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1. BBeaenue.

B coBpemeHHOI IpenapaTuBHOM OPraHUYECKOM XMMHHM I CO3LAHUS CBS3EU yIJIEpOJ-
reTepoaToM MIUPOKO MCHOJIB3YIOTCS PEaKIUH, KaTaIU3UPyEeMble KOMIUIEKCAMU MEPEXOIHBIX
METAJUIOB, U CPEAM JAaHHBIX MPOLECCOB YPE3BbIYAHHO BAXKHOE MECTO 3aHUMAET KAaTaJUTUYECKOE
amuHupoBaHue. K HacrosiemMy BpEeMEHH XOpOIIO MCCIEAOBAaHbl 3aKOHOMEPHOCTH IaJlIaJHii-
KATAJIM3UPYEMOTO0 AMMHUPOBAHUSA ApPWITAJIOTCHHUJIOB, KOTOPOE IPOYHO BOILIO B apCeHAl
MpEenapaTuBHbIX CUHTETUYECKUX METOJOB. BcneacTBue AOpOroBU3HBI MNaulads BecbMa
aKTyaJIbHOHM sBJISIETCA 3a/aya MCIONb30BaHUS OoJsiee JEIIeBBIX METallIoB B TOMOTE€HHOM
Karanuse. B cBsA3M ¢ 9TUM B IOCJIEHUE TOJIbI YCUIIMS MHOTHX HAy4YHBIX I'PYIII HallpaBJICHbI Ha
pa3paboTky A(PQPEKTUBHBIX METOJOB aMUHHPOBAHUS TalIOTEHAPEHOB, KaTAIH3HPYEMOTO
KOMILUIEKCAMH OJHOBAJIEHTHOW Meau. OTIMYMTENbHOM 4YepTOd peakuuid aMUHUPOBAHUS,
KaTaJIM3UPYEMBIX OJHOBAJIEHTHOM MENbIO, SIBISIETCS BO3MOKHOCTh MCIOJb30BAaHUS MPOCTHIX U
JIETKOJOCTYIHBIX OPraHUYECKUX COEAMHEHUI B KauecTBe JnuraHaoB. C Apyrod CTOPOHBI, AJis
peakuuii  Cu(l)-karanu3upyemMoro aMHUHHPOBAaHHS OCTACTCsS HEPEIICHHBIM psj  MPOOJIeM,
IIOCKOJIbKY MEXaHHU3M PEaKIUi 3aBUCHT OT IIPUPOJBI UCIIOJIB3YEMOTO JIUTaHAd, U 3a4acTyI0 IS
KOHKPETHOMW Mapbl apuiIrajJoreHui/aMiud TpeOyeTcss HHIMBHIYaIbHBIN MO00p KaTaTHTHYECKOM
CUCTEMBI.

[TonnMakpoIMKINYECKUE COETUHEHUS TIPECTABIAIOT 3HAUUTEIbHBINA HHTEpeC Omaroaaps
CBOMM 3aMeuaTeJIbHbIM KOOPAMHAIMOHHBIM CBOMCTBaM. BriepBbie ymoOHBIA CHHTETUYECKUUN
HOJX0/ K pa3HOOOpa3HbIM OM- M MOJHULUKIMYECKUM COEIMHEHHSIM, COJEpPIKALIUM HECKOJIbKO
azakpayH-3(pUpHBIX (parMeHTOB, K KPHUNTAaHIAM M CYNEPKPHUIITaHIaM Ha OCHOBE a3akpayH-
a¢upoB ObuT pazpadbotan KpakoBsikom ¢ coTpyaHukamu B Hadase 1990-x IT. ¢ UCMONIb30BaHUEM
IPOCTBIX PEAKIUM HYKIEOPMIbHOrO 3aMenieHus. B HacTodiee Bpemsi HauOOJBIIUN HMHTEpec
NpPEICTABISIOT TE€TEPONOIUTONHBIE MOJMMAKPOLMKINYECKHE COEIUHEHUs, CIIOCOOHBIE K
00pa30BaHUIO TMOJMSJIEPHBIX KOMIUIEKCOB C pa3sHBIMH MeTajlamMM. B mopasistomem
OonbIIMHCTBE pPA0OT CHUHTE3 MPAaKTUYECKH BCEX MOJUMAKPOLMKINYECKUX COEAMHEHUN
MIPOBOJIMIIM C MCIOJIb30BAHUEM HEKATAIUTUYECKUX METOJOB, HCKIIOUYEHHE IPENCTABIISIOT
MOJIEKYJIbI, BKIIFOUAIOIINE HECKOJIBKO MOPPUPUHOBBIX MAKPOIMKIOB (IUAABI U TPHAJbI), IS
MOJIy4EHUsI KOTOPBIX NpuMeHsM peakuuu Cy3yku, CoHorammpsl 1 Xeka.

B nma6oparopun D0C Xumuueckoro dakynbreta MI'Y HakormieH OOraTbhlii OMBIT IO
UCIIOJIb30BAaHUIO MAJUIaU-KaTAIU3UPYEMOr0 aMUHUPOBAHUS B CHHTE3€ Pa3HOOOpa3HBIX
MaKpOLMKJINYECKUX M MOIMMAKPOLUUKINYECKMX COEIMHEHUH, a B HACTOALIEE BPEMsI aKTUBHO
U3y4aeTcsi Melb-KaTaJu3upyeMoe apuiIuMpOBaHUWE JAM- M IIOJMaMUHOB. B cBsi3u ¢ 3tuUM

AKTYAJIbHBIM IMPEACTABIIACTCA HCCICAOBAHUE MCAb-KAaTAJIN3NPYCMOI'0 aMUHUPOBAHHUA B CHUHTE3C
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MOJIMMAKPOLIMKINYECKUX COEAMHEHMH, COAEpXKalUX B KayecTBe JIMHKEPOB JHAMHUHBI U
NOJMAMUHBI, TIOJTY4YE€HHE METOJaMH METAJUIOKOMIIGKCHOTO KaTaju3a HOBBIX THUIIOB
MOJIUTONMHBIX MOJIMMAKPOIMKINYECKUX KOHBIOTaTOB, BKIIFOUAIOIIMX B CBOM COCTAB CTPYKTYpPHBIE
dbparmeHThl azakpayH-3(pUpOB, MOPPUPUHOB M KAIUKCAPEHOB, a TAKXKE HCCIEIOBaHHUE UX B
Ka4yeCTBE JIETEKTOPOB KAaTHOHOB METAJLJIOB.

Lenp HacTosAmIeH pabOTHI 3aKiIt0YaeTCsl B pa3paboTKe KaTAIMTHUYECKUX METOJIOB CHHTE3a
MOJMMAKPOLMKINYECKUX KOHBIOTATOB, COJACPXKAIIUX CTPYKTYpHbIE (parMeHThl a3zaKkpayH-
3¢upoB, NOPPUPHUHOB U KaluKc[4]apeHa U UCCIIeJOBAaHUH UX BO3MOXHOCTEH B JIETEKTUPOBAHUU
KaTHOHOB MeETaJUIOB. [[yisl BBINONHEHUS YKa3aHHOW L€ HEOOXOJUMO PEIHIMTh CIEIyIolne
3agaun: 1)  ycraHoBuTh  3akoHoMepHocTH  Cu(l)-karamu3upyemMoro  aMHHUpPOBAaHUS
TaJIOTEHCO/ICPKAIINX MPOU3BOAHBIX a3akpayH-2(pUpPOB ¥ TOPPUPUHOB H CHUHTE3UPOBATH
COOTBETCTBYIOIIME  aMHUHOINPOU3BOJHBIC;, 2)  pa3padoTarb  METOABl  KaTaJUTHYECKOMN
MaKpOLMKIM3AIMKA Ui TOJYYEHHUS  MAKpOOMIMKIMYECKUX U  MaKPOTPUIUKIMYECKHUX
COCIMHEHUH, COJEepXKAIMX B CBOEM COCTaBE CTPYKTYpHBIE (parMeHTHl Iua3zakpayH->(QpHpos,
TETpaa3aMaKpoIUKIOB (IMKJICHA W IMKIamMa) W Kamukc[4]apeHa, 3) wMomuduuupoBarh
MaKpOLMKJINYECKUE U MAKPOOUIMKINYECKHE COeAUHEHUs (IIyopoPOPHBIMH 3aMECTUTEINSIMH, B
ToM uucine mnopdupuHamu; 4) C HCMIONb30BaHHEM cCIeKTpockornuu Y@ u dayopecueHunun
W3YYUTh CBS3BIBAHWE KATHOHOB METAJUIOB CUHTEC3UPOBAHHBIMH MOJIMMAKPOIIMKIAMHA U BBISIBUTH
MOTEHIMATILHBIE MOJIEKYJISIPHBIE (DITyOpECIIeHTHBIE M KOJIOPUMETPUUYECKHE JETEKTOPHI.

Hayunas HOBHM3Ha JaHHOTO HCCIEAOBaHUsS 3aKIOYAeTCs B CIEAYIOIIEM: a) pa3paboTaH
meron Cu(l)-karanmusupyemoro amuuupoBanusi N-(uoadeHuT)3amMeIeHHbIX a3akpayH-3()UpoB
TMaMAHAMH ¥ OKCaJMaMUHAMHM, YCTAaHOBJICHBI 3aKOHOMEPHOCTH MPOTEKaHUsI JAHHOTO TIpoIiecca,
CHHTE3UPOBaHbI OMc(a3akpayH)-IPOU3BOJHBIE C TUAMUHOBBIMU JIMHKEPAMH; 0) U3y4E€HO MEIlb-
KaTaJu3upyeMoe apuiinpoBaHue UMHIa30J1a U pAga aMUHOKUCIIOT B Cpefie MOJUATHIICHTIIUKOIS
B YCJIOBHSIX MHKpPOBOJHOBOrO oOiydeHusi; B) ¢ wucnonb3oBanuem Pd(0)-xatamuszupyemoro
AMUHUPOBAHUS  CHHTE3WPOBAH  PSAJl MAKPOOHMIIMKIMYECKUX W MaKPOTPHUITUKIHYCCKHUX
COEIMHEHUH, CoZiepKallUX CTPYKTYpHbIe (PparMeHThl Aua3aKkpayH-3(pUpOB U (OKCa)IMaMUHOBBIE
JUHKEPHI, TOKa3aHa 3aBUCUMOCTD PE3yIbTAaTOB MAKPOIUKIN3AIUHU OT cTpoeHus ucxoaHbix N,N -
mu(Opompenun)inazakpayH-apupoB  u  (OKca)AMaMUHOB T')  METOJOM  MaJllajauii-
KaTaJM3MUPyeMOr0  apuIMpPOBaHMs JUaMUHOKanukc[4]apeHoB ¢  wucrnonb3oBanuem  3,3’-
nubpomOudenma, 2,7-muopoMuadrannna, Onc(OpoMOSH3MIT)3aMeIIeHHBIX AHa3aKkpayH-2(UpPOB,
TeTpaa3aMaKpOIUKIOB (IIUKJIEHA, ITUKIaMa) MOJy4YeHO HOBOE CEMEHCTBO MaKPOOUITUKINIECKIX
U MaKpOTPUIMKIUYECKHX COCJAMHEHUN C IICHTPAIBHBIM KalIMKCAPEHOBBIM CTPYKTYPHBIM
dbparMeHTOM, OCYIIECTBICHA MOAU(UKAIUMSA TMPOU3BOJIHBIX KaluKkcapeHa ¢iayopodopHbIMEI

rpynnamMu, TakUMH Kak 6-aMMHOXMHOJMH, |-aMMHONUpPEH, S-auMeruiamMuHoHadTanuH-1-
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cynboHamua (HaHCHIT); ) MEIb-KaTaIM3UPYyEMOE aMUHUPOBAHKUE YCIIEITHO MCITOIh30BaHO ISt
BBEZICHUsI (pparMeHTOB (OKCa)IUaMHUHOB B MOJIEKYJIbI TIOP(QHUPUHOB MPH UCIIOIB30BAHUH Me30-
(nondeHmT)IPON3BOIHBIX, IMPOBEACHO CpPaBHEHHWE C pe3yJbTaTaMH, IOJYyYaIOMIUMUCS TIpU
IPOBE/ICHUN aHAJIOTMYHBIX PEaKUUil B YCIOBUSAX NaUIaAMEBOr0 KaTajlu3a, HAWJEHbI YCIOBUS
HOJy4YeHUs: OHMC- M TPUCMAKPOLMKINYECKUX KOHBIOIaTOB MNOpPQUPUHA C a3zakpayH-3(pHupami,
OCYILIECTBJIEHA MOTU(UKAITHS CTPYKTYpPHBIMH ¢bparmeHTaMu noppupuHa
JTMaMUHOKAIMKC[4]apeHOB, MaKpOLUMKIOB Ha OCHOBe 3,3’-auamuHoOMpenmna u  2,7-
JMaMUHOHAa(TaNIMHA, a TaKKe MAaKpOOMLMKIIOB, COJEpXKaIlUMX JAua3zakpayH-3pupsl; 1) C
ucnonb3oBaHueM Y@ u ¢uyopecleHTHON CIEKTPOCKOIMH MPOBEIEHO U3yYEHHE BO3MOKHOCTHU
JNETEKTUPOBaHUs 18 KaTHOHOB METAJJIOB C MCIIOJIb30BaHUEM 16 HOBBIX MOJUMAKPOLUKINYECKUX
COCIMHEHUH, CcolepKalluX pa3inudHbie (pIyopoopHBIE TPYMIBI, YCTAHOBIEHO, YTO 4 M3 HHUX
CEJICKTUBHBl 110 OTHOLIEHHMIO K KAaTHOHAM MEOU 3a CYeT NPAKTUYECKU MOJHOIO TYIIEHUs
duyopecueHIIMM, TpUYEM HEKOTOpble M3 HHMX MOIYT paccMaTpHBaThbCs KaK JIByXKaHaJIbHbIE
CEHCOphl Ha JaHHbIE HOHBI 3a cyeT oJAHOBpeMeHHoro usmeHenuss OCII u cnexkTpoB
¢uyopecuenimu B npucyrcrBun Cu(ll). Llects Apyrux MOIMMAaKpOIMKIOB MOTYT CIIY)KHTb
(ryopecueHTHbIME HW/WIH  KOJOPUMETPUYCCKHMH MOJICKYJISIPHBIMU [POOaMU Ha KaTHOHbBI
Cu(ll), Zn(11), AI(11), Pb(I1), Cr(I11) u Fe(ll).

