl KOMITJIEKCOB MM U IUIATUHBI C UMUHOAlleHA()TeHAMU SBIISETCS CYIIECTBEHHO
Oosee pa3pabOTaHHON TO CPaBHEHUIO C POAWEM W upuaueM. Ha NaHHBII MOMEHT HM3BECTHO
OTPOMHOE YHCJIO KOMIUIEKCOB TaKOT'O THIA. B OCHOBHOM, 3TO KOMIUIEKCHI ¢ 00IIel Gopmyrnoin
[Pd"X;X>(Ar-bian)], rae Xi = Cl, CHs, OH u ap., umeromux xapakrepaoe mis Pd(11) ksaapatHoe
CTpPOCHHE KOOPAUHAIIMOHHOTO OKpYy>KeHUs uoHa MeTaia. OCHOBHOM HHTEpec K TakuM
KOMITJIEKCaM OOYCIJIOBJICH UX 3HaYCHHEM s KaTanu3a. OHM KaTalu3upyIOT PEaKIUy aKTHBAIHN
cesizeit C-H, ¢pukcanmuu CO», momumepusamnuu 0JieUHOB U JIp.

Haunem paccmoTpenue ¢ HauOojiee pacnpoCTpaHEHHOIO CeMEHCTBa KOMIUIEKCOB BHJIA
[Pd(Ar-bian)Cly]. PasnooOpa3ue 3TOro psaa KOMIUIEKCOB 3aKJIIOYAETCS B IIUPOKOM CIIEKTpe
apWIbHBIX 3aMecTuTeNel B bian. Tak, mepBbIM KOMIUIEKCOM U3 3Toro psna 6si1 [Pd(Ph-bian)Clz],
nosydeHHbI B 1992 roxy [39]. Beuio oOHapykeHO, YTO JaHHBIM KOMILJIEKC KaTaau3upyer
pa3JInYHbIE PEaKIMM KpOcc-codyeTaHus. Tak, Mpu KOMHATHOW TeMIlepaType ¢ KOJIMYECTBEHHOU
KOHBEpCUEW U TMPAKTUYECKH KOJIMYECTBEHHBIMU BBIXOJAMU MPOTEKAIOT PEAKIHH MEXIY
apOMaTHYEeCKMMH TaJOTeHUJAAMH ¥ MArHMMOPraHUYeCKUMHU MPOU3BOJHBIMU  Pa3IUYHON
TIPUPO/IBI.

HeoObruHbIM IpuMepoM U3 JaHHOTO psfaa siBisiercs komiuieke [Pd(Ar-bian)Clz], koTopsiit
obpasyercs npu B3aumoeiictsuu [Pd(CH3CN)2Clz] ¢ Ar-bian. Ero cTtpoenue mokazano Ha puc. 2
[40]. B aTOM KOMIUIEKCE apUIIbHBIE 3aMECTUTENH bian Mpu aToMax a30Ta CBA3aHBI JPYT C IPYroM

4epe3 aIKUJIbHBIC MOCTHUKH.
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P nycH a2kCrpoenne komruiekca [Pd(Ar-bian)Cl;]

JlpyruMm  HMHTEpecHbIM mpuMepoMm sBisgercss komruiekc [Pd(2-(POPhy)-bian)Clz],
nonrydeHHbIi pu B3aumozeicTeun [Pd(CH3CN)2Clz] ¢ 2-(POPhy)-bian [41]. B aTom komriekce
JWTaHA CBS3aH C TMaJUIQJAMEM HCKIIOYMTENBHO 4Yepe3 aroMmbl a3oTta bian, a rpymnmsl POPh
PacIoI0kKeHBI MO pa3HbIe CTOPOHBI OT KBATOPHAIbHOM 110ckocTu. [Ipu nanpHeieit oopadoTke
[Pd(2-(POPhy)-bian)Cl.] xmopuaom 1uHKa obpaszyetcs: rerepodusaepubsiii komrieke [CloPd(2-
(POPhz)-bian)ZnClz], B koTopoM bian BBICTYNaeT B KauyecCTBE TETPAICHTATHOIO MOCTHKOBOTO
JAUraHaa. ATOM OUHKA HaXOIUTCSA B TETPAdAPUUIECKOM OKPYKEHHHU JIBYX aTOMOB KHCJIOPOZA OT
POPh2 u nByx xmopuaHbix JuranjoB. Ciemyer oTMETUTh, 4yTo mpu obpadorke 2-(POPh2)-bian
xyopusioM nuHka, a 3ateM [PdClo(CH3CN)2] monmyyaeTcst aHaTOTUYHbBIN OUSIEPHBIA KOMILIEKC,

YTO OTpakaeT OoJiblliee CPOACTBO IIMHKA K KUCIOPOIy 1O CpaBHEHHUIO ¢ a30ToM (Cxema 7).

Cl ol
Ph Ph Ph N, 7 Ph

\ / \ Zn /
Ph~p—0o o=p~ " Ph~b=o" So=g-P"
N N \ N N
N \ 7/

o .
(L (L

l [PACI,(MeCN),] l [PACI,(MeCN),]
PhPh\ i ™\ CI\Z”/CI o
~p=0  o=p~ " Ph~b=o” No=g-P"
Clwpy~C S CIxpy-C
N/ \N N/ \N
\ 7/ \ 7/

O, T 0
3@ C

CxeMa
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N3BecTHO HECKOIBKO MPUMEPOB KOMIUIEKCOB MaIIaAMs, COAEpKAIIMX bian ¢ pa3IHuHbIMU
OCH3THIPUIILHBIME 3aMecTUTesIMU B 2,4,6-nonoxkenHusx [42—-44]. Tak, B pabore [44] Obun
nosrydeHsl 6 komruiekcoB [Pd(Ar-bian)Cly], rae ogauM U3 3amecTuTeNel mpy aToMe a3oTa B bian
ABisieTCs 2,6-mubeH3ruapmi-4-xaoppeHmwn, a Ipyroil 3aMecTuTedb Bapbupyercs (cxema 8).

CTpyKTYpHO OXapaKTepU30BaHbI TOJIBKO KOMIUIEKCHI 2 U 6.

PEChp—N N R, DBC

. [PACI,(MeCN),]
R >
1 CH,Cl, . Ry

L1-L6 C1-C6

DBCPh=2,6—dibenzhydryI—4—chIorophenyI 1 2 3 4 5 6

R; Me Et 'Pr Me Et CH(Ph),
R, H H H Me Me CI

Cxefa
Bce nmosnyyenHbIe KOMITIEKCHI OBUTH TPOTECTHUPOBAHBI B KAUE€CTBE KATAIN3aTOPOB PEAKIINU
Xeka wMexay ctuporiom u  PhBr (Cxema 9). OHH 1OpOAEeMOHCTPUPOBAIN BBICOKYIO
KaTaJUTHYECKYIO0 aKTUBHOCTb, BBIXOJ MPOIyKTa BapbupoBayics oT 82 % mist 1 1o 92 % nns 5.

Br

0.002 mol% 1-6
1.1 mol% N32C03

DMA

Cxef@a
[Tpu »TOM peakuuu ¢ 3aMEIICHHBIMU apHUIOPOMUIAMHE, KaTaIU3UPyEMble KOMILIEKCOM 5,
NPOTEKAIOT C HECKOJIbKO Oosiee HU3KUMHU BbIXogamMH NpoAyKToB (78-87 %), BeposTHO, M3-3a
CTEPUYECKUX 3aTPYIHECHUN.
O npyro#i cepuu MoI0OHBIX KOMIUIEKCOB coolriaeTcst B padote [42] (puc. 3). Metogom

PCHICHOCTPYKTYPHOI'O aHAJIN3a ObLIH 0XapaKTCPU30BaAHBI KOMIIJICKCHI 1u3.



R, . R,

1-8

1 2 3 4 5 6 7 8
Ry Me Me Me 'Pr CH(Ph), 'pent Pr 'Bu
R, CH(Ph), CH(Ph), CH(Ph), CH(Ph), CH(Ph), 'pent Pr H
Ry F Me CH(Ph), CH(Ph), OMe H H H

P nycH o3kCrpoenue komruiekcoB [Pd(Ar-bian)Clz]
Kommiekcrl KaTanu3upyoT peakiuio XeKa ¢ BRIXOJaMH MPOAYKTOB oT 57 % anst 8 mo 98

% nia 1 (cxema 10).
Br |

+ 20"5;%(:1'08; - Y, ‘)\‘ 0+ o ¢

KOH, 2-Butanol

Cx e fia
Kommekc 3 ObuT Takke MPOTECTUPOBAH B KAYeCTBE KaTallM3aTopa peakiuu Xeka C
3aMeIlEeHHBIMUA apUIOpOMHIaMU M CTUPOJaMH. B 3TOM ciyuae KaTaluTHYecKash aKTHBHOCTH
OKa3aJlach HECKOJIBKO HIDKE 3a cueT ad(exra 3amecTuTeneid, kak o0cyxaanock B padore [44].
B pa6ote [43] npu B3aumonetictBuu [Pd(cod)Clz] ¢ Ar-bian ObuT momyudeH KOMIUIEKC
[Pd(Ar-bian)Cl>] (cxema X).

R R Rec. ca R
[Pd(cod)Cl,] Pd’

7 N
MeO N\ /N OMe > MeO N\ y

e
-

Cx e hla
B nanpueiimem mpu B3ammopeiictBum Ar-bian u MeOCH>Cl Oplna momydeHa couib
uMUa301usl Ha ocHoBe bian. [Ipu mocnenytorieit 00paboTke JaHHON CONMH XJIOPUAOM IMaLIaus

B nupuauHe Obu1 nosydyeH komruieke Buna [PA(NHC)(Py)Clz] (NHC = N-rerepouuknnueckuit



21
kapOeH) (cxema 12). JlaHHBI KOMIUIEKC SIBJIIETCS €IUHCTBEHHBIM NPHUMEPOM KOMILIEKCA

nayutagus ¢ N-reTepolrKINIecKuM KapOeHOM Ha ocHOBe. ETo cBoiicTBa HE M3y4aliCh.

Py
c ] o

\Q/\ /Q/ MeOCHch\Q/\ CI Q/ PdCl;, Py Meo—QfNEdN—bgM
OO OO K,COs O‘O R

Cx e ha

B pa6ore [45] npu B3aumoerictBuu [Pd(cod)Clz] ¢ cooTBercTByrommm Ar-bian (Ar=(3,5-
mumetundennn), (2,6-numerwndennn)) ObUTH TOTydeHbl KoMmiiekchl Buaa [Pd(Ar-bian)Cly].
JlaHHbBIE KOMITJIEKCHI IPOAEMOHCTPUPOBAIIN YMEPEHHYIO KaTAIMTUYECKYIO aKTUBHOCTD B PEAKIIMU
aMUHOKapOOHUJIMPOBaHUs HO0€H301a ¢ oJlyueHneM OeH3aHmiIna. BbIXoasl BApbUPOBATIUCH B
nuana3one 50-55 % npu Bpemenu peakuuu 1.5 yaca. OgHako npu NpoBEACHUU TAaHHOW peaKinu
B atMoc(epe CO BbIXObI yBEIUUUBAIUCH 10 80-85 %, a pacTBOp MEHSI OKPACKY C OPAHKEBOTO
Ha uepHbId. Tor xe s¢¢ext Habmromancs W B pe3yibTare MpeaBAapUTEIBbHOW 00paboTKH
KOMILUIEKCOB TaJUIausi MOHOOKCHIOM yrjiepoia. ABTOPbl OOBACHSAIOT 3TO 0OO0pa3oBaHHEM
KaTaJUTHYeCKU aKTUBHBIX HaHouacTHIl Pd(0).

Kommnekc [Pd(2-""Ph-bian)Cl>] [46] siBnsieTcs 3()EKTUBHBIM KaTaIM3aTOPOM PEaKIMH
kpocc-couetanus Cy3yku-Mustypsl (Cxema 13). BeIxopl IpoiyKTOB peakiiuu cOCTaBiIsoT 85-95

% B 3aBUCHUMOCTHU OT apUIIbHBIX 3aMEeCTUTENCH (PEHUITBHBIX KOJIEIl.

N R
OH [Pd(2-BYPh-bian)Cl,]
B + Br—Ar > m
o K,CO3, 80 °C
) R
Cx e @&

Kommeke [Pd(4-"B'Ph-bian)Cl] [47] kaTanusupyeT peakiuy KpOCC-COUETAHUS MEXIY

pa3IMYHbIMU apuiIOpoMuIaMu U MepkanTaHamu (cxema 14) ¢ Beixogamu 63-98 %.
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R [Pd(4-"BYPh-bian)Cl,] R Ry
@Br + HS R4 @S

0.5 mol%
R =O0H, NO, CN NaOH, H,0, 60 °C
R4 = alkyl, benzyl, heteroaryl
Cx e

Hpyroit xomriekce [Pd(2,4-(ditertbytyl)Ph-bian)Clx] [48] sBnsieTcss KataiuzaTopom
pEaKIMii KPOCC-COUETaHMsI MKy Pa3IMYHBbIMU 2,4-3aMEIICHHBIMU THA30JIaMU U 3aMEIICHHBIMH

apunOopomuaaMu. Berxoas! npoayktoB coctaBistoT 50-98 % (cxema 15).

R [Pd(2,4-(ditertbytyl)Ph-bian)Cl,] R
0.1 mol% Ri
N N /
Ry, S K,CO3, DMAc, PivOH R S
130 °C
Cx e &

B pabote [49] 6bu1 monyden xommiieke [Pd(tmp-bian)(OAc)2], KOTOpBIH KaTalu3upyeT
peaKkIu KOHJCHCAMU apUJIOPOMWIOB C pa3IMYHBIMU OJieUHAMH, BBIXOABI MPOAYKTOB
cocrapisitoT MeHee 40 %.

Eme onHo cemeiicTBO KOMIUIEKCOB Malljiaaus C bian 00pa3ylOT KOMIUIEKCHl BHA
[Pd(bian)CH3Cl], xotopbie oObuHo momyuatoT u3 [Pd(CH3)Cl(cod)] mo peakiuu oOmeHa.
KoMmruiekcpl Takoro THIA NIMPOKO TPUMEHSUTUCH KaK KaTalTu3aTOPhI B PEaKIUsIX MOIMMEpPH3ann
onmupunoB (cMm. paznen 1.3.1.1). IlepBbIM coenvHEHHEM IAHHOIO psAa SIBISIETCA KOMILIEKC
[Pd((3,5-CF3-Ph)-bian)CH;3Cl], monyuennsiit B 2008 roay npu B3aumoseictsuu [Pd(SMe»)2Clz]
¢ MeLi u (3,5-CFs-Ph)-bian. B kauectBe moOo4HOro mpoaykra oOpaszyeTcs TpeXbsIepHBIH
komruiekc mamtagust [Pdsz((3,5-CF3)bian)(Cl)(Me)(SMe:)2], B koTopoM bian KOOpAMHUPYETCS K
aTomaMm nayiaaus kak B kadectBe N,N-, Tak u B kauectBe C,N-OuaenraTHoro auranga (puc. 4)
[50].

Ar
\N - /SMez
Pd

/| "CHs
R
ofls
Pd /SMez

/ \__Pd
Ar—N%r ~cl

P nycH o4kCrpoenne kommiekca [Pds((3,5-CF3)bian)(Cl)(Me)(SMe:):]
B pa6ote [51] mpu B3aumoaeiicteuu [Pdx(dba)s] (dba = qubensunuaenaneton) ¢ Ar-bian

U MaJICMHOBBIM aHTHJPHUJIOM OBLI MOJYYEH psA peAKUX Ha ceroansmuii komruiekcoB Pd(0),
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[Pd(bian)(alkene)]. CtpoeHne >TUX KOMIUIEKCOB II0Ka3aHO Ha pHUC. S, CTPYKTYpPHO
OXapaKTEepU30BaH TOJIbKO KOMIUIeKC 5. [lodydeHHBIH KOMIUIEKC HMEET TEeTPadApHUECKOe
CTPOCHHE KOOPAMHAIIMOHHOTO y3Ja. B IaHHOM HcieqoBaHMM OBUIO TOKa3aHO, YTO MEXaHU3M
3aMelleHus] allkeHa Ha Ar-bian 3aBHCHT OT CTEpUYECKOH 3aTpyIHEHHOCTH apOMaTHYECKOTO
3aMECTHUTEINS JUraHaa bian, KOOPAMHUPOBAHHOTO K MAILIAIUI0, U3MEHSSICh OT acCOIMAaTUBHOTO
MEXaHu3Ma JIs1 CTCPUYCCKHU HCHAIPYKCHHBIX JIMI'AHAOB 10 JUCCOHMATHUBHOI'O MCXAaHU3Ma IJIA
obwemHoro dpp-bian. ITozmuee B 1997 romy ObLia ompepeneHa KpUCTALTMYECKas CTPYKTypa

KoMIuiekca 2 [52].

R
1.R=H
2: R =4-Me
O 3:R=4-Br
O /N\ 4: R = 2,6-dimethyl
. Pd o 5: R = 2,6-diisopropyl
O N4 6: R = 2-Me
7: R = 2-isopropyl
8: R = 3-Me

P nycH dbkCrpoenne komrmuiekcoB Buaa [Pd(bian)(alkene)]

B pa6ote [53] cooOmraercst 0 cuHTe3€ NepBbIX HECUMMETPUYHBIX alleHaQTeHANUMUHAX C
pa3IMYHBIMU ApUIBHBIMU 3aMECTHTEISIMHA TPU aTOMax a30Ta M WX NaJUTaJUEBBIX KOMILIEKCOB
Buna [Pd(bian)(C3H7)](PFs) (cxema 16). Kommiekcsl ObUTM MOMy4YeHBI MPU B3aWMOACHCTBUU
[Pd2(dba)s] ¢ [PrO-P(NMe»)s]PFs u coorBeTcTByromuM Ar-bian. 3aMecTuUTeNd MOIOMPATIHChH
TakUM 00pazoM, 4TOObI MaKCUMHU3HUPOBATh 3JEKTPOHHYIO aCUMMETPHIO MOJyuyeHHOro Ar-bian
(TOHOPHBII M aKIETITOPHBIN apHIIbHBIC 3aMECTUTEIH TP aToMax a3oT1a). beuto oOHapykeHo, 4To
JIOHOpHAsi CIOCOOHOCTh CMEIIAHHBIX (HECUMMETPUYHBIX) JIMTAH/AOB SIBISETCS CpeIHEH MEexTy
JIBYMs CHUMMETPUYHBIMH aHajoramu. Ar-bian ¢ akKUENTOPHBIMH TPU(TOPMETUILHBIMU
3aMeCcTUTENSIMU 00J1a/1aTi 3HAUMTEIbHO MEHbIIEH JOHOPHOH CIIOCOOHOCThIO, Heenu Ar-bian ¢

JOHOPHBIMH MCTUJIbHBIMHA 3aMCCTUTCIIAMMU.

FiC
’ Pd D_‘ PFe

[PrO-P(NMe,)3]PFg VN E
[Pd,(dba)s] - NN
Ar,Ar'-bian

ED = 4-OMe, 3,5-dimethyl. 2,4,6-trimethyl
Cx e &

I/IHTepeCHBIMI/I npuMEpaMu KOMILICKCOB Maljiaaus C bian saBisrOTCA COCAMHCHUS BHOA

[PA(NN)(LL)(CH3)](OTf), momyuennsie no peakuu oomena u3z [PA(NN)(CH3CN)(CHz3)](OTf) B
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nuxyiopmerane (cxema 17) [54]. Kommuekcet Buma [PA(NN)(CH3CN)(CH3)](OTf) Obutm
nonydeHsl npu B3aumoeiicteuu [PA(NN)(CH3)Cl] ¢ omauM skBUBaieHTOM TpudaTa cepedpa B
aneronutpmwie. CtpykrypHoilt ocobenHocThio coenunenuii [PA(NN)(LL)(CH3)](OTY) sBnsercs
MOHOJICHTAaTHAas KOOPJWHAIMS OJHOTO W3 TUMMHHOBBIX (PPAarMEHTOB, BCIICICTBHE YEr0 OHHU

PacroI0kKeHbl OPTOTOHAIILHO JIPYT APYTY.

+ ’_\ _‘
N L-L oTf
N\_ _NCMe | oTf

—_— \/

P
<N/ AN CH20|2’ r.t. / \

L-L = N-N = 4-OMe-bian

L-L = phen, N-N = 4-OMe-bian

L-L = 4-OMe-bian, N-N = dmphen

L-L = dppe, N-N = 4-OMe-bian

L-L = dppp, N-N = 4-OMe-bian

Cx e th7a
Peakmmst  [PA(NN)(LL)(CH3)](OTf) ¢ okcumom  yraepoma(ll) mpuBomur  k

[PA(NN)(LL)(COCH3)](OTf) B pesynsrate BHeapeHuss CO mo cBsa3su Pd-C (cxema 18).
[Ipeanonaraercs, 4To0 MEXaHU3M BKJIIOYAET AUCCOLUALNIO JUMMUHOBOTO JIUTAH/1a.

+
+

N’\ _‘ oTF N N\ _‘ orr

L N - - <
~ e
L/Pd\ CH2C|2‘ r.t. Y
Cx e m&

boumn monyuensl komruiekcsl Pd um Pt Buma [M(dpp-bian)(py)2](CF3SOs3)2, koTopsie
WCIIONB30BAINCH JJI CO3JaHUsl CyNpaMoONeKyspHbIX “kierok Dymsura” Bumaa MelLs (M =
Pd(dpp-bian), Pt(dpp-bian); L = TpucnupuauHTpuasuH), pacTBOPUMBIX B MOJSIPHBIX
opraHuueckux pactBoputensix [55] (cxema 19). JlaHHBIE KIETKH NPEICTaBISIOT COOOM
OKTa’pUuECKUe CyNpaMOJIEKyJIsIpHbIE COEIMHEHUS [{M(dpp-bian)s}L4], rae
TPUCTIMPUANHTPUA3UH BBICTYMAeT B POJU L3-MOCTHKOBOTO JIMTaH/AA, CBA3BIBas TPU aToMa
naJUIaIus, JIeKAIMUX Ha OJHON T'paHW OKTadzpa. [IpHu 3JIeKTpOXUMHYECKOM JBYXAJIEKTPOHHOM
BOCCTaHOBJICHHN TaJIaMeBasl KJIETKa paclagaeTrcsi, TOrJa Kak IUIATHHOBAas KIIETKA SBIISETCS
YCTOWYHMBOM B AMana3oHe noreHuuanoB ot 0 1o -2.0 B, nmpu sTom HabII0qa€TCA TPU 0OPATHMBIX
mpolecca BOCCTAHOBJICHHS, IIEHTPUPOBAHHBIX Ha pa3nuyHbiX dpp-bian. beuio mokaszano, 4to

IUTATUHOBAasA KJIETKA MOXKET OBITh O6paTI/IMO INpuHUMAaTh W OTAaBaTb [0 16 OJICKTPOHOB.
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O)KI/II[aeTCSI, YTO OTHU CaMOCO6I/IpaIOHII/IeC$I KJICTKH MOT'YT IPEACTABIIATh NHTCPEC NI IPUMCEHCHUA

B Ka4CCTBC MHOT'O3JICKTPOHHBIX 3alIOMUHAIOIINUX YCTpOﬁCTB.

(OTf),

‘\ N ‘\
N~ _N
M =Pd
M = Pt
Cx e %

NuTepecHpiMu npumepamu siBisieTcst komriekesl coctaBa [(CH3)CIPd(bis-dpp-bian)] u
[(CH3)CIPd(bis-dpp-bian)PdCI(CH3)] [56]. Ouu 6bimu monydensl B Tpu craguu (cxema 20). Ha
nepBoil cTaguu K areHadTeHy Mpucoeaunsiercss 1,2-muOpoMdITaHIMOH, Ha BTOPOW CTaIuU
MOJTyYEeHHBIN POAYKT oKucisieTcs ¢ momotbio (PhSeO),0 ¢ obpazoBanuem xuroHa L. Jlanee npu
B3aumojeiicteun L ¢ 4 sSKBUBaJeHTaMu 2,6-AUH3ONMPONUIAHUINHA 00pa3yercss KOHEUYHBIN
muumuH bis-dpp-bian. [Ipu B3aumoneiictBuu bis-dpp-bian ¢ ogHUM WK JBYyMsI SKBUBAJICHTaMU
[Pd(cod)(CH3)Cl] obpasyrorcst MoHOsIIepHBINH n OusinepHbid kKomiuiekcsl, [(CH3)CIPd(bis-dpp-
bian)] u [(CH3)CIPd(bis-dpp-bian)PdCI(CH3)] cootBercTBeHHO. B cTpykType OwusiiepHOro
KOMILIEKCa JUTHHEI cBsizeil quumunoBoro ¢pparmenta C=N (1.30 A) u C-C (1.49 A) ykaspiBaroT Ha

HelTpanbHOe cocTosiHue bis-dpp-bian.
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B pabote [57] Taxke cooOmaercs O TIOJYYEHUH H CTPYKTYPHOM XapaKTepH3alluu

KOMIUIEKCOB ¢ bis-dpp-bian [{PdX:},{bis-dpp-bian}] (X = CI, Br) (puc.6). Ouu Obuin

CHUHTE3UpOBaHbI 10 peakiuu PdX> ¢ dpp-bis-bian B arieTonuTpuIe.

P nycH o6kCrpoenne komriekcos Buaa [ {PdX2} 2 {bis-dpp-bian} ]
HeoObrunbiM  mpumepom  siBnsiercs:i  koMmiuieke  [Pd(Ar-bian)Cl] ¢ oO6beMHBIME
IUKJIOT€KCUIBHBIMH 3aMECTUTENISIMU B 2 MOJIOKEHUH apHIIbHOTO Kojbla [58] (puc. 7), KOTOphIi
MOJTy4aeTcsl B BUJIE CMECH CHH/aHTH U30MEPOB B COOTHOIIEHUHU 16:1, KaXbIil U3 KOTOPBIX ObLI

BBIJICJIEH U CTPYKTYPHO OXapaKTEepU30BaH.
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P nycH o/kCrpoenne komiekca [Pd(Ar-bian)Cl2] ¢ 00beMHBIMU ITUKIOTEKCHIBHBIMU
3aMECTUTEIISIMH B 2 TIOJIOKEHUU apUIIbHOTO KOJIbIIa
B pa6ore [59] npu B3aumoneiicteuu [Pd(dpp-bian)Clz] ¢ NaBArs (Ar = 3,5-CF3C¢H3) B
SKBUMOJISIPHOM COOTHOIICHUHU OBLI MOJy4eH TuMepHbId komruiekc [Pda(dpp-bian),Cla](BArs):
(puc 8). O6pasyromuecs OCIe AUCCOUMALIMU JUMePa B pacTBope MoroMeps! [Pd(dpp-bian)Cl]"
KaTaJIU3UPYIOT TUMEPH3AINIO ATKUI- U CHIIVIIBHHHIIOBBIX d()UPOB B Y-HEHACHIIIICHHBIC alleTaJIH,
a TaKkKe UUKIW3AlUI0 TUBUHUIOBBIX 3(UPOB B COOTBETCTBYIOIIME IUKINYECKHE alleTallH.
BeposTHBII MeXaHHU3M BKIIOYaeT B ceOst reHepaluio in SituakTuBHOM yacTuibl ankokcuga PAOR,
BHEJPECHUE JIBOWHOrO BHHWIOBOrO 3dupa mo cBasu Pd-O c¢ obpaszoBanumem Pd{CH»-

CH(OR)CH2CH(OR)>} u otmerienue -OR ¢ oOpa3zoBanuem amnerans (cxema 21).

ol r
W NP W,
Pd Pd
~ S \Cl/ N\~
\ \
Ar Ar

P nycH o8kCtpoenne katnona komruiekca [Pdx(dpp-bian),Cla](BArs)2

g
~ "OR ~OR

® _OR ® T~ OR
® OR e
/ —— Pd Pd
>/ OR
OR

/\)\OR
Z0R
X OR @ OR
) -—
27 P T
or COR OR OR
Pd = Pd(bian)
Cx e @la
B pabore [60] «ommuekcer [Pd(bian)(CH3)(I)], [Pd(bian)(CH3)(OEt2)](SbF)
UCTOJIBb30BATMCh ISl TOJYYEHHUS TM-KOMIUIEKCOB IO peakiusM C BHHUJIALIETATOM HJIH
BuHuATpudTOpaneratoM npu -78 °C (cxema 22). Ilpu ganpHeiinieM HarpeBaHUU MPOUCXOJIUT

n3oMepu3aIus m-aJIyKToB ¢ oOpa3zoBaHueM nstuwieHHoro nukia Pd-O=C-O-C.
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1311KomMnnekcb nNnannapgunsa C WMWHO arapebH apder aekHUamm

nonummMepusaumm oneduHoOB
Bonbiioe yucno paboT MOCBSIIEHO UCCIEIOBAHUIO PEaKIUK MOJMMEpPU3alui OJe(UHOB,
KaTam3upyeMbix Komruiekcamu mamiaaus(ll) Ha ocHoBe mMHHOAeHa()TEHOB (KAaTalIU3aTOPHI
bpyxkxapta) [61-70].
OpHuM U3 MEePBBIX UCCIENOBAaHHUM Ha 3Ty TeMy Oblia paborta [63], rae ObUTH MOTyUYEHBI
komruiekcsl [Pd(dpp-bian)CH3Cl], [Pd(mes-bian)CH3Cl], [Pd((2-(o-tol)-6-CH3-Ph)-bian)CH3Cl]
u [Pd((2-(naphthyl)-6-CH3-Ph)-bian)CH3Cl], xoTopbie 3areM TeCTHPOBAINCH B KayecTBE

KaTaJI13aTOpPOB B pEaKLUAX MOIMMEPU3ALUY U30IPONMINIEH-THaJUINIMaNoHaTa (cxema 23).

Ny (7

o o Pd catalyst, NaBARF

n

(@) 0]

x X

Cx e @23

MosnsipHast Macca 0Opa30BaBIIMXCS MOIUMEPOB HaxoauTes B npenenax 4400-9200 r/monb

¢ ko3¢ ¢urrenToM noauaucnepcHocT 1.51-1.82 B 3aBUCHMOCTH OT KOMILUIEKCA. XeNaTupyromas

KOOpAMHAIM KapOOHWIbHOM Tpynnbel Kk Pd  crabuwnmsupyer IUKIONEHTUIMETHIIBbHBINA

IPOMEXKYTOUHBIN MPOAYKT U MHAyLUpPYET HanbHelliee BHeAapeHue cBsa3u C=C mno cesasu Pd-C

BMECTO OTILEIIIEHUS 0-BOJOPO/Ia, YTO MPUBOJIUT K POCTY TosinMepa (cxema 24).

N / (3 o |
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\
1
1
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0 0 CH20|2’ r.t.
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Cpenu Takux NaIAAUEBBIX KOMIUIEKCOB MOXKHO BBIACIUTh OTACIBHYIO TPYIILY
COCIMHEHUH ¢ 00bEeMHBIMU OCH3THAPUIBHBIMU U TUOEH30CyOCpUILHBIMU 3aMECTUTENSIMU B 2,6-
MOJIOKEHUSX apUiIbHBIX KoJier] Ar-bian [64—66, 71].

Tak, B pabote [61] cooOmiaeTcst 0 moaydYeHUH psia KOMILIEKCOB nayuianus Bunaa [Pd(Ar-
bian)(CH3)Cl] ¢ 6eH3ruapuiIbHBIMH 3aMECTUTEISIMIA BO BTOPOM TOJIOKEHUU apHIHBHOTO KOJIbIIA
(puc. 9). laHHBIE KOMILIEKCHI TPOSIBIISIIN YMEPEHHYIO aKTUBHOCTH B OTHOIICHUH MTOJIMMEPU3AIIIT
STHJICHA W COTOJMMEpPHU3AlNU ITHICHA ¢ METWIAKPUIATOM C 0Opa3oBaHWEM Pa3BETBICHHBIX

OJIMTOMEPOB ATHJIEHA/METUIIAKpUIIaTa ¢ KOHIIEBOU CI0KHO3(DUpHONH HYHKIMOHATBEHON IrpyHnon

(cxema 25).
R R Cl
N_ s
[Pd(cod)(Me)CI] Pd
N N N/ \N
S Y
CHzclz‘ r.t.
[ee] [ee]
R =
P nycH a®OkCxema cuntesa komruiekca [Pd(Ar-bian)(CH3)Cl]
X
X
Pd catalyst ) ()m
= (% T ~
MAO ( Pd catalyst/MAO
y W
Cxema 25

B npyroit pabote [64] Takxke Obln momydeH psa kommiekcoB [Pd(Ar-bian)(CH3)Cl] ¢
00BEMHBIMU OCH3THAPUIBHBIMU 3aMECTUTENIMU B 2,6 monoxeHusx (cxema 26). CTpyKTypHO
0XapaKTePU30BAHHBIM ObUI TOJIbKO KoMILIEKC Pde. JlaHHBIE KOMIUIEKCHI KaTaIU3UPYIOT PEaKIUI0
noJiIMMepu3anuu HopOopHeHa ¢ koHBepcueil 10 54.2 % (mis xkomruiekca Pds). B peaknun
COIOJIMMEpHU3alIMN HOOOpHEHA ¢ ITHJIEHOM KOHBepcus nocturana 49.1 %. MonekynsipHas Macca

npoaykta gqocturana 100.3 kr/mons ¢ y3kum pacnpenenenueM (PDI = 2.15).
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[Pd(cod)(Me)Cl] Pd

CH20|2y r.t.
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B pa6ore [65] Obu1 cuHTe3UpOBaH psin komruiekcoB [Pd((2,6-diphenyl,4-R-Ph)-bian)Cl;],
rae R = Cl, F, CH3, nBu, mis nByx u3 koropseix (R = Cl, F) Obuia ycTaHOBIICHA KPUCTAITHMYCCKAS
cTpykTypa. OHU ObUIM MPOTECTUPOBAHBI B KAUECTBE KATAIU3aTOPOB B PEAKIIMU MMOJTUMEPHU3ALUU
merunmerakpuiara (MMA). Tlpu temnepatype 40 'C peakiuu NpoTeKaqd C yMEpPEHHLIMHU
BBIXOJ/IaMH TTOJIMMETUIIMETAKpUIIaTa.