[IpakTnueckas 1IEHHOCTh JAHHOTO HCCIIEOBAHHUS COCTOUT B TOM, YTO OTpPabOTaHBI
meronsl  Cu(l)-karanm3upyeMoro amMMHUPOBAHUS B TPUMEHCHMH K MoJudUKanuu asza- u
Ma3aKkpayH-3pUpoB U NOPGUPUHOB JHMAMUHAMM W OKCaJHMaMUHAMH; HaWJIEHbI YCIOBHS
KaTaJIM3UPYEMOr0  OJJHOBAJIEHTHOW MEIbI0  apWIMPOBAaHUS HMHUAA30Jla M HEKOTOPBIX
AMUHOKHUCJIOT B Cpefie MOJMATUICHIVIMKOJISA MPU MHUKPOBOJIHOBOM COJAEWUCTBUHU; C IOMOIIBIO
najiaAuii-KaTaau3upyeMbIX pPEaKkIUil MaKpOLMKIM3AIMK CHUHTE3UPOBAHO HOBOE CEMENCTBO
MaKpOOMLIMKIMYECKUX W MAaKpOTPUIMKINYECKUX COCIMHEHHWH, COAepKalux (parMeHThl
Ma3aKkpayH-3UpOB; COYETAaHHMEM Melb- M NaIaJAui-KaTaJIu3upyeMoro aMUHUPOBAHUSA
CHUHTE3UPOBAHbI OUC- U TPUCMAKPOLMKINYECKHE KOHBIOTAThl NOpGUpPHHA C a3aKpayH-2pupaMu,
colepkallie TPUMETUICHAMAMUHOBBIM JIMHKEp; pa3padoTaH KaTalUTUYECKUH crocod
MOJIy4eHUs] HEU3BECTHOTO paHee TUINa MaKPOTPUIMKINYECKUX COEAMHEHUH, BKIIOYAIOIIMX
CTPYKTYpHBIE ()parMeHThl Kanukc[4]apeHoB, amazakpayH-2pHUpPOB M TeTpaa3zaMaKpOIHKIIOB
(UMKJIEH, LUKIJIaM); OCYyIIEeCTBIIeHA MoAU(UKAIMSA psia MaKpPOUUKIOB M MaKpOOUIMKIIOB
¢b1yopodopHBIMU IpyIIIaMH, B TOM YUCJIE C UCTIOIb30BaHNEM KAaTAIUTUYECKOTO aMUHUPOBAHHUS.
[TonydeHbl MONMMAKPOLUKIMYECKHE KOHBIOTAThl MAaKpOIMKIOB U  MaKpOOWIMKIOB C
noppupunamu  MetogoM  Pd(0)-katamusupyemMoro aMHHUpPOBAHHS, MPOBEACHA OICHKA
NETEKTOPHBIX CBOMCTB psAa CUHTE3MPOBAHHBIX IOJUMAKPOLUUKIMYECKHMX COCIUHEHUH C

HCITIOJIB30BaHHUEM I].IPIpOKOfI BI:I60pKI/I KaTHOHOB MCTAaAJIJIOB, HaﬁHeHbI MEPCIICKTUBHEBIC
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diryopeciieHTHBIC U KoJopuMeTprudeckue cencopsl Ha Katuonsl Cu(ll), a Taxke MonekyIspHbIe
npoOsl Ha kaTrousl Cu(ll), Zn(11), AI(1T), Pb(11), Cr(l11) u Fe(ll).

Ha 3ammry BBIHOCATCS CIEAYIOIIME IOJIOKEHUS: a) CHHTE3 aMUHOIPOM3BOJIHBIX a3aKkpayH-
3¢upos ¢ ucnosas3zoBanreM Cu(l)-karaausupyemoro amuHupoBanus; 0) 3akoHomepruoctu Cu(l)-
KaTaJu3upyeMoro AaMHUHUPOBAaHUS B Cpelde MOJMATWICHIVIMKONSA TPH MHUKPOBOJIHOBOM
CONCHCTBUYU; B) KAaTAIMTUYECKas MAaKpPOIMKIN3AUUSI B CHHTE3€ MaKpPOOMIMKINYECKUX U
MaKpOTPUIIUKIMYECKIX COCTUHEHUH Ha OCHOBE IUa3aKkpayH-3()MpOB, TETPaa3aMaKpOIMKIOB U
kanukc[4]apeHa; r) CHHTE3 MOJUIMKINYECKUX KOHBIOTaTOB a3akpayH-3(upoB v mOpGUPHUHOB C
npumenearneM Cu(l)- u  Pd(0)-karanusupyemMoro aMMHUPOBAHHS: [I) KaTaJUTHYECKas
MOTUGHUKAIS MaKPOIMKIOB M MaKpOIOJIHIUKIOB (Iyopo(OpHBIMU 3aMECTUTENSMU, B TOM
yrcie nophupruHaMu; €) OlleHKa CHHTE3UPOBAHHBIX COCTMHEHUH B KauecTBe (DIIyOPECIICHTHBIX
KOJIOPUMETPUYECKHUX JETEKTOPOB KATHOHOB METAJLIOB.

ABTOp OCYIIECTBMJI CHHTE3 BCEX HOBBIX COEIMHEHUH, CaMOCTOSTEIBHO TMPOBEI
CHEKTPAIbHBIC HCCIEOBAaHUS TI0 JETEKTHPOBAHMIO KAaTHOHOB METAIOB M 00paboTKy
MOJYYCHHBIX JaHHBIX, MPUHUMAJl aKTHBHOE y4YacTHE B OOCYXICHHH IUIaHA HMCCIEeIOBAHUH,
MOJIy4YEHHBIX Pe3yIbTaTOB, BHEC OCHOBHOMW BKJIAJ B HAIMMCAHUE CTaTeH.

OcHoBHbIE pe3yNnbTaThl PpabOThl MPEJICTaBICHBI Ha CIEAYIOUIMX POCCHICKUX U
MEKIyHApOJHBIX KoH(pepeHiusax: MexayHapoaHas HayuHas KkoHgepenmus “Catalysis in
organic synthesis” 1ICCOS-2012 (Mocksa, 2012 r.), MexayHapoaHas HaydHas KOH(EpEHIHsI
«HoBble HampaBieHHs B XMMHU TeTepouukinndeckux coeauHenuit» (IIsturopck, 2013 r.), Il
Bceepoccuiickas HayuHast KOH(pepeHIus «Ycrnexu cuHTe3a U KoMIiekcooopasoBanus» (Mockaa,
2014), Bcepoccuiickass HayuHas KoH(pepeHuHs «CoOBpeMEHHbIE JIOCTH)KEHUS XHUMHUU
HETIpe/ICTbHBIX COEJAMHEHUI: AJKHHOB, aJKEHOB, apEHOB M TETEPOApEHOBY», MOCBSIICHHAS
HayyHoMy Hacnenuro Muxamna [puropseBuua KydepoBa (C.-TlerepOypr, 2014 r.),
MexnayHnaponHass HaydHas KoH(pepeHuus «Teopermyeckas M OSKCIEpUMEHTAIbHAs XUMHUS
rmazamu Mosozaexu — 2015» (Mpxyrck, 2015 1.), IV Bceepoccuiickas KoHpepeHLIHs IO
oprarmyeckoii xumun MOX PAH (Mocksa, 2015 1.), «6™ EuCheMS Conference on Nitrogen
Ligands» (Beaune, France, 2015), | Bcepoccuiickas MooaexHas IIKOJIa-KOH(EpEHIHs
«Ycrexu cuHTe3a U KoMmIuiekcoobpazoBanus» (Mocksa, 2016 T.).

I[lo Teme pauccepraumu onyOIMKOBaHBI 6 crarel W Te3uChl 9  JOKIIAJOB.
HuccepranmonHas paboTa COCTOMT U3 BBeIEHHUs, o0030pa JUTEpaTrypbl, OOCYXKIEHUs
pe3yIbTaTOB, SKCIEPUMEHTAIBHOI YacTH, BBIBOJIOB, IPHIIOKEHHS U CIHCKa JIUTepaTypsl. Pabota
u3noxena Ha 220 cTpaHMIaX MAIIMHOMHUCHOTO TEKCTa, coaepxuT 94 pucynka, 96 cxem u 11

tabnuil. CriuCcOK MUTUPYEMOU JTUTEPATYphl coAepkuT 231 HauMeHOBaHUE.
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IpelocTaBlIeHHbIE TOP(OUPUHBIL.



2. O030p aurepatypsl. KaTanuTnueckue MeToabl B CHHTE3€
NMOJIMMAKPOUMKJINYECKUX COeIMHEHNH HA ocHOBe nop¢upuna. OCHOBHbIE

acnektbl CU(l)-kaTaau3upyemMoro aMMHUpPOBAHMS.

B namuo#t pabGore ymeneHO OOJNBIIOE BHUMAHHE CHHTE3Y IOJMMAKPOIIMKINYECKUAX
COCIMHEHHH, BKJTIOYAIOIINX B CBOM COCTaB MOP(GUPHHOBBIE CTPYKTYpHBIE CyObeanHuIsl. CHHTE3
JAHHBIX COCIWHCHHWU OCYIIeCTBisgeTcss ¢ ucnoib3oBanueM MetogoB Pd(0)- u  Cu(l)-
KaTaJIM3HPYyEMOr0 aMHHHUPOBaHMsA. B CBsA3M ¢ 3TUM TEMOM 0030pa JHMTEpATyphl SBIISIOTCS
COBPEMEHHbIE KATAJIUTHYECKUE METOJBI IOJNyYEHHUs MOJMMAKPOIMKIMYECKUX COCTUHEHUN Ha

ocHOBe Mop(hUpHHOB ¥ raBHbIe acrekThl CU(l)-KaTanu3upyeMoro aMMHUPOBAHUSL.

2.1 ITorumMakpoUMK/JIHYeCKHE COeJHHEHUS HA OCHOBe NoppupHUHA.
[TonuMakpoIMKINYECKUE COEIWHEHHUS Ha OCHOBE NOPGUPUHOB MOTYT  OBIThH
KJIACCU(UIIMPOBAHbl MO TOMOJOTHMM B 3aBUCUMOCTH OT 4YHCJa BXOJSIIIMX B COCTaB
NOpQUPUHOBBIX  fAJIep, IOJIO)KEHHUS aTOMOB, IIOCPEACTBOM KOTOPBIX CBSI3aHbl COCEIHUE

nopupuHOBbIe (pparMeHTH! (3 WM Me30), a TAK)Ke HATMYUS WA OTCYTCTBHS JIMHKEPA.

2.1.1. Me3o-me30-ceéa3annvle nOIUMAKPOUUKIIBL, He codepicauiue TUHKepa.

Hns  oOpasoBanusi cBsa3u C-C  HemocpeACTBEHHO Mexay noppupuHamu  0e3
UCTOJIb30BaHUSl JIMHKEpPa MOXET OBITh HCIOJb30BAHO CPABHUTENBHO HEOOJBIIOE YHCIIO
npeBpalleHuii, Hanboiee MPUMEHUMBI 13 KOTOPbIX peakimu Cy3yku u Yibmana. B padore [1]
OMCMaKPOIUKIIBI CO CBS3BIO MEXIY Me30-TTOJIOKEHUSIMA TTOPPUPHUHOBBIX sJIep ObUTH MOTydeHBI
¢ ucnoab3oBanreM 20 Mon% NiCly(PPhs),, 2 5kB. moporikoobpasHoro 1uHKa, 20 Mon% noauaa
TeTpabyTuIaMMOHUsT W 1,5-IIMKIIOOKTaaMeHa B JAMMETHIANETaMUe IMpd  KOMHATHOM
temriepatype (Cxema 1). ABTOpbI pabOThI COOOIIAIOT, YTO MPH MOMBITKE MPOBEACHUS PEAKIINH B
KJIACCHYECKHX ycloBUsAX peakiun Yiapmana (100°C B JIM®A ¢ wucnoib30BaHUEM
CTEXHOMETPUYECKOTO KOJIUYECTBAa MEJIU) NMPOUCXOAMUIIO IMOJHOE BOCCTAaHOBIEHHE Opoma 0Oe3
oOpa3zoBanus mpoaykrta coueranus. Cremyer otMeTuth, uto qaxe B cucteme NiCly(PPhs)./Zn
Ha0JII0/IaeTCsl YaCTMYHOE BOCCTAHOBJIEHHE aToMa Opoma B HCXOAHOM coefauHeHuu. [lomumo
TOr0 B peakuuio ObUIM BBeneHbl 5,15-nuGpomsamenieHHble TOPGUPHHBI, HO MPOAYKTaMU
peakuuu OBIIM TOJIBKO JMMEP M BOCCTAHOBJIIEHHOE HCXOAHOE COEIMHEHHE (IPUYEM BBIXOJ
BOCCTaHOBJICHHOT'O TPOIyKTa Bo3pacTtai 10 43-53 %), a 06pa3oBaHusl OJIMTOMEPOB B MPOAYKTaX

peakiuu He HaOJII01a710Ch.



Ar Br

Ph
20 % mon. NiCly(PPh3),

2 3KB. Zn
20 % mon. n-BuyNl, 1,5-COD
OMA, 14
Ph Ph Ph
B
Ar + Ar Ar
Ph Ph Ph
Ar =Ph, 26 % Ar=Ph, 71 %
Ar = p-MePh, 26 % Ar = p-MePh, 73 %

Cxema 1.

B pabore [2] Obu1 momydeH noppupHHOBBIH TpuMmep ¢ 17% BBIXOJOM IO peEaKIMu
Cy3yku ¢ ucnonb3oBanueM 11 Mmon% terpakuc(tpudennndochun)nanianms 1 kapOoHaTa Le3us
B KauecTBe ocHoBaHus 1pu 90°C B cmecu IM®PA-Tonyon B Teuenue 12 gacos. [laHHbIN TpuMep
OBUT TIOZIBEPTHYT BO3ACUCTBUIO ciibHOTO okuciuTenss DDQ B mpucyrctBum tpudiata ckanaus
IIPU KUIISTYEHUH B TOJIyOJI€ B TEUEHHE 2 YacoB, B PE3yJIbTATE YETO C KOJUYECTBEHHBIM BbIXOJ0M
00pa3zoBalics CIIOKHBIM  OJIMTOMEP, COACPKAIUUA CBSI3M  MEXKAY BCEMH COCEAHUMHU [3-
HOJIOXKEHUAMHU TOpPUPUHOBLIX siziep (Cxema 2).

[lopduprHoBBIE  TpUMEpbI,  MOAETUpPYIOIIHE  (POTOCHHTETHYECKYIO  JJOHOPHO-
aKIENITOPHYIO CHUCTEMY, CHHTe3upoBaHbl B pabore [3]. B cBoeM coctaBe OHH conepiKaT
nopUpUHOBBIE Apa, CBSI3aHHBIE KaK 4Yepe3 apoOMAaTUYECKUMN JMHKEP, TaK U HETOCPEICTBEHHO
0 Me30-TIONIOKEHUsIM 0e3 nuHKepa. CuHTe3 OMCMakpoLMKIa C aHTPAlleHOBBIM JIMHKEPOM
npoBoIwiIM  Takxke Mo peakuud Cy3ykH, HCIONB3ys Ouc(IMMHAKOIOOpaH)3aMeIeHHbIN
nopupuHat nMHKa u 1,8-nubpomantpaner. Ha 3axmountenbHON cTaanu OuCTiopPUpPUHOBHIN
KOHBIOTAaT  MOAMU(PHUIMPOBAIA IO  Me30-TIOJOXKEHUI0  CBOOOAHBIM  OpoM3aMelIeHHbIM
nopdupuHom (Cxema 3). Kak Ha mepBoii, Tak U Ha BTOpOW cTaiauu ucronb3oBanu 10 mon%
TeTpakuc(TpudennadochuH)-nangaaus B KayecTBe KaTalau3aropa W MPOBOJIWIM PEAKIMIO B
TeueHue 5 dvacoB B cMmecu Toayoi/JIMDA. Beixomer mo cragusim coctaBuinu 58 u 40%
COOTBETCTBEHHO, NpPHUYEM Ha BTOPOM CTaJWu B peakuuio Obul BBedeH MNOpPGUPHUH B BUIE

CBOGOI[HOFO OCHOBAaHUs, a HC KOMIIJICKCA C KaKHM-JIH00 METaJIIOM.



Ar

Ar
O
O
Ar Ar

11 % mon. Pd(PPhjz),
OM®A/Tonyon
90 °C

Ar Ar Ar

10 akB. Sc(OTf)3
10 akB. DDQ
Tonyon

Ar
Cxema 2.
Ar
{ )
0} O
\
AT O
° R === =
Ar
10 % mon. Pd(PPhg),
Cs,CO3, Tonyos/AMOA
90 °C,5u
*
Ar
10 % mon. Pd(PPhg),
Cs,CO3, Tonyor/AM®A
90 °C, 54
Ar =
Cxema 3.
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B pa6ore [4] onmcan aHaJIOTHYHBINA TPUMEP, OTIUYAIONIUICS TMHKEPOM — HCIOIb30BaH
OM(EHIICHOBBIN JTUHKEP BMECTO aHTPAIleHOBOTO. [loMrMO 3TOrO0, HAa MEPBOM CTAUU aBTOPaM
yJIaI0Ch HCIIOJIb30BaTh MEHbIIEEe KojauuecTBO KaTtanusatopa (2 mon% Pd(PPhs)s). Beixomsr
HeneBblX MNpoaykroB coctaBwin 48% wu 50% Ha mnepBod M BTOpPOMl CTaauAX CHHTE3a

COOTBETCTBCHHO.

2.1.2. Me3o-me30-ceazannvie nOIUMAKPOUUKIIBL C TUHKEPOM.

Kak mnoxazano Beime, peakuuss Cy3ykd MOXKET OBITh YCHEIIHO HCIOJb30BaHA Jis
oOpa3zoBanus cBsizu C-C Mexny me30-mojaoxeHneM nopGuprHa U apoMaTHYeCKUM JIMHKepoM. B
pabore [5] ObuLT MONydeH Me30-Me30 CBSI3aHHBIA OMCMAKPOIMKI ¢ KapOa30JbHBIM JIMHKEPOM.
ABTOpaMH OBLIT HCIIOJIB30BaH Karaiau3aTop Terpakuc(tpudenundocduH)mamiagmi, THAPOKCU
Oapus KaKk OCHOBaHME M CMECh IUMETOKCUAITaH-Boaa (50:1) B kauecTBe pacTBOPUTEIIS; PEAKIIUIO

nposoauau npu 80°C, a Beixoj OucMakpormkia cocraBuil 76% (Cxema 4).

H
I
Br
O
Pd (PPh3)4 Ba(OH),
O

Ph

/UJ\

N
H 76 %
Cxema 4.

B npyroit pabote [6] ocyllecTBIeH CHHTE3 COEIMHEHMH C KCAaHTEHOBBIM U
nMOeH30pypaHOBBIM  JIMHKEepaMu.  Peakuuio  me30-IMHAKOIOOPHOTO  MPOU3BOIHOTO
nopdupuHara MUHKA ¢ 4,5-1UOpoM-2,7-aumpem-0yTiin-9,9- TMMETHIIKCAHTCHOM TIPOBOJIMIN B
npucyrctBun 25 wmon% Pd(PPhs)s u 1.5 SKkBHUBaJeHTOB THApPOKCHIA Oapusi B CMECH
JTMMETOKCHATaH-BO/Ia, a B clydae peakuuu ¢ 4,6-audpomandenzodypanom npumensiu 15 mon%
Pd(PPhs)s u 6 sxBuBaneHTOB OpTOdoCchara Kainus B KaueCTBE OCHOBaHHUS. BhIX0J] KOHBIOTaTa €
nn6eH30(pypaHOBBIM JTMHKEPOM cocTaBW 77%, YTO 3HAYMUTEIHHO MPEBOCXOIUT BhIxod 21% B
cirydae OMCMaKpoIMKiIa C KCAaHTCHOBBIM JIMHKEPOM B CHIY OOJNBIIEH CTepUYecKOi
3aTPYAHEHHOCTH  COCIUHEHHS C MNOPGUPHUHOBBIMH  KOJIBLIAMH, pPACIOJIOKEHHBIMH B
napajjieNbHbIX IJIOCKOCTAX. Jlamee aBTopamu Obula MPOJIEMOHCTPUPOBAHA BO3MOXKHOCTH
MIOJTHOTO M3BJICUYCHUS IIMHKA U3 000MX OMCMAaKpOIMKIIOB TIOJ JICHCTBHEM O H COJISTHOM KHCIIOTHI,

a Ha 3aKJII0YUTEILHOMN cragun OBLI OCYIICCTBJICH CUHTE3 6I/I${)IepH01"O MapraHieBOro KOMIIJICKCA

(Cxema 5).
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-

Bi o iB i Ar

F’d(F’F’I"I3)4y Ba(OH)z

Ar,

() ~
J o

Ar

Ar

Ar

Cxema 5.

JlunelHbIil TpuMep ¢ napa-QEeHUICHOBBIM JMHKEPOM omucaH B pabote [7]. buc(n-
(eHMIMMHAKOIOOPHOE) TPOU3BOTHOE MOPHHUPHHA BBOJMIN B PEAKIIUIO C Me30-U03aMEIICHHBIM
noppupuHOoM B cooTHouleHuHu 1:2. Jlns mpoBeleHHs peakuuu TpedyeTcss 3HAuUTEIbHOE
kosimdyectBOo Katanusatopa (60 mon% Pd(PPhs)s), m30bITOK KapOoHaTa Kajiusi B KadyecTBE
ocHOBaHUA U cMech pactBopureneit JIM®DA/ronyon (1:2). Ilpu Temneparype 90-95°C peakuus

MPOXOIUT 32 CYTKH, BBIXOJI TpUMepa cocTaBisieT 66% (Cxema 6).

Ar1 AI’1
o] O
\
j
0] (0]
Ar' Ar'!
tBu 60 % mon. Pd(PPh3),
; 8 akB. K,CO4
Ar! = Ar2 = OM®A/Tonyon
90-95 °C, 24 4
tBu
Ar' Ar' Ar'
O @ .
Art Ar' 66 % Ar!

Cxema 6.
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B Toii ke pabore oOmMcaH aHaJOTMYHBIA JUMEp, IMOJYYCHHbIH W3  5-(n-
dennnmrHakonbopan)noppupuHa ¢ Berxoaom 70%.
Jlumep ¢ mema-GeHUICHOBBIM JTHHKEPOM ObLII CHHTE3UPOBaH aBTOpamMu coobrienus [8] ¢

nomoinbo peakiuu Ctuiie (Cxema 7).

Ph
BU3S” SnBu3
Br 0,5 SKB
25 % mon. Pd(PPh3),
Tonyon, 100 °C, 24- 72 Y
Ph

28 %

Cxema 7.

5-bpom-10,20-gudenmmopdupun ObuT BBeleH B peakiuto ¢ 0,5 9KB. JUCTAHHUIBHOTO
npou3BoiHOro OeH3osa B mpucyrctBuu 25 mon% Pd(PPhs)s B Toyone mpu 100°C, peakiuio
BeJU B TeueHHe 1-3 cyToK, OMCMaKpPOIMKII yIAIOCh BBIIEINUTH C BBIX010M 28%.

Peakiust Ctuiuie MO3BOJSET TONYyYaTh COCOUHEHHS KaK C apWIbHBIM, TaK H C
IKSHWIBHBIM JIMHKepoM. Tak, B pabore [9] coolbmiaercs o mnopUPUHOBOM JUMEpe C
QIKCHWIBHBIM MOCTHKOM, TIOJYYEHHOM B3aMMOJACUCTBHEM Me30-Opommopdupuna ¢ 1,2-
ouc(TpubyTHICTaHHI )3THIeHOM. Peakiust mporekaer B npucyrctBun 17 mon% Pd(PPhs)s, 0.3
9kB. noauaa Meau () u 2 skB. ¢propuna uesus B JJM®PA npu 115°C B Teuenue 42 4. Beixon

[EJIeBOT0 MPOAyKTa cocTtaBiseT 44-58% B 3aBUCUMOCTH OT 3aMeCTUTeNeH (CxeMa 8).

Ph
0,5 akB SnBujy
R Br BUssnf R
R
17 % mon. Pd(PPh3),
0,3 akB. Cul, 2 akB. CsF
oh OM®A, 115 °C, 42 4

R= 58 %

tBu
R=H,44 %

Cxema 8.

Taxoke onmcan cuHTE3 MOPGUPUHOBOTO AUMEPA C TUHKEPOM, COCTOSIIUM U3 TIOTUEHOBOM
nenu u 2,2’°-ounupuauaoBoro moctuka [10]. Ha mepBoit cragum B Mme30-MOA3aMENICHHBIH
nopdupud mo peakuuu CTWIIE BBOISAT 3aMECTHTENb, COACPKAIIUN JUEHOBBIA ()parMeHT, ¢
3alIUIIEHHON  ajbJAECTMIHOW TpyHnmod Ha KOHHe, I yero Tpebyercs S wmon%

terpakuc(tpudpenundochun)nmamnaaus.  I[locme 3Toro B KHCION — cpeAe  yAalsiioOT
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STWICHIJIMKOJIEBYIO 3allUTy U C MoMouplo peakuuu Butrtura B TI'® npu KoOMHATHOM
TeMIeparype B TeueHue | yaca MOoIydaroT LeleBONH OMCMaKpOLUKI B BHJIE CMECH CBOOOIHOTO
OCHOBaHUs H IIMHKOBOro Komruiekca (65% u 16% COOTBETCTBEHHO), YTO OOBSICHSETCS

ylajJeHUeM LIMHKA MPU CHSATUU JUOJIOBOM 3alIUTHI alibJeruHoi rpynmsl (Cxema 9).

Ar

0]
j 0
IBuaan/J/_% . / oj

5 % mon. Pd(PPh3)4
OM®A, 80 °C, 6 4

Ar e

tBu 2.
P(O)(OEY),

tBu
tBuOK, TIre

Ar Ar

Ar

M = 2H, 65 %
M=12n, 16 %

Ar Ar

Cxema 9.

B paGote [11] Obun CHUHTE3MPOBaHBI MOP(OUPHUHOBBIE AUMEPHI C OJUTOTHO(PEHOBBIMU
MOCTHKaMH M3 Me30-HOA3aMENIeHHOT0 op(dupHuHaTa MMHKA. Peaknus npoTekaeT B MPUCYTCTBUA
9-12 mon% Pd,dbaz, 80-100 mon% PPh3 B IM®A npu 80-90°C B Teuenue 15 gacoB. DTuMm ke
aBTOpaM yJaJloch MOJNYy4UTh ¢ 72% BBIXOJOM NOPPUPUHOBBIA AUMEp ¢ Ooyiee KOPOTKUM
JMHKEPOM, BKJITFOUYAIOIINM JIBE THO(PEHOBBIE TPYIIIBI, a He YeThipe [11].

Kpome Toro, omurornodpeHoBblii JUHKEpP ObUT BBEACH B MOP(UPUHBI HE TOJIBKO IO
peakuuu Crmiuie, HO M ¢ TOMOIIbI0 peaknuii Xexka W COHOTamMpbl C HUCHOJIb30BAHUEM
COOTBETCTBYIOIMX AJKEHWJIBHBIX M aJKUHWIBHBIX Mpou3BoAHbIX [11]. Peakuto CoHorammupsl
npoBoawin B npucyrctBun 25 mon% Pdydbas, 50 mon% AsPh; u tpustnnamuna npu 50°C B

ToayoJe B TeueHue 30 yacoB, BbIXOA AuMepa cocTaBui 56%. Jlna peakuuu Xeka UCroab30BaIn
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5 mon% anerara nmamtaaus, 1.4 3KB. xjopuga JUTus U 1 9KB. TeTpaOyTHIAMMOHHIXJIOPU/IA,
peakiuio npoBoawtn B JIM®DA nipu 85°C B Teuenue 40 dacoB, BBIXO MPOAYyKTa cocTaBui 74%

(Cxema 11).

Ar

tBu

Ar
Ar =

tBu

Ar

9 % mon. szdba:;
80 % mon. PPhs
OM®A, 90 °C, 154

Cxema 10.

Peakmust CoHOTAImmphl MIMPOKO UCTIONB3YETCS IS TIOYYEHUS MTOJTMMAKPOITMKINIECKIX
COCIMHEHUH C aleTHJICHOBEIMH MOCTHKAaMHU KaK HEMOCPEICTBEHHO MEXIY Me30-TIOJI0KEHUSIMH
noppupuHa, TaKk U B cocTaBe 0ojee CIOKHBIX JIMHKEPOB. ABTOpamMu paboThl [12] momyyen psin
NOp(GHUPUHOBBIX JTUMEPOB U TPUMEPOB C Pa3HOOOPA3HBIMU 3aMECTHTEISIMH U alleTHICHOBBIMU

JIMHKEPAMH.
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5 % mon. Pd(OAc),
1,4 aks. LiCl, 1 ak. nBuyNCI
K,CO5

OM®A, 85 °C, 404

Ar

tBu

Ar |
Ar =

tBu

Ar

25 % wmon. Pdydbag
50 % mon. AsPhjz Et3N
Tonyon, 50 °C, 30 4

Ar

Ar

56 % CgH47

Ar

Cxema 11.
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R Ph
N
R? Br + = R4
R® Ph
10 % mon. szdba3
2 3kB. AsPhs
EtsN, TId, 65 °C
R Ph

=

R3 Ph
Cxema 12.

B kauecTBe 3amecTuTeNeH B Me30-TIOJOKESHUAX MOPGOUPUHOB BBICTYNAMN (DEHUIIbHAS, /-
HUTpO(eHWIbHAS, H-OyTWIIbHAS, W30NPONHIbHAS, |-HaQTUIBHAS TPYMNIB, a B HEKOTOPHIX
CITydasix Me30-TIOJIOKCHHS OCTaBAJIMCh HE3aMEIIEHHBIMU. BBIXOIbI TIPOIYKTOB BapbHPOBAINCH
ot 20 10 30% (Cxema 12). B atux xe ycnosusax (10 mon% Pd,dbas, 2 sxB. ASPhs, TpusTHIaMuH,
TI'®) ObUTO POBEICHO aHAJIOTHYHOE COYETAaHHE Me30-0OpOM3aMEeNICHHBIX TTOPPHUPHUHOB C Me30-
(n->THHUIGEHUT)IPOU3BOAHBIMU, HAWIYYIIANA BBIXOM MOPHOUPHUHOBOrO aumepa goctur 46%.
Taxke B 3TUX YCIIOBHUSX ObUTH CHHTE3MPOBAHBI TPHUMEPHI CO CBS3AMH IO MOOKeHusM 5,10 u

5,15. Beixon 5,10 Tpucmakponukia coctaBmi 16-18% B 3aBucuMoctn ot 3amectuteneit (Cxema

13).
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‘ Ph
=
O @ o =) :
Br 10 % mon. Pd,dbag Ph

2 okB. AsPhj
EtsN, TT®, 65 °C

R=H,16 %
R = n-Hutpodperun, 18 %

Ph

Cxema 13.