B pabore [72] Obut omucan rerepomeraummdeckuii komrieke [Pd(Fc-bian)(CH3)Cl],
cXeMa CHHTE3a M CTPOCHHME KOTOPOro IMoKa3aHbl Ha cxeme 27. KoMriuiekc karaausupyer
KOHTPOJMPYEMYIO TOJMMEPH3AIMI0 3TUICHA, JaBas TMOJMATHICH C Y3KOW MOJIEKYJISPHO-

MacCOBOM TUCTIEPCHEN, HO OTHOCUTEIILHO HU3KOU MOJIEKYIsIpHOM Maccoit (M = 19.8 kr/moms, PDI

- 1.32).
: [Pd(cod)(Me)Cl] @_Q
l Et,O, r.t. Fe
iPr iPr |Pr |Pr @

Cx e 274

MHoxecTBO paboT OBIIO MOCBSIIEHO UCCIEA0BAaHUIO B3aUMOCBS3HM COCTaBAa U CTPOCHUS
areHa() TCHUMUHOBOTO JINTAH/Ia U CBOMCTBAMHU 00pa3yroIIMXcs moauMepoB [62, 67-69, 71, 73—
75].

B pa6orte [75] 6511 onrcan psan komiiekcoB [Pd(bian)(CH3)Cl] ¢ 06beMHBIME apUITBEHBIMU
3aMecTHTeIsIMU B bian Bo 2 monoxeHuu (cxema 28). B sToif paboTe aBTOpPHI MOKazaiu
BO3MOXXHOCTh ~pEaJM3allid CTPATETHMH «BPANIATEIbHOTO OTPAHWYCHUS» B JHHAMHUHOBBIX
karanuzaTopax Pd(Il) ¢ ucnonb3oBanuem nubensocydepmiibHbIX 3aMectuTenei. [lo cpaBHeHuto ¢
JTApHUIMETHIIHBIMU 3aMECTUTEINISIMU BBEICHNE TUOCH30CyOepUIIbHBIX 3aMECTUTENEH MMOAaBIseT
BpaleHne N-apuiIbHbIX cBs3eil B bian. DTO NIPUBOIUT K TOMY, YTO KOMILJIEKC MOKET HAXOIUThCA

TOJIbKO B aHTU-KOH(opMaluu, odecreunBas 3pHEKTUBHYIO 3alIUTY aKCHAIBHOTO IMOJIOKEHHUS.
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Kak cnencreue, kommiekcsl [Pd(bian)(CH3)CI] ¢ muben3zocybepuabHBIME 3aMeCTUTEIISIMU B bian
00J1aJaf0T TPEBOCXOTHONW TEPMHUUECKOM CTHOMIBHOCTBIO M CIOCOOHOCTBIO MOAABIATH NEpeaavy
Oernu 1mpu COMOJIMMEPpHU3AlMHU O3THUJICHA, YTO OacT BbICOKOMOHGKyJISIpHBIﬁ IIOJIHUITUIICH H
(GYHKIIMOHATN3UPOBAHHBIN MOIMATUIIEH (comoiumep 3TuineHa-MA), ocoOeHHO MpU BBICOKHX
temneparypax. Kpome Toro, nubeH3zocyOepusbHble 3aMECTUTEIN MOTYT 3HAYUTENbHO CHU3HUTH
OTHICIIIICHUEC B-HpOTOHOB, 4TO IMPUBOAUT K IMOJYUCHUIO HU3KOPA3BCTBJICHHLIX ITOJUITUIICHOB C

BBICOKOW TEMITEPATypOU IIaBICHUS.

R R R Cl R
[Pd(cod)(Me)CI] Pd
N _ N/ \N
\'/ CH,Cly, rt. \./

o O
Ar L4‘ Pd4 Ar =
L2’ Pd2 Ar = W@Me i

Ar Ly Pdy Ar=

L3’ Pd3 Ar =

L5’ Pd5 Ar = OQ

Cx e @&

B npyroii pabote [73] ObL10 MMOKa3aHO, YTO 3aMeHAa KECTKUX (PEHUIIbHBIX 3aMECTUTENEH B
2,4,6-TI0JI0’)KEHUSIX apUITBHOTO KOJIbIIa Ha 0oJiee THOKUE MUKIOTEKCHIIbHBIE (ITUKIONEHTUIIBLHBIC)
(cxema 29) CylIECTBEHHO CKa3bIBAE€TCS HAa KAaTAIMTUYECKOW aKTHMBHOCTHU B (CO)IOJIMMEPHU3ALUU
sTuieHa. Takas 3aMeHa NMPHUBOJUT K PA3BETBICHHOMY IOJUMEPY C BBICOKOW MOJEKYJISPHON

MacCOM.

[Pd(cod)(Me)CI] Pd
\

N CH,Cl, rt.

L1 Pdy R =cyclopentyl

L, Pdy; R = cyclohexyl
Cx e 8%
[TogoOHbIE pe3yabTaThl OBLIN MOTYUYEHBI U yueHbIMU U3 Kutas [62]. ABTOpHI OTMEHAloT,

YTO MO MEPE YBCIIUUCHUA JJIMHBI YTTICBOJOPOJHOTO 3aMECTUTEIIA B OPTO-TIOJIOKCHHUAX ApHUIIBHOT'O
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koneiia bian B [Pd(bian)(CH3)Cl], or Pdi mo Pd; (cxema 30), xaramuTuyeckas aKTUBHOCTH
KOMILJIEKCA M MOJICKYJISIpHAsl Macca MOJIMATHIICHA YBEIUIHBACTCS.

R R R cl R
[Pd(cod)(Me)Cl] Pd

N CH2C|2’ r.t.

L1’ Pd1 R = wwv

Lg Pds R= o
|_2’ sz R = www

Cx e @t
OpHol U3 HEeMHOTUX PadoT, Iie BapbUPYIOTCS 3aMECTUTENH B alleHa(pTEeHOBOM (hparMeHTe
bian, sBisiercst [68]. CTpoeHHE MOTyYEeHHBIX KOMIUICKCOB TOKa3aHo Ha cxeme 3 1. beuta n3ydena
KaTaJIMTUYCCKAad AaKTHBHOCTb OTHUX KOMIIJICKCOB B pPCaKIMU IIOJUMEpU3aAlUM OTUJIICHA U

COIIOJIMMEPHU3alINH STUIICHA U MA.
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boulo moka3zaHo, 4YTO 3aMecTUTENM B aleHaTEeHOBOM (parMeHTe OKa3bIBaloOT
CYIIECTBEHHOE BIUSHUE HA Kartanusupyemyto komruiekcamu Pd(Il) monumepusanmio 3TujaeHa u
comnoJiuMepu3aluio TwieHa ¢ MA. B mpucyTcTBuu CTEpUUeCKH HArpy>KeHHOIO0 KOMILIEKCa S
0o0pa3yronuiicss MOJUATUIIEH U COMOJMMEpP HMMEIOT ropa3fo 0ojee BBICOKYIO MOJIEKYJISIPHYIO

MaccCy, 4€M B Cliyda€ KOMIIJICKCa 6.

132 KomMmnnekcb nnatTwnHh-agum namyeiraaiatT e H

Kommiekcel maTuHbl ¢ arneHadTeH-1,2-TMUMHUHAMA HE CTOJIb MHOTOYHCIICHHBI 10
CpaBHEHHIO C MaJUIaJueM, HO JJIi HUX XapaKTepHO Ooiyee Goraroe pazHooOpasue CTPYKTYPHBIX
MOTHBOB. Bce u3BecTHbIE MpHUMEpbl OTHOCSTCS, B OCHOBHOM, K komiuiekcam Pt(Il), koropsie
UMECIOT 0XKHJIAeMOE KBaJpaTHOE CTPOCHUE KOOPAUHAIIMOHHOTO y3i1a PtLs. HekoTopbie KOMIIEKCHI
HAallUTM TPUMEHEHHWE B PEaKIUAX IOoJMMepu3anuu dSTwieHa W aktuBaumu C-H cBszei
OpPTaHUYECKUX MOJICKYIL.

Tak, B padore [76] mpu B3aumoneiicteuu K[PtCl3(C2Ha4)] ¢ tmp-bian o6pasyercs [Pt(tmp-
bian)Cl2]. Ilpu nanerelimeir obpadotke [Pt(tmp-bian)Cla] cooTBeTCTBYIONIMM 3aMENIEHHBIM
aleTUJIEHOM ObLT TONy4YeH psAn KomIuiekcoB Buaa [Pt(tmp-bian)(acethylenide)] (cxema 32).
Xumuyeckoe okuciaenue [Pt(tmp-bian)(PhCC);] i#iomoM mnpuBOAUT K OKHCIUTEIBHOMY
npucoequHeHnio Il u  00pa3oBaHHIO IPOMEKYTOUHOTO  Ouc(aneTuIeHUIA)-TUUoauaa
wiatubel(IV). 3arem B pe3yibTaTe BOCCTAHOBHTEIBHOTO JJIMMHHUPOBAHHS AlCTHUIICHOBBIX
JUTAHJOB B BHJIC JHHMHA MPOMCXOAUT oOpaszoBanue [Pt(tmp-bian)l]. JlumH Obul BBIIEICH U3
PeaKLMOHHON cMecH U MAEHTH(UIUPOBAHT ¢ HoMomibio 'H SIMP-CIIeKTPOCKOIHH U 21eMEHTHOTO
ananm3a. Kommiekc [Pt(tmp-bian)(Me3SiCC)y] obpasyer amnykt ¢ xiopuaom meau(l) [Pt(tmp-

bian)(Me3SiCC)2(CuCl)], B KOTopoM aTOM MeJIU CBsI3aH JIByMSI TPOMHBIMH CBSA3SIMH all€THIICHU/IA.
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B IIBA mnony4yeHHbIX alETHWICHHUIHBIX KOMIUIEKCOB B JUXJIOPMETaHe Habmogancs
0o0paTUMBbIii OJTHORJIEKTPOHHBIN Mpolecc BoccTaHoBIeHUs B obnactu -0.64 — -0.77 B (vs SCE).
OCHOBBIBasICh Ha ATUX JAHHBIX, OBLIO MPOBEICHO XMMHUYECKOE BOCCTAHOBIICHHE KOMILJIEKCOB
OJIHUM SKBHBAJIICHTOM JIEKaMETHJIKOOAThTOIIEHA C 00pa30BaHWEM aHUOH-paAMKaILIOB [Pt(tmp-
bian)(acethylenide)]”", o6pa3zoBaHHE KOTOpHIX OBIIO MOATBEPKAEHO C MoOMomIbI0 IIP-
CHEKTPOCKOMUU. bbUIo J0Ka3aHOo, YTO HECTIAPEHHBIN JEKTPOH JIOKATH30BaH B OCHOBHOM Ha TT*-
opOuTanu KOOpJAWHUpPOBaHHOTO tmp-bian. [Tomumo 3TOrO, ATH KOMILIEKCH 00Jaar0T ciabou
momuHectieHImen B ommkaert MK-o6mactu (800-900 HM), kBaHTOBBIE BbIXOABI MeHbIe 0.5 %,
BpEMEHA KU3HU BO30YKIECHHOTO COCTOSTHUS 8-36 HC.

B pabote [77] npu B3aumoaeiictBuu [Pt(DMSO)2(mes)2] ¢ cooTBeTCTBYIOmUM bian B
TOJIyoJie OBbUT MoJTydeH psia kKoMiuiekcoB [Pt(Ar-bian)(mes):] (puc. 10). Kak u nns npensiyieit
cepun KomruiekcoB [76], B [IBA »Tux KOMIIJIEKCOB B IUXJIOpMETaHe HAOII0aICss 0OpaTHMBIA
OJIHOBJIEKTPOHHBIH TIPOLIECC BOCCTAHOBIIEHHS B 06acT -1.24 —-1.70 B (vs Fc¢'/Fc). C nomorisio
OIIP-criekTpockonuu OBLJIO TMOKa3aHO, YTO HECIApPEHHBIH JIIEKTPOH B aHUOH-PaTUKaIBLHON
YyacTUIIEe JIOKAJIM30BaH NpeuMyllecTBeHHO Ha bian. Kpome Toro, Obulo HaiineHo obpatumoe

OJHODJIEKTPOHHOE OKMCIIEHHUE ME3UTHIILHEIX JTUrannoB B obnactu 0.20-0.39 B (vs Fc'/Fc).
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sl ve I volis
P nycH 0l@. Ctpoenne xomrekcos [Pt(Ar-bian)(mes):]

B pabore [78] ObUTH TOSyYEHBI KOMIUICKCHI IJIATUHBI CO CTEPUYECKU HArPyKEHHBIM Ar-
bian (cxema 33). M3navanpHo, mpu B3anmoaericteuu K[Pt(C2H4)Cls] ¢ bian 006pasyercst koMruiekc
[Pt(Ar-bian)Clz]. OTmerienue XJI0pUIHBIX JUTAHI0B OT 3TOTO KOMILIEKCA B IPUCYTCTBUU BOIBI
C MOCJICIYIOIIMM JCTIPOTOHUPOBAHNEM TPUBOANT K THIpokcokoMmiuiekcam [Pt(bian)(OH)CIl] u

[Pt(bian)(OH):]. D10 penkue mpuMepsl THIAPOKCOKOMITJICKCOB IUIATHHBI, CTAOMIH3UPOBAHHBIX C

IIOMOIIBIO aI_IeHa(I)TCHI[I/II/IMI/IHOBOl"O JIMuragjaa.
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beimn monyuensl audenunbHabie pousBoAHble BUAa [Pt(Ar-bian)(Ph):], mocnenyromas
obpabotka kotopeix HBF4 B cmecu CH2Cl/CH3CN mpu -78 °C npuBOIUT K 0Opa3oBaHUIO
ruapuaabix  kKomruiekcoB  Pt(IV)  [Pt(bian)(Ph)(H)(CH3CN)|(BFs). Ilpu  moBsliieHnH
TEMIIepaTypbl ATH KOMIUIEKCHI TEPSIOT MOJIKYITy O€H30J1a B Pe3ysibTaTe BOCCTAHOBUTEIBHOTO
anuMUHUPOBaHUs ¢ oopazoBanueM komiiekcoB Pt(11) [Pt(bian)(Ph)(CH3CN)](BF4). lanbueiimee
MPOTOHUPOBAHKE U OTIIeIUIeHne 6en3omna npuBoauT K [Pt(bian)(CH3CN)2](BF4)2 [79].

[IporonupoBanue [Pt(Ar-bian)(Ph):] B auxmopmeraHe mPUBOAUT K KATHOHHOMY
komiuiekcy [Pt(Ar-bian)(H)(Ph)2](BF4), ycroitunBeix B unTepBaie -35 — -78 °C (B 3aBUCMMOCTH

OT CTEPUYECKOMN 3aTPyTHEHHOCTH, 00ECTIeUnBaeMON aTKMJIbHBIMU 3aMECTUTEIISIMU N-apUiIbHBIX
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rpynn bian). Ilpu mgobGaBiieHMM B pEaKIIMOHHYI) CMECh AaleTOHUTPUJIA MPOUCXOAHUT €ro
KOoopAuHanug K MCTAJUTY € MOCIICAYOIIUMHA BbIICOIMMMCAHHBIMU MTPCBPAIICHUSAMU. O6H_[3,51 cXeMa

IIpEBpaLIEHU NTpecTaBiIeHa Ha cxeMme 34.
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B pabote [80] Obul momyuyeH psia JUMEPHBIX, TPUMEPHBIX M T'€TEPOMETAINYECKUX
KOMILIEKCOB IaTuHbI ¢ dpp-bian (cxema 35). [Tpu B3anmoneticteun K[PtCl3(C2H4)] Ob11 momyden
[Pt(dpp-bian)Cl2]. Ilpu npanpHeiimelr ero oOpaboTke aByms dSkBuBaieHTamMu AgBFs B
TeTparuapodypane ¢ 1od6aBreHueM Boabl oOpazyercs komiuieke [Pta(dpp-bian)x(n-OH)2](BF4)s.
B nanpHeiieM 3TOT KOMILUIEKC MOABEprayics JAeMpOTOHUPOBaHUIO oAHUM 3kBuBaieHToM KOH ¢
obpazoBanuem [Pta(dpp-bian)z(n-OH)(n-O)](BF4). Peakmus ¢ m3berrkom KOH mpuBogut x
komIuiekcy [Ptz2(dpp-bian)2(p-O)2], KOTOpPHIi SBIISETCS CTAPTOBBIM COEITMHEHUEM JJISl TOJTyUEHUS
reTepoMeTaUINYECKUX KOMIUIEKCOB IIaTUHBI U 3070Ta. [Tpu B3anmoneiicteuu [Pta(dpp-bian)z(p-
0)2] ¢ [PPh3Au](BF4) (moaywen in situ mpu B3ammoneiicteuu [PPhszAuCl] ¢ AgBFs) B
HSKBUMOJIIPHOM COOTHOIIIEHUU OOpa3yeTcsi rerepoMeTainyeckuii komruieke [Pta(dpp-bian)(p-
0O)2{Au(PPh3)}](BF4), B k0TOpOM aTOM 30710Ta CBsI3aH C MOCTUKOBBIM aTOMOM Kucjopoaa. 13-3a
00BEMHBIX apWIIbHBIX 3amecTuTenell B dpp-bian naHHas peakuus MPOXOAUT TOJNBKO C OAHUM
skBuBajenToM [PPhsAu]’. TIpu BsammoneiictBuu [Pto(dpp-bian)2(u-O)2] ¢ MeOTf obpasyercs
[Pto(dpp-bian)2(u-O)(u-OMe)|(OTS). EnuncTBeHHBIM, Ha JaHHBIA MOMEHT, CTPYKTYPHO
OXapaKTEepPU30BaHHBIM TPUMEPHBIM KOMIUIEKCOM IUIATHHBI ¢ bian sBISeTCS KOMIUIEKC
[Pt3(cod)2(dpp-bian)(u-OH)3](OTH)3, momyuenHsii mpu B3aumoeicTBun [Pto(dpp-bian)2(pn-0)2] ¢
neyms dkBuBaneHTamu [Pt(cod)(OTY):] B nuxmopmerane. B kommekce [Pt3(cod)2(dpp-bian)(u-
OH)3](OTY); aToMbl IaTUHBI CBA3aHbI MEXAY c000M MocTHKOBbIMU OH-rpynmnamu, B pe3ynbrare

yero oopasyercs mectuwieHHbl nuki Pt-O-Pt-O-Pt-OH.
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B paGote [81] Oblma mosydeHa cepusi TE€TEPOMETAUIMUYECKUX KOMIUJIEKCOB IIJIATUHBI U
cepebpa ¢ OOBEMHBIMU apUIBHBIMM 3aMECTUTEISIMU B 2,6-monokeHusx (cxema 36). Ilpu

B3aumozeiicteun [Pt(bian)(OH)(R)] ¢ AgNTf B cootHomenun 1 x 1 ObuM MOTy4YEHBI

rerepoMeTauinueckue Komruiekcsl [(Ar-bian)Pt(u-OH)(u-R)Ag(NTH)].
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bbu1o oOHapyxkeHo, YTO 3TH KoMILIeKChl akTUBUPYIOT cBsizu C-D B C¢Dg cO 3HaUNTENBHO
00JbIIEH CKOPOCTHIO 0 CPABHEHHUIO C MOHOMETAINIMYECKUMH THIPOKCOKOMIUIEKCAMU TUIATUHBI.
[Ipennonaraercsi, yTo OJHOW M3 MPUYMH 3TOr0 «3(pdekra cepebpay ABISETCA NOBBIILICHHAS
anekrpodunabHocTh HenTpa Pt(I), Bo3HuKaromas B pe3ysibTaTe KOMIUIEKCOOOpa3oBaHus cepedpa
¢ ¢pparmenTom —OH (cxema 37).
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[Tpu B3aumopeiictBuu [Pt(tmp-bian)Cl2] ¢ cOOTBETCTBYIOIIUM TUTHOIATHHIM KOMILIEKCOM
OJIOBa WU IHMHKA OBUTM TONYYEHBl TETEPONECNTUYECKHUE ITUUMHUH-AUTHUONIATHBIE KOMIUIEKCHI
wiatuHel ¢ tmp-bian [82]. Jlns xommiekcoB Pt3 m PtS Obumn ompenelieHbl MOJCKYJsSpHBIC

cTpyktypbl MmetogoM PCA (puc. 11).
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\ / I Pt1 P2
\ = s
/ N S\V\S s
‘ ot

S
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P nycH olk. Crpoenue xomruiekcoB Buja [Pt(tmp-bian)(SS)]
[TomyuenHbIe KOMITIEKCHI OBLTA HCCleqoBaHbl ¢ momombio [[BA B muxiopmerane. Bee
KOMILJIEKCHI JIEMOHCTPHUPYIOT CXOXKEE PEOKC-TIOBEIEHNE, 00YCIOBICHHOE OJHUM OOpaTHMBIM

nporieccoM BocctaHoBieHHsT B obnactu -0.57 — -0.86 B (vs Ag/AgCl) u onHuM oOpaTUMbIM
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nporeccoM okuciaeHuss B obmactu 0.77-1.34 B. C nomompio cnekrpockonuu OIIP 0610
JIOKAa3aHO, 4YTO HECIApPEHHBIH 53JEKTPOH B BOCCTAHOBICHHOM KOMIUIEKCE JIOKAJIM30BaH Ha
JTUMMHUHOBOM (hparmenTe tmp-bian. IIpouecc okucaeHus IEHTPUPOBAH HA JUTHOJIATHOM JIMTaHJIE.
B DOCII nabmromaercs mmpokas mojoca noronieHuss B omokaeir UK obmactu (700-900 HM),
oOycioBiieHHas miepeHocoM 3apsga ¢ B3MO, koropas COCTOMT W3 KOMOMHAIIMKM OpOUTaNICH
MeTaJuia ¥ quTHonatHoro juranaa, Ha HCMO, cocrosinyto u3 opouraneit tmp-bian.

B pa6ote [83] 6b110 IpoiIeMOHCTpUpPOBaHO BHeApeHHe Mosiekybl CO» mo cBszu Pt-OH B
koMmiuiekce [Pt(Ar-bian)(OH):] (cxema 38) npu HM3KHX Temmneparypax. KOHEUHbIM MPOIyKTOM
ABseTCA K°-KapOoHaTHBIM Komruiekc [Pt(Ar-bian)(COs)]. Ilpu temmepatypax nHimke 205 K
cHavana oOpasyercst komruiekc [Pt(Ar-bian)(HCO3)2], KOTOpBIA Mpy HArpeBaHUU IITHUMHHHUPYET
onny mosiekyny CO> u Bogawl, naBas [Pt(Ar-bian)(COs)]. Cnemyer OTMETHUTh, YTO JTaHHOE

npeoOpa3oBaHKe HEOOPATHMO.
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CMerianHbIe THIPOKCOATKUIBHBIE U THAPOKCOApUIIbHbBIE cOelMHeHHs maTuHbl ¢ R = Ph
u R = Me (cxema 39) nposiBISIOT CEIEKTUBHYIO PEAKIIMOHHYIO CIIOCOOHOCTB 1O (pparmenty Pt-
OH 6e3 yuactus Pt—C. CnekTpocKkonu4yecKkue UCCiaeI0BaHms MOKa3bIBaloT, 4YTo BHenpeHue CO»
no csizu Pt-OH B aTux nAByX coenuHeHHsIX ObICTpo U oOpaTumo, a obOpazoBaHue [Pt(Ar-

bian)(R)(HCO3)] GnaronpusTHO TOJBKO MPH HU3KUX TeMIepaTypax.



Ar = O R = Ph, Me

Cx e @%n
Jrot ke Ouc-ruapokco Komriuiekc [Pt(Ar-bian)(OH):] akTuBHO ucclieqoBalics B padoTe
[84]. bputo mokaszaHo, 94To ero TepMoIin3 B ds-O€H3051€ TPUBOIUT K TTOCIIEAOBATEIIFHON aKTHBAIHH
ceszeit C-D pactBoputens mno kaxiaomy ¢parmenty Pt-OH ¢ oOpa3zoBaHueM MOHO- U
mubenwibHOro mpou3BoaHoro [Pt(Ar-bian)(OH)(Ph)] u [Pt(Ar-bian)(Ph)z] cooTBercTBEeHHO

(cxema 40). O6a koMmIIIeKca ObUTH CTPYKTYPHO OXapaKTEPU30BAHBL.
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Cx e ¥l
B pab6ote [85] mpu B3ammogeiictBun [Pt2(ppy)2(u-Cl)2] ¢ cooTBeTcTByrOmUM Ar-bian B
npucytcTBul NH4PFs Obina momyuena cepusi KATHOHHBIX UKJIOMETANIMPOBAHHBIX KOMILJIEKCOB
wiatunbl Buna [Pt(ppy)(bian)]PFs (cxema 41). B 1IBA naHHBIX KOMIUIEKCOB B all€TOHUTPHIIE
HaOJr01at0TCs IBe 00OpaTHUMBbIE BOJIHBI BoccTaHOBNeHHs B o0mactu -0.16 —-0.24 B 1 -0.80 — -0.96
B (vs Fc'/Fc) cOOTBETCTBEHHO, OTHOCAIIMECA K BOCCTAHOBIEHHIO JTUUMUHOBOIO (parMeHTa, a

TaKke JIB€ HeoOpaTumble BONHBI okucieHus B obmactu 0.87-1.07 B u 1.51-1.72 B. Bsuio
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MOKa3aHo, YTO J0OaBJICHUE JJICKTPOHIOHOPHBIX TPYIIT KaKk B ppy, Tak U B Ar-bian cmemiaer
NOTEHIMAJIbl OKHUCICHHS M BOCCTAHOBIEHHsS B KaTomHyiko oOnacte. B DCII nabmonaercs

CMeEIIEHHE T0JI0C B OoJiee KpacHyto 00nacTs (Ha 40 HM) Ipy BBEJICHUHU JIEKTPOHIOHOPHBIX TPYIII.
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B pabote [86] ObutH TIPOBEACHBI OOIMPHBIC HCCIICIOBAHUS MEXaHU3MA KATATUTUYCCKOM
peakuuu auMepu3anuu dtwieHa Ha komruiekce Pt(II) ¢ Ar-bian. Tak, ObUTM BBIIEICHBI TPH
KIIIOYEBBIX HMHTepMeauara: Tuapuanbiii  komiviekc [Pt(bian)(H)(CoH4)] (1), xommiekc
[Pt(bian)(C2Hs)(C2Ha)[(BArs) (2) (oxapakTepu3oBaH CTPYKTYPHO) W THIAPHUAHBIN KOMILIEKC
[Pt(bian)(H)(C4Hs)] (3) (cxema 42). bputo moka3aHo, 9To IpeBpaIIeHUe TUAPUTHOTO KOMILIEKCa
1 B 3THJIPTHIICHOBBIN KOMIUIEKC 2 MMPOUCXOIUT TI0 MEPBOMY MOPSIKY TI0 STHIICHY ¥ HE BKIIOYAET
B ce0s TMpUCOETMHEHUE  YETHIPHAAIATUIICKTPOHHOTO  TMPOMEXKYTOYHOIO  COEIUHEHUS
[Pt(bian)(CH2CH3)]". TlpeBpaienue stuiadTHieHoBoro komiuiekca [Pt(bian)(C2Hs)(C2Ha)]™ B
[Pt(bian)(H)(C4Hsg)] He 3aBHCHT OT KOHIEHTpAIMH AITHUJICHA M, MO-BUAMMOMY, IPEICTABIISET
CO0OH TPOCTYI0 MHTPAIMOHHYIO PEAKIMI0 BHEAPEHHUS IEPBOrO MOpPSAKA. DHEPreTHYECKHM
Oapbep TaHHOU peakiuu cocTaiseT 29.6 kkan/monb. Karanutnueckas cxema roka3aHa Ha cxeMe

43.
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AG* = 29,8 kcal/mol
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Cxema 43

Takum o00pa3om, omupasch Ha JIMTEPATypHBIE ITaHHBIE, MOXKHO CJeJaTh BBIBOJ, YTO
KOMIUIEKCHI TUIaTHHOBBIX MeTaiioB 9 u 10 rpynn I1C ¢ umuHoaneHagTeHaMu U3y4eHBI KpaliHe
HepaBHOMEpHO. OCHOBHOE KOJIMYECTBO MyOIMKAIMil B 3TOM 00JIaCTH MPUXOIUTCS HA KOMIUIEKCHI
najutaius v wiatuabel. [Ipu 5ToM KomuecTBO MyOIuKaiuii, MPUXOIAIIUXCS TOJIBKO Ha MalIa ni,
MPEBOCXOTUT OOIee KOJMYECTBO IyOJIMKAIMA TI0 OCTAJIBHBIM OJIATOPOJHBIM METaJuIaM. ITO
ompejensercs, B TMEpPBYI oOuepellb, BOCTPEOOBAHHOCTHIO KOMIUIEKCOB MaIagus s
KaTaJUTHYECKUX puiokeHui. HecMoTps Ha 3T0, CTpYKTYpHOE pa3HOo00pa3re TaKuX KOMILIIEKCOB
HE CTOJIb BEJMKO. B OCHOBHOM, 5TO KOMILIEKCHI ABYXBaJeHTHOro najiagus tina [PdX;X,(Ar-
bian)] (Xi = Cl, CH3, OH u ap.), 17151 KOTOPBIX MHUPOKO UCCIETOBATNCH KATATUTUUECKHE CBOMCTBA
B peakiusx aktuBanuu ceszed C-H, dukcanuu COz, pa3nuuHBIX peakIHil KpPOCC-COUYETaHUS,
nonuMepu3anuu u comnonuMmepusanuu onedpunoB u np. Kommiekcer Pd(0) ropasmo menee
pactipoctpaneHbl. MoHo- u reteposnentudyeckue komruiekcesl Pd(II), comepikarue HECKOIBKO
TUTIOB PEIOKC-aKTUBHBIX JIUTAaHI0B, He ObuTH onucadbl. J{st Pt(II) nu3BecTHO TONBKO HECKOJIBKO
MPUMEpPOB JAUMMUH-IUTHONATHBIX KOMILIEKCOB. VccnenoBanus OMONOTHYECKOM aKTHBHOCTH
koMmIuiekcoB Pd u Pt ¢ umuHoaneHadTeHaMH HE TIPOBOAMIUCH, XOTS, HCXOJ U3 CTPYKTYPHBIX
OCOOEHHOCTEH W  PENOKC-aKTMBHOCTH, TaKHe€ KOMIUIEKCHI MOIyiM  Obl  0o0mamarth
MIPOTUBOOITYX0JIEBOM aKTUBHOCTHI0. C APYyrol CTOPOHBI, XUMHUSI KOMIUIEKCOB POAMS W UPHIHS C
UMUHOAalIeHa()TeHAMU SBIIIETCS U BOBCE MAIOpa3paboTaHHOM 001acThio. 11 poaust — 3TO TOIBKO
OJIUH TIpUMEpP CTPYKTypHO oxapaktepuzoBanHoro komruiekca Rh(I). Jns upuaus u3BecTHBI
tobko Komruiekehl Ir(Ill). Dto cmemanHOMUTaHAHBIE ITMKJIONEHTAINCHUIIBHBIE KOMITIEKCH U

OUKIOMETAJTINIMPOBAHHBIC KOMIIJICKCEI C 2-(1)6HI/IJ'IHI/IPI/IHI/IHOM.
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2. SQKCNMEPMNMMEHTANbHAA YWACTDb

21 PeakKTMW®WBbl, MEeTOANUKWN CUHTeEe3a Wu

Opranuyeckre pacTBOPUTENM OYHMINAIUCh [0 CTAHAAPTHBIM METOJMKAM Tepen
ucnonp3zoBanueM. Kommepueckue pearentsl (PACly (Kpacusermert), Ko[PtCls] (Kpacusermer),
RhCl13*3H>0 (Kpacusermer), Ho[IrCls] (Kpacupermer), 1,5-mmukmookraaues (Sigma Aldrich, 98
%), nukiookteH (Sigma Aldrich, 99 %), CS; (Sigma Aldrich, 98 %), Na (Sigma Aldrich), NOBF4
(Sigma Aldrich, 98 %), mumeTHIOBBIi 2hup aneTuieHAMKapOOHOBOH KucIoThH (Sigma Aldrich,
98 %), runpoxunoH (Sigma Aldrich, 98 %), 6pomua TrazonunoBoro cuxero terpaszonus (MTT)
(Alfa Aesar), 6pomun stuaus (EtBr) (Alfa Aesar), JIHK cnepmsr mococs (10 mr/min, Invitrogen))
ucnonp3oBainy 0e3 mpensapurenbHoit ounctku. [{Rh(cod)}2(u-Cl)2] [87], [{Rh(coe)2}2(u-Cl)2]
[88], [{Ir(cod)}2(u-Cl)2] [89], dpp-bian [90] [PA(PhCN)Cl2] [91], (NBus)2[Zn(dmit)z] [92]
(NBu4)2[Zn(dsit)2] [93] Obuin oTydeHbI 10 H3BECTHBIM METOIUKAM.

UK-cnektpsl B o6nactu 4000-400 cm™! 3anucwiBanu Ha ciektpomeTpe Scimitar FTS 2000
¢ 00pa31oB, 3anpeccoBaHHbIX B Ta0neTku KBr. Dnementreiit ananus Ha C, H, N, S BeinmonHeH Ha
npu6ope Euro EA 3000. Cexrpsl 'H SIMP 3anuchisanu Ha criekrpomerpe Bruker Avance 500 ¢
3oH10M PABBO-PLUS 5 MM npu KOMHaTHOW TeMmIiiepaType C HMCIOJb30BaHUEM B KayeCTBE
cranaapta TMC (BHYTpeHHHUI).

MccnepoBaHne Mar GuexTps BIW chavamm it ciekBpomeTpe E — 109
¢upmbl Varian Ha yactote 9.5 I'T'm nmpu remmneparype 77 K. B kaduectBe 3Tanona no g-hpakropy
ucnonb3oBau crnektp OIIP  2.2'-mudpennn-1-nukpunruapazun (4 MYy ¢ g = 2.0036.
Teopernueckoe MojenupoBaHue cHekTpoB OIIP ObuUIO  BBINOIHEHO C MCIOJIB30BaHHEM
nporpammbl  EasySpin  (Bepcust 5.2.11) s Matlab. Marneroxumuueckue H3MEpeHUs
uccienosanuce ¢ nomourpio CKBUJI-marautomerpa Quantum Design MPMS-XL B auanasone
temneparyp 1,77-300 K npu marautsbix nonsx H = 0-10 k3. [l onpeneneHus napaMarHuTHOU
COCTABJIAIONIEH MOJIIPHOM MAarHUTHOM BOCIPUMMYHUBOCTH Y¥p(T) M3 M3MEpEHHBIX 3HAYCHHUH
MOJIHOM MOJISIpPHOM BOCHPUUMUYMBOCTH ¥=M/H BBIYMTAIUCH HE 3aBUCSIIMNA OT TEMIIEPATypPbl
JUaMarHUTHBIA BKJIAJl Yd ¥ BO3MOKHBIN BKJIaa peppoMarHUTHBIX MUKponipumecei xr: yp(T ,H) =
Y(T,H) - ¢ - xe(T,H). Bennuuna yq paccuumThiBanack mo agautuBHOU cxeme Ilackans, a

(beppOMarHUTHBIN BKIIAJ YF, €CJIM OH OBLI, OLIEHUBAJICS MO MOJeBhIM 3aBUcHUMOcTsIM M(H).

Me T

dneKTpoxXuUumMmyeckmne 3KCNepwuMEHeRTpOXUMANEETE O [, O |

HCCJIEOBAHUS B PAcTBOpE MPOBOAWINCH Ha 3JIEKTPOXMMHYECKOM aHanmu3atope 797 VA
Computrace (Metrohom, Switzerland) ¢ ucronp3oBaHreM TpeXdNEKTPOAHOI sueiiku o0bemom 10
MII. B kauecTBe BCIOMOraTeabHOT 0 3JIEKTPO/ia HCIIOIb30BAJICS IUTATHHOBBIH 3JIEKTPO/I, B KAUeCTBE

AJIEKTPOJIa CpaBHEHUS — XJIopcepeOpsHbI snekTpon, 3amosHeHHbn 3M KCI. B kagectse
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pabouero 3JIEKTPOJia HCIOIb30BAM CTEKIOYTJICPOAHBIM MUCKOBBIA dekTpon (d = 3 Mm).
Onektponutom ciyxui 0.1 M pactBop BusNPFs B cootBercTBytomem pactBopurene. Ilepen
U3MEpPEHUSIMHU PacTBOp mpoayBanu aproHom. Ckopocts pa3Beptku - 100 mB/c. Konnenrparus
HCCJIETyeMOT0 KOMIUIEKCa HaXOIUJIach B MUJIMMOJISIPHOM JIMAaria3oHe.

PEeHTreHOCTPYKTYPHBIA aHanwus

PeHTreHOCTpYKTYpHBIN aHallM3 KOMIUIEKCHBIX coequHeHuit 1, 2, 3, 4, 5, 611, 140651
nposeneH npu temneparype 150 K na aBromarudyeckom mudpakromerpe Bruker APEX DUO ¢
4K CCD perextopoM (A = 0.71073 A, rpaduToBsii MoHOXpOMaTop). JH(ppaKINOHHbIE TAHHBIE
a1 MoHokpucTamioB 92CHCI; u 102CHCI; nonydens! Ha kaHane «benok» 1 (A = 0.80246 A,
¢@-ckanbl ¢ marom 1,0°) KypuaToBckoro ucroyHuka CHHXpOTpoHHOro wusnyuenust (HUIL]
«KypuaroBckuii unHcTUTYT», MockBa, Poccuiickas ®enepauus) c¢ ucnonb3zoBanuem [13C-
nerektopa Rayonix SX165 mpu 100 K. Unnekcanuio, MHTErpupoBaHe U MacIITaOMpOBaHUE
JMaHHBIX mpoBoauian ¢ nomomibtio yTuianTel iIMOSFLM B mporpamme CCP4.2 IlompaBka Ha
MOTJIOIIEHNE TIPUMEHSIIAch C TIOMOIIBI0 TporpamMmbl Scala.3. CTpykTypsl ObTH pactdpoBaHbI
¢ ucnosib3oBanueM nporpaMmbl ShelXT [94] u yrounensl ¢ momoribio iporpammer Shel XL [95]
¢ wucnoibp3oBanueM obomouek ShelxLe [96] u OLEX2 [97]. Atombl Bomopona Obuin
JIOKAJIM30BaHbI TEOMETPUYECKH U YTOYHSUIUCH B MOJICIH “‘Hae3/THUKA .

KBaHmBEMMMYEeCKar® pacuy

KBaHTOBO-XMMUYECKHE  pacyeThl JUIS  KOMIUIEKCHOTO  coenuHeHus  [Pd(dpp-
bian)(C4(COOMe)4)] Bommonssiiuch B mporpammHoM mnakere ADF2017 [98]. Pacuets
OPOBOJWINCH B paMmkax Teopun @QyHkumoHana tuiotHoct (DFT) ¢ wucnone3oBanneM
HeaMmnupuyeckoro ¢yskiuoHana PBE komOuHanum ¢ SMOUMpUYECKMMH MONpPaBKaMH JJist
nucriepcuoHHbIX B3aumozeiictBuii D3(BJ) [99] ¢ ucnonb3oBaHueM ¢ TPUXAbI PACHIEIIICHHOTO
6asucHoro Habopa opOuTanell CIPHTEpOBCKOrO THUIMA, OMOJHEHHBIM JBOHHBIM HaOOpOM
nossipuzamonHbelx ¢yHkuuid TZ2P [100]. BHyTpeHHHe 37€eKTpoHbI ObLTH 3aMOpOXeHbl 10 3d-
opOutaneit BrimtountenabHo st Pd m nmo 1s opOutaneit nns aromoB C, N u O. CkansipHbie
pensituBucTCKUE YG(HEKThl YUUTHIBAIUCH B paMkax npuOmmkenus ZORA [101]. Jdns onucanus
OPUPOJIBl XMMUYECKUX CBSI3€H ObUI BHIMOJHEH aHAIU3 TOMOJIOTUU 3JIEKTPOHHOM IUIOTHOCTHU IO
teopun P. baiinepa “Artomsl B Monekynax” (AIM). 3apsibpl Ha aToMax paccUUTaHbl B paMKax
teopun AIM u B pamkax metona NPA [102].

KBanToBO-XxuMHueckue pacdeTsl sl KomiuiekcHoro coenuaerus [Rh(cod)(dpp-bian)Cl]
npoBoauianck B mporpammHoM mnaketre ADF2017. Pacuers! BwimosHsmuce Meronom DFT ¢
UCIIOJIb30BaHUEM MOJIHOANEKTpoHHOro 6asuca TZP u ¢ynkumonanoB VWN u Becke-Perdew.
BuyTtpenune snextponsl atomoB Rh Obutn 3amoposkensl 10 3d-opOuTaneil BKIIOUHUTEIHHO.

CkanspHele pensTuBUCTCKHE 3P (HEKThl YUUTHIBATUCH ¢ TOMOIIbI0 Tpubmkenus ZORA.
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KBaHnTOBO-XMMHUECKHE pacdeThl Il KoMIuieKcHOTro coeaumHeHus [Rho(dpp-bian),Clz]
BBINOJHSUIMCH B nporpaMMHoM mnakere ADF2017. Pacdersl npoBoAMIMCh B pamMKax TEOpUU
¢ynakuonana miuotHoct (DFT) ¢ ucrionp3oBanrem Heammupudeckoro pyuaknronana PBE [103]
B KOMOMHAIIMU C SMIIMPUYECKUMH MTONPABKAMHK JJII JUCTIEPCUOHHBIX B3aummojercTeuii D3(BJ)
[99] ¢ Tpmxabl pacmieIIeHHBIM Oa3UCHBIM Ha0OpOM OpOHUTaNeH CIPUTEPOBCKOTO THIIA,
JIOTIOJTHEHHBIM ToJsipu3aunoHHbiMA  GyHkuusmMu (TZP/ADF) [100]. BHyTpeHuue 31eKTpOHBI
atomoB Rh 6putn 3amopoxens! 10 3d-opOuraneil BkitounTenbHO. CKalsipHbIE PENsSTUBUCTCKUE
3(EeKTh yUUTHIBATUCH C TOMOITbI0 pubmmkernss ZORA [101].

KBaHTOBO-XMMHUYEeCKHE pacyeThl, OCHOBAHHbIE HA JAaHHBIX PEHTTEHOCTPYKTYpPHOTO
anammsa 9 w 10, mpoBoamnmuce B pamkax Teopuu (QyHknmoHana rwiotHoctu (DFT) ¢
MCIIOJIb30BaHNEM THOPUIHOTO (YHKITMOHANA C MTOMpPaBKoii Ha quctepcuio ®B97XD7 ¢ moMoribio
nakera nporpamm Gaussian-09. Ckanspusie pensituBuctckue pacuersl [lyrinaca-Kpomna-I'ecca 2-
ro Topsijika, ObLIM BBIMOJIHEHBI C HCIONb30BaHHEM Oa3ucHbIX HaOopoB DZP-DKH nmms Bcex
aTtoMoB [104—106]. Tononoruueckuii ananus pacnpezeneHus 3aekTpoHHoil motHoctu (QTAIM)
ObLI BBIIOJIHEH C  WCIONBb30BaHWEM mporpammbl  Multiwfn  (Bepcus  3.7) [107]
DNEKTPOCTATUYECKHE TMOTEHIUANBI MOBEPXHOCTU MOJIEKYJ U MOJIEKYJSpHbIE OpOuTanu Obuin
BU3yaIu3upoBaHbl B nmporpamme Chemcraft.

KBanTOBO-XMMH4eckue pacuerbl Uisi COeAMHEHUH 4-7 MpPOBOIWINCH B IPOrPaMMHOM
nakere ADF2021. Pacuetsl npoBoauianCh B paMKax Teopuu pyHkuuoHana miotHoctu (DFT) ¢
ucnonbszoBanueM pynkironana GGA S12g [108] B koMOuHALIMM C SMITUPUUYECKUMU MOMPaBKaMU
JUISL TUCTIEPCUOHHBIX B3auMoAeHcTBUH S. Grimme ¢ TpUXKAbI PacIIeIIEHHBIM 0a3uCHBIM HAa0OpOM
opOuTanel cIIUTEepOBCKOTO TUIIA, TOMOJIHEHHBIM MOsipu3aMoHHbIMU QyHKIMAMEU (TZP/ADF)
[100]. CkansgpHble penaTuBUCTCKHE 3()(PEKTH yUUTHIBAIMCH ¢ TTOMOIIbi0 pubmmkenuss ZORA
[101].

MlccnepesBamwmmepKkanayuum KomnnekcoB B [AHK

Jns uccnenoBaHust CTaOMIBHOCTH KoMIUlekcbl 8 w11 pacTBopsim B cucteme
pactBoputeneir  JIMCO/H,O (4:6, 00./06.). Bce pacTBopsl TOTOBWJIM TIPH KOMHATHOM
temneparype (25 + 2 °C). IIpodpunu YD-BuauMoro uzinydeHus oOpas3lloB KOHTPOJIUPOBAIU B
teuenue 0, 3 u 24 yacoB. Tymenue dpayopecuenuun komiuiekca JJHK/EtBr usmepsinu npu anune
BOJTHBI BO30OyxaeHus 310 HM, smuccuio dayopecteHmun usMmepsui npu 630 am. U3mepenus
npoBoaunuck B pactBope JIMCO/H>O (4:6, 06./06.). JHK cnepmbl 10ococs mepBOHAYaIBHO
cmemmBaiu ¢ EtBr B cootHomenuu 1:1 u nmocrenenno go6asisin komiiekcesl 8, 11, 12 u 13,
Otnowenne komiuiekca k JJHK BapbupoBanu ot 1:4 no 2:1. Dmuccus perucrpupoBanach B
obmactu 500-800 am. Tymenue dhayopecieHny onuckiBaau ypasuenuem llltepana—Donbmepa:

lo/I =1+ K[C], rae lo — HavanpHas nuHTEHCUBHOCTH (hiryopecuenuuu pactsopa EtBr u JIHK, 1
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— nHTeHCHBHOCTH (hiyopectieniiuu EtBr u pactBopa JIHK nocne no6asnenus tymmrens, Ky —
koHcTanTa Tymenus Lltepaa—®onbmepa, [C] — konuenrtpamus tymmurens; Ko (M) 6bia
nonydeHa o HakjoHy rpaduka lo/l or [C]. CnocoOHOCTh KOMIUIEKCOB K cBsi3biBaHui0 ¢ JJTHK
paccunThiBasid 10 ypaBHeHUto Ckatuapaa: r/Df = nK — 1K, rae r = Al/lo, a D — MomsipHast
KOHIIEHTpAIMs cBOOOIHOr0 MeTa/okomiiekca. Koncranra casaspisanus K (M) 6bi1a monydena
u3 HakJioHa Ha rpadukax Ckatuapnaa r/Dr oT r, a KoaudecTBO caiToB cBsi3biBanus Ha JIHK (n)

OBLJIO OMpeIeNIEHO KaK OTHOIICHNWE TOYKHA CBOOOIHOTO KOA((UIIMEHTA K HAKJIOHY.

22 CHMHTEe3 KOMNNEeKCHDBLIX coefgUWHeHMN

[flonyyueHne KOmNMMEeKCOB Ppo

Mo ny ye¢Rh(eod)(dpp-bian)Cl] (1)

Cwmech [{Rh(cod)}2(u-Cl)2] (100 mr, 0.203 mmons) u dpp-bian (203 mr, 0.406 MMOJIB)
pactBopsuii B 30 MJ aneToHUTpUiIa B MHEpPTHOM armocdepe. CMech KUMATWIA C OOpaTHBIM
XOJIOAWJIBHUKOM B TeueHue 12 yacos. [1orydeHHBIN KOpUYHEBBIN pacTBOP yIIapUBaiu B BAKyyMe.
TBepablli OCTATOK PacTBOPsUIM B 5 MJI JMXJIOPMETaHAa, HA IIOJYYEHHBIM PAcTBOpP HACIAWBAIIU
u30BITOK H-rekcaHa. OOpa3oBaBIeecss KOPUYHEBOE TBEPAOE BEUIECTBO MPOMBIBAIN H-T€KCAHOM,
JTUATUIOBBIM 3PUPOM U Cymuin B Bakyyme. Boixom: 168 mr (52 %). Kpuctamisr 1:0.25H>0
KyOndeckoi (popMbl, PUTOAHBIEC TSI PEHTICHOCTPYKTYPHOTO aHAIM3a, IMOJyYald TTOBTOPHBIM
HacJlaBaHWEM H-TeKCaHa Ha pacTBOp 1 B AMXJIOpMETaHE.

UK (KBr, ecm™): 3672 (cm), 3378 (ci); 3058 (cm); 3018 (cm); 2960 (oc); 2939 (cm), 2925
(cm), 2867 (oc); 2827 (c); 1615 (cm), 1595 (cp); 1581 (cp); 1530 (cp); 1463 (c); 1434 (c); 1417
(oc); 1385 (cp); 1361 (cp); 1326 (cp); 1294 (oc); 1249 (cm); 1216 (cm), 1190 (cp); 1180 (ci), 1160
(cp); 1141 (cp); 1109 (cm); 1087 (cm); 1073 (cm), 1060 (cm), 1043 (cp); 1005 (cm); 972 (cm), 955
(cp); 935 (cm); 876 (cp); 846 (cp), 831 (c); 803 (cp); 779 (oc); 760 (c); 735 (cm), 716 (cm), 694 (cn);
634 (cp); 592 (cm), 573 (cm), 546 (cp); 507 (cm); 478 (cm); 455 (cp), 384 (cm).

'H IMP (500 MT'1, 298 K, CD3CN): § 0.91 (d, 12H, CH3 (‘Pr, koopumuanpoBaHHsIii dpp-
bian)) 0.99 (d, 12H, CH3 (‘Pr, cBoGomusiii dpp-bian)), 1.18 (d, 12H, CHs (‘Pr, cBo6oambIi dpp-
bian)), 1.51 (d, 12H, CHs (‘Pr, xoopaunuposaussiii dpp-bian)), 1.79-1.95 (m, 8H, CH; (cod)),
2.35-2.50 (m, 8H, CH2 (cod)) 2.94 (sept, 4H, CH (‘Pr, cBo60oansI1it dpp-bian)), 3.57 (sept, 4H, CH
(‘Pr, koopauauEpoBanHEIi dpp-bian)), 3.95 (s, 4H, CH (cod)) 4.22 (s, 4H, CH (cod)), 6.49 (d, 2H,
H3, (koopauaupoBanHsIii dpp-bian)), 6.68 (d, 2H, H3, (cBoGoausI# dpp-bian)), 7.25-7.60 (m, 12H,
Ha,10,11 (cBOOOIHBIN 1 KOOpAMHUPOBaHHEIN dpp-bian)), 7.98 (d, 2H, Hs (cBoboausiii dpp-bian)),
8.21 (d, 2H, Hs (koopaunupoBanHslii dpp-bian)) m.1. Hymepanus nporonoB B dpp-bian nmokazana
Ha puc. 13.

Jnst C44Hs5oN2CIRh Beramciieno %: C 70.7; H 7.02; N 3.8; maitneno: C 70.6; H 7.10; N 3.8.
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CtpykTypa onpenenesa MetogoM PCA: Pnma, a = 18.7018 (5) A, b=19.5383 (4) A, c =
10.3665 (3) A, V =3783.93 (17) A>.

Mo ny ye¢Rh(@pp-bian)(H20)Cl3] (2)

K cmecu RhCl3¢3H>0 (70 mr, 0.266 mMoins) u dpp-bian (133 mr, 0.266 MMo:b) no6aBuIn
30 mn CH3OH. IlonydyeHHYHO CYCHEH3HMIO JKEJITO-KOPUYHEBOTO IIBETa KUMATWIUA MPHU
nepeMenMBaHiy B TeUeHre 12 4acoB, Ipy 3TOM BBINAI KPACHBIH 0CAZ0K  00pa30Bajcs KpacHbIN
pactBop. PacTBOp OTGMIBTpOBaNIM OT OCaaKa, OCaJOK MPOMBUIM METAHOJOM, 3aTeM 3(pupoM u
BBICYIIIIIM B Bakyyme. Macca npoaykra 116 mr, Beixo 60 %. Kpucramnst 2: CH2Cly, npuroaasie
JUISL pEHTTEHOCTPYKTYPHOTO aHaIK3a, ObUTM MOJYYEHBI IyTEM PACTBOPEHMSI Ocajika B OOJIBIIOM
komyectBe CH>Clz 1 mocienyromum MeayieHHbIM yrapuBanueM. OOpa3oBaBIIMecs: KPUCTAILIBI
POMBUIH AUSTHIIOBBIM 3(DHPOM U CYIIMIIM B BaKyyMe B T€UeHHUE 6 4acoB.

UK (KBr, em™!): 3347 (cn), 3176 (cp), 3058 (cm), 2970 (c), 2928 (c), 2865 (cp), 1659 (cn),
1619 (ci), 1597 (cp), 1570 (cp), 1487 (cn), 1463 (cp), 1434 (cp), 1417 (cp), 1383 (cp), 1361 (cp),
1324 (cm), 1293 (cp), 1273 (cp), 1221 (cm), 1181 (cp), 1148 (cm), 1085 (cm), 1058 (i), 1042 (cm),
961 (ci), 938 (cm), 834 (c), 799 (c), 781 (c), 758 (c), 728 (c), 698 (cp), 647 (cn), 624 (cn), 546 (cp),
481 (ci), 408 (cm).

'H AMP (500 MI'1, 298 K, IMCO-d): d 0.57-0.73 (m, 12H, CHj (ipr)), 1.20-1.36 (m,
12H, CHj3 (ipr), 3.75-4.05 (m, 4H, CH (ipr)), 6.29-6.54 (m, 2H, H3), 7.35-7.75 (m, 8H, Ha,10,11,12),
8.30-8.39 (m, 2H, Hs) m.1.

st C36H42N2ClI3ORh: Berunciieno %: C 59.4; H 5.83; N 3.8; narineno: C 59.2; H5.76; N
3.9.

CtpykTypa onpeseiena MetogoM PCA: P-1,a=11.191 (4) A, b=12.066 (4) A, c = 14.055
A (5),0=76.987 (11)° B =86.812 (10)° y =79.358 (11)°, V =1817.1 (11) A3,

Mo ny yedRhiCl2(dpp-bian)2] (3)

100 mr (0.139 mmomns) [Rho(coe)s(pu-Cl)2] u 140 mr (0.278 mmons) dpp-bian pactBopuiu B
15 mn guxmopMeraHa B MHepTHOW artMocdepe. PactBop B TeueHuwe 15 MuHyT npuoOpen
MaJMHOBYIO OKpacky. Jlamee pacTBop mepeMenmBalyd B TeueHUE CyTOK. [lomyueHHsbIil pacTBOp
yIapuid B BaKyyMe 10 5 MJI W HAclIOWIM Ha HEro TeKCaH. B TedyeHue CyTOK BBIPOCIH
MOHOKpHUCTAILTBI KoMIUIekca 3¢2.72 CH2Cla. Beixon 159 mr (79 %).

UK (KBr, v, em™): 3474 (c), 3058 (ci), 2960 (c), 2922 (cp), 2865 (cp), 1602 (cp), 1526
(cp), 1508 (cp), 1460 (cp), 1434 (cp), 1416 (cp), 1382 (cp), 1360 (cp), 1298 (cp), 1261 (cm), 1183
(ci), 1145 (cm), 1102 (c), 1085 (c), 1059 (cm), 1040 (c), 958 (cm), 936 (cm), 824 (cp), 802 (c), 776
(c), 761 (c), 700 (cm), 658 (cm), 547 (cm), 519 (cp), 478 (cp).

I C72HgoClaN4Rhz: Beramcieno %: C 67.6 %; H 6.32 %; N 4.4 %; naiigeno: C 67.2; H
6.55; N 4.6.
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Ctpykrypa onpenenesa merogoM PCA: Pnma, a =51.200 (3) A, b=122.3795 (13) A, c =
12.8631 (8) A, V =14739.0 (16) A>.

Monyuyuewme neKCcoB upumpgusda

Mo ny u ¢iaod(dpp-bian)Cl] (4)

Kommekc [Ir(cod)(dpp-bian)Cl] cunTe3upoBasim B aTMocdepe aproHa, HCIOJb3Ys
texauky [llnenka. K cycnensun [Ira(cod)>(u-Cl)2] (100 mr, 0.149 mmons) B 20 M Tomyona
nobasisn dpp-bian (149 wmr, 0.298 mmons). IlonydeHHYI0 cMeCh KHISATHIIM C OOpaTHBIM
XOJIOMIBHUKOM B TeueHue 24 yacos. [lomyueHHbIi n3yMpyAHbIN pacTBOp yIapuBalld B BaKyyMe,
ocTaTokK pacTBopsuivd B 10 Mi1. cMecu nuxsopmeTan/Tonyost 3:1. U3yMpyaHblid KpUCTALTHYSCKUAN
IPOAYKT MOJIy4aiy yrapuBaHueM pacTtBopa 210 2 mil. Beixog 190 mr (76 %).

UK (KBr, v, em™): 3443 (cp), 3059 (cx), 3009 (cm), 2959 (c), 2886 (c), 2877 (c), 2833 (cn),
1549 (c), 1495 (c), 1464 (cp), 1437 (cp), 1416 (c), 1385 (cm), 1362 (cm), 1323 (cm), 1305 (¢), 1244
(cm), 1206 (cm), 1186 (cm), 1161 (cm), 1086 (ci), 1066 (ci), 1044 (ci), 1026 (cir), 1010 (cir), 953
(cm), 937 (cm), 908 (cn) , 854 (cxm), 827 (¢), 802 (cp), 775 (c), 763 (cp), 700 (cn), 642 (cn), 548 (cn),
492 (cp).

s C44Hs2CINoIr: Beruncneno %: C, 63.17; H, 6.27; N, 3.35 %; naiineno: C, 63.0; H, 6.22;
N, 3.2 %.

"H SIMP (500 MTI'n, 298 K, CD,Cly): d 0.85 (m, 12H) 1.32 (d, 12H), 1.92 (m, 4H), 2.32
(m, 4H), 3.77 (sep, 4H), 4.04 (m , 4H), 6.54 (d, 2H), 7.22 (m, 2H), 7.34 (m, 4H), 7.46 (m, 2H),
7.96 (d, 2H) m.x.

Ctpykrypa onpenenena metrogoM PCA: Pnma, a=18.5911 (7) A, b=19.4115 (8) A, c =
10.2299 (5) A, V =3691.8 (3) A°.

Mo ny u é¢lnicadydpp -bian)(NO)](BF4)2 (5)

Kommnekc [Ir(cod)(dpp-bian)(NO)|(BF4)> cunTte3upoBamu B TeMHOTE B armocdepe
aprona, ucnosb3ys TexHuky llnenka. K pactBopy [Ir(cod)(dpp-bian)Cl] (50 mr, 0.060 mmoms) B
10 mn guxnopmerana noGasmsimu NOBFs (20 mr, 0.172 mmons). PacTBop nepemennBanu npu
KOMHATHOM TemrepaType B TeueHue 24 gacoB. [lomyueHHBIN KOPUYHEBBIN PacTBOP yIapUBAIH 10
5 MJI 1 HacinauBainu rekcaH. [1omy4eHHbI KPUCTAUNIMYECKUHM MPOAYKT IMPOMBIBAIM T'€KCAaHOM U
cymmiu B Bakyyme. Beixon: 40 mr (66 %).

IR (KBr, v, cm™): 3423 (1), 3224 (1), 2964 (c), 2926 (c), 2868 (cp), 1705 (cp), 1622 (cp),
1597 (cp), 1575 (cp), 1463 (c), 1436 (c), 1419 (c), 1389 (cp), 1366 (cn), 1300 (cm), 1000-1200 (oc,
), 833 (cp), 804 (cp), 779 (cp), 762 (cp), 646 (cn), 548 (cp), 519 (cn), 474 (cp).

Jns Ca4Hs5oN3OBoFslr: Beraucneno %: C, 52.6; H, 5.21; N, 4.2; naiineno: C, 52.3; H, 5.05;
N, 4.3 %.
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Ctpykrypa onpenenesa MetogoM PCA: Pnma, a=11.2382 (18) A, b=22.668 (3) A, ¢ =
20.330 (3) A, V=5135.7 (14) A®

Mo ny u ¢inicadydpp -bian)](BF4) (6)

K pactBopy [Ir(cod)(dpp-bian)Cl] (100 mr, 0.120 mmons) B 10 mu guxsmopmeTraHa
nobapmsumm AgBFs (23.4 wmr, 0.120 mMmonb). PactBop mnepememmBaiyd IpH  KOMHATHOM
Temreparype B TedcHue 24 yacoB. [lomyueHHBIN KOPUYHEBBIA PACTBOP YIAPUBAIA B BaKyyMe H
NEPEeKPUCTANTN30BBIBAIM U3 CHCTEMBl JAMXJIOPMETAH/IUATUIIOBBIA 3(Up C MOIydeHHEM
KpUCTAJIIMYecKoro npoaykra. Berxog 95 mr (90 %).

UK (KBr, v, em™): 3435 (ur), 3060 (c), 2962 (cp), 2926 (cp), 2874 (cn), 1626 (cx), 1600
(cp), 1578 (cm), 1489 (cm), 1466 (cp), 1437 (cp), 1420 (cn), 1366 (cm), 1327 (cm), 1304 (cp), 1252
(ci), 1223 (cm), 1184 (cm), 1161 (cm), 1000-1100 (oc), 895 (cp), 833 (cp), 802 (cp), 781 (cp), 761
(cp), 646 (cm), 621 (cm), 546 (ci), 519(cm), 476 (cn).

Hns CaaHs2NoBFslr: Berancnieno %: C, 59.5; H, 5.90; N, 3.15; naiineno: C, 59.7; H, 5.98;
N, 3.2 %.

"H SIMP (500 MI', 298 K, CDCls): d 0.97 (d, 12H) 1.52 (d, 12H), 1.95 (m, 4H), 2.32 (m,
4H), 3.44 (sep, 4H), 4.12 (m, 4H), 6.54 (d, 2H), 7.20 (m, 2H), 7.35 (m, 4H), 7.49 (m, 2H), 8.57 (d,
2H) ppm.

Ctpykrypa onpesenena Metogom PCA: P4,/mbe, a =20.1791 (4) A, b=20.1791 (4) A, ¢
=19.1826 (5) A, V="7811.1 (4) A3,

MonyyeHMe KOMNNEeKCOB nNannaagua W nNnanaTtWnHbI

Mo ny y eRd(dpp-bign)Clz] (8)

Kowmmnekc [Pd(dpp-bian)Clz] cunTe3upoBamu mo mMoauduiMpoBaHHON MeToauke [55].
Cwmech [PACl2(PhCN)2] (1.865 1, 4.86 MMoub) u dpp-bian (2.435 1, 4.86 MMoub) pacTBopsiiv B 50
min CH2Cl. Cmech mepememmBalii Npd KOMHATHOW Temiieparype B TedeHue 90 MHUHYT.
[Tony4yeHHYIO OpaHXEBYIO CYCIIEH3HMIO yIapuUBaId B BakyyMe. TBepHAbIi OCTaTOK IPOMBIBAIIN
METaHOJIOM M JHUITHIOBBIM 3(QHUpPOM M CyIIWIM B Bakyyme, nonydas [Pd(dpp-bian)Clz] B Buze
TBEP/Oro BelIecTBa kenToro 1eeta. Berxoa: 3.03 1 (92 %).

'H AMP (500 MTI', 298 K, CDCl3): 6 0.99 (d, 12H), 1.52 (d, 12H), 3.52 (sep, 4H), 6.45
(d, 2H), 7.36—7.51 (m, 8H), 8.12 (d, 2H) m.1. 'H SIMP (500 MTI'n, 298 K, JIMCO-de): 8 0.95 (d,
12H), 1.41 (d, 12H), 3.51 (sep, 4H), 6.45 (d, 2H), 7.42—7.72 (m, 8H), 8.38 (d, 2H) m.x.

His C3sHaoN2CloPd: Beramcneno %: C 63.8; H 5.95; N 4.1; momyueno %: C 63.9; H 6.00;
N4.1.

Mo ny y ¢Rd(dpp-bian)(dmit)] (9)

PactBop [Pd(dpp-bian)Clz] (200 mr, 0.295 mmons) u (NBus)2[Zn(dmit):] (139 wmr, 0.147

mmoib) B 15 man CH2Cly mepememnBanu mpu KOMHAaTHOW TeMIIepaType B TE€UEHHE 5 YacoB.
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[Tomy4yeHHOE TBEpAOE BEIIESCTBO 3€JCHOTO IBeTa OT()HIBTPOBBIBAIN, TPOMBIBAIN AHITHIOBBIM
adupoM u cymmin B Bakyyme. Kpucramner 922CHCI3, npurogasie Ajisi peHTTEHOCTPYKTYPHOTO
aHaym3a, ObUIN MOYYCHBI B BHJIC TEMHO-3EJICHBIX IUIACTHH MEIJICHHBIM YIIapUBaHUEM pacTBOpa
9 B xstopodopme. Beixoa: 238 mr (99 %).

UK (KBr, cm1): 2961 (c); 2924 (c); 2866 (cn); 1726 (ca); 1602 (cp); 1553 (cm); 1460 (cp);
1439 (cm); 1418 (cp); 1383 (cin); 1364 (cm); 1296 (cp); 1254 (cn); 1221 (cm); 1139 (cm); 1051 (oc);
1028 (c); 962 (cp); 829 (cm); 800 (cp); 773 (cp); 756(cp); 642 (cm); 544 (cn); 511 (cp); 472 (cp);
389 (cm).

'H SIMP (500 MI'1i, 298 K, CDCl3): § 0.99 (d, 12H), 1.51 (d, 12H), 3.53 (sep, 4H), 6.59
(d, 2H), 7.39-7.57 (m, 8H), 8.11 (d, 2H) m.1. 'H AMP (500 MTI'11, 298 K, JIMCO-ds): & 0.95 (d,
12H), 1.40 (d, 12H), 6.55 (d, 2H), 7.40—7.75 (m, 8H), 8.39 (d, 2H) m.x.

DCII (um, M -em 1), CHCL3): 310 (4.2-10%); 474 (1.2-10%); 787 (5.8-10°).

st C39H40N2S5Pd: Beramcieno %: C 58.3; H 5.05; N 3.5; natigeno: C 58.4; H 5.00; N 3.4.

Ctpykrypa onpenenena merogom PCA: Ama2, a = 21.0859(5) A, b =17.8485(4) A, ¢ =
11.8788(3) A, V=4470.61 A>.

Mo ny u ¢Rd(@pp-bian)(dsit)] (10)

PactBop [Pd(dpp-bian)Clz2] (200 mr, 0.295 mmons) u (NBus)2[Zn(dsit)z] (166 mr, 0.147
mMmoib) B 15 min CH2Cly mepememmBanyu mpu KOMHAaTHOW TEMIIEparype B TE€YEHHE 5 YacoB.
[Tomy4yeHHOE TBEpIOE BEIIECTBO 3€JCHOTO IBETa OT()HUIBTPOBHIBAIN, POMBIBAIN AUITHIOBBIM
a¢upom u cymman B Bakyyme. Kpucraimsl 10:2CHCl3, npuroassie Ui pEHTTEHOCTPYKTYPHOTO
aHanu3a, ObUIN MOYYEeHBI B BHJIe TEMHO-3EJICHBIX IIACTHH MEAJICHHBIM yIapuBaHUEM pacTBOpa
10 B xnopodopme. Berxom: 252 mr (95 %).