5,15-TprcMakpoLUKI yIaloch BBLAECTUTH ¢ 22% BBIXOJIOM, €r0 OTIMYHUS 3aKJIIOYAIOTCS B
OTCYTCTBUH 3aMecTUTeNIel B 15 TOJ0KEHNH KOHIIEBBIX MOP(QUPHHOBBIX SAEP, a TAKKE B TOM,
yT0 B nosioxkeHusax 10,20 neHTpanbHOro noppuprHOBOTO Apa pacloyiokeHbl 1-HaQTuiIbHbIe, a
HE 71-TOJIWJIbHBIE 3aMECTUTEIH.

ABTOpbIl padoTsl [13] coobmarotr o cuHTe3e mophupuHOBOro aAumepa ¢ 4,7-THUITHHUI-
2,1,3-0en30THaana3onsHeIM JTHHKEpOM (CxeMa 14). BBeneHue akienTopHoro 0€H30THaaa30J1a
NpUIaeT JUMepy HHTepecHble (OTOPU3NUECKHE CBOWCTBA, TMEPCHEKTHBHBIC IS CO3/IaHUS
OpPraHMYeCKUX CONHEUHbIX Oatapeil. CoenuHeHue OBLJIO TMONYYEHO C TOMOUIBIO PEaKINH
CoHorammpsl Mexay Me30-OpoMnoppupuHOM B (¢GopMe MarHueBoro komriuviekca u 4,7-
nuaTuHmI-2,1,3-6en3otuaaunaszonom B npucyrcteun Pdy(dba)s, tpudenunndochuna u woamma

menu (1). Berxon aumepa cocrasut 34%.
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TIPS

/S\
N N
\
\N Q = Br + 0,5 TMS T™S
= ,5 aKkB. = =
/ ' \ /

| Pd,(dba); PPhs Cul, K,CO4
1PS Tr o, Et;N, MeOH

TIPS = Tpunzonponuiacuani

Cxema 14.

B pabore [14] cuHTe3upoBamy MOpGUPHUHOBBIA OMCMAKPOIMKI C MOMOIIBIO pPEaKIHU
MmeTtare3uca. Peakius npoxoauT B MArkux ycnosusx npu 35°C B quxiopmerane. B pabore 6bun
UCTIBbITaHbl KaTanu3aTtopbl ['pab0ca mepBoro u BTOPOro MOKOJEHUH, HAWIYUIIMA XMUMUYECKHUH
BBIXOJ IIeNieBoro mpoaykra (76%) Obul ModydeH MpU MCHOJB30BaHUU KaTalau3aTopa MEepBOTO
MIOKOJICHHSI, TIPU 3TOM OTHOIICHUE cojepxkanus E/Z nzomepoB coctaBuiio 3/2, 4TO HECKOJIBKO
XyXe, 4eM IpU MCIOJIb30BaHUU KaTtanu3zaropa ['pabdca Broporo nmokonenus (E/Z = 2/1). Oqnako
B Cllyyae C KaTajlu3aTopoM BTOPOTO IOKOJIEHHS XUMHUYECKHH BBIXOJ IEJIEBOTO IMPOIYKTa
3HAYUTENIbHO HIKE M HabmonaeTcss oOpa3oBaHHME MOOOYHOTO MPOJIYKTAa TOMOCOYETaHUS

aumnmopdupuna ¢ 31% Bexogom (Cxema 15).
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CxemMma 15.

Hexatanutudyeckue MeETOJbI
COCTMHEHUHN C TEPMHUHAIBHBIMHA QJIKWHAMH, OBLIM YCTEIIHO HCIOJIh30BaHbl B pabore [15]. B
pe3ynbTaTe KOHACHCAIIMN 00Pa30BBIBATNCH OMCMAKPOIMKIIBI C TPETUYHON CIIUPTOBON TPYIIION
B JuHKepe ¢ Beixogamu oT 30 o 63%. Ilox peiicTBMEM KHMCIIOTHI J@HHBIE MaKpOLIMKJIBI

OTIICTIIIAOT

Ph Ph
o}
s~/ =
Ph 0 + Ph
Ph Ph
N/_\N
- le3 Mes™ \r “Mes 20 % won. [Ru]
Ru1 "Ru— Ru2 Cls, CH,CI, 35°C, 18 4
Ph Ph
~
Ph / @] Ph
Ph
[Ru] = Ru1, M=2H, 76 %, E/Z=3/2
M=Ni, 41 %, E/Z=2/1
[Ru] = Ru2, M=2H, 55 %, E/Z=2/1
Ph Ph
N
Ph Ph
Ph  [Rul=Ru2, 31 % Ph

MOJIEKYILY  BOJbI

u

CUHTE3A,

o0pasyroT

TaKH€ KaK KOHJCHCaIHuA Kap6OHI/I.]'II)HI)IX

yCTONMYMBBIA  KapOOKAaTHOH C

pacrnpezieieHHbIM IO Bcel conpsbkeHHoM cucteme (Cxema 16).
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Ph o
0,65 aks. \\

Ar Ar

H

0,5 akB. PhCOOMe
4 akB. LiN(SiMe3),

- Tro, 14

4 k8. LiN(SiMe3),
TP, 1y

Ph
Ar
Ar
I
H
HO Ar
Ar Ph
n=1,30%
n=2,63%

Cxema 16.

CBsi3p IOPGUPHUHOBEIX (PparMEHTOB B TOJMMAKPOIMKIIE MOXET OCYIIECTBIATHCS HE
TOJILKO Yepe3 aTOMBI yIIIepoja, HO W 4epe3 IreTepoaToMbl, HallpuMep, a3oTa, Kuciaopoxa. s
oOpaszoBanus cBs3u C-N ynoOna mnammaguii-karanusupyemas peakuusi byxBanpaa-XapTBura.
ABTropam paboTsl [16] ynamoch MOXyduTh OMCMAaKpOLMKII, CBSI3aHHBIN depe3 aToM a3zoTa 10
Me30-TIOJIOKESHHSIM, JIBYMsI pa3HBIMH CIIOCOOAMH — B OJHY CTaIHi0 M C BBIICICHHEM
IPOMEXKYTOUHOTO  Mezo-amuHonopdupuna (Cxema 17). B oaHoctanuiiHOM  MeTone
ucnonb3yercs 0.5 5KkB. ruapasunHa, 7 Mon% anerata namwtagus u 20 mon% BINAP, peakuuio
npoBOJAT npHu kunsuyeHuu B TI'® B Tedyenue 15 yacoB, MpUMEHsAS B KadecTBE OCHOBAHUS
KapOOHAT 1e3usl, IpU 3TOM BBIXOJA MpoayKkTa coctaBisier 34%. JIBycTaauiHbIii MeTon

IpelrnoyiaraeT CHHTE3 MPOMEXKYTOUHOTO Me30-aMUHONOPPUPUHA B MPAKTUUYECKH TeX IKe
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YCIIOBHSX, 32 HCKIIOYEHUEM KoindecTBa TuapasuHa (1 9KB.) M HECKOJIBKO YBEIWYCHHOTO
BpeMmeHu peakuuu (18 dacoB). Mezo-amuHodenmnmmopupuH nanee MOXKET ObITh BBEIEH B
peakiuio ¢ Me30-OpoMIopHUPUHOM B MPHUCYTCTBUM TOW IKE KATAIUTHYSCKOH CHCTEMBI
(Pd(OAC)./BINAP), HO npy MCIHOJIH30BAHUU AMOKCAHA B KA4eCTBE PACTBOPHUTENS U B TEUCHHUE
3HAYUTENBHO Oobmero BpeMeHH (72 daca). Bwixoj OMCMakpolMKia, MOJYYEHHOTO TaKHM
crocoboM coctaBisier 25%, 4TO HIDKE BBIXOJA MO OJHOCTaTuitHOMY crioco0y. Tem He MeHee,
TOJIBKO CIIOCOO C BBIJCICHUEM Me30-aMUHOIIOP(PHUPHHA MOXKET CUATATHCS YHUBEPCAIBHBIM, TaK
KaK OJHOCTAIMHHBIA METOJ, IO3BOJIIOUIMIA MOJYyYUTh OOJBIIMN BBIXOJ MPOAYKTa U

VIOPOIIAIOIIMK TMPOLeypy CHUHTE3a, MPUTOACH TOJBKO JUIS MOJYyYEHUS CHUMMETPHYHBIX

OUCMaKPOIUKIIOB.
Ph
Ph
Ph Br 13ke. NyHs*H,S0,
7 % won. Pd(OAc),
20 % mon. BINAP ' NH,
Cs,CO3 TId, 154
Ph
0,5 akB. NoH,*H,SO
2H4™H250, L
7 % won. Pd(OAc), Ph
9 7 % wmon. Pd(OAc),
20 % mon. BINAP v
Cs,CO5 TId, 154 20 % morn. BINAP
23 ' Cs,COj3 avokcaH, 72 4/ pn Br
Ph Ph Ph

Ph N Ph

Ph Ph
Cxema 17.

Tpumep, CBA3aHHBIN ITUIICHTIIUKOJIEBHIMA MOCTHKAMHU, TIOJIy4eH B pabote [17] u3 mezo-
opommopdupuna B ycioBusix karanusza Pdpdbaz m DPEPhos (Cxema 18). Ha mepBoit craaun
ATUJICHIJIMKOJIEBBIH JIMHKEP ObUT BBEJIEH B MOHOOpOM3aMeIeHHbIN noppupuH ¢ 54% BBIXOA0M,
a Ha BTOPOM CTaaiuu IMIOJIyYEHHBIM MHTEpMENMaT BCTynwil B peaknuro ¢ 5,15-

TUOpPOMITOPGUPUHOM C 00pa30BAHUEM IIEJIEBOTO TPUCMAKPOITUKJIA.
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Ph Ph

Br 5% mon. Pd,dbas O~ ™-OH

25 % mon. DPEPhos
4 5KB. CSzCO3

o
Tonyon, 100 °C, 24 4 54 %

Ar

OMe
10 % mon. Pdydbas

_ 40 % mon. DPEPhos
Ar = OMe Br Br | 4 skB. Cs,CO3
Tonyon, 80 °C, 42y

OMe
Ar
Ph Ar Ph
A
0 ™_o0 o0
52 %
Ph Ar Ph

Cxema 18.

AToM KHcnopoja (hpeHOIBHOMN TPYIIbI TaKXKe MOXET pearnpoBaTh ¢ OpoM3aMelieHHbIMU
nopdupruHaAMH B MPUCYTCTBUU JTAHHOM KaTaIUTUYECKOH CUCTeMBl. ABTOpaM YAaJOCh B CXOXKHMX
yenosusx (5 mon% Pd,dbas, 20 mon% DPEPhos, 2 sxB. Cs,CO3, Tomnyosn, 80°C, 37 4) mosyduTh
oucmakpouukin u3  5-0pom-10,20-mudpenunmnopbupuna u  5-(4-ruapoxcudenni)-10,15,20-
Tputonminoppupuna ¢ 45% BBIXOIOM.

W3BecTHBl NpuUMepbl MOPPUPHUHOBBIX OHUCMAKPOLMKIOB C TPUA30JIbHBIM JIMHKEPOM,
MOJYYCHHBIX TI0 peaknuu 1,3-IUIoNspHOTO HUKJIoNpucoequHenns. B pabore [18] ommcano
MOJydeHWE TaKOTo JUMEpa W3 Me30-a3uJonophUpHHA W Me30-alleTHICHWIMopUpUHA B
npucyrctBun 10 mon% cynwsdara menu (1) u 0.5 skB. ackopOuHOBOI KHcIOTHL. B ciydae
JMepa ¢ KaTHOHAMHU HUKEJsl B 000MX NOPQHUPUHOBBIX A1pax BbIX0A cocTaBui 41%, ecnu xe B

OJIMH U3 NOp(UPHUHOB BBOJIWIICS LIMHK, TO BBIXOJ 3HAUUTEIbHO cHUXkalcs 10 18% (Cxema 19).
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Ar Ar

Ph N; + = Ph

Ar Ar

_ 10 % mon. CuSO4*5H,0
Ar = 0,5 3KB. aCKOPBMHOBOW K-Thl
OMO®A, 50 °C, 50 v

Ar Ar

M =Zn, 18 %
Al M=NL4at A

Cxema 19.

2.1.3. B-f-Ceazannvie nonumakpoyukivl 6e3 1unKepa.

BBenenune 3amectureneil B [-mosiokeHue NOPPUPUHOB MPEACTABISET 3HAYUTENIbHBIN
UHTEpEC, MOCKOJIbKY BCE€ NMPUPOAHBIE MOP(GUPHUHBI UMEIOT TOJIBKO [3-3aMECTUTENH, KOTOphIE
OKa3bIBAlOT HAa MOJIEKYJy Oojiplliee BIMSHUE, YEM 3aMECTUTEIH B Me30-TIOJOXKEeHHUU. [3-
3aMECTUTENH BBI3bIBAIOT HCKAKEHUE TUIOCKOM CTPYKTYphl CBOOOHOTO MOPPUPHUHA, YTO MOKET B
Cepbe3HOM CTENeHU MOBIUATh Ha OuoJOrMYecKue cBoiicTBa coeauHeHus. IlepBbiM MeTomOM
MoJlyueHUus: OHCMAaKpOLMKIOB CO CBS3bI0 MEXIYy [-MookeHusMH TophUPUHOB ObuLIa
KOHJICHCAIIHS TIPEIBAPUTEILHO B-B-cBsa3aHHBIX HpposioB [19]. CoBpeMeHHBIN MOAXO0 K TAaKUM
COCIMHEHUSIM TpeNojaraeT NPUMEHEHHE KaTaJUTHYECKHMX METOJIOB, TaKUX KakK peaKIus
Cy3yku. Astopbl pabotel [20] cunTesupoBamu [B-f OucnopdupuHar 1mHKa €3 -
MUHAKOJIOOPHOTO  MPOU3BOJHOrO U [-Opom3amMenieHHoro  mnopdupuHaTa IMHKA C
ucnonb3oBanuem 10 mon% Pd(dppf)Cl, u kap6onara xamus B JIM®PA npu 80°C, BbIXOX

npoaykTa coctaBui 62% (Cxema 20).
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o]
g Br
‘o
+
=

Pd(dppf)Cly, K,CO3
OM®A, 80 °C, 12 4

62 %
7
Cxema 20.
Ar
O
B/
0
Ar
Ar
Br O, Pd(OAc),, dppp
Pdadbaz PPhs OMCOftonyon
Cs,CO3 Ar

At/ IMCO/Tonyon

Ar
Ar
Ar
Ar
65 %
Ar
Ar

Ar
80 %

Cxema 21.

B paborax [21, 22] u3 me3o-TeTpadeHUANOPHUPUHOB C TMOMOLIBIO AAHHOTO METOAA
OBLTM CHHTE3MPOBAHBI IUMEPHI, 00JIaIal0INe aKCHATBHOW XUPATBHOCTHIO (HATHYHE 00BEMHBIX
3aMeCTUTeNIel B ME30-NIOJIOKEHUSX  YBEJIMYMBAET HHEPreTHUECKUH  Oapbep  MExXIy
KOH(pOpMepamu).
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Bo3moxkHOCTh co3manus Kak [B-, Tak ¥ [-Me30 COWIEHEHHBIX KOHBIOTaToB M3 [3-

HHAKOJI00paH3aMEICHHOT0 ophHuprHa mpoaeMoHcTpupoBana B padore [23] (Cxema 21). Tak,

IIpU OKHUCIUTCIbHOM COYCTAHUHU B IIPUCYTCTBHUU all€TaTa MaJlJIaius U dppp B Ka4CCTBC JIMI'aHJa

obOpazoBbiBalicss (- OWCMakporuki, B TO BpemMs Kkak B peakiuu Cy3yku ¢ meso-

opomzamenienubiM nopdupuaom u Pdy(dba)s/PPh; B kayecTBe KaTalMTHYECKON CHCTEMBbI ObLI

IMOJIY4YCH B-M@B’O-CO‘IJIGH@HHBIﬁ KOHBIOrarT.

Taxke c¢ momompio peakiuu Cy3ykd OBUTM CO3JaHBI KOHBIOTAThl MOpGUPHUHA H

dranonnanuHa 6e3 muHKepa [24]. [TnHakonOopHOE MPOU3BOAHOE (PTAIONMAaHWHA OBLIIO BBEICHO

B peakiuio ¢ B-OpoM-terpamesodpenmi nophupuHom B npucyrctBum 51 mon% Pdpdbasz u 146

Mon% muranga S-Phos mpu 90°C B Tonyone. B odepenHoil pa3 MopakaiOT KOJIHYECTBA

KaTajiu3aTtopa, HCO6XOI[I/IMLIC AJI OCYHICCTBJICHUS  KaTAJIMTHYCCKHUX

IIPOU3BOJHBIX NOPPUPUHA.

Ph

Br

Ph

51 % mon. Pdodbag
146 % mon. S-Phos
3,1 akB. K3PO4

Tonyon, 90 °C, 24 4

25-30 % P

o-

Cxema 22.

2.1.4. B-f-ceazannvie noTUMAKPOYUKIbL C TUHKEPOM.

peakuuui  cpeau

B  pabGore [25] cuHTE3upoBaHO  [-MIMHAKOJIOOpPHOE  MPOU3BOJHOE  Me30-

terpadeHUNTIOpPUPHUHA W BBEICHO B PEAKIUIO C apPHIOPOMHIAMH.

s BBenmeHus

nuHakosia0opaHa B [-monoxxenue nop¢uprHa UCIIOJIb30BaIH JUXJIOpUL
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ouc(tpudpenmnpochun)namuiaams U TPOBOIWIN PEaKIMIO B TeueHue 18 4yacoB, a Ha BTOPOi
CTaJu¥ MPUMEHSIIN TeTpakuc(TpudeHmipochun)namuiaguii B KauecTBe KaTaau3aTopa, PeaKius

3aBeplIajiach B TeUEHUE 5 4acoB. BbIXo/bl LIeeBbIX IPOAYKTOB BapbupoBaauchk oT 51 10 88% B

#
\B/O

Ph  Br Ph
o)
HE
o)
Ph Ph Ph Ph
Pd(PPh3),Cl,
Ph Ph

3aBUCUMOCTH OT NPUPOIbI apuidopomuaa (Cxema 23).

ArBr
Pd(PPhs),
CSQCO3
— A e
Ar = 75% 88 % Ph Ar
—~O~ )
Ph Ph
83 % 51 %
Ph
Cxema 23.
Bh Ph
Ph Ph * Ph Ph
\ o.
v i
Br
Ph © Ph
Tonyorn/OM®A, 80 °C, 18 4
Pd(PPh3)4y CS2C03
Ph Ph
Ph Ph
i D=, i
Ph Ph
Cxema 24.
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[Tonyuennoe 6poMOM(EHMITPHOE MPOU3BOIHOE TaK)Ke OBLIIO BBEEHO B peakiuio Cy3yKu
¢ B-nmrHAKOIOOPHBIM MTPOU3BOIHBIM MOp(UPHHA B aHATOTHYHBIX ycioBusax (Cxema 24), oqHAKO
JaHHAs peakuus mpoTekana He 5, a 18 wacoB, BeIX0J OHMCMakponukia ¢ OudeHWIHHBIM
auHKepoM coctaBui 18% [25].

[Tpu B3aumoneiictBuu B-OpoM mopdupuHA € AUIMINHHAKOIOOPAHOM B TNPHCYTCTBUU
Pd(PPh3); u Ky;CO3 B cmecu Tomyon/JIM®PA nHabmogaercs obpazoBanue [(-B CBSI3aHHOIO
OMCMaKpOLMKIIA BCIEACTBUE MPOTeKaHUs IN Situ peakimn Xeka MEXIy MPOJYKTOM PEaKIUH
Cy3yku 1 ucxonHbIM [3-Opom3amernieHHbM niopdupuaoM (Cxema 25). Peakiusa Xeka, mo Bcei
BUJUMOCTH, TIPOTEKAEeT OBICTpEe, TaK KaK OMCMAKPOIMKI OOPa30BBIBACTCS MPH YKBHMOIHHOM

COOTHOIICHUH UCXOIHBIX peareHToB [26].

O —
Br
b
(0]
Pd(PPh3)s KoCOg
Tonyon/OM®A, 95 °C

MeOOC COOMe MeOOC COOMe
Br
MeOOC COOMe
MeOOC COOMe
MeOOC COOMe

Cxema 25.

Take mpu MOMOLIM peakiuu XeKa TMOJy4eH psAJ CUMMETPUYHBIX HOP(PHUPUHOBBIX
auMepoB [27]. Peaknuto mpoBommiu B TedeHue 20-40 u B IMMDA B mpHCYTCTBHH aleTarta
najutains, XJOpuaa JTUTHsA, OpoMuaa TeTpaOyTmiaMMoHus W kKapOonata kamus (Cxema 26).

Boixoap! poaykToB BapbupoBaauch oT 10 10 29% B 3aBUCUMOCTH OT JINHKEpA.
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MeOOC MeOOC

Pd(OAc),, LiCl
ROOC COOR| H-BuyNBr, K,CO3
S OM®A, 90 °C
R = Mo Et 20-40 y

ROOC COOR

/ \

MeOOC MeOOC COOMe COOMe

n=0,19 %
n=1,17%
n=2,29%
n=310%
CxeMma 26.
Br
MeOOC— MeOQOC
Pd(OAc),, LiCl
H-BU4NBF, K2CO3
\ T | AM®A, 90 °C COOMe
20-40 4
COOMe
Cxema 27.
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JleHnpuMeponogo0HbIii  TpuMep OBUT CHHTE3MPOBaH B OJAHY CTaauilo u3 -
opomnoppupuna u 0.33 sxB. 1,3,5-TpuBuHunOenzona B npucyrctBuu 10 mon% arerara
nawtaaus, 1 3kB. Xymopuaa IuTtusi, 1 9kB. OpoMuaa TeTpadyTriaMMOHMS H U30BITKA KapOOHATa
kaiust pu 90°C B IM®PA (Cxema 27), Beixoa coctaBui 56% [28]. B Tex sxe yciaoBusx ObuT
MOJIYYeH aHAJIOTHYHBIA JUMep Ha ocHoBe |,4-muBmHMIIOEH307a ¢ 73% BbIXOHOM. Takxke B
pabote [28] coobmiaeTcs 0 CHHTE3€ JIMHEHHOIO TpUMEpa Ha OCHOBE 2,7-1ubpoM mopdupuHa ¢
TakuMu ke 1,4-nMBHHUIOESH30ILHBIMI MOCTHKAMH.

Konslorar mopduprHa u QTasoluaHUHA, CHHTE3MPOBAHHBIA C IOMOIIBI0 PEAKIHH
aMuHUpOBaHUs 10 byxBanmbay-Xapteury, onucan B padore [29]. B-AMuHONOpOUpPUH yAaIoCh
BBECTH B PEAKIHMIO C HOJ3aMCIICHHBIM (TATONMAHWUHOM B MPUCYTCTBUU KATATUTHYCCKON
cuctembl arerar namnaaus/BINAP npu kunsdenun B Tonyolie B TEYEHHE CYTOK U MOTYYUTh
oucmakporukin ¢ 70% BeixogoMm (Cxema 28). OnHako B JaHHOM CJy4yae HCIIOJb3yeTCs

NPaKTUYECKH YKBUMOJIBHOE KOMM4YecTBO Karanmusaropa (91 mon%. amerara namianus, 98 mon%
BINAP).

Ph tBu

Ph Ph +

tBu

91 % mon. Pd(OAc),
98 % mon. BINAP

Ph Ph

tBu
Ph
70 %

Cxema 28.

2.1.5 f-me30-ceéazannvie nOIUMAKPOUUKIIBL.
Jlumep cO CBSI3bI0 HETMOCPEACTBEHHO MEXIY [3 MU Me30 IMOJOKEHUSIMH ObUT MOJTy4YeH C
14% Beixomom B padote [30]. JlaHHOE coenaMHEHHE OBUIO BBIACICHO KaK MOOOYHBIA MPOMYKT
aMUHUPOBaHUSL Me30-OpoMmoppupHHa H-TEKCHUIAMUHOM B ycloBHsSX byxBambna-XapTBura
(amerar mamnaaus, BINAP, t-BuOK B 1,4-nmuokcane) (Cxema 29).
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\ 10 akB.
SN
o) o
16 % Pd(OAc),
13 % BINAP
t-BuOK, anokcaH

+ HOpMarbHbI NPOAYKT aMHUPOBaHus, 58 %

CxeMma 29.
Ph ‘
Ph\‘»Br + \ /
Ph O
P(tBU)2
K,CO3
OM®A/Tonyon
105°C, 724
Pd(OAc),
oh O
/ M =2H, 23 %
Ph M=2n, 15 %
M =Ni, 33%
Ph
Cxema 30.
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CuHTEe3 HECHMMETPHUYHOTO OHUCIOPPHUPHUHOBOTO KOHBIOrarta omucan B pabore [31]:
BHauaje oOpasyercs .Mme30-BUHWINOpQUpHMH 10 peakiuu  CTwiule  MeXIy  Me30-
OpoMNOpOUPHUHOM H TPUOYTHWIBHHWIIONIOBOM B TIPUCYTCTBHHM KATAIMTHYECKOH CHUCTEMBI
Pdy(dba)s/AsPhs, a manee 310 coenuHeHne wHCHoab3yercss B peakiuu Xeka (Cxema 30).
ABTopamu ObLIa MPEINPUHATA IOMBITKA COYETAHHS IMOJYYCHHOTO Me30-BUHWINOPGUPUHA C
Mme30-6pommiopdupurom B mpucyrcTBun 20 Mmon% amerara namiagus u 50 mon% ¢ochurOBOTO
muranaa. OQHaKO B JAHHOM ciy4ae ObUTo OOHApy)KEHO HEOXKHIaHHOEe oOpa3oBaHUE [-Mme30
COWIEHEHHOTO OMCMaKpOLMKIa BMECTO IMPEAIOIaraeMoro Me30-me30 KOHbIOTaTta. MexaHu3m
JAHHOM MeperpyniyupoOBKH OCTAETCS I aBTOPOB HESICHBIM.

CpaBHEHHE BO3MOKHOCTEH KaTAIMTUYECKOTO M HEKATATUTHYECKOTO METOJIOB MOJTyYCHHSI
-me30 mopPUPHUHOBBIX AUMEPOB C 1-(HEHUTICHOBBIM JIHHKEPOM OBLJIO MPOBENEHO B padoTax [32,
33]. B mepBoM ciydae OuMCMakpoOIUKI monydand mo peakiuud Cy3ykd u3 n-(QeHHI00pHOro
npousBoaHOro nopdupunHa B npucyrctBun 10 mon% Tterpakuc(tpudenundocdun) mammanus

npu 95°C B Tonyoe [32] (Cxema 31).

Ph Ph
Br
/O
Ph O B\ > + Ph Ph
(e}
Ph Ph

10 % mon. Pd(PPh3),

8 oKB. K2003

Tonyon, 95 °C, 48 4

Ph
Ph
Ph Ph
g W,
Ph
Ph C,HsCOOH
141 °C, 18 4
Ph
@)
/
O
74
Ph Ph

Ph
CxeMma 31.



Bo BTOpoM ciydae mop(UpHHOBBIA AUMEp CHHTE3MPOBAIH C MOMOIIBIO KOHIECHCAIUU
Annepa-Jlonro [33]. Beixon mpoaykTa KOHAEHcAuu He mpesblman 23%, B TO BpeMs Kak ¢
nomotipio peakiuu Cy3yku yaanoch nooutbess 88% BBIXOAA, YTO HAMISIIHO JAEMOHCTPUPYET

MNPEMMYyHIECTBA KATAIIUTUYCCKOI'O IIoaxXoaa K HO,Z[O6HI)IM COCOAUHECHUSAM.

2.1.6. Makpoyuxnwl ¢ henunenosvimu TUHKEPaAMU.

B ormenbHBII  TMOD  NOJIMMAKpPOLUMKIMYECKUX  COCIMHEHUHA  MOYKHO  BBIJIEIUTH
nopGUpPUHOBBIE JAUMEPHI, MOJYYEHHBIE W3 MPOU3BOAHBIX MNOPPUPUHOB, COACPKAIIUX K-
(beHnIbHBIE 3aMECTUTENH B Me30-TIo0xeHuH. [Ipupona nuHKepa U METOJ] CUHTE3a MOTYT OBbITh
Pa3IUYHBIMU, HO PEAKIMS, TPHUBOJANIAS K OOpPa30BaHHWIO CBSI3U MEXAY MOPPUPUHOBBIMH
SAIpaMH, TPOTEKAeT Ha 3HAYUTEIBHOM YJAJICHHH OT HUX B A-TIOJIOKEHUU (DEHUIBHBIX
3amectuTened. TUNMMYHBIMU TPENCTABUTENIMU TaKOTO THUIIA COCIUHEHHH MOTYT CIYXUTh
JUMEpPHI, omnucaHHble B pabore [34]. Me3o-(n-noadenmn)nophupud ObUI BBEICH B PEAKIIHMIO
Cy3yKH ¢ aHAJIOTHYHBIM MTUHAKOJIOOPHBIM MPOou3BoAHbIM B nipucytcTBun 30 mon% Pd(dppf)Cl,

npu 100°C B Tpoitao#t cmecu Toiryon/JIM®PA/Bona (Cxema 32).