UK (KBr, cm1): 3063 (ci); 2961 (c); 2924 (¢); 2864 (cn); 1728 (ci); 1620 (cn); 1603 (cp);
1462 (c); 1437 (cp); 1418 (cp); 1383 (cp); 1362 (cp); 1325 (cm); 1294 (c); 1254 (cn); 1221 (cn);
1188 (cm); 1138 (cp); 1051 (oc); 1024 (c); 961 (cm); 935 (cm); 827 (cp); 797 (cp); 773 (c); 756 (c);
732 (cp); 696 (cm); 640 (cm); 619 (cm); 544 (cp); 512 (cp); 471 (cn); 445 (cn); 428 (cn).

'H AMP (500 MTI', 298 K, CDCl3): § 0.98 (d, 12H), 1.52 (d, 12H), 3.56 (sep, 4H), 6.63
(d, 2H), 7.40-7.57 (m, 8H), 8.11 (d, 2H) m.1. 'H IMP (500 MTI'n, 298 K, IMCO-de): 8 0.92 (d,
12H), 1.42 (d, 12H), 6.57 (d, 2H), 7.49-7.75 (m, 8H), 8.39 (d, 2H) m.z.

DOCII (M, (M -em 1), CHCI3): 318 (4.6-10%); 461 (1.2-10%); 756 (5.5-103).

st C39H40N2S3SeoPd: Beramciieno %: C 52.2; H 4.49; N 3.1; nmatineno: C 52.0; H4.41; N
3.1.

Ctpykrypa onpenenena metogom PCA: Ama2, a = 21.0813(6) A, b=17.9351(4) A, c =
12.1038(3) A, V=4576.39 A>.
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Mo ny y ¢Pu(dpe-bian)Clz] (11)

K cmecu K»[PtCls] (200 mr, 0.482 mmoub) u dpp-bian (241 wmr, 0.482 MMouib) mo0GaBmisim
30 mu atunoBoro cnimpta. Cmech kumstuian 20 yaco. OOpa30BaBIINIiCS TEMHO-KPACHBII PacTBOP
ynapuBaiud B Bakyyme. TBepnbiii ocratok pactBopsuii B CH>Cl. Ha mosrydeHHBI pacTBOp
HACJIauBaJM M30BITOK H-TekcaHa. TeMHO-KpacHO€ TBEpJO€ BELIECTBO, MOJIYYEHHOE IyTeM
muddy3un rekcaHa B TUXIJIOPMETaH, IPOMBIBAIIA H-T€KCAHOM U TUATHIIOBBIM 3()UPOM H CYIIHIIN
B Bakyyme. Beixom: 185 wmr (50 %). Kpucramist 11eCH3CN, mnpurognbsie ais
PEHTTEHOCTPYKTYPHOIO aHalu3a, ObUIM MOJy4YeHbl HaclauBaHMEM JAUATUIOBOTO 3¢dupa Ha
pactBop 118 CH3CN.

UK (KBr, em1): 3063 (ci); 2961 (c); 2926 (cp); 2868 (cp); 1774 (cn); 1724 (cp); 1655
(cm); 1601 (cp); 1520 (cp); 1464 (cp); 1435 (cp); 1418 (cp); 1385 (cp); 1364 (cp); 1327 (cm); 1304
(cp); 1256 (cm); 1221 (cm); 1188 (cm); 1150 (cm); 1107 (cm); 1088 (cm); 1059 (cp); 1043 (cp); 964
(cm); 935 (cm); 866 (ci); 833 (cp); 802 (cp); 779 (c); 762 (cp); 739 (cm); 700 (cm); 658 (cm); 627
(cm); 548 (cm); 378 (cm).

'H SIMP (500 MTI'1i, 298 K, CDCl3): § 0.98 (d, 12H), 1.52 (d, 12H), 3.53 (sep, 4H), 6.72
(d, 2H), 7.43-7.58 (m, 8H), 8.30 (d, 2H) m.1. '"H SIMP (500 MTI'n, 298 K, JIMCO-de): § 0.92 (d,
12H), 1.38 (d, 12H), 3.54 (sep, 4H), 6.59 (d, 2H), 7.47-7.67 (m, 8H), 8.53 (d, 2H) m.x.

Jst C36HaoN2CloPt: Beumciieno %: C 62.1; H 5.79; N 4.0; naiineno: C 62.0; H 5.71; N
4.0.

Crpykrypa onpenenena merogom PCA: P 2/c, a = 11.9870(3) A, b = 12.7077(3) A, ¢ =
23.8286(6) A, 0. =90.000°, B =98.272°, y = 90.000°, V = 3591.88 A3,

Mo ny u ¢Rs(dpp-bian)(dmit)] (12)

PactBop [Pt(dpp-bian)Cl2] (130 mr, 0.084 mmonb) u (NBus)2[Zn(dsit)2] (80 mr, 0.042
mmone) B 12 mn CH>Cly mepememuBanu mpu KOMHATHOW TeMIIEpaType B TEUYEHHE 5 YacoB.
[TomydyeHHOE TBEpO€ BEIIECTBO 3€JCHOTO IBeTa OT(HUIBTPOBBIBATIH, MPOMBIBATH AUITUIOBBIM
aupom u cymuin B Bakyyme. Beixoa: 80 mr (58 %).

UK (KBr, cm1): 3061 (ci); 2961 (cp); 2930 (cn); 2864 (cn); 1603 (cn); 1528 (c); 1464
(cm); 1435 (cm); 1416 (c); 1383 (cm); 1362 (cm); 1302 (c); 1254 (cm); 1196 (cp); 1152 (cm); 1115
(cim); 1055 (oc); 1026 (cp); 960 (ci); 937 (cm); 887 (cm); 864 (cm); 827 (cn); 800 (cn); 773 (cp);
760 (cm); 700 (cm); 654 (cm); 583 (cm); 548 (cm); 513 (cm); 476 (cm); 397(cn).

"H SIMP (500 MT'1i, 298 K, CDCl3): § 0.99 (d, 12H), 1.49 (d, 12H), 3.56 (sep, 4H), 6.62
(d, 2H), 7.34-7.60 (m, 8H), 8.19 (d, 2H) m.1. 'H AMP (500 MTI'11, 298 K, JIMCO-ds): & 0.91 (d,
12H), 1.35 (d, 12H), 6.62 (d, 2H), 7.47—7.68 (m, 8H), 8.45 (d, 2H) m.x.

DCII (um, (M -em 1), CHCI3): 469 (5.2-10°); 801 (6.4-10°).
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Has C390H40N2SsPt: Berunciierno %: C 52.5; H4.52; N 3.1; S 18.0; naitneno: C 52.0; H 4.46;
N 3.0; S 17.9.

Mo ny y ¢PRu(dpp-bian)(dsit)] (13)

PactBop [Pt(dpp-bian)Cl2] (130 mr, 0.084 mmoas) u (NBus):[Zn(dsit)2] (96 mr, 0.042
mMontb) B 12 M CH2Cly mepememmBaiii py KOMHAaTHOM TeMIiepaType B T€UEHHE S5 4acoB.
[TomrydeHHOE TBEPOE BEIIECTBO 3€JCHOTO IBETa OTPUIHTPOBBIBAIH, TPOMBIBATH AHITUIOBBIM
adupoM u cymmii B Bakyyme. Berxoa: 96 mr (50 %).

UK (KBr, em 1): 3061 (cm); 2961 (cp); 2926 (cn); 2864 (cm); 1599 (cm); 1531 (cp); 1487
(cm); 1463 (cm); 1439 (cm); 1416 (cp); 1383 (cm); 1362 (cm); 1325 (cm); 1302 (¢); 1254 (cm); 1219
(cim); 1194 (cp); 1152 (cm); 1053 (oc); 1025 (cp); 960 (cm); 937 (cm); 885 (cm); 860 (cin); 827 (cn);
800 (cm); 773 (cp); 760 (cm); 727 (ci); 700 (cm); 652 (cp); 625 (cn); 583 (cn); 548 (cp); 513 (cp);
476 (cn); 445 (ci); 428 (cp).

'H SIMP (500 MI'1i, 298 K, CDCl3): § 0.99 (d, 12H), 1.49 (d, 12H), 3.56 (sep, 4H), 6.62
(d, 2H), 7.34-7.60 (m, 8H), 8.19 (d, 2H) m.1. 'H AMP (500 MI';, 298 K, JIMCO-ds): § 0.91 (d,
12H), 1.35 (d, 12H), 6.62 (d, 2H), 7.47—7.68 (m, 8H), 8.45 (d, 2H) m.x.

DCII (um, (M -em ), CHCI3): 454 (5.0-10°); 785 (6.2-10°).

Hns C3oHaoN2S3SexPt: Beruncieno %: C 47.5; H 4.09; N 2.8; S 9.8; naiineno: C 47.3; H
4.00; N 2.8; S 9.6.

C n H T[Rd&pp-bian)(C4(COOMe)4s)] (14)

K [Pdx(dba);] (100 mr, 102 mmoaw) mobGaBwim 77.9 MKI IUMETHIIOBOTO 3(dupa
aneTuIeHIuKapOoHoBo# KuciaoTel (408 Mmosb) u 15 mit aneToHa B mHEpTHOH atMocdepe. CMech
nepeMenmuBaim nmpu Harpeanuu 10 50 °C. B TedyeHne nBaaaTH MUHYT BBITIAN JKEITHIA OCAJIOK.
PactBop ynapuiu B Bakyyme, ocazok pactBopruiu B 20 mi1 6enzosna u qodasmiu dpp-bian (103 mr,
205 mmomnb). PactBop mpuobpen opanxkeByro okpacky. [locie nmepemenmmBanusi B TeUeHUE yaca
BBITAJl KOPUYHEBBIN 0CaJ0K, KOTOPHIH ObLT OTQHUILTPOBAH Ha CTEKISTHHOM (hunbTpe. Kpucranis
14+(C2Hs)20, npuroansie ans PCA, 6butn nonydensl nyteMm Aud@ys3uu Tu3THIOBOrO 3gupa B
pactBop KomIuiekca B anieroHe. Berxoa 170 mr (90 %).

UK (KBr, cm1): 3063 (cn), 2961 (c), 2868 (cx), 1707 (c), 1630 (cx), 1616 (cn), 1582 (cp),
1560 (cm), 1552 (cm), 1487 (cm), 1467 (cm), 1433 (cp), 1383 (cn), 1361 (cm), 1355 (cp), 1325 (cn),
1296 (cm), 1253 (cm), 1217 (¢), 1196 (c), 1165 (c), 1112 (cp), 1061 (cm), 1005 (cp), 989 (cm), 954
(cm), 937 (cm), 908 (cm), 835 (cp), 800 (cp), 781 (cp), 761 (cp), 717 (cm), 615 (cm), 545 (cn), 413
(ci).

'H AMP (CDCl5): d 0.72 (d, 12H, CHs (i-Pr)), 1.47 (d, 12H, CHj3 (i-Pr), 2.85 (s, 6H, CH3
(COOMe)), 3.32 (sept, 4H, CH (i-Pr)), 3.56 (s, 6H, CH; (COOMe)) 5.83 (d, 2H), 7.35-7.50 (m,
8H), 7.99 (d, 2H) m.x.
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Berancnieno ms CagHsoN2OsPd: C 64.7; H 5.88; N 3.1 %; maiineno: C 64.9, H 5.95, N 3.4
%.
Crtpykrypa onpezienena merogom PCA: Pbca a = 16.9069(3) A, b = 23.5618(6) A, ¢ =
23.8902(7) A, V = 9516.83(40) A%,
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3. OBCYXOEHWE PE3Y/NbTATOB

31 KowmMnnekc bl dgpdigwm a ¢
CuHTewomMnnekc aPeakuds [{Rh(cod)}2(u-Cl)2] ¢ 1,2-6uc[(2,6-
nuusonponwipeHun)umMuHo Jatienaprerom  (dpp-bian) B crexmomerpuun 1:2 B HHEPTHOM
atMocdepe IPHUBOJNT K YCTOMYMBOMY Ha BO3ayxe MoHosiepHoMy Komiuiekcy [Rh(cod)(dpp-
bian)Cl] (1) ¢ BeixogoMm 52 % cornacHo cxeme 44 [109]. B pesynbraTe peakiiuu IpOHCXOIUT

paspsbiB cBs3u Rh-Cl u koopaunanus dpp-bian k atomy pozus.

Pr
o D) e, B K
I pp-bian
LE==ph7” Rh !| > l'Kll?h/ \ Ar =
| Cl CH,Cl, | N7 Q
Ar Pr

Cxema 44

B UK-cnekTpe 1 HaGnroaar0Tcst XapakTepHbIe MOJIOCHI KojebaHuii cBsa3eil B nuranae dpp-
bian B o6mactu 1595-1009 cm!, a Tarke monocsl konebanuii cesizeit C-H B o6nactu 2960-2827
eml

AMPc nekTp o c Koamercd 1l HeycTOHYHMB B pacTBOpe IO OTHOLICHUIO K
nuccoraiuu dpp-bian. B ciektpe 'H IMP 1 8 CD3;CN Hab6momaroTcs 18a Habopa CHUTHAJIOB,
KOTOpBIe oTHOCATCA K dpp-bian u cod (puc. 12). [TonoxxeHust u mmprHa 601ee mMupoKoro Habopa
(monmymmpuna 5 ') cormacyrorcst co crnektpoM cBoboaHoro dpp-bian B CD3CN. Beneacrtue
3TOoro OBUT CcAeTmaH BBIBOJA, UTO Oojee MIMPOKUNA HAOOp CHTHAIOB COOTBETCTBYET
HeKoOpAMHUpPOBaHHOMY dpp-bian, a 6omnee y3kuit Habop (D2 ' Ha moMyBBICOTE) COOTBETCTBYET
dpp-bian, koopauHupoBaHHOMY K aTomy poaus. B 'H SIMP-cnektpe 1 Takxke ecTh aBa Habopa
CUTHAJIOB, KOTOpbIE OTHOCATCA K cod, koopauHupoBanHoMmy K katnoHy Rh(I). ITo unTerpanpabpiM
WHTEHCHUBHOCTSAM MX MOXKHO OTHeCTH JIn00 K komruiekcy Rh(I) ¢ koopaiuHHpPOBaHHBIM JTUTAHIOM
dpp-bian, mu60 k kommekcy 6e3 nuranaa dpp-bian. Crextpsl 'H SIMP K0CBEHHO HOATBEPKAAIOT,
yto nipu pactBopernd 1 8 CD3CN on aucconuupyer Ha Cl- u [1-Cl]", tak kak He Habmomaercs
JIOTIOJTHUTENLHOTO paciierienus B curnanax 'H ot cod. C mpyroii cropossl, koopausanus Cl™ k
aTOMy pOJUsl TIpHBeJia Obl K HEIKBHBAJICHTHOCTH aTOMOB BOJIOPOJa IMKJIIOOKTAINCHA,

PacCIoJIOKEHHBIX 110 pa3HbIC CTOPOHEI OT BKBaTOpHaJII)HOfI IIJIOCKOCTH.
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P nycH olR 'H SIMP-cnextp [Rh(dpp-bian)(cod)Cl]. KBagparom 0603HaueHb! CHIHAIbI
KoMIuiekca 1, TpeyronbHuKOM — cBoOoHOTO dpp-bian, kpyrom — [Rh(cod)Cl]>

JUIs  KOJIMYECTBEHHOTO OIMCaHUsl mporecca aucconmanuu dpp-bian Oblia u3ydeHa
BpeMeHHas dBosonus crnektpos 'H IMP 1, pacteopennoro 8 CD3CN. Curnaisl ot cBOGOIHOTO
dpp-bian mnosBnsitOTCA cpa3dy ToOcCie PpacTBOpeHUs Komiwiekca 1, M HMX WHTEHCHUBHOCTH
YBEJIMYUBAETCS CO BpeMeHeM. B uacTHocTH, Habmonanuch JBa TyOJeTHbIX CUrHaia npu 6.53 u
6.69 M.II., KOTOpBIE COOTBETCTBYIOT MpoToHaM H3 arieHaTeHOBOM YacTh KOOPAMHUPOBAHHOTO U
HeKoopAuHUPOBaHHOTO dpp-bian cooTBeTcTBEHHO (pUC. 13). IHTErpasbHOE COOTHOIICHUE MEXKIY
TUMHU CUTHaJlaMM 4Yepe3 BOCEMb MMHYT Iocjie pacTBopeHus coctaBuio 4.3:1. Uepe3z 90 MunyT
3TO COOTHOIIEHHE N0CTUrIO 1.3:1 U ocTaBagoCh MOCTOSIHHBIM B T€UEHHUE CIEAYIOUUX 24 4acoB.
ME1 nipeanonaraem, uro papHoBecue Mexay [1-C1]" u cBoGoansM dpp-bian mocturaercs uepes
90 MuH nocne pactBopeHus 1. AHaIOrM4HOE OBEACHNE 0OHAPYKEHO B CIA00KOOPIMHUPYIOIEM

CDCls.
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CBoboaHbIn  KOOPAWHWPOBaHHbLIN
dpp-bian dpp-bian

MJULW, 1 neHb

\

* 90 MUHYT

1:1.7
MULM 30 MuHyT

1:43 \J
L-—-«- 8 MUHYT

6.7 6.6 6.5

Hs
P nycH ol8. Deomonus Bo Bpemenn 'H SIMP-cniektpa [Rh(dpp-bian)(cod)Cl] B CD3CN B
obnactu nporoHoB Hi. H3 mpoTons! yka3zansl B cTpykType dpp-bian
Kpuctannwnueck & ma T e yWwWomrpyttamis: 140.25H,0, npuroansie
JUIS. PEHTI€HOCTPYKTYPHOI'O aHaIN3a, BRIPALIMBAIIY ITyTeM HacllauBaHHs H-TeKcaHa Ha pacTBop 1
B AuXjopMeTane. MonekymsipHas cTpykrypa 1 npencrasiena Ha puc. 14. Katuon poausi(l) umeer

HCKAXXCHHOC KBaJApPaTHO-IMPAMUAWUIIBHOC KOOPAWHAIIMOHHOC OKPYXKCHUC. SKBaTOpI/Ia.]'H)HaSI
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MJIOCKOCTh  OmpefenseTcs aromMamMu aszora dpp-bian u  aAByMsS 0JIepUHOBBIMH  CBSI3SIMU
[UKIIOOKTAUECHA, OCTABIIUKCS aKCHAJIbHBIM KOOPIWHAIIMOHHBIA IEHTP 3aHAT XJIOPUIHBIM
maranioM. Kartuon ponus(l) pacnosnoxen Ha 0.34 A Bplie sxBaTopuanbHoil miockocTu. J{mina
omuHapHOH cBa3u Rh-N, paBHas 2.127 (2) A, cymiecTBeHHO He OTIMYAeTCs OT TaKOBOH i
[Rh(CO)(dpp-bian)Cl] (2.00-2.12 A) [33], [Rh(cod)(bpy)]", [Rh(cod)(Mezbpy)]" (2.09-2.10 A)
[110, 111], [Rh(cod)(Ph2bpy)]" (2.08-2.16 A), [Rh(cod)((CO2Me):bpy)]" (2.08-2.09 A) [112],
[Rh(cod)(phen)]* (2.08-2.11 A) [113]. Paccrosnus Rh-C cocrasnsior 2.115 u 2.142 A, uto
xapakTepHo ans ¢parmenta {Rh'(cod)} B momo6ubIX Kommekcax [114, 115]. JIauHsl cBa3eil BO
dparmente N=C-C=N yka3biBatoT Ha Hammuue ogHord C-C oIMHApHON CBS3M M JABYX JBOMHBIX
cBsizeit C=N, uTo yKa3pIBaeT Ha HeUTpalibHOE cocTostHue dpp-bian [116][76][117].

[IpumeuatensHo, uto auuHa ceasu Rh-Cl, pasnas 2.5908 (12) A, nexur na BepxHeii
rpaHUlIe AMAana30Ha U3BECTHBIX AMUH TepMuHanbHOU cBsizu Rh-Cl, cpennee 3HaueHne KOTOpOit
cocrasnser okono 2.4 A [118]. U3BecTHO JHUIIb HECKOILKO KOMILIEKCOB POMS C YTHHEHHOM
omuHapHoi cBsizblo Rh-Cl: ato [Rh(Cp*H)(bpy)Cl] (Cp*H = neHTamMeTHINHKIONEHTAIUCH)
(2.544 A) [119], [Rh(cod)(PP)CI] (PP = gudochun) (2.60 A) [120] u [Rh(nbd)(bpy)CI] (nbd =
Hop6opuaauen) (2.59 A) [121]. O6uieii yepToil HTUX KOMILIEKCOB ABIAETCS TO, YTO XJIOPH
HAXOAMUTCS B aKCHAJILHOM TOJIOKEHUHU K SKBATOPUATIbHOU MIIOCKOCTH, onpenenseMoit P- uin N-

JIOHOPHBIM OHMJICHTATHBIM JIMTAHJIOM U MOJIEKYJION THEHA.

P nycH ol&. Crpoenue xomriekca 1. ATOMBI BOJOPO/Ia HE MTOKa3aHbI
P e g eckBco il ¢ Twxmarueckas Bosprammeporpamma (IIBA) xommiekca [Rh(dpp-
bian)(cod)Cl] (10° M) B aueronutpune (puc. 15) mokasana HaauuMe ABYX OOPATHMBIX
OJIHORJIEKTPOHHBIX MPOILIECCOB C MOTeHIManamMu nonyBoiaHbel Eix = -0.36 B u E1, = -1.18 B ¢
MOCJIETYIONM HeoOpaTuMbIM TiporieccoM mpu -1.49 B oTHocuTenbHO XjopcepeOpsiHOTO
anekTpona. PasHocTs karogaHoro u anoaHoro norenuuanos (DE) nis mepBbIX IBYX MpoIeccOB

cocrapnsier 0.07 u 0.06 B, coorBercTBeHHO (mpu ckopoctu ckaHuposanus 100 mB/c), uto
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HECYIIECTBEHHO OTINYaeTCs OT TeopeTudeckoro 3HadueHus 0.057 B s moaHOCThIO 00paTUMOTO
OJIHORJIEKTPOHHOTO Tiepexona. Kpome Toro, 3T 3HAYCHUS NPAKTHUYECKA HE MEHSIOTCS TpHU
BapbUpPOBaHUU CKOpocTH ckanuposanus (50-250 MB/c), uTo Takke SBISETCS XapaKTEPUCTUKON
ANEKTPOXUMHUUYECKH 0OpaTUMOTO 3JIEKTPOHHOTO 0OMEeHa. DTH PEIOKC MPOLECCHl MOKHO OTHECTH
K MOCIIEIOBAaTEIbHOMY BOCCTaHOBJICHHIO dpp-bian, B COOTBETCTBUU C JIMTaH/A-LIEHTPUPOBAHHBIM
xapakrepom HCMO B [Rh(dpp-bian)(cod)]” (cM. namee). D10 cormacyercs ¢ CHIBHBIM
AJIEKTPOHOAKIICTITOPHEIM ~ xapaktepoMm dpp-bian u  cmocoOHOCTBIO — aleHa()TeHANHMMHHOB

ImpeBpaiiaTbCa B a].[eHa(bTI/IJ'ICHI[I/IaMI/IHBI .

Tok pA
5.0

-5.0

-10.04

—15.0—l : : .
0 -0.50 -1.00 -1.50

MoteHuuman (B, vs Ag/AgCl)
P nycH olk. [IBA kommuiekca 1 B arieToHuTpuie

DTOT BBIBOJ MOJHOCTHIO COTJACYETCS C MPEBIAYIIMMU CHEKTPOITEKTPOXUMUUYECKUMU
uccinenoBanusiMu ananoruuHoro komruiekca Rh(I) ¢ dpp-bian, [Rh(CO)(dpp-bian)Cl], rae 6s110
MOKa3aHOo, YTO DJIEKTPOHBI, JO00ABICHHBIE B PE3YJIbTATE DIEKTPOXUMHUECKOTO BOCCTAHOBIICHHUS,
JIOKAJIN30BaHbI MPEUMYILECTBEHHO Ha apoMaTudeckoil m*-cucreme dpp-bian. [IpoaykTsl o1HO- 1
JIBYXAJIEKTPOHHOTO BoccTaHoBieHus: aHuoH-paaukan [Rh(CO)(dpp-bian)Cl]” u nuanuon
[Rh(CO)(dpp-bian)Cl1]* — 61 06HapyskeHsl B pactBope TT'® ¢ momornsio DIIP-, UK- u Y-
cnekrpockonuu [33]. B otninune ot TT'®, rae cBsa3p Rh-Cl B [Rh(CO)(dpp-bian)Cl] coxpansercs,
B CWJIbHO KoopauHupyomeM PrCN xyiopuHbIi IUrasj 3aMemiaeTcsi MOJIeKyJI0H pacTBOPUTEIS C
obpazoBanmem panukana [Rh(CO)(dpp-bian)(PrCN)]". D10 mpuBOAUT K TOMY, YTO MEPBBIA
KaTOAHBIN Tporecc craHoBuTcs HeoOpatumbiM B I[[BA [Rh(CO)(dpp-bian)Cl] B PrCN. D10
JMaMEeTPaIbHO IMPOTHBOIOJIOKHO CHUTYallMM C KOMIUIEKCOM 2 B CHIIBHO KOOPIMHHPYIOIIEM
areToHUTpHIIIe: oba mpoiecca, HabmogaeMbiXx B [IBA, sBistoTcs 06paTUMBIMU. ITO MOTJIO OBI
o3Havath, 4To cBsA3b Rh-Cl coxpansiercss mpu BoccTaHoBieHHH. OJHAKO, YYUTHIBasl CIal0yro

KOOpAWHAIIUIO XJIOpa K POAUIO U €TI0 BO3MOKHOC OTHICIINICHUC HAa OCHOBC JaHHBIX MACC- U 1H
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SAMP-cniekTpoB, MBI TIOJIaraeM, 4TO BCE AJICKTPOXUMHYECKHUE TIPOIIecChl, oOHapykeHHbIe B [[BA,
npunamiexar K ¢opme [Rh(dpp-bian)(cod)]’. Dra rumoresa Obuia moarsepskaeHa DFT-
pacueramu, KOTOpbIE MOKa3aji, YTO ONTUMHU3WpoBaHHAas JuymHA cBs3u Rh-Cl mins xomruiekca
[Rh(dpp-bian)(cod)Cl] B arieTonuTpuie cocrasisieT 2.75 A, uro HaMHOTro GoIbIIIe, YEM B Fa30BOH
daze (2.59 A). Kpome Toro, cucrema, cocrosmas u3 moHoB [Rh(dpp-bian)(cod)]” u CI
DHEpPreTHUecKu 4yTh Oojee BbirogHa, yeM [Rh(dpp-bian)(cod)Cl]. Ilomnas wunHTepmperanus

OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX ITPOLIECCOB MpPEACTaBIeHa Ha puc. 16.

3

T E,=+0.67V

B = (B3

1 [1-CI]

-1e +1e E1/2=-0.36V

,?\r
| e Ay A
Iil\Rh/@ € Iil\Rh/ .
e
Ar

E1/2 =-1.18V

P nycH ol&. Cxema penokc mpoieccoB, HaOmoaeMbix B [IBA komriekca [Rh(dpp-
bian)(cod)Cl]

KBaHTXBMWNY e C KeaT & DRl gacueTs 1is kommekca 1 ObUTH BBHITOTHEHBI,
yTOOBI OOBSCHUTH aHOMaJdbHO HiMuHHOE paccrtosiHue Rh-Cl w wHTEepnpernpoBaTh pemoOKC
noBeneHue 1 B pactBope. Paccunrannoe ontumusupoBanHoe paccrosinue Rh-Cl B razoBoii daze
cocrapuno 2.57 A (tabn. 1), 4ro oOueHb ONM3KO K 3HAYEHMIO, MOJYYEHHOMY METOJOM
peHTreHocTpyKTYpHOro ananusa 1-:0.25H>0 (2.5908 (12) A). Ctons 6onbIoe paccTosHIE MOKHO
O00BSCHUTH TEM, UTO PsiJ] BBICIINX 3aHATHIX MOJIEKYJIIPHBIX opOuTasel, a raksxke HCMO conepixkar
TOJIBKO Pa3PHIXJISTIONTUE BKIAGI 17151 B3aumoaeiicteust Rh-Cl (puc. 17).

Jlyis MHTepIpeTalud OKUCIUTEbHO-BOCCTAHOBUTENBHBIX MPOIIECCOB, OOHAPYKEHHBIX B
[IBA, 6bu1a nipoBenena ontumusaius reomerpun [Rh(cod)(dpp-bian)Cl] (1) B aneronutpune. B

3TOM ciydae ONTHMHU3MpoBaHHOE paccTosiuue Rh-Cl yBemuummnock o 2.75 A (tabn. 1), uro
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CBUJIETENLCTBYET O JUCCOLMALIMU KOMIUIEKca B pacTBope. s MOATBEpKAEHUS 3TON TUIOTE3bl
ObLIa pacCcuuTaHa >Heprus cBsa3u Mexay gpparmentamu [Rh(cod)(dpp-bian)]* ([1-Cl1]") u CI” kak
pasHOCTh Mexay sHeprusimu obOpazoBanus [Rh(cod)(dpp-bian)Cl] B ameronuTpmiie u cymMmoit
sHepruii oOpa3oBaHus (parMEHTOB B TOM K€ pacTBopuTesie. PesynbTHpyloiiee 3HaueHUeE
coctapisieT +1.3 kJ[>x/Moap u yBenuuuBaeTcs 10 +5.19 x/[/Monb, eciu NpUHATh BO BHUMaHUE
BUOpPAIIMOHHBIC TIONIPABKU HYJIEBOH TOUYKH. [10I0KUTENBHBIN 3HAK CBUACTEIBCTBYET O TOM, YTO
cucrema otaenbHbx  (parmentoB  [Rh(cod)(dpp-bian)]” u Cl” smepretuuecku Gonee

npeanoututenbHa, ueM [Rh(cod)(dpp-bian)Cl], xoTs 06 BeTHMYUHBI JOCTATOYHO MAJIBI.

P nycH ol¥. uarpamma monekysipubix opoutaneit B3MO (a) u HCMO (b) kommuiekca 1
T a 6 N A. BxabpanHble ONTUMU3UPOBAHHbBIE MeKaToMHBIE paccTosHuA 1714 (d, A) ms [Rh(dpp-

bian)(cod)Cl] B rasosoii ¢asze m [Rh(dpp-bian)(cod)]" m ero BoccranoBneHHBIX (GOpM B

allETOHUTPUIIE
d(Rh-C1 ) ,|d(Rh-C) , |d(Rh-N) ,
[Rh(cod)(dpp-bian)Cl]Br a3 oB o |2.57 2.14;2.14; |2.13;2.14
2.14;2.17
[Rh(cod)(dpp-bian)CllBa e T o H N T|2.75 2.12;2.13; | 2.15;2.17
2.15;2.18
[Rh(cod)(dpp-bian)]*BayeTOHUT [ - 2.14;2.14; |2.14;2.14
2.17;2.17
[Rh(cod)(dpp-bian)]Ba e TOHUT p|-— 2.12;2.13; | 2.11;2.12
2.15;2.15
[Rh(cod)(dpp-bian)] " Ba e TOHUT [ - 2.11;2.12; | 2.08;2.08
2.14;2.15

B 10 Bpems kak ana ucxomHoro komruiekca [Rh(cod)(dpp-bian)Cl] B3MO wumeer
3HAYMTENIbHBIA BKJIQJ Kak OT opOuTajneil xjopa, Tak u opobutaneit dpp-bian, B3MO kartmona
[Rh(cod)(dpp-bian)]* cocTout npeumymectsenno n3 opouraneii Rh (tabm. 2). B 1o ke Bpems
HCMO «kartuona [Rh(cod)(dpp-bian)]" cocrour B ocHOBHOM wu3 opburaneii dpp-bian.
Boccranosnenue karnona [Rh(cod)(dpp-bian)]" npuBoauT k 3aceeHUI0 BAKAHTHBIX OpOUTANIEH
dpp-bian (Tabm. 2, puc. 18) u ykopouenuro cBsizeir Rh-N (tabi. 2). Takum 06pazom, HabIr01aeMbIe
IPOIIECCHl BOCCTAHOBIICHHS CIIEyeT paccMaTpUBaTh, KaK IMPOTEKAIOIINE MPEUMYIIECTBEHHO Ha

JUHMMHHOBOM (bpaFMCHTC KOMIIJICKCA.
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P nycH ol8 B3MO u HBMO katuona [Rh(dpp-bian)(cod)]" u ero BoccranopieHHbIx hopm

T a 6 n 2. Bm@aas! pa3TuIHbIX GParMeHTOB B MOJIEKYJISIpHBIC OpOHUTAIN KOMILIeKca 1

E,ev | Cl Rh dpp-bian cod
[Rh(dpp-bian)(cod)Cl] | HBMO | -3.649 | 7.58 17.69 67.69 0
B3MO -4.845 | 19.11 38.94 19.34 6.94
B3MO-1 | -5.426 | 55.82 16.31 2.61 4.92
[Rh(dpp-bian)(cod)]" | HBMO | -4.351 | - 2.84 82.74 0
B3MO -5.242 | - 83.81 0 0
B3MO-1 | -6.008 | - 68.19 11.85 4.22
[Rh(dpp-bian)(cod)] HBMO | -2.799 | - 0 97.15 0
B3MO -3.700 | - 1.56 79.9 2.15
B3MO-1 | -4.463 | - 84.57 1.29 0
[Rh(dpp-bian)(cod)]” | HBMO | -2.115 | - 0 101.65 0
B3MO 2,774 | - 2.10 75.13 6.39
B3MO-1 | -3.759 | - 84.13 4.12 0

CunHTeEs K 0 M Bruemineiiersue 2rpurnapata RhClz ¢ dpp-bian, B3ATBIX B
cooTHouieHun 1:1, B MeTaHoJe, NPUBOTUT K MOHOsAEpHOMY Komiuiekcy 1S filRh(dpp-

bian)(H20)Cl3] (2) ¢ Beixogom 60 %, cormacuo cxeme 45 [122].
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Ar—N N—Ar cl '?"
N\ H,0 | N
MeOH, 64 °C
wosmo + | S wonse NS
> <IN
N
c |

Ar

Cxema 45

B UK-cniekTpe 2 HaOMOAar0TCS XapaKTEPHBIE MOJIOCH! KoieOaHuii cBsizer B uranae dpp-
bian B o6mactu 1625-1008 cm™!, a Taroke monockl koneoanuii cszeit C-H B obmactu 2970-2865
em!. B 'H SAMP-cnektpe HaOMIOAAIOTCS XapakTepHble CHIHAIbI OT apOMATHYECKHX M
anupaTuaeckux mpoToHoB dpp-bian.

KpunucrtannumuecK aio MNT/PeyKRdoapypi@Tamisl 2, TpUTroaHbIe IS
PEHTTEHOCTPYKTYPHOT'O aHalin3a, ObUIM MOJyYeHbl PacTBOpeHHEM 2 B OOJBIIOM KOJUYECTBE
CH:Cl; m mocnenyromuM MeAJICHHBIM yIapuBaHWEM pacTBopa. MosekyisipHas CTpyKTypa 2
nokazaHa Ha puc. 19. CoenuHenue mpencrapiser coboil HelTpanbHbiil KoMmIuieke poausi(IID).
ATOM pous OKpYKeH ABYMS aTOMaMU a30Ta oT dpp-bian, Tpemsi aToMaMu XJI0pa, ABa U3 KOTOPBIX
HAXOATCS B aKCHAIBHOM TOJIOXKEHUH U OJHUM aTOMOM KHCIIOPO/ia OT KOOPIMHUPOBAHHOM BOJIBI.
Jmna cesasu Rh-N 2.06 A, uro xapakTepHO [/ KOMIUIEKCOB POIMS C HOIMITUPUIMILHBIMU
nuragaamu [123-125]. Jnuna casu Rh-O, pasnas 2.13 A, noarsepskaaeT KOOpIMHALUIO BOJIbI,
a ve OH". Paccrostuus Rh-N(1) u Rh-N(2) pazmuuarorcs Ha 0.03 A u coctapusor 2.067(4) u
2.033(4) A cootBeTcTBEHHO. DTO pasIMule MOKHO 0OBACHUTH TeM, uTo atom N(1) HaxoauTcs B
TpaHc-nosioxkeHnu k aromy CIl(1), koTopslii mposiBasieT Oojiee CHUIBHOE TPAHC-BIUSHHUE, YeM
Mosiekyna Bonabl. IlonmobHoe paznuuue B anuHax cBszedd Rh—N Habmionmanoce u B apyrux
AuUMHHOBBIX Komiiekcax Rh(IID). Jlnunst cesaseit C-C u C=N B dpp-bian pasusr 1.49 u 1.30 A,
COOTBETCTBEHHO, YTO OTBeYaeT oAnHapHO cBsi3u C-C u ABOIHO#M cBs3u C=N, 4TO TOBOPUT O TOM,

4yTo dpp-bian B JaHHOM KOMILIEKCE HAXOAUTCS B HEUTpasIbHOU (popme.

P nycH ol®. Crpoenne xomruiekca 2. ATOMBI BOJAOPO/Ia HE MOKA3aHbI
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PepgekscoincTBa M -X IKNBVMB'HET OKBIDEET bl . p [duenuueckas
BoJIbTaMIepoMeTpusi kommiekca 2 (103 M) B ameromutpune (puc. 20) mokasana Haluuue
HeoOpaTUMOro Impouecca BOCCTaHOBIEHUS | co 3HaueHMEM NOTEHLMana KaTOAHOIO TOKa
E:. =-0.46 B oTHOCHTEIIBHO XJIOPCEPEOPSHOTO AIeKTpoa. [1o aHamoruu ¢ 3IEeKTPOXUMHUIECKUMU
JAHHBIMU CXOXHUX MOJUNUPUIMIBHBIX KoMIuiekcoB poausi(IIl) mMbl mpeamnonaraem, 4To NaHHBIM
TIPOIIECC OTHOCUTCS K JBYXDJIEKTPOHHOMY BOCCTaHOBJIeHMIO Rh®' u, BeposTHO, mpoucxomut c
NIMMUHUPOBAHUEM OJIHOTO WM JABYX XJOpPUAHBIX jaurasnos [126-128]. I[lomumo »storo,
HaOMIOAI0TCI OOpaTUMBI M KBa3HMOOpaTHUMBIN OaHOIJIEKTpoHHBIE Tpomecchl Il m III co
3HAYEHUAMH MOTEHUIUAIOB 1MoJyBOJIHBI E12=-0.83 B u E12=-1.63 B cooTBeTcTBeHHO. Pa3zHOCTH
noTeHmanoB s 3tux npoueccoB DE = 0.07 B u DE = 0.11 B cootBerctBenHo. 3Hauenue DE =
0.07 B HecymiectBeHHO oTinyaeTcst oT BenuuuHbl 0.057 B 1 octaercs npakTHUECKH HEU3MEHHBIM
Opd  BAapbUPOBAaHMM CKOpocTH ckaHupoBaHus (50-250 wmB/c), dro xapakrtepHo uis

QJICKTPOXUMHYCCKHU O6paTPIMOFO QJICKTPOHHOI'O obMeHa.

Tok pA
10.0 V
VI
0-
-10.0 - v
1 1 Il I III III 1
2.0 1.0 0 -1.0 -2.0

MoteHuuan, B (vs Ag/AgCl)

P nycH o2@. [IBA komruiekca 2 B alleTOHUTPUIIE

MeTanoueHTpUpOBaHHOE JIBYX3JIEKTPOHHOE BOCCTAaHOBJIEHHE OBLIO MOATBEPXKIEHO C
nomotipio DFT-pacueToB, KOTOpBIE TTOKA3aJIH, YTO JOOABICHHUE JIBYX 3JIEKTPOHOB K MOJIEKYJe 2
OpUBOIUT K pa3peiBy AByX cBs3eil Rh—Cl ¢ oOpazoBaHueM MIOCKOKBAIPAaTHOTO KOMILIEKCa
[Rh!(dpp-bian)(H,0)Cl]. O6 obpazosanuu HeiiTpansHoro komiiekca Rh(I) cBumerenscTByer
Takxe nossieHue Ha [IBA anoanoro nuka V npu E; = +0.30 B, cOOTBETCTBYIOIIETO OKUCIEHUIO
Rh(I). Ananorununslii npouecc HeoOpatumoro okucieHus npu Ea = +0.9 B (otHocurenbHO
Ag/AgCl) obuapysxen as [Rh'(dpp-bian)(CO)CI]. [33]. CnemyeT OTMETUTH, YTO STH AaHOIHEIE
MIUKU HE TIOSBIIIOTCS MPH OTACIBHOM CKaHUpOBaHUU B oOactu ot 0 10 2 B, 4To moaTBepKAaeT,

4YTO BCC MNPOLCCCBHI OKUCIICHHA CBA3AHBI C IMPOAYKTAMH BOCCTAHOBJICHHA 2. Takum O6p3.30M,
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MOCJEAYIOIIUE TMPOLECChl OAHOAIEKTpOHHOrO BoccTaHoBieHuss Il u Il otHOCATCH K
Boccranosienuio [Rhl(dpp-bian)(H20)CI]. IMonnas cxema pefoKc IPOLECCOB NPeACTaBIeHa Ha

puc. 21. [TonoGHoe noBeneHKE TaKke HaOM0KaeTCs i Komruiekca 1.

1+

0 r 0 0

| |
Cl 1
N N
Cl\éhlf \ +2e Cl\RhI/ \ MeCN
-2C1 SN -H0
N Q RO N Q
Ar ZL/V[ B Ar |

1 Cly

Q +Ic
111

P nycH a2k. Cxema penokc-mporieccoB, Ha0OmoaaeMbix B [[BA komrnekca 2

Jliia koMmruiekca 2 Takxke Obutd BbimoiHeHbsl DFT-pacdersl 1s1 MHTEpIpeTaluu peaoKc-
cBoiicts 2 B pactBope. Ero B3MO nu HCMO B ocHOBHOM JI0Kanu30BaHbl Ha dpp-bian ¢ 76 1 92 %
BKJIAJIOM, COOTBETCTBeHHO. Bkiag atomubix opoutaneit Rh 8 B3SMO u HCMO 2 cocrapnsier 12
4 %, cootBercTBeHHO. [lockomsky HCMO 2 sBnisieTcst pa3pbIXJISIONICH IO OTHOIICHUIO K CBSI3H
Rh-Cl, ee 3amonHeHue HOKHO MPUBOANTH K yanuHeHUIo cBsizeit Rh-Cl. [leiictButensHo, mpu
O/THODJIEKTPOHHOM BOccTaHOBIeHMH 2 cBa3b Rh—Cl ymmunsercs ma 0.05 A, Torma kak
JIBYXDJIEKTPOHHOE BOCCTAHOBJICHHE TPUBOAUT K TOTEpPE JBYX XJOPHIHBIX JIMTAHJIOB,
PacCIIOIOKEHHBIX B aKCHAJBHBIX TOJIOKEHUSAX, C 00pa30BaHUEM TUIOCKOKBAIPATHOTO KOMILIEKCA
[Rh!(dpp-bian)(H,0)C1]. B3MO [Rh'(dpp-bian)(H20)CI] B OCHOBHOM COCTOMT M3 AaTOMHBIX
opourageir Rh (83 %), uro cormacyercs ¢ METaNIOLEHTPUPOBAHHOM IMPHUPOJOH
JBYX?JIeKTPOHHOTO BoccTaHoBienus 2. Hamporus, HCMO [Rh'(dpp-bian)(H.0)CI] umeer
npeumyinecTBeHHO dpp-bian-nienTpupoBannbiii xapaktep (77 %), 4TO Ja€T HAM OCHOBAHUE
moJiarath, YTo JiBa MOCIEAYIOIIMX MPOIecca BOCCTAHOBJICHHSI IS 3TOTO KOMIUIEKCA SBISIOTCS
bian-11eHTPUPOBAHHBIMHU.

OQNeKTpPOXUMUMYECKOE B 20 Auamviisonbi®© RoMmrerdicH epoanéy k)
noxoxero tuna [127-129] xoporo 3apekoMeH10BaIu ce0s1 KaK KaTaJIn3aTOPbl BOCCTAHOBJICHUS
VIJEKUCIOro Ta3a B TOJE3HblE COEIUHEHUs yriepoaa. B cBsizu ¢ 3TuMm, Oblna H3ydeHa

BO3MOXKHOCTh McToNib3oBaHusi komiiekca [Rh(dpp-bian)(H>O)Cl3] B xadecTBe kaTanuzatopa B
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nogoOHbIX Tporeccax ¢ momomisio [[BA. Ilocnme HacwlmeHuss pacTBopa KOMIUIEKCa 2 B
ALETOHUTPUJIE YIJVIEKHCIBIM I'a30M Ha LMKJIMYECKOM BojbTamieporpamme (puc. 22, KpacHas
KpuBasi) HaOJII0JJa€TCsl 3aMETHOE BO3pAacTaHUE KAaTOIHOIO TOKAa U NOSIBIEHHE NuKa npu -1.6 B,
CBSI3aHHOT'O C BOCCTAaHOBJICHUEM YTJIEKHCIIOTO T'a3a, YTO XOPOILIO COTIAcyeTCs ¢ JIUTepaTypHBbIMU
naHHbiMU. Crelyer OTMETUTh, YTO BOCCTAaHOBJIEHHE YIJIEKHCIIOTO ra3a B alleTOHUTPUIIE B
OTCYTCTBHM KartayinzaTtopa rnpotekaeT npu -2.1 B [130], To ects Habmromaercs CyuieCTBEeHHbBIN

KaTOJHBII CIBUT MOTEHIMaIa IpU JOOABIECHUH KaTaanu3aTopa.

Tok pA
30.0- CO,
20.0-
Ar
10.0 -
0 -
0 -0.50 -1.00 -1.50 -2.00

MoTteHuuan, B (vs Ag/AgCl)
P nycH a2R. [IBA xommiekca [Rh(dpp-bian)(H20)Cl3] B aneToHuTpHIie, HACHIIIEHHOM
aproHoM (YepHasi KpuBasi) ¥ YIJIEKUCIIBIM I'a30M (KpacHast KpUBasi)
Cn H Tkeo3M n N1 e.kKemaek3 [Rha(dpp-bian)(u-Cl)2] (3) ObLT MOTYUYESH € BHIXOIOM
79 % mnpu B3aumozeirictBuu [Rha(coe)s(u-Cl)z2] ¢ dpp-bian B nuxsopmeraHe B MOJIBHOM
cooTHomeHu 1:2 B uHepTHOM atmocdepe [131] mo MoaupUIMPOBAHHOW METOIUKE CHHTE3a
u3ocTpykrypHoro komruiekca [Rho(dpp-DAB)(u-Cl):] (DAB = nuazabytanueH), KOTOPBIU
oOpaszyercs mpH KHUMSYeHHH B Toiyosie B armochepe N [132]. B pesynbrare peakuuu
MIPOMCXOIUT 3aMelleHNe TUKIOOKTEHOBBIX JUraHnoB Ha dpp-bian. Eciu B kauecTBe MCXOTHOTO
coenuHeHUsT poaus ucnoib3oBaTh [Rha(cod)2(p-Cl)2], To peakuus ¢ dpp-bian B auxmnopmerane
MPUBOJIUT K 00pa3oBaHui0 MOHosiepHoro komruiekca [Rh(cod)(dpp-bian)Cl] (1).
B UK-cmektpe 3  HaOMIOAAIOTCS  XapaKTEPUCTUYHBIC  TIOJIOCHI  KOJICOAHMMA

! a Takxke mMoyochl KoIeOaHUit

aneHaprerIMIMUHOBOTO (PpparmenTta B obmactu 1602-1040 cm
csaseit CH B o6mactu 2960-2865 e
Kpuctannwnuec K akao maitne Kkpmyepldannoit nuddys3un rexcaHa B
pacTBOp JUXJIOpMETaHa TMOJIy4eHbl MOHOKpucTauibl 3¢2.72CH>Cl, manmuHOBOTO IIBETa,
MIPUTOHBIC NI PEHTTEHOCTPYKTYpHOTO aHanu3a. CTpoeHrne KOMIUIEKCa MPEICTaBIIEHO Ha PHC.

23, TEOMETPUYECKHE IMapaMEeTPbl, XapaKTEPU3YIONIUE KOOPIWHAIMOHHBIE Y3JIbl, NPUBEACHBI B
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tabn. 3. CTpoeHne KOMIUIEKCa aHAJIOTUYHO CTPOEHHUI0 auazabyraaueHoBoro anamora [Rho(dpp-
DAB)(u-Cl)2] [132]. Kaxnenidi aTtoM poaust HMMEET MPAKTHUYECKH IUIOCKOKBAJIPAaTHOE
KOOPJAMHAIIMOHHOE OKPYKEeHUE (MAKCUMAaJIbHOE OTKIOHEHHE OT CPETHEKBAAPATUYHOM MIIOCKOCTH
(CKIT) me npesmraer 0.04 A), coctosmee u3 nByx atomoB N nmramga dpp-bian u nByx
MocTuKOBBIX aToMoB Cl, kotopsie cBs3piBatOT ABa (parmenta {Rh(dpp-bian)} B Ousmepuyto
CTPYKTYpY. Mounekyna dpp-bian KoOpaIuHHPYETCS K POAMIO CUMMETPUYHO, paccTosHue Rh—N
paBuo 1.983 A. Paccrosuus C—N 1.30 A u C—C B 1.46 A ykasbiBaior Ha HeiiTpanbHOE
coctosiare auranaa dpp-bian. Bee paccrosuus Rh—Cl coBnagaroT B mpejenax morpenrHocTy
onpenenenus u paBHel 2.370 A. MoseKysl KOMIUIEKCOB B CTPYKTYpe MMEIOT HeGOIbIION H3rio
no suauu Cl1—CI2: yron mexay CKII, mpoBeneHHBIMH 4Yepe3 aTOMBI XEIaTHBIX ITUKIOB
{RhCoN»}, cocramsier 3.8°. HaiineHHble paccTOSHUS Il 3 OYCHb XOPOIIO COTJIACYIOTCS C

paccrosiusiMu B komiuiekce [Rha(dpp-DAB)2(u-Cl):] (Tabm. 3).

P nycH o k Ctdéme komruiekca 3. ATOMBI BOJOpO/I1a HE MIOKAa3aHbI
T a 6 n 8. kl@&oTopsie ITHHBI CBSI3H YIIbI 1Uist Komiuiekca 3 B ctpyktype [Rha(dpp-bian)(p-
Cl)2]+2.72CH2Cl; u [Rha(dpp-DAD)2(p-Cl)2]

Paccrosnus, A Kommieke 3 | [Rha(dpp-DAB)2(u-Cl),]

Rh—N1, Rh—N2 1.985(4), 1.975(2), 1.970(2)
1.981(4)

Rh—CI1, Rh—CI2 23696(11), | 2.3816(7)
2.3658(11)

CI—NI, C2—N2 1.302(6), 1325(3), 1.316(3)
1.309(6)

Cl—C2 1.459(6) 1.426(3)

Yrusl, rpan.

NI—Rh—N2 8032(15) | 78.36(3)

NI—Rh—CII, N2—Rh—CI2 | 97.54(11), | 98.54(6), 176.82(6)
97.44(11)

Cll—Rh—CI2 84.70(4) 83.74(2)
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B kauectBe oTmpaBHOW TOukHM miis onTuMu3anuu reomerpuu [Rhy(dpp-bian)(pu-Cl):]
MCIIOJIb30BAJIMCh JIAHHBIE PEHTIC€HOCTPYKTYPHOIO aHayiu3a. be3 orpaHMdyeHHii Ha CUMMETPUIO
KOMILJIEKCa Pe3yJbTaT ONTUMH3AIMNA — CTPYKTypa A, B koTopoii atombl Cl, Rh u N He nexart B
oMHOU TwIocKocTH (puc. 24, A). M3BecTHO, 4TO MOJOOHYIO CTPYKTYypy HMEET, HaIpHuMmep,
koMIuiekc [Rha(CO)4(u-Cl)2] [133]. Ecam 3aduxcupoBarh cummerpuro Do, pesynbpraTom
ontumuzanmu Oyzaer crpykrypa B, rae aromsl Cl, Rh u N nexxat mo4tu B 0aHO#H MI0CKOCTH (pHC.
24, B). Uzomeps! A 1 B uMErOT o4ty 0JJMHAKOBYIO SHEPTUI0 00pa30BaHus, SHEPTH U30Mepa A
Bcero Ha 5 kJ[x/Moib HIKe, yeM u3omepa B. OueBHIHO, MEKMOJIEKYJISIPHBIC B3aUMOJICHCTBUS B
KpHUCTAJIJIE KOMIIEHCUPYIOT 3Ty Pa3HUILy.

N3omep B o cpaBHeHuto ¢ A xapaktepusyercs 0osee JIMHHBIMU paccTosiHusiMu Rh—Cl
u Oosnee KOpOoTKUMHU paccTosiHusIMU Rh—N (Tabmn. 4). [Tomumo storo, B nu3omepe B okpyxenue

Rh 6nuxe k mnockokBaapatHomy (yroia Cl—Rh—N (trans) pasen 176°).

P nycH a24. Jiea mzomepa [Rho(dpp-bian)2(p-Cl)z2], aTombl Botopoaa He TOKa3aHBI
T a 6 N W.1IY @eaHeHHble 3HaYeHUs HEKOTOPBIX MEXATOMHBIX paccTostHuil (A) u yrios (rpan.)
st usomepoB A u B, skcnepumentanpHbix naHHbIX PCA st [Rha(dpp-bian)(p-Cl)2] u

JTUTEePATYPHBIX IKCHepUMeHTaNbHbIX JaHHBIX A7 [Rho(CO)4(pn-Cl)2]

A B PCA  |[Rhy(CO)(u-Cly]
Rh—Cl 2368 2379 2370 2384
Rh—Rh 3215 3.528 3.497 3.138
Rh—N/C 1.994 1.985 1.983 1.848

Rh—Cl—Rh 85.5 95.7 95.09 82.3
Cl—Rh—Cl 84.4 82.3 84.89 85.2
CIRh-NC | g po o796 Ay
N/C—Rh—N/C | 803 80.5 80.3 90.7

Rh—ClCl—Rh | 1329 180.0 178.7 126.8

3apsabl Ha aToMax ObUIM paccuuTaHbl B pamkax Teopud AIM u B pamkax metona NPA
(Natural Population Analysis) [102]. Pe3yneraTel mpuBeaeHbl B Ta0d. 5. MOXXHO OTMETUTh
HEMHOTO OOJBIINI MOJ0XKUTENbHBIN 3apsi Ha Rh, 6onbmuit orpunarensubiii Ha Cl U MeHbIINI

oTpunarenbHbli Ha N B u30Mepe A 1o CpaBHEHHIO C n30MepoM B.
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T a 6 1 1b.Bapsaapl Ha H30paHHBIX aToMax W Ha juranae dpp-bian B 1Byx m3omepax [Rha(dpp-

bian)2(pu-Cl)2]. Bece 3HaueHus mpUBeIeHBI B ATOMHBIX €IUHUIAX

AIM NPA
A B A B
Rh 0.615 0.607 0.439 0.425
Cl —0.455 —0.459 —0.350 —0.370
N —0.951 —0.957 —0.385 -0.371
dpp-bian —0.160 —0.148 —0.089 —0.055

3.2 Ko mn n ewpcrbpodpp-bian

CMHTES K 0 M46./06nKasc cxeBra cCHHTE3a KOMIUIEKCOB 4-6 mpejcTaBiieHa Ha
cxeme 46. B3aumoneiicteue Ousgeproro xkomiuiekca [Ira(cod)2(pu-Cl)2] ¢ dpp-bian B MoibHOM
cooTHoLIeHUH 1:2 B Toilyoje B arMocdepe aproHa NpUBOIUT K paszpeiBy cBsized Ir-Cl c
oOpazoBanuem MoHosaepHoro komruiekca [Ir(cod)(dpp-bian)Cl] (4) ¢ Beixogom 76 %. O6paboTka
4 NOBF4 npuBogut k HutpozokoMmiuiekcy [Ir(cod)(NO)(dpp-bian)](BF4)2 (5) ¢ Beixogom 66 %.
Kommiexkc 5 HecrabuieH W pasnaraeTcs ¢ OTIICIUIGHWEM oaHoro skBuBajeHTa NOBFj; ¢
obpazoBanuem [Ir(cod)(dpp-bian)](BF4) (6). Kommuiekc 6 takke monyder ¢ BeixogoMm 90 %
npsimoit peakiueit 4 ¢ AgBF4, B3sThix B MonbHOM cooTHomeHuu 1:1. Kommekcs! 4 u 6 Obuin
oxapakTepu3oBaHbsl ¢ nomompio MK- u 'H SIMP-ciekTpocKomMH M 3IEMEHTHOrO aHalIu3a,
KOMILIEKC 5 ObUT oxapakTepu3oBaH ¢ momoulpio MK-crekTpockonuu u 3J€MEHTHOTO aHaIH3a.
Crpykrypsl 4-6 061N TOnTBEp kK AeHBI ¢ ToMotbio PCA. HeycrolunBocTh KOMIUIEKCa 5 K moTepe

NO-rpynnsl 3aTpyJHsJI0 €r0 JaJbHENIIYIO XapaKTEPU3ALHIO.

?r

. cl N
dpp-bian | A O

il =i
toluene, | \N/ Q

BT )

NOBF, | CHyCly, RT

N -NO NN O -NOBF N O
LB \ (BF), =—— L) Erg, —— e (BF4)
[N CH,CI "\ i "\~ :

N Ch \] - Q CH,Cl, | N

]
5

CXx e ¥t
B UK-cnextpe 4 HabnronaroTcst XxapakTepHble BajieHTHbIe KosneOanus v(C=N) npu 1549

em! u v(C-C) mpu 1497 cm! nuranmga dpp-bian. ITonoxkeHue 3THX MOIOC TOTIOMIEHHUS
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COTJIacyeTCsl KaK C HEHTpaJIbHOM, TaK U ¢ aHUOH-PAJIUKAIBHON CTETeHBIO OKHucIeHus dpp-bian.
Hamporus, BanentHsie konedbanus v(C=N) u v(C-C) mns 5 u 6 oOHapyxeHbl B 1uanazone 1575-
1625 cm! u 1469-1472 cm’!, uTo OHO3HAYHO COOTBETCTBYET HEHTPAILHOMY COCTOSHMIO dpp-
bian. Konebanue HHUTpPo30-rpynmbsl obHapyxkeHo mnpu 1691 cm!, uTo xapakTepHo s
HUTPO30KOMIUIEKCOB ¢ H3orHyThiMu rpynmamu NO [134]. B UK-cnektpax 5 m 6 Takxke
HabIIofanach INMPOKas MHTEHCHBHAS MoOJoca HoriomeHus B obmactu 1000-1200 cm,
OTHOCSIIAsICS K KoJieOanusiM annoHa BF 4™,

B cnektpax 'H SIMP xommiekcoB 4 u 6 HaGmomaroTcs XapaKTepHbIE CHUTHAJIbI
n3onponwibHbIX Tpynn dpp-bian ipu 0.85, 1.32 u 3.77 m.ua. (g 4) u 0.97, 1.52 u 3.44 m.x. (ans
6). Cursambl apoMaTHYeCKHX MPOTOHOB dpp-bian HaxomsaTcs B auanazoHe 6.5-8.5 ..
XapakTepHbIe CUTHAJIBI KOOPIUHUPOBAHHOTO IUKIIOOKTaueHa 0OHApY X eHbI B o0mactu 1.92-4.24
M.JI.

Kpuncmaie/ckadad CcTpyKTYy péaMokoopmTamee 4 Cpar&iHbéd 1is
PEHTIEHOCTPYKTYPHOTO aHAIN3a, ObUIH TOJTY4YE€HBI MEJIJICHHBIM yIIapUBaHUEM pacTBopa 4 B CMECH
JIUXJI0pMeTaH/Tomyos. MoHokpucTaiuiel 5 u 6, npuroansie 1t PCA, OblIr OTy4YeHBI U3 cMecer
pacTBOpHUTENEH IUXJIOpPMETaH/TeKCaH W JIUXJIOPMETaH/3(hUp COOTBETCTBEHHO. MoIEKyIspHbIe
CTPYKTYpbI coenuHeHuit 4-6 nmokaszansl Ha puc. 25. Kommuiekc 4 umeeT UCKaKeHHOe KBaApaTHO-
NUpaMUJATBHOE CTPOCHHUE KOOPJIMHAIMOHHOTO y3ia. KoopauHalMOHHOE OKpYKEHUE HUPUIUS
COCTOUT U3 JIBYX aTOMOB a30Ta dpp-bian, IByX m-CBsi3el MUKIOOKTAIMECHA U aKCHAIBHOTO aTOMa
xnopa. CieryeT o6paTHTh BHUMAHHE HAa HECKONILKO Y IMHEHHYO cBs3b Ir-Cl (2.480 A), kotopas,
oxnako, Ha 0.1 A xopoue, uem B aHanoruuHOM poauesoM kommiekce [Rh(cod)(dpp-bian)Cl] (1).
B xoopaunuposaaroM dpp-bian ceass C-C (1.458 A) meckonbko ykopouena, a caszu C=N (1.314
A) ynnunenst no cpasnenuio co ceszamu B 1 (C-C, 1.486 A u C=N, 1.294 A), uro moxer
CBUJICTENLCTBOBaThL O Ooyiee ENOKaTU30BAaHHOM XapakTepe dSJIEKTPOHHOH TUIOTHOCTH B
AuuMHUHOBOM (parmente. JmuHa cBssu Ir-N coctapnser 2.080 A, 4To HaxomuTcs B AUaNazoHe
nuH cBs3M Ir-N B aHanmornuHbIX KoMmruiekcax [135-137].

Kommiekc 5 nMeer aHaJlorMYHOE CTpOEHHE; aToM as3ora rpynmnbsl NO pacrosiokeH Ha
BEpILIMHE KBAaJApaTHON MUpaMHUAbI BMECTO aroMma xjopa. Hutposo-rpymnma pasymnopsiiodeHa 1o
JIBYM MO3ULIMSAM. BHeIIHsIsI koopauHaIMoHHas cdepa colep:kut aBa annoHa BF4. J{nunb! cBsizei
C-C u C=N B pgummunosoM ¢dparmente (1.50 u 1.30 A cooTBEeTCTBEHHO) yKa3bIBAIOT HA
HeliTpanbHoe coctosHue dpp-bian. Jlnumbl cessu Ir-N (dpp-bian) cocrasnsior 2.12 A, uro
HEMHOTO 6oble, ueM B kommiekce 4. Paccrosuue Ir-N (NO) cocrasnser 1.95 A, uro monanaer
B IMaria3oH IJIUH cBsa3eil [r-N, HaOmroaeMbIx B HUTpo3okomiuiekcax upuaus [ 134, 138]. Yromn Ir-
N-O paBen 125°, a qmmna cBsasu N=O pasna 1.2 A, uto XxapakTepHo 111 HUTPO30KOMILIEKCOB

UPUIIUS C U30THYTON HUTPO3WIBHOM Tpymmoii [134].
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Kommieke 6 nMeeT KBaJpaTHYIO T€OMETPUI0 KOOPIUHAIMOHHOTO y3Ja, COCTOSIIYI0 U3
JBYX aTOMOB a3ota dpp-bian u 1ByxX n-cBs3eii nukiookraauena. Jmnsl cesazeit C-C u C=N B dpp-
bian (1.493 u 1.298 A COOTBETCTBEHHO) COOTBETCTBYIOT HEHTPALHOMY COCTOSHHIO JIMTAH/A.

JimnHa cBasu Ir-N cocrasnser 2.095 A, yro sBisercs MpOMEKYyTOUHBIM 3HAYEHHEM MEKLY

JUTHHAMU cBsa3eli B 4 u 5.

P nycH a2k.Crpoenue kommiekcos 4, 5 1 KaTHOHHON 4acTH KOMIUIEKca 6
Kpucrannuueckass ymakoBKa XapaKTEpPU3YeTCs MEXMOJEKYISIPHbIMU — TT—T-CTIKUHT
B3aUMOJICHCTBUAMU MeXay aleHapTeHOBbIMH (parMeHTaMu B 5 W 6. DTO MNPUBOIUT K
00pa30BaHUIO JMMEPOB MEXKY TIOJOKHUTEIBHO 3apsHKEHHBIMI KOMITJICKCHBIMHU KaTHOHAMH (pHC.
26, 27). OTu nuMepsl 00pa3ylOT KPUCTAIIMYECKYIO YIIaKOBKY, B KOTOPOW aHUOHBI U MOJIEKYJIbI

pPacTBOPUTCIIA 3alIOJIHAIOT CBO6OI[HOC MMPOCTPAHCTBO.
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P nycH o26. m-m-cToKMHT B3aMOICHCTBUS B KPUCTAIITHYECKON YITaKOBKE S

P nycH O2K. m-m-CT3KMHT B3aUMOACHUCTBUS B KPUCTAJUINYECKON yIaKOBKe 6
P e p eckBcO 11 C PeBoA&c-cBoiicTBa KOMIUIEKCOB WpHauss 4 u 6 wuccienoBaHbl B
nuxyopmeTrane metogom [IBA. Ha nuknmdaeckoii BonpTammneporpamme pactBopa 4 (puc. 28) Obutu
oOHapy»XeHbI JBE KBa3MOOpaTuMble BOTHBI BoccTaHoBNeHus ipu Ei2 =-0.30 B (AE =110 MB) u
Ei2 =-1.15 B (AE = 110 MB), a takxe oauH KBa3noOpaTuMBbIi mpoiiecc okuciaeHus npu Eip =
0.60 B (AE =96 MB). O1u nporieccol SBISIOTCS MPEUMYIIECTBEHHO JIMTaH I-IIEHTPUPOBAHHBIMU U
COOTBETCTBYIOT IIOCJIE€IOBAaTEIbHOMY JIBYX3JEKTPOHHOMY BOCCTaHOBJeHHIO dpp-bian ¢

o0Opa3oBaHNEeM MOHOAHHOHA U JuaHnoHa dpp-bian. Pesynbratel pacueroB DFT mis 4 (cM. Huxe)
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MOJATBEPXKJIAIOT OCHOBHOM Bkian dpp-bian (64 %) B HIKHHE CBOOOJHBIE MOJEKYJSpPHBIC
opbutanu, xots Bkian opoutanend upuaus (23 %) 8 HCMO 3nauntenen. C aApyroil CTOpOHBI,
Tpolecc OKKMCIeHUs MOT Obl 0OTHOcUTCA K penokc-nape Ir/Ir!l, Onnako B3MO nns 4 coctout Ha
42 % u3 opOutaneit Ir u Ha 34 % u3 opOutaneit dpp-bian, U3 4ero ciaemyer, 4YTo TOT MPOIECC
Jydille OTHECTH K CMEIIAaHHOMY OKHCJICHHIO C YYacTHeM Kak MeTala, TaK M JIMTaH[a.
[TprmeuaTeNbHO, 9TO TMPOIECC OKUCICHUS SBIISETCS KBa3HOOPATHMBIM, YTO CBUACTEILCTBYET 00

OIIpEeJIETICHHON CTAaOMIBHOCTH MIPOILYKTa OKUCIICHHS.