Ar
Ar O Br + Ar" :t
Ar 30 % mon. Pd(dppf)Cl,
15 akB. CH3COOK
Tonyon/OM®A/Boaa
100 °C, 16 4 Ar =
Ar Ar
2 )~ 2
34 %
Ar Ar

Cxema 32.

Jumep ¢ OM(pEHMIBHBIM JIMHKEPOM yIAIOCh BBIIETUTH C BBIx0a0M 34%. B aHanoruvHpIx
YCJIOBHSIX OBLIM TTOJIYY€HBI OMCMAKPOIUKIIBI ¢ TePHEHMIBHBIM U KBaTep(HEHWIbHBIM JIMTHKEPAMHU
¢ Beixomamu 58-63%. Te ke aBTOphl 1O peakiuu COHOTAIIMPHI CHHTE3WPOBAIH JUMEP C

MU eHUIAETUICHOBBIM JTUHKEpOoM ¢ 48% BoIx0og0M [34] (Cxema 33).
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R
R

15 % mon. Pdy(dba)
CeH1z ‘ >

120 % mon. P(oTonwun)s
R= 4< Tonyon/EtzN

CeH13 R 40°C,54 R

: O—0 :
48 %

R R
Cxema 33.

+ 2

szdba& ASPh3

Tonyon/
TPUSTUNAMUH

35°C, 2y

Cxema 34.

Peakuust npoTekaeT B MATKUX ycioBusX 3a 4-5 4 npu 40°C, B kayecTBe KaTaIUTHYECKOU
cucteMsl ucrnosb3yercs 15 mon% Pd;(dba)s u 120 mon% mpu(o-Tomun)dpochuHa. AHATOTHIHBIH

auMmep ObuT cuHTe3upoBaH B pabore [35]. Bwmecro Tpu(opro-rommn)pochuna aBTOPHI
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WCIONB30BaIM TpueHwiapcuH, peakuto mnpopoauau B TI'® mpu 60°C B mpucyTCTBUH
TPUATHIIAMHHA, BBIXOJ MPOAYyKTa cocTaBui 41%.

Cxoxue yciaoBusi ObUIM MCIIONB30BaHBl aBTOpaMu paboTel [36] s momydeHus
JMHEHHOTO TpuMepa. B peakinio BBOIMIN OJUH KBUBAICHT TU-Me30-(4-nondeHun)noppuprna
B (hopMe cBOOOTHOrO OCHOBAHHMS C JBYMSI SKBHBaJCHTaAMU Me30-(n-3TuHUI(eHm)nophupruHara
uHKa B npucyrctBun 12 mon% Pdy(dba); u 100 mon% ASPhz B cMecH TOJYOJI-TPUITHIAMUH.
Peakuus nporekaet npu 35°C B TeueHue 2 4, IPU 3TOM BbIXOJ] JTMHEHHOIO TPUMEPA COCTABIISET
79% (Cxema 34).

Taxke omucaHbl CUMMETPUUYHBIE AUMEPHI C OyTaJUUHOBBIM JIMHKEPOM, KOTOPbIE OBLIU
CHHTE3UPOBAHBI C IOMOIIbIO OKUCIUTEIBHOIO TOMOCOYETaHUS Ha BO3IyXxe .Mme30-(n-
srunmn)penmtmopupuna B npucyrctBuu 1 sxB. PA(PPh3),Cl,. Peakuuio npoBoauiu B cMecu
tonyosy/TpustwinamMun mipu  50-60°C (Cxema 35). bucmakpouukisl B ¢dopMe CBOOOAHOTO
OCHOBaHUS M B (pOopMe LMHKOBOTO KOMIUIEKCA yIaioch BBILACTUTH C BbIxogamu 63 u 67%,

COOTBETCTBEHHO [36].

1 akB. Pd(PPh3),Cl,
Tonyon/EtzN
50-60°C,6-244

M =2H, 63 %
M =2Zn, 67 %

Cxema 35.

bucnopduprHOBEIIT KOHBIOTAT C MENTUIHBIM JHHKEPOM OBLT CHHTE3UPOBAH B paboTe
[37] ¢ momomkto peakinuu meraresuca aakeHoB (Cxema 36). CHHTE3 COCTOSUT U3 JBYX CTalui,
KaKOash W3 KOTOPBIX TMPEACTaBsia CO0OM pEeakIMio MeTaTe3nca ¢ HCHOJIb30BaHUEM
karanuzaTtopa ['pab6ca Broporo mokosienus. Ha nmepBoii craguu ¢ BexogoM 63% ObLT moaydeH
auMep 13 oppupuHa, mpeaBapuTeIbHO MOIU(PHUITUPOBAHHOTO IO Me30-TIOJIOKEHUIO aJUTHITLHON

TPYIIION.
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OAc

R
AcO
)R- OOMAC
/_/ OAc
s o
Mes /NYN\MGS
[Ru] = Clod
o\ N
R

PCY3 Fh

20 % mon. [Ru]
CHyCly, 18 4

Q”ﬁ

63 %

Cxema 36.
R O
ﬁ/_/ O
: O
R
R
1) 40 % mon. [Ru]
CH,Cl, 48 4 fN NHFmoc
2) CH,CI,/TFA
3) TFA/PhOMe tBUOOC
HN NHPbf
\\’b\ Jj/ \[(\N YﬂFmoc
tBuOOC
ACO OAc
1 % HN NH C
: > Re Q_olmm
OAc
Mes/NYN\Mes
[Ru] Cl,
LRU=
CI7 | Ph
PCY3
Cxema 37.
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Ha BTopoii ctanuu numep ObUT BBEACH B PEAKIIMIO KPOCC-COUETAHUS C 3aKPETJIEHHBIM Ha
TBEPAOH TMOMJIOKKE TEHTAMENTUIOM, MOAMU(PHUIMPOBAHHBIM C OOOHMX KOHIIOB aJUTMIBHBIMU
rpynnamu. O0Ge peakuuu NPOTEKAIOT MpH KHUISTYeHHMH B juxjopmeraHe. [locnme cHsTus
3aLIUTHBIX TPYII U OTAEICHUS OT TBEPI0il MOAJIOKKH BBIXOJI BTOpOi ctaauu coctasui 11%.

I'muko3un3zameniennble TOPpQUPHHBI B LIEIOM M, B YaCTHOCTHU, JUMEpP C MENTUIHBIM
JUHKEpPOM, MOJYy4YeHHbIH B pabore [37], NpeAcTaBisAlOT HHTEPEC KaK IEpPCIEKTUBHBIE
COCMHEHUS s TPUMEHEHUs B (OTOAMHAMHYECKOW Tepanmuu paka Onarojaps CBOUM
YHUKQJIbHBIM ONITHYECKUM U OMoJIoTHuecKuM cBoiicTBaM (Cxema 37).

Jlumepsl ¢ TPUA30JIbHBIM JIMHKEPOM JIETKO JOCTYIHBI MO peakiuu 1,3-IumosispHoro
nukIonpucoequHeHus. B padore [18] 6ucmakporwki Obut mosrydeH ¢ 44% BBIXOIOM U3 Me30-
(n-anerunenun)penminoppuprna u  meszo-(n-azumo)penuwn mopdupura (Cxema 38) B
OPUCYTCTBUM  MenHoro  karanusatopa  (SIMes)CuBr  (SIMes = (N,N’-6uc(2,4,6-

TpuMeTUIGEeHNN )-4,5- TUTUAPOUMHU1a3071-2-UITUMH) ).

Ar
Ar

50 % (SIMes)CuBr
Tro/soga 3/1,

45°C, 60y Ar = < > BU

Cxema 38.

AHanornyHas «KJIMK»-peakius Oblla YCIENIHO HCIoib30BaHa B Jabopatopun D0C
Xumuyeckoro (axynpreta MI'Y 11 monydeHuss moppUpUHOBBIX TpUad, MpPH 3TOM ObLIa
MOKa3aHa MpaKTUYeCcKash paBHO3HAYHOCTh JBYX mnyTed cuHTe3a (Cxema 39): ucnonb3oBaHue 2
9KB. Me30-(4-azunopennn)nopdupuna ¢ au-meso-(4->TuHnndeHmnn)nopGUpruHOM U, HA00OpPOT,

BBEJICHHE B  peakuuio 2  9KkB. Mme30-(4-stuHmindenwn)noppupuna ¢ au-meso-(4-
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asugodenun)nopbupuHoM. Beixos! neneBoro npoaykra cocraBuiu 68 u 70% cOOTBETCTBEHHO

[38].

Cxema 39.

Peakmms 1,3,5-tpusTnHnnOen3ona ¢ me3o0-(4-a3unoheHun)nopGUPHHOM MO3BOJIMIA
CHUHTE3MPOBATh HHTEPECHYIO 3BE3/1000pa3HYIO CTPYKTYPY — TPUCHOPPUPUHOBOE POU3BOIHOE C

30% BeixomoMm [39] (Cxema 40).
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tBu

.
f
Z A

Cxema 40.

2.1.7. Cunmes nopghupunoswix ouao u mpuao c ucnoavsosanuem Pd(0)-kamanuzupyemozo

anunuposanusi u OUAMUHOBBIX JIUHKEPOoE.

HsC CH, HsC CH,
CsHq CHs CsHys CH,
R
Y N—X-NRR,  + Br
HsC CH, HsC CH,

M = Sn(OH),(IV), Zn(Il) M' = Sn(OH),(IV), Ni(ll), Zn(ll)

NaOtBu

Pd(dba), /DavePhos vokcaH, 100°C

(8/16 mon%)

HsC CHs
CsHy1 CHs
CsHy 4 CH;

HaC CH,

10 npumepoB, Bbixoabl A0 59%

H;C CH3

Hs;C CHj3

O O
WA N AR
RN—X—NR; = HN—— N—™~—
1 | N\/N & J
Me O\_/O

CxeMma 41.
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B ma6oparopun D0C Xwummueckoro ¢akyaprera MI'Y pa3pabotan opUTrHHAIBHBIN
Croco0 coYeTaHuss HECKONbKUX TMOPPUPHUHOBBIX SACp B TUAABI M TPUAABl C TOMOIIBIO
CBSI3BIBAHUS WX PA3JIUYHBIMU MPOCTHIMHU JUAMUHOBBIMU JIMHKEpamu ¢ ucroiib3oBanueM Pd(0)-
KaTalu3upyemMoi peakuun amuaupoBanus (Cxema 41). Tak, npu BBeICHHH B PeakIuio me30-(4-
opoMmpenmn)noppuprHa U MOpPUPHHA, COACPIKAIIETO B Me30-TIOJOKEHUH 3aMECTHTENb C
MIEPBUYHON UM BTOPHUYHOW aMUHOTPYIION (MOp(UPUHBI UCTIOIH30BAHBI B BUIC WX [IUHKOBBIX,
HUKETICBBIX WM OJIOBSIHHBIX KOMIUIEKCOB), B MPHCYTCTBHH KATAIMUTHYECKON CHCTEMBI
Pd(dba),/DavePhos ymagoce cHHTE3MpOBAaTh HOBOE CEMEHCTBO MHMOPGUPHUHOBBIX JHAN C
BbIXOJ1aMu 110 59%.

B aHanornvHeIx peakuusx ¢ au-meszo-(4-numaMuHo(EHIT)IPOU3BOIHBIME TOpduprHa U 2
9KB. Mme30-(4-0pombenun)nopdupuna ObLIH MoTydeHbl TophupruHoBhIe TpUaasl [40, 41] (Cxema

42).

H3C CHs
CsH14 CHj3
O Br
C5H11 CH3
H3C CH3
M = Hy; Zn
Pd(dba), /DavePhos 8/16 mon % avokcaH, 100°C

tBuONa

H3C CH3
e e
HsC CsHq4
H3C CHj

HsC CHs CHs
CsHy1 CHs CsHiq
CsHi CHg3 CsH14
HsC CHj CsH11 CsHy1 H3C CHs
Cxema 42.

JIns  cpaBHeHHs ~ OBUIO  TMPOBEICHO  B3aMMoOJEHcTBHE 2 9KB.  Mme30-(4-
opombpenmwn)noppupuna ¢ au-meso-(4-amuHOGeHWIT)MOPPUPHHOM,  OOJIQIAOIUM  OoJiee
aktuBHOI B Pd(0)-kaTanu3npyeMoM aMUHHPOBAaHUH aMHUHOTPYIIIIOHN, M B JAHHOM CITydae TaKXke

YCIIENTHO OBLIO MOIYYEHO IIeNIeBOe TpucnophuprHoBoe nmpou3BoaHoe (Cxema 43).
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CsHq4 CHs,
: Orv vl
CsH14 CHg
HaC CHs

Pd(dba), 8 mon%
BINAP 16 mon%

tBuONa
aunokcaH, 100°C

H3C CH3
CsHyy CHs
)0 W,
N
CsHyq1 CH3
H,C CHg O

ZT

HaC CH,
HaC CaHiq
H,C CsHyq

HsC CH;,

Cxema 43.
2.1.8. Maxponwmuumuuecxue COeOuHeHUus Ha 0CHOBe NOpPpPHupuHoe.
o7
10 % mon. Mes—N~_-N~Mes| 100 % mon. Ti(OiPr),
c.,,Y CH,Cl, 64 u
U
PCy; FN
o)
EH/(\@/ OI \Q/IH
\/Q - . @\J}
~,
Cxema 44.

41



B mopdupuHCOAEpKAMX  MaKpOIOIUIMKINISCKHX  COCTUHCHUSAX  CTPYKTYpHas
CYG'beI[I/IHI/II_[a HOp(I)I/IpI/IHa ABJICTCA  YaCTbIO JAPYyroro mnIHKJIa WIXM HCCKOJbBKUX [UKIIOB.
Hanpumep, coenuHeHWe JMaHHOTO THIA C OJHUM HOPGUPUHOBBIM SAPOM U JIBYMS
MaKpOLMKIMYECKUMH TOJIOCTIMH OOJIBIIOrO pa3Mepa ObLIO MOJydeHO aBTopamu padboThl [31].
[IpenBapuTenbHO MOIUGUIIMPOBAHHBIA ATKCHWIBHBIMH 3aMECTHUTEISIMH MophupuH B (opme
CBOOOJHOTO OCHOBAHUS BBOJIWIM B peakiuio Xeka B mpucyrcTBuu 10 mon% karamuzaropa
I'pab6ca Broporo nokosienus u 100 mon % Ti(Oi-Pr), B nuxnopmerane npu 40°C (Cxema 44).

CoenuHeHHsT KPUIITAHIHOTO TUIIA HA OCHOBE TOPQHUPUHA MOTYT OBITh MOJyYEHBI MTyTEM
KOHJICHCAIIUM ~ TPOHM3BOJHBIX  OUCAWIUPPOMETaHAa C  MOCIEAYIHNHMM  (HOpMUPOBAHHEM

nopUPHUHOBOIO KOJIbIIA, KaK Moka3aHo B padote [42] (Cxema 45).

H
N

o
/

N N a=ts
O HOOOH o w O / \ \ 0.
TFA
:< o o; >: N N
7 “NH HNT N
CHO

CHClj,
N, |CCl,CO0H

Cxema 45.

W3BectHbl Takke mpuMepbl 0osiee CIIOKHBIX MaKpPOMOIUIMKINYECKUX CTPYKTYD,
coJepXKalMX HECKONbKo mnopdupuHOBBIX saep. Hampumep, B pabore [43] mnomydeH
nopGUpPUHOBBI JAUMep ¢ OyTaJUMHOBBIMH MOCTHKAMHU MEXJY COCETHUMH [3-IIOJIOKEHUSIMU

nopdupuHoB (Cxema 46).
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Ar

——SiMej tBu
Ar Ar=

_ tBu

B SiMe3

Ar
1. K,CO3 TFrd/MeOH, 24

2. 6-20 akB. Cu(OAc),
Tro, nupuani, 24 4

B ———

M = Zn, 89 %
Ar M = Ni, 45 % Ar

Ar
Ar ) -
Ar =
I

40 akB. Cu,Cl,
TMEDA, CH,Cl,

CxeMma 46.

22 %

Cxema 47.
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Peakuuio OKHUCIHUTENBHOIO TOMOCOYETaHMSI TPOBOAAT Ha BO3JAyXe B MPUCYTCTBUU
u30bITKA arerata MeAd B TEYCHHME CYTOK, HAWIYYIIWNA BBIXOJ MPOAYKTA JOCTUTACTCS INpPHU
UCIIONIb30BAaHUU IIMHKOBOTO Komruiekca u coctaBisgeT 89%. [loxoxum oOpa3om ObLI
CHUHTE3UPOBAH TeTpamep ¢ OyTaJUuUHOBBIMU MOCTUKAMU MEX]Y Me30-TIOJI0KEHUSIMU BXOSIINX
B €ro0 COCTaB CTPYKTYPHBIX (hparMeHTOB mop(upHHATA HUKEJS, OMHMCAHHBIA B pabore [44].
Wcxonuelii  mezo-nuaneTwieHwmopGupua  OblT1  CHHTE3UpOBaH Mo peakuuu CoHOrammpsl
MEXIY Me30-TuOpOMIIOPOUPUHOM M TPUMETWICWIMIAICTAICHOM, a LEJIEeBOM MAaKpOIMKII
MoJy4yajy ¢ MoMouIplo ciBauBanus no I'neitzepy B npucyrctBun TMOJIA u 40 skB. xyopuaa
meu (1), BeIxos mukimyeckoro terpamepa coctabmi 22% (Cxema 47).

ABTOpbI paboTHl [45] CHHTE3UPOBAIM JIMHEWHBIH TpUMEP, B KOTOPOM MOPPHUPUHOBBIE
A7pa JBaXIbl COSAUHEHBI MEXKIY c000i THO()EHOBBIMH MOCTHKAaMU MO [-monoxkeHusM (Cxema
48). Peakumsa Cy3yku mexay Ouc(OpoMTHEHHIICH)TOPOUPUHOM M TETPaOOPIPOM3BOJHBIM B
npucyrcrBur 10 mon% Pd,dbaz u 40 mon% tpudennndochuna B cmecu tonyon-JIMDPA npu

KHUIIAYCHUU B TCUCHUC CYTOK IPUBOAUT K o6pa30BaHmo OejaeBoro JIMHEHNHOTO TpuMEpa C 11%

BBLIXOJIOM.
Ar o Ar 0
[ S /
S Br O/ B\O
Ar +
S o o
o B B
Ar © Ar ©
10 % mon. Pdydbag B
40 % mon. PPh, .
2 3kB. Cs,CO3, 2 3kB. CsF Ar =
Tonyon/OM®A
tBu
Ar Ar Ar
Ar Ar
Ar Ar 11 % Ar
Cxema 48.

OTHUM XK€ aBTOpaM yJIaloCh CHHTE3UPOBATh B TE€X YK€ YCIOBUSAX LUKIMUECKUE OJTUTOMEPHI
u3 3,7-nu(nuHakonOopan)nmopupuHa U aubOpomTHodeHa. BbIXOA HUKIMYECKOro auMepa

coctaBui 29%, a tpumepa - 10% (Cxema 49).
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Cxema 49.

[{ukIMdecKue OJUroMephbl CXOMHON TOMONOTHU (T.H. “HaHOKOJIBIA’) CHHTE3UPOBAHBI B
pabore [46]. C nomomursio peakuuu Cy3yku My HOpGUPUHATOM IIMHKA, OOPUIMPOBAHHBIM I10
JIBYM COCETHHM [-TIOJIOXKECHUAM, U 2,6-AuOpoMIUpUaAnHOM B mpucytcTBrn 3 Mon% Pd,dbaz u
12 mon%

BIIOCJIEACTBUU ynajoch Iukiau3oBarh (Cxema 50), mpuMeHsis 3HAUUTENIbHO YBEJIMYEHHbIC

O\ o]
B B
ol e
+ BI'/Q\BI‘
O\/B B\/o
0]
Ar ©
tBu 10 % mon. Pd,dbas
_ 40 % mon. PPhy
Ar = 2 akB. Cs,CO3 2 ake. CsF
{Bu Tonyon/OM®A
Ar Ar
Ar Ar

tpudenmndochura ObUT MOMYyYEeH PsiA  JIUHEHHBIX OJMTOMEPOB,

KosmyectBa KaraausaTopa — 10 mon% Pdydbas u 40 mon% PPhs.
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Ar Ar

Br |N\ Br
Ar Ar =

3 % mon. Pdodbas
12 % mon. PPh; Ar

\ /B -0 /

z

n=1,2,4,6

—n 45 -50 %

Ar
0
/
B\O
10 % mon. Pd,dbag
Ar 40 % mon. PPhg
8/07%
\
o)
Ar

Ar,

n=1,2,4,6
55-60 %

Ar

Ar

Cxema 50.

Uucno BXOAAMUX B MAaKPOIMKINYECKYIO CTPYKTYPY (hparMeHTOB mopdupruHaTa HUKEIS,
COWICHEHHBIX MEXIy C000H 2,60-MUPUIUICHOBBIMU MOCTHKAMHU MO [-TIOJOXKEHUSM MOKET
BapbUPOBATHLCS OT 3 JI0 8, a MX BBIXOJIBI HAX0AATCs B mipenenax 55—60%. B HekoTOphIX cirydasx
TEMIUTATHBIN 2P EKT 3HAYUTENBHO 00Jer4aeT CHHTE3 MaKPOIMOIUIIUKINIECKIX COSIUHEHUH, B
KOTOPBIX MOp(QUPUHOBBIE Apa OPTaHW30BAaHBI B 3aMKHYTHIE Koyblla. B pabote [47] momydyeHo
KOOPJIMHAIIMOHHOE COEIMHCHHE HUKJIAYECKOTO opPUPHHOBOTO TeTpamepa n
TeTpanuPUAWIIOPPUPHHA C TTIOMOIIBIO PEaKIIMU MeTaTe3nca ¢ MCIOJIb30BaHUEM KaTaln3aTopa
['pab6ca BTOpOrO MokoneHus. [Ipu momeITKe CHHTE3a TeTpaMepa 0e3 MCIOIb30BaHMS TeMIuIaTa

(TerpammpuaunnopdupuHa) 00pa3oBeIBaIach TPYAHOPA3ACIsieMasi CMECh KaK MUKINYECKUX, TaK
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W JIMHEWHBIX OJIMTOMEPOB M BBIXOJ TeTpamepa He mnpesblman 28%. Ho npu n3HavaibHOM
BBEJICHUU TEMILIATa PEaKIus MpoTeKasa MPEeuMYIIECTBEHHO ¢ 00pa3oBaHuEM TeTpamepa. XOTs B
PEaKIIMOHHON CMECH MPUCYTCTBOBAJ TAKXKE LUKIOAMMEDP, XpOMaTorpaduieckoe pas3jieicHue ee
MPOXOJUIIO YK€ CYIIECTBEHHO Jjerde. B pesynprate nukionumep ObL1 BbaeneH ¢ 17%
BBIXOJZIOM, a KOMIUIEKC LHUKIOTeTpamepa C TEeTpanupuaui NopUpUHOM — C BbIXoAOM 62%

(Cxema 51).

. O

O Ar
3 Ar = n-tonun
/ 0,5 akB. Ru2 N
Ru2

es— N “Mes
Mes YN

Ar CI//R
s e el e
< 0 lil\Ar O§)3

Ar.

Cxema 51.
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2.2 Meab-katajJnu3upyeMoe aMUHUPOBAHUeE.

B mepBoii yactum o0030pa nuTeparypbl OBUTM TPHUBEICHBI CBEICHUS O CO3JIaHHUU
nopGUPUHOBBIX TUAJ U TPHAJl C UCTIOJIH30BAHUEM MAJUIaIUNH-KaTaTU3UPYEMOT0 aMUHUPOBAHHUS C
ydgactueM auaMuHOB. B maGopatopum DOC Xumuueckoro ¢dakyinprera MI'Y B Teuenue 15
MOCIICAHHUX JIET aKTUBHO pa3padaThiBaeTCs JaHHBIA KATATUTUYCCKUI METOJ, B TIEPBYIO OYEPEIb,
B TPUIOKEHUH K (TETepO)apuIMpOBAHUIO M- W TOJHMAMHHOB, OBbUT pa3paboTaH MeETO[
HOJy4YeHHs UX anukiandeckux [48] u makpouukindeckux npousBoAHbx [49-51]. B Hactosiee
BpeMsi Bce OoJiblliee BHUMaHUE yJEseTcs KaTaIUTUYeCKOMY aMHUHHPOBAHHUIO B MPHUCYTCTBUU
KOMIUJIEKCOB MEIHW B CBSI3M C HEOOXOIUMOCTBHIO 3aMEHBI JIOPOTOCTOSINEro MNaliajus H
TOKCUYHBIX (POCHHUHOBBIX JMTaHIOB, IMOATOMY JaHHAs YacTh 0030pa JHUTEpPaTyphl MOCBSIICHA
KpaTKOMy 0030py COBPEMEHHOTO COCTOSIHMS ~JaHHOM mpoOiemsl. Karamusupyemoe
KOMIUIEKCAMH MEJIU aMHUHHUPOBaHUE (TETepO)apIITaIOTeHUIOB B ILENAX IMOIYYCHUS apuii- U
reTepOAPUIIAMHHOB YCIICITHO PAa3BUBACTCS B TEUCHHE MOCICAHHMX JCCATHUICTHN. 3a 3TO BpeMs
OITyOJIMKOBAaHBI COTHU Pa0OT, MOCBSIICHHBIX JAHHOMY IPOIIECCY, UMEIOTCS COOTBETCTBYIOIIHEC
0030psl  [52-54], m03TOMY MOJHOIIEHHBIA 0030p 3TOr0 MeToda SBHICS Obl IPEIMETOM
MoHOrpaduu 1O cBoeMy OOBEMy U IIUPOTE MPEACTaBICHHBIX coenuHeHuid. B mganHOM
naparpade paccMaTpuBarOTCsi HamOoJiee BaKHBIE MJISi BBITIOJHEHHUS JTAHHOTO HCCIEIOBAaHUS
aCTmeKThl M HE MOXKET OBITh IIOCTaBJICHA 3ajJada BCEOXBATHIBAIOIICTO OCBEIICHHS ATOTO

KaTaJIUTUYCCKOIo moaxoJaa K (reTePO)apI/IJ'IaMI/IHaM.

2.2.1. Cunmemuueckue 603MOIHCHOCMU.

Eme B nauane 20-ro cronerus ®@pun Ynapbman u Mpma [lonbabepr oTkpbuid psif
IIPOMBIIIIEHHO BaXKHBIX pEAaKUUi, MPOTEKAOIINUX B MPUCYTCTBUM CTEXMOMETPHUUYECKHUX
kKonuuecTB Meau. Hanpumep, npu konaeHcanuu apuirainoreHunos npu 200-360°C B nHepTHOM
pacTBopHTENe WM 0€3 HETO B IPUCYTCTBUU MOPOIITKA MEIU WM OPOH3BI MOTy4YaroT OM(EHUITBI.
AHajorM4Has peakius apwirajJoreHuJI0B C aHWIMHAMHU C OOpa30BaHMEM apOMaTHYECKHX
aMHHOB U 110 HBIHEIIHUH JIeHb SIBJISETCS NPOMBIIIJICHHBIM CIIOCOOOM TOJYYEHUS IH- |
TpUApUIAMHUHOB. B 3THX ke yCIOBHSX, B IPUCYTCTBHUM CTEXMOMETPUYECKUX KOJIUYECTB MEIHU,
Wpma Ionpadepr ocyimecTBuiia apuinpoanue amuaoB [55, 56]. B mocneayromme roasl Obun
IPEJIOKEHBl METOJIbl apUIMPOBAHUS (EHOJIOB, AIKUIOEH30J0B, apUICYIb(UHOBBIX KHCIOT,
pacmpuBime obnacte "YibpmaHoBckod xumuu" [57, 58]. C MoMeHTa CBOEro OTKPBITHS
peakuusi coueTaHusl MO YJIbMaHy CUMTAETCA MPOCTHIM METOJOM JJISl CO3AAHMS CBSI3U MEXIY
YIJIEpOOM M TeTepoaroMoM. HecMOTpsi Ha 3TO, CHHTETHYECKU MOTEHIMAal JAaHHOW peakiuu
BEChbMa OrPaHWYEH B CBS3M C IUIOXOM pPacTBOPUMOCTBIO COJIEM OJHOBAJICHTHOW MEIH,
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HEOOXOJUMOCTBIO HCIIOJIb30BAHUS BBICOKMX TeMIepaTyp A NpPOTEKaHUs HHTEPECYIOINX
npepamiennii  (mo  200°C), a TakKe UYYBCTBUTEIBHOCTBIO BBOAMMBIX B  PEAKIUIO
apUITaJIOTeHUI0B K KECTKOCTH YCJIOBHH. Erie 0oJHUM BaKHBIM HEJOCTAaTKOM JaHHOTO METOJa
ABIISJIOCH UCIOJIb30BAaHUE CTEXMOMETPUUECKUX KOJIMYECTB MEIHBIX COJIeH, YTO, KaK CIEICTBHE,
OPUBOJIWIO K OOJBIIOMY KOJHMYECTBY OTXOJOB M JENAN0 JAaHHBIA METOJ HEIKOJIOTUYHBIM.
[To3nnee ObuIM caenaHbl BaKHBIE M3MEHEHHS B YCIOBUSAX PEAKIUH COYETAaHHs 1O YIJbMaHy,
KOTOpHIC TIO3BOJIMJIM CMSTYUTH JaHHBIE YCIOBUS W PACHIMPUTH KPYr apHITrajoreHuoB,
CIOCOOHBIX BCTYNATh B JaHHbIC IpeBpamicaus [59-61]. KimouyeBas naest MoauHKaLMK YCIOBHIMA
JAaHHOW peaklMd COCTOUT B TOM, UYTOOBI HCIIOJIb30BATh pa3MyHbIE J00aBKH, KOTOpBIE
CIOCOOCTBOBAJIM OBl YJIYYILEHUIO PAaCTBOPUMOCTH MEIHBIX COJIEH, YTO TIO3BOJMJIO Obl
UCTIOJIF30BaTh KaTAIMTHUECKUE KOJMYECTBA MEIH, a TAK)KE CMATYMIO OBl yCIOBUA. YBEINYCHUE
pPacTBOPUMOCTH MEAM, KakK MPaBWIIO, JOCTHUTAeTCs MyTeM J00aBiICHHS MOIXOJSIIET0, 4YacTo
OHMIEHTAHTHOTO, XEIAaTUPYIOIIEro areHTa, B KauecTBe KOTOPOrO0 MOTYT OBITh B3AThI JHAMHHBI,
aMUHOKUCIIOTHI, 1,10-peHaHTpOIMHBI, JUOJBI U IPYTHE a30T- U KHCIOPOACOAEpIKAILUE JTUTaH bl
[62-68]. B paGore [69] peakums N-apunaupoBaHus Oblla MPOBEACHA B HPUCYTCTBHH
pacTBOPUMOr0  aMHUHOAPUITHOKOMILJIEKCA OJIHOBAJICHTHOW Menu, B pe3yiapTare ObLIn
CHUHTE3UWPOBAHBI JU3aMEIICHHbIE apUJIaMUHBI U3 apIIOPOMUIOB, TPU UCTHOIB30BaHUM 2.5 Mon%
OJIHOBAJICHTHOTO KOMILJIEKCA ME/IH.