Tok pA

10.01

5.00+

-5.00

-10.04

450 -100 -050 O 050  1.00
MoteHumuan, B (vs Ag/AgCl)
P nycH a28. LIBA pactBopa KomIuiekca 4 B TUXJIOpMeTaHe

Kowmriiekc 6 mMeer aHalormyHOe TOBEJIeHUE B o0jacTw BoccTaHOBIeHUs (puc. 29),
OTpa’keHHOE JIByMs KBa3noOpatuMeiMu BosHamu 1ipu Ei2 =-0.20 B (AE =83 MB) u E12 =-1.14
B (AE =70 MB). Kpome Toro, 6611 00HapysxeH HeoOpaTUMBIH Ipoliecc okucienus npu Ea = 1.55
B co 3HaunTenbHBIM aHOAHBIM cABUTOM 1o cpaBHeHUIo ¢ 4. CornacHo DFT-pacueram, B3MO u
HCMO s 6 moxanu3oBans! Ha upuaun (98 %) u Ha dpp-bian (99 %), cootBeTcTBeHHO. [ToaTOMY
OKHCIIEeHHE 6 MOYKHO paccMaTpHBaTh KaK MCKIIOUUTEIHHO METAJUIOLEHTPUPOBAHHBIN Ipolece,
KOTOPBI SIBIIsI€TCSI HEOOPAaTUMBIM, B OTIIMUKeE OT okuciaeHus 4. [lo-suaumomy, ydactue dpp-bian
B Ipoliecce OKHcIeHUs (Kak B ciydae 4) sSBJISETCs KIIOYEBBIM (AKTOpOM Ui oOecreueHust
o0paTUMOCTH 3TOro mnpoiiecca. Panee ynmoMuHanochr 0 HEOOPAaTUMOM METaUILEHTPUPOBAHHOM
npomecce okucnenus kommiekca [Rh(cod)(dpp-bian)]". CunbHBIN aHOJHBIN CIBHUT COTTIACYETCA C
6onee Huzkoi sHeprueit B3MO s 6. Takum o0pa3om, MPOIYKTOM OJIHOIJIEKTPOHHOTO
okucnenus 6 nomxen ObiTh kommiekc Ir(Il), [Ir'(cod)(dpp-bian)](BF4): (7), obpa3zosanue

KOTOporo ObuI0 A0Ka3zaHo MeTtosioM DIIP-ciekTpockomnuu (CM. HIKE).
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Tok pA

10.04

5.004

-5.004

-10.04

-1.0 -0.5 0 05 1.0 15
MoTteHuuan, B (vs Ag/AgCl)
P nycH a2f. [IBA pactBopa KomIuiekca 6 B TuxjiopMeTaHe

HenHpBpEaOHbBE cadpp-lianmnmBE@B 4 Kudk odiedanoch mpu 00CyKICHUH
cTpyktyp 4-6, paccrostausi C-C u C=N BuyTtpu nuranga dpp-bian B 4 He TUNHMYHBI AJis
HEUTpanpHOro coctosiHus dpp-bian. DTH 3HAYCHUS JTydIle MOAXOAIT JUISl aHHOH-PATUKATBHOTO
cocrosiHust dpp-bian, B oTiinyme OT 3Ha4eHUH, oOHapykeHHBIX B 1, 5 n 6. Ilonoxenus mosoc
konebanuit v(C=N) u v(C-C) B UK-cniektpe 4 Takxke coriacyrorcs ¢ U30BITOYHON 3IEKTPOHHOU
IUIOTHOCTBIO Ha dpp-bian. OGpa3oBaHue aHMOH-paauKaia dpp-bian MOXKHO ObIIIO ObI OOBACHUTD
MepPEeHOCOM AIEKTPOHHOM TuIoTHOCTH ¢ upuausi(l) Ha dpp-bian. B sTom ciydae 4 cnenoBano Ob
paccMartpuBath kak mapamarauTHbii - [Ir'(cod)(dpp-bian”)Cl] ¢ aBymMs HecmapeHHBIMH
DIIEKTPOHAMH: OJIMH Ha upuaud U oauH Ha dpp-bian. OmHako H3MEpeHHs MarHUTHOU
BOCIIPUMMYHMBOCTH JUIsI 4 TMOKa3zajdu JuaMarHUTHOe ImoBejneHue BIIOTh A0 20 K; Humxe
NposiBIIsieTCS  cla0blii  mapaMarHUTHBIA — BKiIaa — npumeceid.  OTCyTCTBHE — 3HAYMMOIO
MIapaMarHUTHOTO OTKJIMKA yKa3blBaeT Ha cuHrietHoe coctosuue [Ir'(cod)(dpp-bian®)Cl] (S = 0).
DFT-pacuerbl, BBINONHEHHbIE A7 4, MCKIIOYAIOT BO3MOXHBIA TEPEX0J U3 OCHOBHOTO
CHHIJIETHOTO COCTOSIHUSL B BO30YX/IEHHOE MapaMarHUTHOE COCTOSHUE (CM. HIDKE), MOCKOJIBKY
JIMaMarHUTHOE COCTOsTHME oka3anoch Ha 81 kJ[>k/Moib Oosee BBITOJHBIM, Y€M BO30YXKICHHOE
MapaMarHuTHOE coctosiHre. OIHAKO pacUUTaHHBIN 3aps]l HA aTOMe Ir HECKOJBKO BBIIIIE, YEM HA
atome Rh B 1, a nHa dpp-bian mmeercss HeOONBIION OTpPULIATENBHBIA 3apsijl, YTO MOXKET
CBUJIETEJIbCTBOBATh O BBICOKOM CTENEHHM JAETOKAIM3AlMM 3JICKTPOHHOM IUIOTHOCTH MEXIY
MetauioM u dpp-bian B 4. OCHOBBIBasICh Ha ITHX pe3yJbTaTax, MbI MOJaraeM, 4To 3apsjaoBoe

cocrosiHue dpp-bian B komriekce 4 ¢popManbHO JTydllle BCEr0 OMUCHIBAETCS KaK HEHTpaibHOE,
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XOTSI OTTOK JIEKTPOHHOM TJIOTHOCTH Ha PEIOKC-aKTUBHBIN JTUTaH BiauseT Ha paccTossHust C=N u
C-C u COOTBETCTBYIOIIHE KOIeOATEIbHBIE YaCTOTHI.

Hannune oOpatumoro oxucieHus 4 mpu ymepeHHOM mnoreHImane (cM. nanneie [[BA)
noOyAuio Hac NPEIUPUHSTHh TOMBITKY TMOdy4YeHUs mnapamarHuTHoro komruiekca Ir(ID)
npeutaraemoro coctaa [Ir'(cod)(dpp-bian)Cl]* B pe3ynpTaTe 0HOIIEKTPOHHOTO OKUCIEHHS 4
MOIXOAIINM OKuciauTeneM. B kadectBe Takoro okucnutens Obi1 BeiOpaH NOBF4. Omnako
B3aumoeiicteue 4 ¢ NOBF4 nmpuBoanT kK 00pa3zoBaHuio HUTpO30KoMILIekca 5. Ha mepBslii B3risi,
9Ty peakIMio MOKHO omucarh Kak 3amernenre Cl” Ha NO™ ¢ coXpaHeHUEM CTENEHH OKHUCIEHUs
IrfI) u o6pasoBanueM [Ir'(cod)(NO*)(dpp-bian)](BFs). C apyroii CTOpOHBI, MOXHO
IPEIONIOKUTH BO3MOKHOCTL OKUCTUTENbHOrO npucoeaunenus NO™ x Ir(I) ¢ oGpaszoBanuem
[Ir''(cod)(NO")(dpp-bian)](BF4),. Yroa Ir-N-O B 5 cocraBiser 125°, uro oueHb Janeko OT
3nadenus 180°, KOTOpoe ABJSETCA HACANLHBIM 3HaueHHeM i koopauHanuu NO'. 3naueHue
yrna 125° 6onee xapaktepHo g coctossHus NO'. B nutepatype MMEIOTCS YHOMUHAHUS O
komiuiekcax Ir ¢ NO™ nurannom. B uacTHocTH, cOOOLIANIOCh O KBaJApaTHO-NUPAMUIATBHOM
komruiekce upuausi(Il) [Ir(NO)(SH)2(PPh3)2] ¢ u30orHyTHIM HUTPO3WIBHBIM Jurapaom [139].
Opnnako crneayeT OCO3HaBaThb HEKOPPEKTHOCTh Takoro moxaxona. Ceszp M-NO B OCHOBHOM
KOBaJCHTHAs, U B 3aBHCHUMOCTH OT dJEKTpPOHHOW KoH(urypamuu 3BeHa M-NO u cnuHOBOMU
JoKanu3aMu GOpMabHBIN 3apsia Ha Metaiie 1 NO MOXKET 3HaYMTEIbHO BapbHPOBATHCS O€3
n3meHenus yriia M-N-O [140-142]. Caexyer OTMETUTB, uTO paccunTanublie yroi Ir-N-O u npyrue
reOMEeTPUUYECKHEe MapaMeTphl Uil S XOPOLIO COTJacyloTcs C AKCIEPUMEHTAIbHBIMU JTAHHBIMU
PCA.

Takum 00pa3oM, OCHOBHOE COCTOSIHHE KOMILJIEKCA S MOXKHO HHTEPIIPETUPOBATH Kak
nuamarautHoe  (curiersoe) [Irl(cod)(NO*)(dpp-bian®)|(BFs), wumu  [Ir'(cod)(NO")(dpp-
bian)](BF4),. B nonomHeHne Kk 0CHOBHOMY CHHIJIETHOMY COCTOSIHHIO JJI1 S MOYKHO MPEATIOI0KHUTh
BO30Y>KJICHHOE MMapaMarHUTHOE COCTOSTHUE C JIBYMs HECMApEHHBIMU DJIEKTPOHAMHU B pe3yibTare
BHYTPUMOJICKYJISIPHOTO MEePEHOCA JIEKTPOHA (PEIOKC-U30MEPHSI), YIUTHIBAs HATMYHE B S cpasy
TpeX LEHTPOB, KOTOPbIE MOTYT MEHSATH CBOIO cteneHb okucienus (Ir, NO u dpp-bian). Onnum u3
BapHAHTOB SIBISIETCS TMEpeHOC HNeKTpoHa ¢ HuTposo-rpymmsl Ha Ir(Ill) ¢ obpazoBanuem
[Ir'(cod)(NO®)(dpp-bian®)|(BF4), ¢ nByms nmapamarautabiMu nentpamu: d’-Ir(I) o u rpymnmna
NO°. Jlpyrum BapuaHTOM sBISIeTCS HepeHoc 3apaaa Mexay gpparmentamu NO u dpp-bian yepes
merann ¢ obpasosanmeM [Ir'(cod)(NO®)(dpp-bian”")](BF4).. B momb3y mocieqnHero BapuanTa
TOBOPHT TOT (pakT, YTO CIIMHOBAsS TUIOTHOCTD TSI TAPAMArHUTHOTO COCTOSIHUSI S JIOKAJIM30BaHa B
ocHOBHOM Ha ¢parmeHTax NO u dpp-bian 6e3 3ameTHOr0 BKIaaa OT upuaus (cMm. Hike). s
MIPOBEPKHU TPEITOJIOKEHUS O CYIIECTBOBAHUN MApaMarHUTHOTO COCTOSHUS 5 ObUTH TIPOBEICHBI

MAarH€TOXUMHUYCCKUE H3MEPCHHA B CTATHYCCKOM PECKHUME (CM. pas3acii MarHETOXUMHYCCKUEC
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U3MEpEeHMs), MOKa3aBIIME YBEIUYEHHE MArHUTHOTO MOMEHTa C POCTOM TEMIIEpaTyphl Mpu
Iepexo/ie U3 OCHOBHOTO JMaMarHUTHOT'O COCTOSIHUA B BO30YKICHHOE ITapaMarHUTHOE COCTOSTHUE.
Crnemyer OTMETHTbH, YTO IPU KOMHATHOW TEMIIEpaType 3TO MEPEXOi HE SBISETCS IMOJHOCTBHIO
3aBEpIICHHBIM, BEPOSITHO, U3-3a OOJIBIION pa3HULIBI SHEPTUN MEXK]Ty STUMU COCTOSTHUSIMU.

[TapamarautHas ¢opma Obuta Takke OOHapyXeHa B PacTBOpe S ¢ IOMOIIBIO
cnekrpockornuu DIIP (em. paznen DITP-ciekTpockonus). OmHako 3Ta hopMa mpeICTaBIsIeT OO0
COBEPILEHHO APYroi KOMILIEKC ¢ S = 1/2 1 SBHO ABISETCA MPOAYKTOM PA3NIOKEHHS 5. YUUTHIBas
HEYCTONYMBOCTh HUTPO30KOMILIEKCa S K moTepe NO-rpynibl, Mbl MPEATOKUIN ABa BO3MOKHBIX
nyty pacnanga 5. Ilepssiii myTs Bkmouaer otmemaedne NO (NOBF4) ot [Ir'(cod)(NO™)(dpp-
bian)](BFs)> B OCHOBHOM COCTOSIHMM © 0Opa3oBaHue amamarHuTHoro komiuiekca Ir(l),
[Ir(cod)(dpp-bian)](BF4) (6), koTopblit ObLT BBIAENEH U CTPYKTYPHO OXapaKTepusoBaH. J{pyroii
BO3MOKHOCTBIO siBjsieTcsa otmernenne NO® u3 Bo36ysxnennoro cocrosuus [Ir''(cod)(NO°)(dpp-
bian)](BF4), ¢ o6pasoBanuem napamarautsoro kommiekca [Ir''(cod)(dpp-bian)](BF4), (7) ¢ S =
1/2. Croutr OTMETHUTH, YTO MNpH pPadOTE C KPUCTAUIAMH S BU3YaJbHO HAOIIOJAIOCH HUX
pacTpecKuBaHUE C BBIJCICHHEM ra3za. PaccumTanHas sHeprusi aucconuanuu cBszu Ir-NO
cocrasiser 173-179 xJ[/MOJIb ¢ yU4ETOM pa3IM4HBIX MyTel pasioxkenus (¢ ormemieaneM NO™
i NOY). DT0 3HauMTENHLHO MEHbIIE PACCUUTAHHON >Hepruu auccouuanuu cessu Ir-Cl (447
k/[>k/MOITB), UTO MOATBEPKAAET JIeTKOCTh oTiieruiennss NO-rpynmbl. Kpome Toro, paccuntannsie
napametpsl DIIP 1st 7 y10BIETBOPUTETHEHO COTIACYIOTCS C SKCIIEPUMEHTATbHBIMU JAHHBIMHA (CM.
Huxke). Takum oOpa3om, naHHble criekTpockonuu OIIP MoXHO cBfA3aTh C pas3ioxeHHeM 5 B
pactBope ¢ oOpasoanuem kommiekca Ir(Il) [Ir'(cod)(dpp-bian)](BF4): (7). Oanako Hamm
MIOTIBITKA BBIJCIUTh ATOT MapaMarHUTHBIM KOMIUIEKC B Ka4yeCTBE WHAWBUIYAIBbHOH (a3bl He
YBEHUYQJIUCh YCIEXOM, IO-BUAMMOMY, H3-32 €ro HH3KOW CTaOWIBHOCTH. OTO KOCBEHHO
coryiacyercs ¢ JanHbIMU [{BA, yka3bIBaromyMu Ha HeoOpaTUMO€E OKHCIEHHE 6 U, CIeI0BATENbHO,
Ha HeCTaOMJIBHOCTb 7 KaK MPOJYKTa OJJHOAIEKTPOHHOI'O OKHUCIIEHHUS 6.

QMR nekTpoc Kmnoduapyxenus: mnapamarHuTHoro cocrostaus Ir(Il) B
[Ir"(cod)(dpp-bian)](BF4)> (7) 6bin 3anucan crnektp DIIP pactsopa 5 (peamecTseHHuKa 7) B
CH:Cl; mpu 77 K. (puc. 30). HabGmomaeMmblii CHEKTp XOpPOIIO ONHUCHIBAICA CIMHOBBIM
ramunstronnasoM H = gBHS ¢ S = 1/2 u napamerpamu gx = gyy = 2.393 u g,, = 1.88,
xapaktepupiMu 11 uoHa Ir(Il) ¢ anexkTpoHHO# KoHurypauueit 5d’. Bnmskue 3HaueHus g-
dakropa HaOMIOAATUCH AN aHAJIOTMYHBIX MOHOsIepHbIX KomruiekcoB Ir(Il), ommcannbIx
Oyuuramu [143]. Ot cMmemanHonurananble komiuiekcbl Ir(Il) ¢ moaunupuaAMHOBBIMU H
[IUKJIOOKTAJUEHOBBIMU JIMTAHJAMU UMEIOT cieyrome g-hakropa: gx = 2.456 gy = 2.346; g, =
1.933 mna [(MNDIr'(cod)]*" u g« = 2.604; gy = 2.429 g, = 1.911 ana [(“B*'N4)Ir'(cod)]**. B

OTIIMYME OT ATHX W Jpyrux MoHosnepHbIx komiuiekcoB Ir(Il) [144, 145], B cmektpe JIIP
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COEIMHEHUs / CBEPXTOHKON CTPYKTYpbl OT aTOMOB a30Ta HE HAOJII0JaNoCk. DTO corjacyercs
nanHbiMu DFT-pacueToB, KOTOpBIE ITOKA3aJId IIOYTH HYJIEBYIO CIIMHOBYIO IUIOTHOCTh HAa aToMax

azora (CM. HUXKE).

O®rr

SKCNEepUMeHT l

MOOENUPOBAHHLIA

: : : . . . .
100 200 300 400 500
MarduTHoe none, mTn
P nycH a3@. Cnexrp JI1P 7 B quxiiopmenTtane npu 77 K. 4epHbIit — SKCTIEpIMEHTAIIbHBIH,
KPAaCHBIN — MOJEIIMPOBAHHBIN
Mar s HexMMnyecmee@ el wMuuue oT AMaMarHUTHOrO Komiuiekca 4,
KOMIUIEKC 5 oOKazajics MapaMarHUTHBIM B auamnazone temmepatryp 1.77-300 K (puc. 31a).
TepMuueckue UKIIbI, BBIIOJIHEHHbIE KaK B YCIOBUIX OXJaxkaeHus B HyjeBoM moiie (ZFC), tak u
B yCJIOBUAX oxJaxaeHus noj nojuem (FC), npoaeMoHCTprupoBaiy, YTO HAMarHUUMBaHUE SIBJIIETCS
MOJHOCTBIO OOpaTHUMBIM M BOCIPOU3BOJMMBIM, YTO YKa3bIBa€T Ha OTCYTCTBHE KaKOro-au0o
CTaTUYECKOr0 HAaMarHUYMBaHMs, a TakXke Ha OTCYTCTBHE OOHapyXMBaeMOW XHMHYECKOH
Jerpaialiiy B SKCIIEPUMEHTAJIbHBIX YCIOBUSIX.
Hecmotpss na mpoctoii BHemnuid Bup y(T), ee uHTepnperanusi sBISETCS CIOXKHOM.
[TapamarnuTHas cocTaBistomas MarHuTHOM BocipuumuuBocty xp(T), moyueHHast BBIMUTaHUEM

JMaMarHUTHOTO BKJIaJa, CHIJIBHO OTKJIOHSETCS OT MpocTod 3aBucumocTH Kropu-Beticca
C, (T ) =N Aﬂiff / 3|(B (l' - (7) (Na —guciio ABoranpo, kg — mocrosiHaast bonmeiiMana). 3To o3Havaer,

4TO 3()(EKTUBHBI MATHUTHBI MOMEHT |leff 3aBUCUT OT TE€MIIEpaTypbl. PacueTHOE 3HAUEHUE [leff
ymenbInaercs ot ~ 1.2 uB nmpu T =300 K o ~ 0.3 ug mpu T = 1.77 K (puc. 4b); x»T Benet cebs
AQHAJIOTHYHBIM 00pa3oM. YUWThIBas HaJlW4ME€ MMapaMarHUTHBIX NMpUMecel jkene3a (aHaJOrMYHO
ciydaro ¢ 4), KOTOpble BHOCST aJUTHUBHBIA BKIaJ B Yp| (MyHKTHUpHas JMHUSA Ha puc. 31b),
HU3KOTEMITEPaTypHOE OCHOBHOE COCTOSTHUE S5 MOYKHO CYMTATh MIOYTH HEMAarHUTHBIM. [10CKOIBKY
KpHUCTAJNIMYECKasi CTPYKTypa S He MOXeT 00ecleyuTh 3HAUYUTEeHOrO aHTU(EePPOMAarHUTHOTO

0OMEHHOT0 B3aUMOICHCTBHUSI MCXKIAY HWOHaAMH HWpUIHA, CaMHW OTHU HOHBI JOJKHBI HMCETH
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HEMarHUTHOE HU3KOTEMIIEpaTypHOe OCHOBHOe cocTosiHue. [locrnenHee, onHako, TPYyAHO
COTJIaCOBAaTh C BBICOKOTEMIEPATypHBIM moBeneHueM yp(T). JlelcTBUTENbHO, XOPOIIO U3BECTHO,
uto Kommtekchl Ir(1) u Ir(I11) ¢ yeTHBIM uncIOM d1eKTpoHOB Ha Sd-06o0mouke (5d® u 5d°) sBnsrorcs
quaMarHuTHeIMU  [146]u3-3a  cuibHOTO  pacuieruieHuss d-opOuTaned B 1oJie  JIMTaHA,
BBI3BIBAIOIIIETO CIIMH-CITapeHHoe cocTosiHue HoHOoB Ir (S = 0) [147]. s komruiekcos Ir(1) u Ir(1IT)
MOXHO OBUIO OBl OXKMIATh JHIIL cIa00ro mapaMarHWTHOro Bkiana Ban-dneka, KOTOpBIA He
JOJKEH 3aBHCETh OT TeMIlepaTyphl u3-3a Oonbmoi memu D>>kgT, oraenstomieit TpuruieTHbIC
YPOBHHU OT 3aroyiHeHHoro cunriietHoro [148]. B kommiekcax Ir(I) u Ir(I1l) nnamarautHbIi BKiazg
O0OBIYHO MPEBOCXOUT CIA0BINH BaH-(ICKOBCKHI, 0OecrednBas OO TMaMarHUTHBIA OTKIIUK; 4
ABIIIETCS TaKUM IpuMepoM. OJHaKO MarHUTHasi BOCIPUUMYHUBOCTh KOMIUIEKCa S BeJeT ce0s mo-
JpYyromMy: OHa JOCTaTOYHO BEJIMKA IPU BBICOKHX TEMIIEpaTypax U MEHSETCS C TeMIlepaTypoi (puc.
31a). Takoe noBeneHUE TakkKe HE COOTBETCTBYeT moBeneHHto komiuiekcoB Ir(Il) u Ir(IV). C
MarauTHoU Touku 3penus [r(I1) u Ir(IV) HanmoMUHAIOT MOHBI C OJTHUM HECITAPEHHBIM JICKTPOHOM
(S = 1/2); ux >PPeKTUBHBII MATHUTHBII MOMEHT |leff, KAK U3BECTHO, MPEBBINIAET YUCTO CITHHOBOE
3HaueHue 1.73 B U3-3a COUH-OPOUTATBHOTO B3aUMOJICHCTBUSI U OCTAETCSl OOJBIIUM BILUIOTH 10
HU3KHUX TEMIIepaTyp, €CJId KpPUCTAUIMYecKas CTPYKTypa oOecleyuBaeT HX MarHUTHO-

pa36aBJ'IeHHOG COCTOsHHC.
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P nycH o3t ( al¥mmeparypHas 3aBUCIMOCTh MATHUTHOW BOCITPUUMYHUBOCTH ), U3MEPECHHAS
st 5 npu marautHoM nosie H = 10 kD. (b) Temneparypubie 3aBucumocTs 3¢ (HEeKTHBHOTO
MOMEHTA [leff U Xp T U151 5.

Kaxymeecs mnpoTtuBopedyne B MarHUTHOM TOBEACHUM MPU HU3KOH U BBICOKOM
TEMIEPAType MOXKET OBITh Pa3peIieHo, eCIi MPEaNON0KUTh MEPEHOC 3apsiia MPU TEPMUIECKOM

BO3JCUCTBUM MEXIY pPAa3JIUYHBIMU CTPYKTYPHBIMH (parMEHTaMH C TEPEMEHHOW CTeleHbIo
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okucnenus (Ir, NO, dpp-bian) B 5. D10 siBleHHe U3BECTHO KaK PEAOKC-U30MEPHS WUJIH BaJCHTHAs
TayTOMEPHUSI U PEAKO BO3HUKAET B TEX CIyyasiX, KOI/la METall IEPEMEHHON BaJI€HTHOCTH CBSI3aH
C peIOoKC-aKTUBHBIM Juranjgom [149]. 3HaueHMe MAarHUTHOIO MOMEHTA NP KOMHATHOM
TeMIepaType HaMHOro 0oJiee HU3KOE, YeM 0XKHMJIaeMO€ ISl IByX HECIIAPEHHBIX 3JIEKTPOHOB. ITO
CBUJICTENILCTBYET O HE3aBEPIICHHOCTH IMepexo/a M3 [IUAaMarHUTHOTO B IapaMarHUTHOE
COCTOSIHUE, YTO TOBOPUT O CYIIECTBOBAHUM CMECU JABYX PEIOKC-COCTOSHHUHW NpHU ITOU
Temneparype. M3BecTHO, 4TO KOMIUIEKCHI KOOaJIbTa C JUOKCOJIEHOBBIMU JIMTAHJIAMU U JIPYTUMHU
PEIOKC-aKTUBHBIMHM JIMTAHJAMHU YacTO MPOSBIAIOT TEPMHUUYECKU WM (OTOMHIYLHPOBAHHBIC
BaJICHTHBbIE TayToMepHbIe nepexonl [150—153]. HanpoTus, 1isi KOMIIJIEKCOB POAUS U UPUIUS
BaJICHTHAs TayTOMEPHUs OTPaHUYEHA JIMILb HECKOJILKUMU Ipumepamu [154—-157].

DFT-p a erubl Jins omnucaHus 3JI€KTPOHHON CTPYKTYpbl IOJYYEHHBIX KOMIIJIEKCOB
UpUIMS W HHTEPHIpeTalil WX HEWHHOIICHTHOTO TIOBEJACHHUS ObLTM TMPOBEACHBI KBAaHTOBO-
XUMHYECKHE pacyeTbl B paMmkKax Teopud ¢GyHkuuoHana mmiaotHoctu B ADF  2021.
OnTuMU3UpOBaHHBIE TEOMETPUHN 4-6 XOPOIIO COTIACYIOTCS C JAaHHBIMH PEHTI€HOCTPYKTYpPHOTO
ananmza. HCMO u B3MO B 4 umerot aenokanu3oBaHHbld Xxapaktep (puc. 32). Ognako, B3MO B
Oonbieii crenenu JokanuzoBana Ha Ir (42 %), Torna kak HCMO B 0CHOBHOM JIOKaJIM30BaHa Ha
dpp-bian (64 %, Tabn. 6). 3azop B3MO-HCMO cocrapnsier 0.763 3B. [loMmumo 3Toro, Ob10
ONTHMU3MPOBAHO TUMOTETHYECKOE BO30YKIeHHOe HapamarHuTHoe coctosuue [Ir'(cod)(dpp-
bian")Cl] mns 4, kotopoe okazanoch Ha 80.8 k/[)k/MOJIb MEHEE BBITOJHBIMBIM, Y€M CHHTJICTHOC
cocrosiHue. Paccunrannslii 3apsan atoma Ir coctaBun +0.85 (NBO) u +0.89 (AIM). OTu 3HaueHus
HECKOJIbKO BhIIIe, yeM aiist aroma Rh B 1 (+0.71 u +0.77 cootBeTcTBeHHO). 3HadeHus 3apsga NBO
u AIM nns nuranna dpp-bian coctaBistoT -0.25 1 -0.19 cooTBeTCTBEHHO. DTH 3HAYEHMUSI, @ TAKIKE
JIEJIOKAJIM30BaHHBIA XapaKTep TpPaHUYHBIX OpOUTanel YKa3bplBalOT HA YAaCTUYHBIA IEpEeHOC
anekTpoHHOM ToTHocTH ¢ Ir(I) Ha dpp-bian, uTo cormacyercs ¢ HEMHHOLIEHTHBIM MOBEJICHUEM
penokc-aktuBHOTO dpp-bian. Ha ocHOBaHMM aHaiM3a TOMOJOTHH JEKTPOHHOM TUIOTHOCTH BCE
cBs3M Ir-murang B 4 oTHOCATCS K MpoMeKyTouHOMY Tuiy. CBsizu Ir-C Gosnee KoBaJleHTHBI, UeM
cBs3u Ir-N u Ir-Cl. Pazpeixmstomas npupoaa B3MO no otHommenuto k B3aumojerictuio Ir-Cl

oTBeyaer 3a yumHeHue cBsa3u Ir-Cl. OnHako 3Ta cBs3b Bee ke npounee cBsi3u Rh-Cl B 1.
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[Ir(cod)(NO)(dpp-bian)]** (5-2BF,)

[Ir(cod)(dpp-bian)]* (6-BF.)

P nycH a3k B3MO (cneBa) u HCMO (cnpaBa) komiuiekcoB 4, 5-2BF4 u 6-BF4



T a 6 N 1. DwEeprus 1 BKIaAb pparMEeHTOB B TPaHUIHbBIC MOJICKYIspHbIe opouTanu B 4, 5-2BF4
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u 6-BF4
[Ir(cod)(dpp -bian)ClI] (4)
OpOuTanb E, 5B Ir dpp-bian cod Cl
B3MO-2 -5.460 14.6 % 29% 3.9% 78.6 %
B3MO-1 -5.275 23.0 % 152 % 8.2 % 53.6 %
B3MO -4.364 41.7 % 343 % 10.5 % 13.5%
HCMO -3.601 22.7 % 64.2 % 0.0 % 13.1 %
HCMO+1 -3.032 0.0 % 100.0 % 0.0 % 0.0 %
HCMO+2 -1.700 0.0 % 100.0 % 0.0 % 0.0 %
[Ir(NO)(cod)(dpp -bian)]?* (5-2BF4)
OpO6uTanb E, 5B Ir dpp-bian cod NO
B3MO-2 -11.314 1.2 % 95.9 % 29% 0.0 %
B3MO-1 -11.201 0.0 % 100.0 % 0.0 % 0.0 %
B3MO -11.157 0.0 % 100.0 % 0.0 % 0.0 %
HCMO -10.001 5.7 % 58.7 % 4.2 % 314 %
HCMO+1 -9.883 10.5 % 9.3 % 6.3 % 73.9 %
HCMO+2 -8.975 24.9 % 36.3 % 6.0 % 32.8%
[Ir(cod)(dpp -bian)]* (6-BFa4)
OpOuTanb E, B Ir dpp-bian cod
B3MO-2 -8.483 28.8 % 58.3 % 12.9 %
B3MO-1 -8.318 80.8 % 14.4 % 4.8 %
B3MO -7.651 86.5 % 10.7 % 2.8%
HCMO -6.804 0.0 % 97.6 % 2.4 %
HCMO+1 -5.911 0.0 % 99.3 % 0.7 %
HCMO+2 -4.493 52% 86.7 % 8.1 %

JlaHHBIE PEHTI€HOCTPYKTYPHOT'O aHaJIW3a Moka3aiu, yTo jurad] NO B 5 pa3ynopsaodeH;
M03TOMY OBLTH ONTHMHU3UPOBAHBI J1Ba BO3MOKHBIX n3omepa 5-(BFa)2 (V1 u v2 Ha puc. 33). Ouu
OTJIMYAIOTCS pactionoxkenueM rpynmnsl NO oTHocutenbHo jauranga cod. M3omep v1 nHa 3
k/[>x/Moib Gostee crabuier, ueM u3omep V2. OCHOBHOE COCTOSIHHE 000X N30MEPOB CHHTJIETHOE.
CootBeTcTBYIOIIME BO30YKICHHBIE MMApAaMarHUTHBIE COCTOSHUS TakkKe ObUIM ONTHMU3HPOBAHBI.
OHeprum 3TUX BO30YXKIEHHBIX COCTOSHUI OKa3aluch Bbile OCHOBHBIX Ha 113.0 xJlx/Monb s
nzomepa V1 u Ha 112.3 x/[x/mMonb st V2. OnrumusupoBansblid yro Ir-N-O cocrasun 127.3° n

129.9° s V1 1 V2 COOTBETCTBEHHO.
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vl v2

P nycH a3R. JIga u3zomepa 5-2BF4
HCMO 5-(BFa4)2 nenokanu3soBana (puc. 34), HO B OCHOBHOM JIe)KHT Ha dpp-bian, kak u B
4, B To Bpemst kak B3MO moiHOCTBIO JIOKaIM30BaHA HA apuWiIbHBIX Kojblax dpp-bian. Takum
obpazom, B3MO MOXHO paccMaTpuBaThb KaK HECBS3BIBAIOIIYI0 OpOUTANb B OTHOIICHUU
B3aumopaeucTeus Ir-nurang. HCMO, HCMO+1 1 HCMO+2 uMeroT 3HaYMTENLHBIH BKIAJ OT
muranga NO (tabi. 6). 3azop BBMO-HCMO cocransiet 1.156 3B.
Anamm3 NBO u AIM myist V1 u V2 (0CHOBHOE MITH BO30YKJICHHOE COCTOSIHHS ) IIOKA3all, YTO
3apsa Ha Ir HemHoro Oombiie, yemM B 4 (3apsa AIM cocraBmser 0.91/0.93 nmportus 0.89
COOTBETCTBEHHO), B TO BpeMs kak 3apsa rpymnmnbsl NO (3apsag AIM cocrasisier -0.06/-0.04) ne
SIBIIICTCSL TIOJIOKHUTEIBHBIM. Takue HeOONbIIne W3MEHEHHS HE II03BOJISIIOT OJHO3HAYHO
onpenenuts hopmasibHble cTenenn okucaeHus Ir u NO [140], mosTomMy U3 3THX pacueToB MOXKHO
NPeI0KUTh, KAK MMHUMYM TPHU BO3MOKHBIX coctosHus. 1o [Iri(cod)(NO')(dpp-bian)]**
(ocuoBuoe), [Ir'(cod)(NO")(dpp-bian)]**  (ocmoBuoe) wmmu  [Ir''(cod)(NO®)(dpp-bian)]**
(Bo30y>kIeHHOE), T/Ie (hopMaTbHask CTENIEHb OKUCIICHUS! UPUIMS HAXOAUTCS B Uarnaszone ot +1 10
+3, a gurang NO HaxXoauTcs B COOTBETCTBYIOIICH cTeneHu okucienus (+1, 0 wm -1).
[IpumeuaTenbHO, YTO CHOUHOBAsl IUIOTHOCTH Ui MapamarHutHoro 5-2BFa cocpemorouena B

ocHoBHOM Ha NO u n-cucteme dpp-bian (puc. 34).

P nycH 034 CniuHOBas MIOTHOCTH JJIs HapamarauTHoro usomepa V1 [Ir(NO)(cod)(dpp-bian)]*

(5-2BF2) u [Ir(cod)(dpp-bian)]*" (7-2BF4)
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[TockonapKky HEYCTOWYMBOCTH KOMILIekca 5 k morepe rpynmbl NO Obuta oOHapyxkeHa
IKCIIEPUMEHTAIbHO, OblIa paccuuTana 3Heprus aucconuanuu cBsazu Ir-NO. YuuTeBamuch 1Ba
nyTH pasnoxkenus 5: ¢ ormennenuneM NO' u o6pazosanuem [Ir(cod)(dpp-bian)]” (6-BF4) u ¢
otmermnennemM NO° u o6pasosannem [Ir''(cod)(dpp-bian)]*" (7-(BF4)2). Paccunrannsie sHepruu
aucconuanuy cocrasuian 178.93 k/Ix/monb u 177.12 xJx/Moib (pa3pbis csasu Ir-NO ') u 174.31
kJlx/Mons m 172.50 xJx/mMonb (paspeie cBssu Ir-NO°) mms xomdopmepor V1 u V2
COOTBETCTBEHHO. OTH  3HAUEHUS HAMHOTO MEHBIIE JSHEPrHMHM, HEOOXOAMMOW Ui
reTepoauTudeckoro paspsia cBszu Ir-Cl (447 kJ>x/Momb). CTOUT OTMETUTH, YTO MpeBpaiieHue 4
B 5 npoucxonut ¢ pazpsiBoM cBsizu Ir-Cl.

YT0o0BI NOATBEPAUTH, YTO IKCHIEPUMEHTAIbHBIN criekTp DIIP nelicTBUTENPHO OTHOCUTCS K
[Ir'"'(cod)(dpp-bian)]>" ¢ S = 1/2, 6bLIM TPOBEIEHBI pacUeTH ¢ MCIONb30BaHUEM MeToa Gauge-
Including Atomic Orbitals (GIAO) [158, 159], Bkitouasi Kak CKaJIsIpHO-PEISATUBUCTCKUHN MOAX0]T
C TpPUMEHEHHEM TEOpUU BO30OYXKICHHM, TaK M JIBYXKOMIIOHEHTHBIA CHUH-OPOUTAIbHBIN
pensaTuBUCTCKUM mnoaxox. IlocienHnid moaxonx naer pe3ynbTaTsl, KOTOPBIE JIydllle BCETO
COIVIACYIOTCS C B3KCHEPUMEHTANbHBIMU JaHHbIMH (Tabs. 7). CouHOBas IJIOTHOCTh IOYTH
MOJIHOCTBIO cOocpeioToueHa Ha Ir, 4To coriacyeTcsi ¢ OTCYTCTBUEM CBEPXTOHKOM CTPYKTYphI U3-
3a paclleIUIeHus Ha aTOMax a30Ta B AKCIepuMeHTaabHoM criektpe JI1P.

Ta 6 N n if. aPacuerHble IUaroHalbHbIC KOMIIOHCHTBI TEH30pa g-(hakTopa W 3HAYCHHUE
uzotponHoro  g-pakropa i [Ir(cod)(dpp-bian)]**  (7-(BFa)2) B  cpaBHeHHMH C

OKCIICPUMCHTAJIbHBIMHA 3HAYCHUAMHA

gxx gyy g2z giso
Teopust Bo30yxaeHu 2.917 2.757 2.029 2.568
JIByxkommoHeHTHbIi CO- 2.691 2.598 1.893 2.394
TOJIXOJL
DKCepuUMEHT 2.393 2.393 1.88 2.222

33 KomMnnekcb nannapdpp-bian nnatunHbI
CuHTES K 0 M &lB.e Bzawmamieiicteue [Pd(PhCN)Cl2] ¢ dpp-bian B
TUXIIOpMETaHe, B3STHIX B MOJIHHOM COOTHOILIEHUH 1:1, MPUBOJUT K MOHOSACPHOMY KOMILIEKCY
[Pd(dpp-bian)Cl2] (8) c¢ Bexomom 92 %. B pesynprare peakmuy HTPOMCXOTUT 3aMelleHHe
OeH30HUTPWIBbHBIX JUranfoB Ha dpp-bian. B3aumopeiictBue Ko[PtCls] ¢ dpp-bian B 3Tanone,
B3STHIX B MOJHHOM COOTHOIICHHMU 1:1 MPUBOIUT K aHAIOTUYHOMY MOHOSJEPHOMY KOMILIEKCY
[Pt(dpp-bian)Clz] (12).
[Ipu 3amene xmopuanblx nurangaoB Ha gutuoiatel Pt(Il) m Pd(II) obpasyrorcs tax
Ha3bIBaCMbIC «IYII-MyJBbHBIC» KOMIUIEKCH Buaa [M(auumun)(nutuonar)] (comepskamuye

OIHOBPCMCHHO JIUTAHABI C T-JOHOPHBIMH (,Z[I/ITI/IO.IIaT) U T-aKOCUTOPHBIMU (III/II/IMI/IH)
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cBorictBamu). Kommekcel [Pd(dpp-bian)Cl] u [Pt(dpp-bian)Cl] Obumm umcmosib30BaHbBI B
KAaueCTBE KCXOJHBIX COCIUHEHUHN JJIs CHHTE3a TeTepOJICITUYCCKUX KoMIiuiekcoB [M(dpp-
bian)(dmit)] u [M(dpp-bian)(dsit)] (M = Pd, Pt). Onu ObulM MOTYYEHBI TPU B3aUMOACHCTBUU
[M(dpp-bian)Clx] ¢ (NBu4)2[Zn(dmit);] wmm (NBus)2[Zn(dsit)] B BHIE KpUCTAUTMYECKUX
MOPOIIIKOB 3€JIEHOr0 1BeTa ¢ Bbixoaamu 95-99 % mis nannanus u 50-58 % miist minatuss [160].
OO01as cxema CMHTE3a JaHHBIX KOMIUIEKCOB IIpejicTaBieHa Ha cxeme 47. CiieayeT OTMETUTh, YTO

kommiekcel 9, 1Q 12 m 13 uMeT HU3KYI0 pPacTBOPHUMOCTh BO MHOTHX OPraHHYECKUX

pPacTBOPUTEIISIX.
PhCN<_ ClI [Zn(dmit),]>
Ar P, CHocy Ar or Ar
Q’ N PhCN” ol 2%k N\M/c| [Zn(dsit),]> O. 'N‘M’Q[[ S):s
“N 2- ‘N/ \CI CHZC|2 "'N/ \Q S
W, e C[\Pt,CI_‘ ﬁ" W, o W, N
Cl” =Cl
. "M=Pd, Q=S
Ar = 2,6-iProCgH3 8 M=Pd 10: M=Pd, Q=Se
dpp-bian 11:M=Pt 12:M=Pt, Q=S
13:M=Pt,Q=Se

Cxema 47

B UK-cniekTpax AMUMUH-AU(THO/CEIIEHO )JIATHBIX KOMITJIEKCOB Najuiaaus v miaTtuHbl 9, 10,
12, u 13 HabGmromaercs nHTeHCcHBHAs mosioca mpu 1052-1055 cM™!, oTHOCsIIAsACA K KOJIeOaHUM
ces3u C=S murannoB dmit u dsit. B MK-cnektpax xomriuiekcoB 8-13 HaOMI0MAIOTCS MOJIOCHI
KoneGanuii aneHaTeH IMUMHHOBOTO (parMenTa B obmactu 1620-1045 cm!. ITonocs kone6anuit
rpynn CH npossstores mpu 2864-2961 cm!.

B 'H SIMP-cuektpax KoMIulekcoB 8-13 Ha6I0[alOTCA XapaKTepHbIE CHTHAIbI OT
annpaTUYECKUX U apOMaTUYECKUX MPOoTOHOB dpp-bian.

Kpuctannnuyeckuneasommp§ R-ily osiokpuctramuiel 922CHCI3 u
10-2CHCl3, mpurousie isl pEHTT€HOCTPYKTYPHOTO aHAIN3a, ObUTH MOJTYYEeHBI IPH MEAICHHOM
ynapuBanuu pactBopoB 9 u 10 B xsnopodopme. Kpucranisl coenunenus 11eCH3CN nosydeHs
MeasieHHoM nuddy3uelt auatuioBoro a¢upa B pactBop 11 B aneronutpusie. MoniexkyispHbie
ctpykTypsl 9, 10u 11 nmokasansr Ha puc. 35. Bece coennHeHHs TpeACTaBISIOT COO0 HEHTpaIbHbIE
komruiekcsl PA(II) (9 um 10) wmm Pt(Il) (11), xoTopble HMEIOT THIHYHOE KBaJpaTHOE
KOOP/IMHAIIMOHHOE OKPYKEHHE, COCTOSILEE U3 IBYX aTOMOB a30Ta OT dpp-bian, 1ByX aTOMOB Cephbl
WM celieHa OT nuranaoB dmit u dsit B komruiekcax 9 u 10 COOTBETCTBEHHO U IByX aTOMOB XJIOpa
nns kommekca 11 Jinunsi ceszeit C—C u C=N B dpp-bian coctasnsror 1.480 u 1.306 A (2), 1.497
1 1.316 A (3)u 1.48 u 1.29 A (4) coOTBETCTBEHHO, UTO COrIACyeTcs C HEHTPaIbHBIM COCTOSHUEM
dpp-bian. Paccrosrus Pd-S u Pd-Se coctapunu 2.247 A B 9 u 2.357 A B 10, paccrostaus Pd-N
cocraBmi 2.095 u 2.087 A B 9 u 10 COOTBETCTBEHHO, YTO COrjacyercs ¢ JaHHBIMHU IS

KoMIuiekcoB Buaa [Pd(muumun)(nutuo(ceneno)nar)] [161, 162]. nuns! cszeit Pt-N u Pt-Cl B X
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coctapisiorT 2.020 u 2.282 A CcOOTBETCTBEHHO, YTO XOPOIIO COTTACYeTCs ¢ TAKOBHIMU LIS

komruiekcoB [Pt(aummun)Cla] [76, 78].

) .—-&-—g—"\-ﬂ

: N1 —_.:}

\>Pd1 s ®rc

¢ sz‘@ s2 \‘ @se
c2

« ¢cC

s3 s

onN

@ split C atom

¢ .

9

1" ¢c

P nycH a3k. Crpoenune xomruiekcoB 9-11. AToMbI BOJIOpOIa HE TTOKa3aHBI
Kpucranmuueckue crpykrypsl 9*2CHCIl; u 10:2CHCI; uzotunuel. B 06enx cTpykTypax
ocHoBHble Onoku [Pd(dpp-bian)(dmit/dsit)] oObenuHeHsl B OeCKOHEUYHBIE IIETIOYKH 3a CUET
CHWJIBbHBIX T-IOHOPHBIX (dmit/dsit)—n-akuenropusix (dpp-bian) B3aumopeicTBuil (Gnmxaiimue
paccrosuus mMexay aromamu C coctapisror 3.405 u 3.457 A nna 9 u 10 cooTBeTCTBEHHO) (pHC

36).

P ity H 036. Kpucrammnueckas ynakoBka KoMIuiekca 9.
[TogoOHBIE  CTOKMHT-B3aUMOJEHCTBUS ~ OBUTM  OOHApPY>KEHBI B KOMIUIEKCaX

[M(nunmun)(nutuonat)] (M = Pd, Pt) [161, 163, 164]. UutepecHo, uto B cTpykType [Pt(mes-
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bian)(dmit)] Takux B3aMMOIEUCTBUI OOHAPYKEHO HE OBLIO. DTH IIETIOYKH MOXKHO YIPOCTHTD,
COCIMHUB JIBa aTOMa MaJUTaJvs, YTO CO3/aeT JIBa THIA KOCBIX JIMHHI, OPUCHTHUPOBAHHBIX B
HarnpaieHusx [01-1] u [011] xpuctaina (puc. 37). KomOuHanus 3TUX JUHUNA TPUBOAUT K
00pa30oBaHUIO TICEBJIOCIIOEB, PACIOIOKEHHBIX B KpHUcTauiorpaduyeckoit miaockocta (011),
KoTopble yknaneiBatorcs 1mo Ttuny ABAB. Kpucrammmueckas crpykrypa 11<CH3CN Obuia
chopmupoBana u3 3BeHbeB [Pt(dpp-bian)Cly] B kadecTBe OCHOBHBIX CTPOUTEIBHBIX OJIOKOB.
OTcyTcTBHE KakKUX-JIMOO CHeNU(PUYECKHX B3aMMOJACHCTBHIA NPUBOIWIO K IpeodiaaHuio
B3aumoeiicteuii CH---Cl ¢ oOpa3oBanueM OecKOHEUHBIX mernouyek moJiekyna [Pt(dpp-bian)Cl,],

OPHUEHTHPOBAHHBIX B KpUcTajutorpaduueckom Hampasiienuu [100].

I o

P nycH o3¥. /la Tuma JOHOPHO-aKIENTOPHBIX Henoyek B cTpykrype 92CHCl;

KBaHTXMBMWMNY e C K IERbl .YpoasC WccnenoBaTb MEXMOJEKYJspHble mT-m*
B3auMojieiictBua B cTpykrypax 9 u 10 Obutn BeimosiHeHsl DFT-pacueTsl W Tomonorndeckui
QTAIM-ananm3 pacnpezaeneHus: daekTpoHHoW TIoTHOCTH. QTAIM-ananu3 crpykryp 9 u 10
MOKa3aJl HAJIMYHUE CBA3EBBIX KPUTHUECKHUX TOUEK (3,—1), XapaKTepu3yomuxcs HU3KUM 3HaU€HUEM
anektpoHHoi mnotHOocTH (0.004-0.005 a.e.), MONOXWUTENbHBIMU 3HAUYEHHUSMHU JarlacHaHa
anektpoHHON mmoTHOCTH (0.012—0.017 a.e.). DTu HaOMIOASHHUS TUNHYHBI JUIS CTIKUHT-
B3aMMOJIEHCTBUI B OA00OHBIX cucTteMax [165—-167]. OOmiast pacueTHast CHiIa MEXMOJIEKYISIPHBIX
CTIKHMHT-B3aMMOJICHCTBUII B PEHTTEHOBCKUX CTpykTypax 9 m 10 cocraBuna npumepno 4
KKaJ/MoJb. OTHOLIEHHE MEXAy JlarpaHkeBoi KuHeTuueckod sHeprueil G(r) ¥ MIOTHOCTBIO
NOTEHIMATIbHOM »Hepruu V(r) B CBS3€BBIX KpUTHUYECKMX Toukax (3,—1) mokaszaso, d4TO
KOBAJEHTHBIN BKJaJ BO BCEX MEXMOJEKYJISPHBIX KOHTAKTaX, OTBETCTBEHHBIX 3a CTIKHHI-
B3anMoIeiicTBHA B CTpyKTypax 9 u 10, oTCyTCTBYET.

Pe n eckBco 1 &® ToBval N ex18. HBA xomiutekcoB 9-13 mpoaeMOHCTPHPOBAIIH, YTO

JaHHBIC COCIMHCHUA O6J'IEU18.IOT CXOXHM OKHCIHUTCIBbHO-BOCCTAHOBHUTCIIbHBIM ITOBCACHUCM,
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OTPaXCHHBIM JIByMs [IOCJIEJIOBATEIbHBIMA OOpPAaTUMBIMU OJHORJIEKTPOHHBIMU IPOIECCAMU,
CBSI3aHHBIMU C JIBYX3JIEKTPOHHBIM BoccTaHoBIieHHeM dpp-bian (puc. 38, xpacHast kpusasi). s
BCEX KOMIUICKCOB IMEPBBINA TMporiecc IexuT B nuanazone -0.39 — -0.43 B (otn. Ag/AgCl), Torna
KaK BTOPOH Tpoliecc mposiBisieTcst B ooact -1.37 —-1.46 B (Tabu. 8). 3HaueHUs OKUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX MOTEHIHANOB s 9-13 Malio 3aBUCAT OT MPUPOABI METAJUTMUECKOTO IIEHTpa
B COOTBETCTBHHM C JIMTaHA-IICHTPHUPOBAHHBIM XapaKTEPOM AICKTPOXUMUYECKUX IPOIECCOB.
Pa3nocTh Mexay KaToAHBIM M AHOAHBIM MUKAMHU IS KaXJIOro u3 3TuxX mnpoueccoB (AE)
OTKJIOHSJIACh OT TEOPETUYECKOro 3HaueHusi He Oonee yeM Ha 20 MB. [J{ns «mym-mynbHBIX»
koMmruiekcoB 9, 10, 12 u 13 B monoxxurensHo# o6mactu [IBA npucyTcTBOBaNIM ABA aHOIHBIX ITHKA
B nuanazonax 0.92-1.01 u 1.12-1.46 B (puc. 38, cuHss KpuBas), CBSI3aHHbIE C OKUCJICHUEM
JTUTHO/ TUCEIICHOJIATHOTO JIUTAH/IA.

T a 6 N 1B.UPaIOKC-IOTEHIMAIBI IS KOMILICKCOB 9-13 OTHOCHTENBHO 3JIEKTPOJa CPABHCHHMS

Ag/AgCl

s sd3f dzj € 1 tsfnfryls O dztEn (RF, dav) j { ¢ dfMmdzfadzd |
[Pd(dppbian)(dmit)] ©) -0.39 (71)-1.37 (70) 0.92, 1.46
[Pd(dppbian)(dsit)] @.0) 20.42 (77);1.38 (60) 0.97, 151
[Pt(dppbian)Ch] (11) -0.41 (77)-1.46 (70) 1.18
[Pt(dppbian)(dmit)] @2) -0.43 (59)-1.42 (70) 0.93,1.12
[Pt(dppbian)(dsit)] (.3) -0.42 (65),-1.40 (79) 1.01, 1.46
(A) Tok pA (B) ’
o
A= N—ar = "N—Ar =——= Ar—N N—Ar
10.0 4 \pd/ - p \Pd/
50 s s s
o-ﬁ s_>_<s s>=<s
5.0 1 T T

-1.00 0 1.00
MoteHuwman, B (vs Ag/AgCl)
P nycH o38. I[IBA 9 B JIM®A B obnact —1.8—1.7 B npu ckopoctu pa3sepTku notenuuana 100
MB/c (A) u cxema mocnenoBaTeasHOro 00paTuMoro BocctanoBneHus ans 9 (B)
Takoe pegoKc-TIoBeICHIE XapaKTEPHO JIJIsi KOMIUIEKCOB METAJIJIOB C TUTaHaMH TUIIa bian,
YTO SBJISIETCS CJIEJICTBUEM BBIPAKEHHBIX TT-aKIIETITOPHBIX CBOMCTB bian u pacnoioxenus HCMO
Ha TUUMUHHOMN YacTH (puc. 39) [55, 77]. Panee ¢ momorsio SI1P-ciekTpockonuu ObLI0 JOKa3aHO
bian-1IeHTPUPOBaHHOE BOCCTAHOBJIEHUE CXOXKHUX IO CTPOEHHUIO KOMIUIeKcoB mpu -0.5 u -1.5 B

(otn. Fc/Fc"). B cmextpe DIIP  [Pt(dpp-bian)(Py)2]” (IpOOyKT OJHODIEKTPOHHOTO
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BoccTaHoBnenus [Pt(dpp-bian)(Py):]*") obmapyxen ay6mer ¢ g = 1.99, xapakTepHblii s
OpPraHMYECKOro pajuKaa.
Criemyer OTMETHUTh, YTO BTOPOW MPOLECC BOCCTAHOBICHMS sl KoMmiuiekca 11 Obut

obpatumbiM. HampoTus, mis Oiauskoro mo crpykrype komiuiekca [Pd(dpp-bian)Clz] (8) atot

npoiiecc ObUT HEOOPATUMBIM U COTIPOBOXAAIICS OTIICTUICHHEM XJIOpHUIHOTO jurana [168].

B3MO HCMO

P nycH a3 B3MO u HCMO st 9 u 10

3 C lNKak npaswmio, koMmruiekebl [M(nuumus)(autnonar)] (M = Pd, Pt) nemoncTpupyrot
noromeHne B BuaAuMoi u omkHeit MK-obnactu obnactu u3-3a nepexoja ¢ NepeHOCOM 3apsiaa
¢ m-opOuTalu JUTHONATa WM CMEIIaHHOW opOMTanu MeTajyia M JUTHOJIaTa Ha m*-opOuTalb,
JIOKaJIM30BaHHYIO Ha JUMMHHE, 0003HaueHHOe B Oojiee paHHux padotax kak LL'CT (mepeHoc
3apsiia ¢ OJHOTO JMranja Ha juranja japyroro coprta) win MMLL'CT (mepenoc 3apsga c
CMEIIaHHOTO YPOBHS METAJUI/JIUTaH/1 Ha JIMTaH]l Ipyroro copTa) cooTBeTCTBeHHO [161, 163, 169].
MaxkcuMyMBbl MOTJIOLIEHNS B 3MEKTPOHHBIX cnekTpax 9 u 10 nabmroganuce npu 787 u 756 HM ¢

' coorserctenno. Jlns

MOJIIPHBIME KO3 puIeHTaMi SKCTHHKIMK 5800 u 5500 M'-cm”
komruiekcoB Pt 12 n 13 HabGnromancst 6aTOXpOMHBIN CIBUT C MAaKCUMyMaMH rorstommeHus mpu 801
1 785 HM U MOJISpHBIME Kod(uienTamMu skcTUHKIMK 6400 1 6200 M'-cm™! cooTBercTBEHHO.
[Tornomienue ¢ mepeHocoM 3apsiia B 00JacTH HU3KUX dHepruit ans coeaunenuii 9, 10, 12 u 13
COBIA/IaJI0 C MOJIOKEHUEM IOTJIOIIEHHUS, 0 KOTOPOM COO0IIAIOCh paHee ISl CTPYKTYPHO CXOKETro
koMmruiekca [ Pt(mes-bian)(dmit)] (Amax = 774 aM B IMDA).

MccnepoBaHU4A CTabunnb&IBCBr N p akCcoTVBEMAPERKYcla B
YCTOWUMBOCTH KOMILIEKCOB Mainaus ¥ miatueel 8-13 ¢ nomompsio 'H SIMP-criekTpockonuu.

Br110 moka3aHo, 94TO 3TH KOMIUIEKCHI HE TTOABEPTaIOTCS peakiuu Juranaaoro oomena ¢ JIMCO-

ds, B OTUIMUME OT LUCIUIATHHA, KOTOPBINA, KaK M3BecTHO, pearupyer ¢ JIMCO, 4ro nmpuBOIUT K



88
CHIDKEHHIO €0 MPOTHUBOOITYX0JieBor akTUBHOCTH [170]. beimu Be1Opansl komIuiekcsl 8 u 11 s
KoHTpoutst ux crabuinbHOCTH B JIMCO-d6. (puc. 40). Kak mpaBwmiio, mpu KOOpAUHAIIMH JIUTAHIOB
JAMCO k nonam MeTajuia IporuCXOIUT CABUT CUTHAJIOB B ciaboe mose ot ~2.53 m.a. 1o 3.80-3.30
M.I. 1 S-koopauaupoBanHoro JIMCO wu 3.03-2.59 m.a. nns O-xkoopaunupoBanHoro JIMCO
[171-174]. BeigepxuBanue 8 u 11 B pactBope JIMCO-d6 B Teuenune 72 4 He MPUBOIUIIO K KAKUM-
60 m3MeHenusM B criektpax 'H SIMP, uTo cBuaerenscTByeT o ToM, uto JJMCO He BimseT Ha

CTaOMIIBHOCTB ATUX KOMIUIEKCOB M UX MOCIEAYIOIIYIO TpaHC(HOPMAIUIO B PAKOBBIX KIIETKaX.

J 1o .
). N ..,

85 8.4 83 82 81 a0 79 78 77 76 75 74 7.3 72 71 70 L%} 6.8 6.7 L1

Xumcasur, Mm.4.

ol .

_M MUL# JL 24 4.

N i L e

bl bbbl bl bbb el bl Bl bbbl bl el bl bkl Uil b bl | bl bbb Lokl bichil bbbl il bkl bl o bl Jibeblel bbbl bbbl bbbl bickiad i bk
64

T L) L T T T T L T
84 83 82 81 80 78 78 7.7 76 75 74 7.3 72 71 70 6.9 68 6.7 66 6.5

Xumcasur, m.4.

P nycH 04@. Bpemennas ssomonus 'H IMP-criektpoB kommiekcos 8 (cepxy) u 11 (cHusy) B
JAMCO-dé6.
MpoTuuBOpPpakKkoOBasa bk Hcen@eBL MUBOTOKCHYECKAs AKTHUBHOCTD

KOMIUIEKCOB  8-13 ¥ HeKOoOpJAMHUpOBaHHOTO JuraHna dpp-bian in Vitro Ha kieTkax
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aJICHOKapIIMHOMBbI MOJouHOU kene3pl MDA-MB-231 u MCF-7 konopumerpuueckum MTT-
TECTOM IIpHU BpeMeHH BbliepkuBanus 72 yaca. 3nauenust ICso 1t 8-13 u dpp-bian mo cpaBHeHHIO
C IUCIJIATUHOM MpEJICaBIEHbI B Ta0I. 9.
T a 6 N1 ®. L[ @OTOKCHYHOCTH U (HAKTOPHI CEICKTHBHOCTH KOMILIEKCOB 8-13 B cpaBHEHHH C

dpp-bian u nucrIaTHHOM

ICs0[M KM] SF
Kommekc MDA-MB-231 MCEF-7 MRC-5

8 3.1+09 7.0+1.1 82+1.5 2.6
9 > 1.1 > 1.1 > 1.1 -

10 >0.9 >0.9 >0.9 -

11 22+0.7 26+£0.6 6.2+1.1 2.8
12 >1.1 0.97 £0.05 >1.1 -

13 1.3+£0.3 1.6+0.4 > 1.8 >1.4
dpp-bian > 11 > 11 > 11 -
Uuncnnatwun?2l+5 9.6t2.5 5.5+04 0.3

Koopaunanus neuurotokcuueckoro dpp-bian k mnentpam Pt wniu Pd nmpuBogmia x
3HAYUTEIIbHOMY YBEIMUYEHUIO LUTOTOKCUYHOCTH. AHAJIOTUYHBIM 00pa3oM, KOOpAWHAIUS
YMEPEHHO IUTOTOKCHYecKuX [175] wmimu HeuuToTOKCHYHBIX [176] nmrammoB Ttuma bian Kk
MeTtaymueckuM 1eHTpaMm Ru, Co ninu Mo npuBouia K yJIydIIEHUIO UX IPOTUBOOIYXOJIEBOU
aktuBHOCTH [175, 176]. Kommutekcel 8 u 11 ¢ XJIOpUAHBIME JIMTAHJAMHU MPOJAEMOHCTPHUPOBAIH
MPOTUBOPAKOBYIO aKTUBHOCTh B HHM3KOM MHUKPOMOJSIPHOM Juamna3oHe, a 3ameHa Pt nma Pd
MPUBOAMIIA K CHIPKEHUIO IIMTOTOKCUYHOCTH B 1.4-2.7 paza. 1o HaOII0eHUE COTIIACyETCs C paHee
ONMyOJINKOBAHHBIMHM pe3ylbTaTaMu JJid Jpyrux KomiuiekcoB Pd, kotopble Obuin MeHee
LUTOTOKCUYHBI, YEM MX IIJIaTHHOBBIE AHAJIOTH, BEPOSTHO, M3-32 UX BBICOKOM pPEaKIIMOHHOU
crocobHoctu B BogHOM cpene [177]. [IporuBopakoBas akTuBHOCTH kKomriuiekcoB Pd 9 u 10 ¢
aurangamu dmit 1 dsit ObUTa OrpaHUYeHa UX PaCTBOPUMOCTBIO, KOTOpas He npesblimana 0.2 MM
naxe B JIMCO. OnHako cxokue 1o crpoeHuro kKomruiekcsl Pt 12 u 13 mpoaeMoHcTprupoBain
yCHJIEHUE MTPOTUBOOITYX0JIEBON aKTUBHOCTHU 110 2.7 pa3. HanmpoTus, KIMHUYECKH UCIIOIb3YyEMBIN
npenapaT HUCIUIaTUH MPOJEeMOHCTPUPOBAN JIUILb YMEPEHHYIO HUTOTOKCUYHOCTb, KOTOpas Oblia
Oonee yeM B IIEeCTh pa3 HIDKE aKTUBHOCTH aHanoroB Pt(dpp-bian). Baxno oTmeTuth, uTO
komruiekcsl 8, 11 m 13 mokasanu Gosiee BBICOKYIO MPOTHBOPAKOBYIO aKTHBHOCTB, YeM JpyTHE
KOMIUIEKCHI METAIIJIOB ¢ JIUTaHaaMu bian, Bkirodas komruiekesl V [178], Co [176] umu Mo [175].
Hanpumep, xommiekcsl MoIuOJeHa IOJHOCTBIO JIMIIEHBI ITUTOTOKCHYECKOTO JCUCTBUS Ha
kinetounsle guHUM MDA-MB-231 un ymepenHo wnurtotokcuuynsl B ciaydae MCF-7, xors
SKCIIEPUMEHTAJIbHBIE YCIIOBUSI HENb3d CpaBHUBATh Hampsimyio [175]. Hamportus, HekoTopsie
kommiekcsl Ru [90] m Au [179] npoaeMOHCTpUpPOBaIM IMTOTOKCUYHOCTH B HH3KOM

MHKPOMOJIAPHOM WJIN CyGMHKpOMOH}IpHOM JAruaria3oHe.
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Kpome Toro, Mbl onpeaenuiau CeleKTUBHOCTh KoMiuiekcoB Pt m Pd mo oTHomenuio k
PaKoOBBIM KJIETKaM II0 CPaBHEHHUIO C 3A0poBbIMH (pubpobiactamu serkux uenoBeka MRC-5.
Kommiekc 11 npoaemoHcTpupoBail 2—3-KpaTHYIO CEJIEKTUBHOCTH MO OTHouIeHui0 kK MDA-MB-
231 u MCF-7, Torma kak KoMIIIeKC 8 ObL1 celleKTUBEH ToJIbKO K MDA-MB-231, Ho He k MCF-7.
Baxxno ormeruthb, 4TOo HOBBIE KOMIUIeKChl Pt m Pd c dpp-bian Obumm 3HauuTensHO OoJice
CCJICKTHBHBIMU B OTHOIIICHHH PAKOBBIX KIIETOK, YeM IUCIUIATUH. )i CpaBHEHUS, KOMILIEKCHI
30710Ta ¢ bian MPOJEMOHCTPUPOBAIH HEOOBIYHO BBICOKYIO CEIEKTUBHOCTH IO OTHOIICHUIO K
PaKOBBIM KJIETKaM 3JJ0pPOBBIX SMOpHOHANBHBIX KieTok mouku HEK293, [179] uro He XapakTepHO
JUTsL KOMIUIEKCOB Au, 001a/1aloluX IPOTUBOPAKOBOI aKTUBHOCTHIO, @ KOMIUIEKCHI pyTeHHUsI ¢ bian
HE MOKa3aJIi KaKOW-IH00 CEIEKTUBHOCTH K PAKOBBIM KJIETKaM MO CPaBHEHUIO C IMOPHOHATHHBIMU
¢udpobdmactamu NIH3T3. [90].

CB 4 3 blB a H N @ane OpiocHidka3zaHo, 9YTO HEKOTOPBIC METAJUIOKOMILICKCHI ¢ bian
MmoryT cBszbiBathes ¢ JJHK [175][180], uro npuBonut k aerpaganuu J{HK [176] u noBpexaeHuto
JIHK [178] B pakoBbIX KiieTkax. [IockoabKy KOMIUTEKCH 813 HMEIOT IUIOCKYIO apOMaTHYECKYIO
TETePOIMKIMYECKYIO CTPYKTYPY, OHU IOTCHIIMAILHO MOTYT PACIIONAaraThCsl MEXAY IMapamMu
ocHoBanuil nBoiHoM cnupanu JJHK. UToOs! olieHnTh, CBsI3aHa JTU MPOTUBOPAKOBAs. AKTUBHOCTh
koMmrIuiekcoB 8, 9, 10 u 11 ¢ ux B3aumoaeiicteueM ¢ JIHK, mbl mpoBenu ananu3 ces3piBanus JJHK
C HCTIOJIb30BAaHMEM aHaIM3a 3aMerieHus opomuaom >tunus (EtBr). I3BecTHO, 4TO HHTEpKAISAIHS
EtBr B IHK xapakrepusyercs 3HAUMTEIbHBIM yBeluueHUEM ee (uyopecuenuuu (puc. 41A).
Oxwupaercs, 4To nociuenyoiee nodapnenue natepkanatopoB JJHK npuBener Kk KOHKypeHIUU ¢
EtBr ¢ mocneayromum ero BbITECHEHHWEM H TyuieHueM Quyopectuennuu. [locnemoBarenbHoe
no6asnenne xomriekcoB 9, 10-12 k untepkanary JJHK crepmsr nococs u EtBr mpuBoamino k
JI0303aBUCUMOMY  TYIIEHUIO  QuIyopecleHIuu mpu  625-629 HM, UYTO COOTBETCTBYET
npenanonaraeMoMy croco0y geictBus (puc. 41B-E). 3aBucuMOCTh MOTNIOIIEHHS OT

koHueHTpauuu JJHK ciepmel nococst mokasana Ha pucyHke 41F.
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P nycH o4k Cnekrpsl payopcuenuuu cuctemsl JJHK/EtBr+kommiekc 8, 11-13

UToObl KOJMMYECTBEHHO OICHHUTH TyIlIeHHe (IyopecieHInl, ObUl MOCTPOeH rpadux

3aBucumoctH lo/l or xoHneHTpammu komruiekcoB 8, 9-11 (puc. 41) u paccuuTaHbl KOHCTAHTHI

tymenns (Ksv) Mo HakJIoHy NpsIMBIX JTUHHUNA, HCTIONB3ys ypaBHeHnue llltepna-Donbpmepa (Tadm.

10, puc. 42). CornacHo pacueram, KOMIUIEKCH 8 U 12 mpomeMoHCTpUpOBaIl HauOOJIBIIYI0 U

HAaNUMCHBITYIO CKIIOHHOCTb K TYHICHUIO (1)J'Iy0peCI_[eHI_II/II/I CHCTCMbI HHK—EtBI' COOTBCTCTBCHHO.

Kpome Ttoro, Opina paccumtaHa koHcTaHTa cBsi3biBaHus (K) ¢ wucronb3oBaHueM rpadukoB

Ckpartuapza (puc. 43), oTpakaroumx cnocoOHoCTh KoMIuiekcoB cBs3biBaThes ¢ JJHK (tadu. 10).

T a 6 n 1QyPaccunTtannsie koHcTauThl [ITepaa-Poapmepa (Ksv), konctanTsl cs3biBanus (K)

1 KOJWYECTBO CAMTOB CBS3BIBAHUS (Il) M0 JaHHBIM CIICKTPOB (bJ'IYOpCCLIeHI_II/II/I 6pOMI/II[a OTUAUA-

JHK nuis kommuiexcos 8 m 11-13.
KomMnnekc Ksv[M KM n
8 8.46 (£0.04) x 10° 9.25 (£0.65)x10° 0.93
11 7.90 (£0.03) x 10° 10.0 (£1.0)x10° 0.84
12 4.23 (£0.04) x 10° 6.07 (£0.65)x10° 0.74
13 5.30 (£0.02) x 10° 6.40 (£0.76)x10° 0.85
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P nycH o48. I'paduxu Ckpatuapaa s komiuiekcos 8, 11-13

Kommekce! 8 1 11 nponemMoHCTpupoBaiu 0osiee BEICOKYIO 3((EeKTUBHOCTh CBA3BIBAHUS C

JIHK, 4gto otpaxaercs B Oosee BbICOKHX 3HaueHHsX K. B To ke Bpems xomruiekchl 12 u 13
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nokasaym ooJiee cnadoe B3aumoaeiicteue ¢ JIHK, aro cormacyercst ¢ 6osiee HU3KUMU 3HAYCHUSIMU
K. Kpome Toro, Obi1 0OOHApY>KE€H TONBKO OJWH CAWT CBs3bIBaHUS KomruiekcoB 8, 11-13 na
mostekysax JIHK. Kak u oxupanocs, Bce KOMIUIEKCHI NPOJAEMOHCTPUPOBAIM TY HIIM HHYIO
crenenb B3aumosencTBus ¢ JJHK, uro, ogHako, He 00BsACHSAET pa3auuuii B UX IUTOTOKCUYHOCTH.
ObHapyX@HKMW@BHbBX KO@@mM® PO 4 al O0MO Wb K0 Gbnyopec
MUK P O C K @naononHenue Kk Mexanusmy wuHrepkamsauuu JIHK, koropsiii sBisgercs
U3BECTHBIM JUIsi KoMIuIekcoB Pt(Il), MBI mpenmnonouim, 4To peoKC-akKTUBHOCTD Jinranaa dpp-
bian MoxkeT cmocoOCTBOBaTh CHEHUPUUECKOMY MEXaHM3MY JCHCTBUSL B OHOJIOTMYECKUX
cHUCTEeMax, TaKOMy Kak reHepaius akTUBHBIX (opm kuciopona (ADPK). ADK mpencraBistoT
co0O BBICOKOPEAKIIMOHHOCIIOCOOHBIE COCIMHEHUS, BhIpabaThIBaeMble XUBBIMU KIETKAMH W3
KHCJIOpO/ia B KadecTBe IMOOOYHBIX MPOAYKTOB HX METabOJIMYeCKOH aKTHBHOCTH. Brlcokuit
ypoBeHb A®K MoxeT ObITh BpEeIHBIM A7 HOPMANbHOW KIETOYHOM (PYHKIMHM M BBI3BIBATH
CMepTebHBIA OKHCIUTENbHBIN cTpecc u mnoBpexaenue JIHK; cnemoBarenbHO, B 310pOBBIX
kieTkax reaepauust ADK crporo koHTposMpyercs U noIepKUBaeTcsl Ha HU3KoM ypoBHe [181].
OpnHaxo pakoBbI€ KJIETKH XapaKTepU3yOTCs MOBbILIEHHBIM YpoBHEM ADK 13-3a UX ©3MEHEHHOTO
OKHUCJIUTEIIbHO-BOCCTAHOBUTEIBHOTO W METabOIMUecKoro OallaHca; CleloBaTellbHO, pPEeIoKC-
AKTUBHBIE MOJIEKYJIbl JIEKAPCTB MOTYT IMOBbIIATh ypoBHU A®MK B pakoBbIX KieTKax a0
BBICOKOTOKCUYHBIX YPOBHEH, OCTaBJssl 3[0pOBbIE KJIETKM MeHee 3aTpoHyThiMH [181]. OknO
OMOJOrMYECKH JAOCTYITHOTO OKUCIUTEIbHO-BOCCTAHOBUTEIBHOIO MOTEHIIMANIA B KJIETKaX HMEET
y3kuii Auamnason ot -0.4 10 +0.8 B (0THOCHTENBHO CTaHAAPTHOTO BOJIOPOAHOrO 31eKkTpoaa, CBJ),
U OKHCJIMTEIbHO-BOCCTAHOBHUTEJIbHBIE pEAKIMM C Ooyiee BBICOKUMHM WM 0ojiee HU3KMMU
NOTEHIIMaJIaMH He MOTYT IIPOTEKaTh B KIETOUHOH cpesie. OCHOBBIBasACh Ha akcrniepuMeHTax [IBA,
PENOKC MOTEHIMaBl KOMIUTEKCOB 9-13 rmepBoro mporecca BOCCTAHOBIEHUS! BAPbUPOBAIHCH OT -
0.30 10 -0.34 B (nepecuutansl otHocuTesbHO CBD), 4T0 nonagaer B yKa3aHHBIN BbIIIE HHTEPBAJ.
[ToaTOoMy MBI NPEANOIOKUIN, YTO ITH KOMIUIEKCH MOTYT MHAYLHpoBaTh HakorieHne ADK, u
npoBenu uccaenoBanue Ha kierkax MCF-7 ¢ ucnonb3oBaHueM (uyopeclieHTHOrO KpacuTels
2" 7"-muxnopauruapodiayopectenna aquanerara (H2DCFDA), 4yBCTBUTENHHOTO K TPOHUKAIOIIIUM
B kieTku ADK. [Tockonbky noBsieHHbIH ypoBeHb ADK MoxeT ObITh 1100 MPUYMHON, 60
CJIEZICTBHEM KJIETOYHOTrO mnoBpexaeHus, kiaetku MCF-7 obpabareiBamu komiuiekcamu 8-13
TOJIbKO B TeueHue 4 yacoB, cpaBHuBas ¢ komruiekcom Cu(Il), renepupyrommm A®K [182], B
KayecTBe IOJOXKHUTEJIBHOTO KOHTposig (cTaHaapra). Mpbl  MNPOJEMOHCTPUPOBAIM, YTO
HeoOpaOoTaHHbBIE KIIETKH U KIIeTKH, 00pabotanHbie muctuiatuHoM (1 x I1Cso), He maBamm Kakoii-
160 ¢ryopecieHIn, B TO BpeMs kak kineTku MCF-7, 06paboTaHHbIE BRICOKOW KOHIIEHTpAIUen
MOJIOKUTENBHOTO KOHTpoJs (5 x 1Csg), JeMOHCTpUpOBaIM 3HAuUMUTEIbHYI0 TreHepanuio ADK,

00yCJIOBJICHHYIO HHTCHCUBHOM 3eJIeHOM (uryopecteHiueit (puc. 44).
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Jnst cpaBHeHMs, KoMmiuiekchl 8-11 m 13, a Takxke HekoopaWHHpOBaHHBIN dpp-bian
uHAyuuposanu 3ametHoe koianuecTBo ADK naxke npu Huszkux koHueHTpauusax (1 x ICso), uto
YKa3bIBAa€T Ha TO, YTO OKUCIIUTEIbHO-BOCCTAHOBHUTEIbHASL aKTUBHOCTD dpp-bian siBiisieTcst BaxKHO

COCTaBJ'IHIOH_Ieﬁ JIIA HpOTHBOpaKOBOﬁ aKTHBHOCTH KoMILIekcoB 8-13.

OTpuuaTenbHbIA
KOHTpOInb 9
MonoXuTenbHbIiA 10
KOHTpOInb
Lincnnatux 11
dpp-bian 12
8 13
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=
=
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P nycH od4. O6napyxenne ADK c moMoipio QpiryopeciieHTHON MUKPOCKOITUU

Takum 00pa3zom, JaHHBIE KOMIUIEKCHI PEACTABIISIOT COOOH peAKUE TPUMEPBI KOMILIEKCOB
Pt(IT) u Pd(II), koTOpbIe BBI3BIBAIOT TMOENb PAKOBBIX KJIETOK B pe3ynbrate renepainun ADK. Oto
SBIISIETCS TIPSIMBIM CJIEJICTBUEM DPEIOKC-aKTUBHOCTH KOMIUJIEKCOB B Tpefenax OHOJOrHMuecKd
JIOCTYITHOT'O OKHA TIOTEHITUAJIOB.

CuHTtes K 0 [Rd(dpmhbian)@Cs(COOMe)s)] (14). KomiuiekcHOE COeTUHEHHE
[Pd(dpp-bian)(C4(COOMe)4)] (14) 6110 momyyeHo u3 [Pdz(dba)s] (dba = qubensmnmaeHamneToH)
B J1Be cramuu. IlepBas cragusi — OKHUCJIHTENBHOE TPUCOEIWHEHUE JBYX MOJEKYI
MeO,CC=CCO,Me k nayuraauio ¢ oTmeryienueM nuoensmmmaenanerona (dba). Jlmmutupyromieit
CTaJMeld  peakiuu SBIsIeTcs  00pa3oBaHUE  PEAKIIMOHHOCIIOCOOHOTO  MOHOQJIKHHOBOTO
unTepmenuata [183]. B xone 3Tol peakiiuu MpOoUCXOJUT OKUCIIEHUE HYJIbBAICHTHOTO MaJlIaIust
JI0 TBYXBAJIEHTHOT'O COCTOSTHUS; TIOCTIE MPUCOETIUHEHHS BTOPOM MOJIEKYJIBl JUMETUIIOBOTO dupa
areTIIICHINKApOOHOBON KHCIIOTH 00pa3yeTcs MajuIaqaliuKiIoNeHTaIueHIIbHBI (Pparment. Ha

BTOPOW CTaauu MPOUCXOAMT NpucoeanHeHue dpp-bian ¢ oOpazoBaHHEM KOHEYHOTO MPOIYKTa
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(cxema 48), Bbixoa koToporo coctaBui 90 %. Kommiekc 14 ycToliuuB Ha BO3/1yX€e B TBEPAOM BHJIE
[184].

Ar

— E
|
N E
1) 2 MeOOC—==—COOMe \ / Z N\
Pd,(dba)s . > Pd
2) dpp-bian \ / AR
N E
|
Ar E
E = COOMe Ar =
Yield = 90 %

Cxema 48

B UK-cnektpe kommekca 15 HaOmronaroTcs MHTEHCHBHBIE IOJIOCHI TOTJIONICHUS B
o6mactu 1720-1700 u 1230—1190 cM™!, cBsI3aHHBIEC ¢ BaleHTHBIMHU KonebGaHusMu cBsizeit C=0 u
C—O xapOOKCHMETWILHOW TpyNIbl cOOTBeTCTBEHHO. Kpome Toro, B UK-cnekTpe mpucyTcTByOT
nosockl nornomesus npu 1580-1550 e, otHOCsAmMecs k kone6anuam cas3u C=N nuranga dpp-
bian. B !'H-SIMP-cnekTpe HaOmIOAAIOTCS XapaKTepUCTHUHblE THKM oT dpp-bian
KapOOKCUMeTUILHBIX rpymm pparmenta C4(COOMe)s)>.

MounokpucTaiisl KoMiiekca 14, mpuroaHsle A peHTTeHOCTPYKTYPHOIO aHaIu3a, ObUIH
MOJTYYEeHBI TOCPEICTBOM MEJICHHON Tu(Qy3un MmapoB IUATUIOBOTO 3dupa B pactBop 14 B
areToHe. ATOM THaIaus UMEET NMPAKTHUYECKH KBaJpaTHOE OKPYKEHHE, COCTOAlIee U3 ABYX
aToMOB a3oTa oT dpp-bian u AByX aTOMOB yriepoja oT AueHOBoro juranaa (puc. 45). Yrue Cl1-
Pd-C4 u NI1-Pd-N2 cocraBnstor 79.14° u 78.46° coOoTBETCTBEHHO. J[[ByrpaHHBIH yroyi Mexzy
IUIOCKOCTSIMU, ~ 0oOpa3oBaHHBIMU  alleHaTeHOBOW  yacThlo  dpp-bian u  aToMamu
naaJaluKIONEHTaIneHOBOTO 1IMKIIA, cocTaBmseT 5.2°. Monekyna dpp-bian koopauHupoBaHa K
NaJJIaNI0 HE COBCEM CUMMETPUYHO: AMuHBI cBsa3eit Pd-N1 u Pd-N2 cocramustor 2.164 Aun2.146
A coorserctBenno. Paccrosuus C=N (1.289 A) u C-C (1.500 A) yka3sIBaioT Ha HeHTpaIbHOE
cocrosiue muranzaa dpp-bian. Cpennee paccrosuue Pd-C cocrasnster 2.020 A, uto cornmacyercs
¢ nnuHamu cBsizeil Pd-C B M3BeCTHBIX MalliafaluKIONeHaINEHUIBHBIX KoMITekcax [183, 185—
191]. B cTpykType HaOMIOJAIOTCS MEKMOJICKYJSIPHBIE BOJOPOJHBIE CBSI3U: MEXAY aTroMaMu
BOJIopoJia arleHadTeHoBoil yactu dpp-bian u aTomMmoM Kucinopoja KapOOKCUMETUIIBHON TPYMIIbI
(2.45 A), Mexy KapOOKCHMETHILHBIMHU TPYTIIAMH NajIafayKionenTaguesa (2.6 A), a taxxe
MEXJy aTOMOM KHCJIOPOJa COMbBATHOM MOJEKYIbI JUATHUIOBOTO 3pHUpa U aTOMOM BOAOPOJA

KapOOKCUMETUIILHOM IpyIINbl Hagajanukionentaguena (2.4 A).



P nycH o4%. Crpoenue komruiekca 14. AToMbI BOJIOpO/a HE TOKa3aHBI

Hus ontumuzanuu  reometpun  [Pd(C4(COOMe)s)(dpp-bian)] Obutn B3sITBI  HaHHBIC
PEHTI€HOCTPYKTYpHOro aHayiu3a. ONTUMHU3MPOBAHHAS T€OMETPHUS M30JIMPOBAHHOTO KOMILIEKCA
[Pd(dpp-bian)(C4(COOMe)4)] xopo111o coriacyercsi ¢ JTaHHBIMU PEHTI€HOCTPYKTYPHOTO aHAIN3A.
Ee omnmuaer numpb HeGomnbimoe ymmmHeHue cBsizu C=C B maiiaJaluKIONEHTaTUECHOBOM
¢parmente (cpenuss anuHa 1.363 A) u yBenuueHue ABYrpaHHOrO yria MEXKIy IUIOCKOCTSIMH,
00pa3zoBaHHBIMH alleHa(pTEeHOBOW YacThio dpp-bian M aToMaMmu MasuIaIallMKIONEHTAIMEHOBOTO
dparmenta (10.2°). Cpenuss mmana cBssu Pd-C cocrasnger 2.019 A. Tlomumo 5storo,
HaOI01aeTCsl CUMMeTpu3alus koopauHaiuu dpp-bian k atomy namnagus: AnuHbl cBsazeid Pd-N1
u Pd-N2 cocrasnsior 2.175 u 2.172 A, coorserctenno. Jlmuusl casaseit C=N u C-C B dpp-bian
cocraBisitor 1.297 u 1.489 A, coorBerctBenHo. Yriel C1-Pd-C4 u N1-Pd-N2 cocraBnstor u
77.67° 1 79.13°, COOTBETCTBEHHO.

Jluarpamma W BUJ TpaHUYHBIX opoOutaneit s 14 mnpeacraBneHsl Ha puc. 46.
Moznexymnspuslie opoutanu B3MO u B3MO-1 sBisitoTCst HEBBIPOXKICHHBIMU U IEHTPUPOBAHbI Ha
najuIalalluKIoONeHTaTueHuIbHOM (hparmente. OcHoBHOM BKiag B B3MO-1 (aneprus -5.256 3B)
BHOCAT 4d (45 %) u 5s opoutanu (13 %) nmamnaausi, p opoutanu yraeposa (17 %) u xkucnopona (9
%); B BBMO (aneprus -4.680 3B) Bkian opOuTaneii mamiaaust cocrapisieT okono 17 %, Bknag p
opbuTaneit yriaeposaa u kucinopoaa coctasiser 60 u 11 % coorBerctBenHo. Opouranu HCMO u
HCMO+1 takxe He BEIPOXKISHBI U IICHTpUpoBaHbl Ha siurane dpp-bian. HCMO (sueprus -4.081
sB) cocTouT MpenMyIecTBeHHO u3 p-opOuTaneit yriaepoaa (42 %) u azora (39 %) dpp-bian ¢

OueHb HEOONBIIMM BKJIaIOM 0T d-opOurtaneii mamnaaus (~2 %). OcuoBHo#t Bkiag B HCMO+1
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(oHeprus -3.514 53B) BHOCST p opOuTanu aToMoB yriepoja anieHadgreHoBoro gparmenra (86 %) u
p-op6uTtamu atomoB a3ota (7 %). KauectBeHHO MOXHO 3aKiIi0unTh, 4T0 B3MO-1 otBevaer d,2-
opouramu namnaausa, HOMO - p-cBi3sM B NayUIaJalMKJIONCHTAAUEHIIFHOM (parMeHTe, a

HCMO — p-cucreme TMUMHUHOBOM yacTu Juranaa dpp-bian.

HCMO+1

P nycH o4&. lmarpamma u BUI TpaHUYHBIX OpOHTaell Komriekca 14.

JUist TOTIOJTHUTENBHOTO ONUCAHUs MPUPOABI XUMHUYECKUX CBsizell B 14 Obu1 mpoBeneH
aHaJM3 TOMNOJOIMM 3JIEKTPOHHOM MJIOTHOCTH B pamkax Teopun AIM (Atoms In Molecules)
P.boitnepa, rine XUMHUYECKMM CBSI3SIM COOTBETCTBYIOT Kputuueckue Touku (3, -1) (BCPs).
Pesynpratel mpuBenensl B Tabn. 11. 3HaueHus samiacuaHa 3JEKTPOHHOW IUIOTHOCTHU
KpUTHYeCKHX Touek Ha cBs3siX Pd-N u Pd-C yka3bIBatoT Ha mpoMeXyTOUHBIH THI CBsi3U. Eciu
IOCMOTPETH Ha INIOTHOCTh SHEPTUU 3TUX CBs3eil, To oTHoweHue |VI/G ouens nokazarensHo. Tak,
otHouieHue [VI/G > 2 yka3blBaeT Ha BBICOKYIO JIOJII0 KOBAaJEHTHOI'O B3aUMOJICHCTBUS B CBA3H, a
VI/G < 1 — Ha BBICOKYIO IOJII0 MOHHOTO B3aUMOJCHCTBUS B CBS3U. [akuM 0Opa3om, THI
cBsa3biBaHug Mexay Pd m C, a takxke Pd u N He MoxeT ObITh ONuCaH Kak HCKJIIOYUTEIBHO
KOBQJICHTHBIHM, MOCKOJBbKY BKJIQJ HMOHHOTO B3aUMOJICHCTBUS B 0Opa3oBaHUE JAHHBIX CBs3eH
noBosibHO 3HaumTeneH. [Ipu stom cBs3u Pd-C ummeror Gosiee BBIpaKEHHBIM KOBaJCHTHBINA
XapakTep U SABISAIOTCA Oosiee MPOYHBIMH, YTO CIIEAYET M3 3HAUEHUU p JJISi COOTBETCTBYIOLIUX
cBsi3eBbIX kputnueckux Touek (BCP). Pesynpratel NBO ananu3a mokasain OTCyTCTBHE CBSA3EBBIX
op6uraneit Pd-N. IIpu sTom Habmronatorcs csizeBble opourtanu Pd-C, nokanusoBanusie Ha 35 %

Ha aToMe najuiaaus U Ha 65 % Ha atome yriaepoaa. Kpome toro, xapakrepuctuku BCP Ha cBsizsix
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C-C u C=C B naymaanuKkIoNeHTaAUCHIIBHOM (DparMeHTe YKa3bIBalOT Ha CUIILHOE KOBAJICHTHOE
CBSI3BIBAHUE MEXIY aTOMaMH yriepoja.
T a 6 n nld. aCroiictBa u30paHHBIX CBs3eBbIX KputHdeckux Todek (BCP) amekrponHOM
IJIOTHOCTH: AJIEKTPOHHASI IUIOTHOCTH P, JIaIUIaCHMaH 3JICKTPOHHOM MIOTHOCTU Ap, TJIOTHOCTH
kuHeTndecko (G) W moreHnuanbHOM (V) SHEPrMM W OTHOIICHHWE MOAYJS IIJIOTHOCTH
MOTEHLMAJIBHON SHEPrUd K MOAYJIIO IUIOTHOCTH KHHETUYECKOW »SHepruu. Bce 3HaueHus

MMPUBCACHLI B aTOMHBIX CAWHUIIAX

p(rBCP) Ap(rBCP) G(rBCP) V(rBCP) IVI/G
Pd-N1 0.0792 0.3049 0.0928 -0.1092 1.1767
Pd-N2 0.0800 0.3049 0.0935 -0.1107 1.1840
Pd-C1 0.1309 0.1551 0.1227 -0.2067 1.6846
Pd-C4 0.1287 0.1731 0.1231 -0.2029 1.6483
C2=N1 0.3721 -1.1442 0.3619 -1.0098 2.7903
C3=N2 0.3727 -1.1466 0.3632 -1.0131 2.7894
C2-C3 0.2678 -0.6476 0.2115 -0.5849 2.7655
C4=C5 0.3227 -0.8734 0.2903 -0.7992 2.7530
C1=C6 0.3252 -0.8791 0.2952 -0.8101 2.7442
C5-C6 0.2689 -0.6479 0.2135 -0.5892 2.7597

3apsapl Ha aToMmax paccuuTaHbl B pamkax Teopun AIM um B pamkax merona NPA.
Pesynbratel mnpuBeneHsl B Taba. 12. MoOXXHO OTMETHTh Hajluuue JOBOJBHO OOJIBIIOTO
OTPHULATENIBHOTO 3apsiia Ha aTOMax a30Ta W IMOJIOKHUTEIBHOTO 3apsi/ia Ha aTOME Najulajusi, 4To
yKa3blBa€T Ha 3HAYUTENIbHYIO cTeneHb HOHHOCTH cBsa3u Pd-N. C japyroit cTopolsl,
oTpunaTenbHbiil 3apsa Ha atromax Cl u C4 MmeHsblle, yeM Ha aTOMax a30Ta, YTO T'OBOPUT O
60JbIIIEM BKJIa/1€ KOBAJIEHTHOIO B3auMOAeHCTBU B cBsA3b Pd-C, uTo cornacyercs ¢ pe3yibraTaMu
aHaJIu3a CBSI3EBBIX KPUTHUECKUX TOUEK.
T a 6 1 UlR 3apsapl Ha U30paHHBIX aromax B Komiuiekce 14. Bce 3HaueHHs MpHUBEICHBI B

ATOMHBIX €ANHUIIaX

AIM NPA
Pd 0.5308 0.6419
NI1/N2 -0.9917/-0.9828 -0.4203/-0.4196
Cl/C4 -0.123/-0.1325 -0.1574/-0.2266

Penokc-cBoiicTBa 14 6bu1H MCCIeI0BaHbI ¢ TOMOIIBIO [IMKJINYECKOI BOIbTaMIIEpOMETPUN
(IIBA). B xaronnoit obnactu LIBA 14 B anleToHUTpUIIE TPOSABISETCS OJMH 00paTUMBbIN MpoLiecc
¢ noteHuuanoMm nonyBoiHbl Eiz = -0.39 B (AE = 0.08 B) c nocneayromum HeoOpaTUMbIM
nporeccom npu -1.49 B (otH. Ag/AgCl) (puc. 47). Oba mporecca, BEpOSTHO, OTHOCATCA K
BOCCTaHOBJIEHHIO Juranaa dpp-bian, yumTeiBas bian-nentpupoBannyto npupogy HCMO. B

aHOJIHOM oOnacTu HabmogaeTcst HeoOpaTuMsblil npouecc npu +1.46 B ¢ cooTBeTcTBYIOIUM €My
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KOHTpIUKOM pH +0.68 B. DTOT 37eKTpOXUMHUUECKUNA TIEPEXOT, MPEANOIOKUTETBHO, OTHOCUTCS
K OKHUCJICHUIO TAJUIaIAlUKIIONICHTaIUEHIIBHOTO parMenTa, ucxoas u3 nanueix DFT-pacderoB

(opOuTanu mayuIa anKIaneHTOAUeHUIBPHOTO (hparMeHTa BHOCIT OCHOBHOM BKIaa B B3MO).

Tok A
L 20.0
Tok pA
L 10.0
0 N
] - 0
-10.0 - B
-20.0 -
2.0 -1.0 0 1.0 2.0

MoTeHuman, B (vs Ag/AgCl)

P nycH o4k LIBA 14 B nuxsiopMeTaHe IpHu CKOPOCTH pa3BepTku noteHmara 100 mB/c
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SAKNKOYHEHWME

B nanno#t paboTe OBLIM MOMyYEHBI HOBBIE CEMEHCTBA PEIOKC-aKTUBHBIX KOMILIEKCHBIX
COCTUHEHUI ponusi, UPHUIUS, EN BN " TUTATUHBI c 1,2-
ouc[(muu3onponmidennn)umuHo |anieHagpTeHom  (dpp-bian). Ham  ygamock  3HaAYMTENBHO
paciliMpuTh 3HaHUS B 00JACTU XMMHUU KOMILJIEKCOB POJUS, UPHUIWA, Malagus W IJIATHHBI C
pPEIOKC-aKTUBHBIMU WMHUHOAlleHA(TEHAMH HE TOJBKO 3a CUeT TWOJNydYeHHUs psJga HOBBIX
KOMIUIEKCOB M YCTAHOBJICHHSI UX CTPOCHHS, HO M 3a CYET BCECTOPOHHETO WCCIEAOBAHUS HX
CBOICTB (OKHCITUTENbHO-BOCCTAHOBUTEIBHBIX, MarHuTHBIX, KaTaJIUTHYECKHUX,
[UTOTOKCUYECKHUX ). BbIII0 MOKa3aHo, YTO BCE MOTYUYEHHbIE KOMIUIEKCHBIE COSTUHEHHS 00JI1aal0T
OoraToil OKUCIIUTEIHFHO-BOCCTAHOBUTEIPHON XHUMHEH, BKITFOUAIOIIEH B ce0sl KaKk 00paTUMBbIE, TaK
U HEOOpaTUMBIC IEKTPOXUMUYCCKUE MTEPEXOAbl PA3IMIHON TMPUPOJIbI. BBUIO YCTaHOBIICHO, YTO
pEeIOKC-aKTUBHAs MPHUPOJIa TeTEPOJCNTUUECKUX KOMILUIEKCOB Maulajids M IJIATHHBI SIBISIETCA
KIIFOYEBBIM  (DaKTOPOM, OOECIEYUBAIOIIUM HMX BBICOKYIO IPOTHBOPAKOBYIO AaKTUBHOCTH B
OTHOIICHUH arpeCCUBHBIX KJIETOK paka MOJIOYHOH xeie3bl. OMHOW W3 BaKHEHIINX HAXOJOK
JAaHHOW pabOTHI CTAJIO MOYICHHE YHUKATHFHOTO HUTPO30KOMITIICKCA UPHIUS, COIEPIKAIIETO CPa3y
Tpu (pparmenta nepemennoi BaneHTHocTH (Ir, NO, dpp-bian). beuia o6HapykeHa mapamMarHuTHas
MPUPO/Ia TOT0 KOMIUIEKCA, YTO SBIISETCS CIIECTBUEM HEMHHOIICHTHBIX CBOMCTB uranaoB NO u
dpp-bian. Ha ocHOBaHMM 3TOTO OBUIO CIETIAHO MPEIIOJIOKECHHE O TEPMUYCCKH HHYIIHPOBAHHOM
BHYTPUMOJICKYJISIPHOM TIEPEHOCE JICKTPOHA (BaJICHTHOW TayTOMEPHH) U CYIIECTBOBAHUU JIBYX
AIIEKTPOHHBIX M30MEPOB (IMAMAarHUTHOTO U MapaMarHUTHoro). [lomydeHHble HAMU PE3yIbTATHI
YKa3bIBaIOT Ha TO, YTO CIAEAYIOIIUM IIIaroM JOJHKHA OBITh MOAM(HUKAIUS UMHHOAIIEHA(TEHOBOTO
OCTOBA TIOCPEJICTBOM BBEJCHHS B €0 COCTAaB 3aMECTUTETENICH C Pa3TUYHBIMU JICKTPOHHBIMH U
CTCpUYCCKUMHU CBOMCTBAMH. OTO TIIO3BOJIMT HAM HE TOJBKO TIOJIYYUTh HOBBIE THIIBI
KOOPJMHAIIMOHHBIX COEAMHEHUN OIarOpOHBIX METAIIIOB C MHTEPECHBIMU CBOMCTBAMH, HO U, YTO
camMoe Ba)XHOE€, MPOCIEIUTh B3aWMOCBSI3b MEXAY CTPOCHHEM W CBOMCTBAMH OOpa3yIOIIMXCS

COCTUHEHUH.
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OCHOBHbBIE PE3YNbTATbBI W BbIBO/bI

Pa3paboTanbl 1 ONTUMHU3UPOBAHBI METOABI CHHTE3a 14 HOBBIX KOMITJICKCHBIX COSIMHEHUIN
ponusi, WpHAWSA, TNAUTagus © IUIATHHBI C  PEIOKC-aKTUBHBIM  1,2-6mc{(2,6-
nuusonponwipeHun)uMuHo farieHadgteHom  (dpp-bian).  CTpoeHue  MOJyYEHHBIX
COCJIMHEHUH OIPENEICHO C IOMOIIBI PEHTTEHOCTPYKTYPHOTO aHaiu3a. Meroaom
[UKIMYECKOH BOJIbTAMIIEPOMETPUHU YCTAaHOBJICHO, YTO B PAacTBOPE OHM IPETEPIEBAIOT
MHOTOCTaIMHHBIE  OKUCIUTEIHbHO-BOCCTAHOBUTEIbHBIC IPEBPAICHUS, BKJIIOYAIOLIHIE
oOpatumble ¥ HEOOpaTUMBbIC AJIEKTPOXMMHUYECKHE IEPEeXOibl, IICHTPUPOBAHHBIC Ha
JWraHie, MeTaJljIe Wik Ha 000uX (hparMeHTax.

[TomydeHoO HOBOE CEMEWCTBO KOMILJIEKCOB poausi u upuausi ¢ dpp-bian. [Tokazano, 4ro
kommiekc Rh(III) cocraBa [Rh(dpp-bian)(H2O)Cls] mposiBiasier KaTaJuTHYECKYIO
AKTUBHOCTh B PpEAaKIHMHU SJIEKTPOXHUMHUYECKOro BoccraHoBieHus CO;. Mertonom
CTaTUYECKOH MAarHUTHOM BOCHPHMMYHBOCTH YCTAHOBJICHO, YTO HHUTPO30KOMILICKC
upugust  [Ir(cod)(dpp-bian)(NO)](BF4): sBasiercss mapaMarHUTHBIM, YTO SIBIISIETCS
CJIEZICTBHEM HEMHHOIEHTHOTO ToBeAeHus juranaoB NO u dpp-bian. Meromom JIIP-
CIEKTPOCKOIUH JI0Ka3aHO OOpa30BaHHME MMapaMarHUTHOTO KOMILJICKCA JBYXBaJCHTHOTO
upunus [Ir(cod)(dpp-bian)](BF4)2 kak mpoaykra pa3pylieHuss HUTPO30KOMILIEKCA.
CunTe3upoBaH u CTPYKTYPHO OXapaKTepU30BaH KOMILIIEKC naJuIa s
[Pd(dpp-bian)(Cs(COOMe)4)], CoJIepIKaITuit B CBOEM cocTaBe
NaJlIaJOLUKIIONEHTaIUeHUIIbHBIN ()parMeHT, IMyTeM OKUCIUTEIbHOTO MPHCOEAUHEHUS
JIBYX MOJIEKYJ TUMETUIIOBOTO 3(pupa aneTuieHukapooHoBoi kucaoThsl k [Pdz(dba)s] (dba
= MuOEH3WINICHAIIETOH) C MOCIeAY oMM no0aBieHuemM dpp-bian.

[Tonyyena m peTanbHO OXapaKTEPH30BaHA CEpUsi HOBBIX T'€TEPOJICITHUYECKUX IHHMHUH-
XJIOPUAHBIX U TUUMHUH-IUTHO(JUCEICHO)JaTHBIX KOMIIJIEKCOB NalIaus U MJIaTHHBI BUJA
[M(dpp-bian)Clz], [M(dpp-bian)(dmit)] u [M(dpp-bian)(dsit)]. YcranoBiaeHo, uro 3tu
KOMIUIEKCHI 00JIaaroT Ooyiee BBHICOKOH MPOTHBOPAKOBOH AaKTUBHOCTHIO B OTHOIICHHUH
arpecCHUBHBIX KJIETOK paka MOJIOYHOM JKEJIe3bl, YeM KIIMHIHYECKH NCTIOIh3yEMBIH Iperapar
mucatie (1o 19-kpatHoro yimyumieHus). IlokazaHo, YTO KOOpAMHAIMS peaoKC-
aKTUBHOTO U oObemHoro nuumuHa dpp-bian k unony Pt(Il) mnm Pd(Il) mpuBoaut K
HETHITUYHOMY IS TaKUX COCAMHEHUH MEXaHW3My JCHCTBHSI Ha PAKOBBIC KIETKH, a

nMeHHO K natepkarsnnu [JHK B couetannu ¢ reHepanmeil akTHBHBIX (pOpM KHCIIOPO/IA.
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