B pa6ore [70] 6butn u3yuens! Tpu rasiorenuaa ogHosanentHoi Meau (CuCl, CuBr u Cul)
JUIsL OTpe/ieSIeHNs BIUSHHS AaHHOHA HA PEAKLIHIO0 MeIb-KaTaIU3UPyeMOro COYeTaHHUsI MOAEIbHBIX

UMHIa3051a U OCH3MIaMuHa ¢ apuiranorenuaamu (Cxema 52).

~ 2.5 monn% CuX =
R Y + HN R N
\=N  K,CO; L1 5. \=N

Y =Br,1 NMP 1 man 61-91%
R =H, CH;, OMe 160°C, 16 4
X=Cl Br,1
H,N 2.5 mon% CuX H
R Y + — R N
K,COj3 1.1 3kB.
NMP 1 ma
Y=BrI o 9-50%
R = H, CH,, OMe 160°C, 16 1 °
X =Cl, Br, 1

Cxema 52.

[To uroram AaHHOTO MCCIEIOBAHUSI MOKHO CJI€JaTh 3aKJIIOYEHHUE, YTO €CTh Pa3IMyuue B
MPOTEKAHWU PEAKIUU COYETaHUs He TONBKO Mg N- u O-HykiaeopHsIoB, HO U AJisl IEPBUYHBIX U
BTOPUYHBIX aMUHOB. Takke 0Ka3aloch, UTO MPUPOJIA FAIOT€H-aHUOHA UTPAeT OCHOBHYIO POJIb B

JaHHBIX TPEBpAIICHUAX, TaK Kak HauOoyiee Xopoliue pe3yiabTaTbl ObUIM TOJIY4YeHBl B
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MPUCYTCTBUH OpOMUA-aHHOHA. BO3MOXHBIM OOBSICHEHHEM JaHHOTO SIBIEHUS MOXET OBITH TO,
YTO B MPUCYTCTBUU MOIUA-aHUOHA MMPOUCXOIUT CTAOMIIM3ANS MEAN B CTETICHH OKUCICHHS +1,
4TO JellaeT ee CTAaOMIBLHOW W HEpacTBOPUMOH, B TO BpeMs Kak OpOMH] TMO3BOJISICT JieTdye
OKHUCJISITh ME/Ib U IPOMOTHUPOBATH KaTATUTUYECKUHN UK.

B pabGore [71, 72] ObUTIO MOKa3aHO, YTO O- M [3-aMHHOKHCIIOTHI CIIOCOOHBI YCKODPSTH
peaKuu aMUHHPOBAHUS ApWITAJIOTCHHUIOB B PEAKIUU YIIbMaHa, YTO MPUBOAHUT K PEaKIUH
COUCTAHMS apPWITAIOTCHUOB C 0O- © [-aMUHOKUCIOTAMH TMPU JOCTATOYHO HHU3KHUX
Temmneparypax. B mpopomkeHue JaHHBIX pa0boT ObUla BBIIBHHYTa HIEs O TOM, 4YTO
AMUHOKHUCJIOTBI MOTYT OKa3aTbCid BIOJHE MOAXOMAUIMMH JIMTAaHAAMU JJS  YIy4IIeHUS
KaTaJIMTUYECKOM CUCTEMBI B PEakIsaX aMUHUpOBaHus 1o Yibmany [63]. s npoBepku qaHHOM
Teopur ObUla BBIOpaHA B KAueCTBE MOJCITBHOM PEAKIMM PEAKIUS COYCTAHUS MEKIY
non0eH30yI0M 1 OeH3mIaMuHOM. Ha mpumepe JaHHOTO mpeBpaileHus ObUT MPOBEPEHO BIUSHUE
psaa aMUHOKUCIOT Ha 3¢ ¢dekTuBHOCTh nporekanus peakuuil (Cxema 53). [lokaszano, uro a-
AMUHOKUCJIOTHI TIO3BOJISIIOT MOJTYYUTh JTYYIIAE BBIXOMBI, YeM [3-aMHHOKHCIIOTHI, a Takke uTo N-
3aMeIeHHbIe AMUHOKUCIOTH Tipeanoututenbaei N,N-3amenieHHpIx aMmrHOKHCI0T. Ha mpumepe
N-metunrauuuHa OBUIO MPOJEMOHCTPUPOBAHO, YTO Jy4mIUM cooTHouieHueMm Cul/nmurang
apnsgercs 1:2. Taxke B KauecTBe JIMTaH/IA B PEAKIUSAX COUYETAHMS PA3NIUYHBIX apPUIMOAUIOB C
aMuHamMHu ObUT TIpoBepeH L-mponwH. BBUTO OOHApyXeHO, YTO BCE NMEPBUYHBIC aMUHBI JAIOT
XOpOIIINE BBIXOJIBI TEJIEBBIX MPOYKTOB, B TO BpeMs KaK BTOPUYHBIC aMUHBI CYIIECTBEHHO MEHEe
peakimoHHOCTIOCOOHBI. Takke MpeanokeHHass KaTaluTHYecKas CUCTEMa TMO3BOJISET MPOBOAUTH
PEaKIUI0 COYeTaHUS apUIaMHHOB ¢ apuiuomuaamu naxe npu 90°C ¢ momydeHuem

JUapUIMPOBAHHBIX IPOAYKTOB.

| HoN
Cul
+ O
AMUHOKHUCIIOTBI

BBIXOI, %
MeHN” “CO,H 72
Me,N~ SCO,H - 68
BnHN™ “Co,H &2
52
Bn,N~ “CO,H
co,H ©
MeHN~ >"""2 s
/\/002H
MezN 57
CO,H
BnHN™ "2 ¢

O‘COZH

Iz

Cxema 53.
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ByxBanb cooOLIMII, YTO UCTIONB30BaHUE STUICHIVIMKOIIA B KQUECTBE JIMI'AH/A TO3BOJISIET
npoBoauTh Cul-kaTanu3upyemoe coueTaHUe aJKUIaMUHOB U apuinoanaos npu 80°C, a Takxke
amuHHpoBaHue apwibpomuaa npu 90°C B HPUCYTCTBUHM AMATWICAUIMIMIAMHUIA B KayeCTBE
nuranna [73]. Apyras apdexTrBHas KaTaIuTHYeCKas CUCTEMa MPEIoaraeT UCIOIb30BaHUE B
KauecTBe Jrania P-keroddupa [74]. OHa TO3BOJNSET NPOBOAMTH COYCTAHHUE DA3IUYHBIX
a30TCOJEPIKAIIMX TE€TEPOLUKIOB IMPU YMEPEHHBIX TEMIIEpaTypax, a TaKKe OCYIIECTBIATh
peaKIMy apUIMOANUIOB C MUPPOJIMAMHOHOM IPH KOMHATHOHM TemmepaType (Cxema 54).

kat: CuBr
nurang;: B-ketoacpmp

ArX +  Nu-H - Ar-Nu
Cs,CO5 20 - 80°C

_ . O O
X=1,Br Nu-H: amngpbi nvraHa;
MMKaa3onbl OEt
hbeHonbl
TUOIbI

Cxema 54.

YeH ¢ koyieramu BBISICHHI, uTO 1,3-nmukeroH B couetanuu ¢ Cul sBusercs 3¢ dexTuBHON
KaTAIUTUYECKOM CHCTEMOM Ul NpPOBEIEHUs COYEeTaHUs MeXIy apuiOpoMuaoM U
aszoTcolmepkaiuM rerepouukioMm [75]. HecmoTpst Ha Oosiee IKECTKHE YCIOBHUS, YeM
IpeUIoKEHHbIE B MTPpEbIIylIel paboTe, MpH MCIIO0JIb30BaHUM JJAaHHON KaTaIUTHUYECKOW CHCTEMBbI
yIajgoch TMOJIY4YUTh JOBOJBHO MHTEPECHbIE pE3yJabTaThl IPH apUIMPOBAHUU HMHKJA30J1a

AKTHBHPOBAHHBIMHU MPOU3BOIHBIME XJoprnupuanHa (Cxema 55).

™\ Cul (10 mon%), L (10 mon%)
HetarHal + N\/NH

~ S\—Hetar
K,CO3, DMF, 110°C N=/

Cxema 55.

KonaeHcanuio pa3ianyHbIX TETEPOIUKIOB ¢ OONBIINM KOJIUYECTBOM apUIOPOMUIOB MpH
90°C MOXHO TMPOBOJIUTH B MPHUCYTCTBUHM KaTalW3aTopa, COJEpXkKAIIero MeOb U IKele3o:
CuO/[Fe(acac);] (Cxema 56). JlanHas cucTeMa SBIIETCS BeCbMa OJKOHOMHYHON U
KOHKYPEHTHOCTIOCOOHOW  anbTEepHATHUBOM 111  OOBIYHO  HCTOJB3yeMOW  KOMOWHAIUU

Cu(I)/murang [76].

/ﬁ CuO/[Fe(acac)s)] ~
X + HN N\
\o=N 2 3kB. Cs,CO; N=
DMF, 100°C, 154 91%
X=1,Br °

CxeMma 56.
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Cunramypckue ydeHble [7/7] moOKazaaw, YTO MPH apUIMPOBAHUH OEH3MJIAMHHA
ApWIMOUAMH, COJIEPKAIIMMH KaK dJCKTPOHOJOHOPHBIC, TaK W DIEKTPOHOAKIECHTOPHBIC
rpynnbl, cooTBeTcTByIomMe N-apuiImpou3BOAHBIE MOTYT OBITh IOJIYYECHBI MPH KaTalu3e
10 mon% Cul, mpuuem B kadecTBe OCHOBaHMS 3(QexTuBeH KapOoHAT 1e3us. Peakuuio
npoBouiu B JIM®PA npu 135°C, ucnons3ys ABYKpaTHBIN H30BITOK apUIHMOIN1a, TPUYEM BBIXO/I
cooTBeTCTBYIOMIMX N-apuimpou3BoIHbIX cOCcTaBHII OT 55 10 88%. B 3THX ke ycrnoBusiX, UCXOs
U3 TEePBUYHBIX anu(paTHYEeCKUX ¥ BTOPUYHBIX [UKIMYCCKUX aMHUHOB U HOJAPCHOB,
COOTBETCTBYIONME N-apHIaHHIHHBI MOKHO IOJIYYHTh C XOPOIIMMH BbIxomaMu (63-78%)
(Cxema 57).

Cul (10 mon%)

= I
NH - Cs,CO; IR
©/\ 2 (. / X N N
RY DMF, 135°C H

244

Cul (20 mon%)

Rig Cs,CO; (2 5KB.) Ry
NH -+ | N
R, DMF, 135°C R,

24 4

Cxema 57.

OcoOblii HHTEpEC MPEACTABISAIOT pe3yabTaThl Bombda ¢ cotp. [78]. ABTopsl mokasany,
4TO JUIsl apUJIMpPOBaHMS IIMPOKOrO Kpyra aMHMHOB (II€pBUYHBIC aludaTUYecKue, BTOPHUYHBIE
annpaTUuecKue, apoMaTHYeCKWe aMHUHBI) MOTYT OBbITh KCIIOJIb30BaHbl apUIOPOMUIBI U
ApWIXJIOPUIBI, a JUIsl ApWIMPOBAHUS aMHUAOB - apWIMOMUABI W apwiOpomunsl. Peakuuio
npoBoAAT B mpucyrctBuU S5 Moi1% Cuz0 B N-metunnupponunone mnpu 80-110°C, npuuem amun
Wi amuz O6epercs B ABYKPaTHOM M30BITKE MO OTHOLIEHHIO K apuiragoreHuy. OCHOBaHHEM B

JIAHHBIX MPEBPAILCHUSIX CIYKUT mpem-0yTokcu Hatpus (Cxema 58).

X NH,
AN Cu,0 (5 mon%) X
—tR + NH;sH,0 —————> IR
= H20:NMP (1:1) F
80-110°C
X =Cl, Br, I
Cxema 58.
Karanmutuueckass cuctema CuO/DTPA (DTPA = ausTUIEHTpUAMHHIIEHTAYKCYCHAast

KHUCITIOTA) SIBIISIETCS YKOHOMUYECKH BBITOAHOW, PEHMKIN3YEMON U IKOJIOTMYECKH Oe30MmacHOMH,
TOMOTEHHOM M MCIOJIb3YeTCs JJI HAPaBJICHHOTO aMUHUPOBAHUS apUITAIOTCHUI0OB aMMHUAKOM.
[lepBuuHble apuiiaMUHBI MOTYT OBITH JIETKO MOJYYEHBI B JJAHHOM KaTaJUTHYECKOH CHCTEME C

XOopomunmMu BbIXOJaMU npu HUCII0JIb30BaHUN apuJIraJorcHnuaoB, COACPpKaAIINX KakK
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3JICKTPOHOJIOHOPHBIE, TaK M SJEKTPOHOAKIICNITOPHBIE 3aMECTHUTEINM B BOJHOW cpeae 0Oe3
nobasiienus [TAB [76] (Cxema 59).

10 Mmon% CuO

20 mon% DTPA
ROX + NH;H,0 ———> R NH,
2 sxB. KOH
H,0, 100°C
X=Br,I

R =H, CH; OMe, Cl, F, COOMe, NO,

Cxema 59.

JlnutenbHOE BpeMs MPOTEKAaHUS PEAKUHMH MeAb-KaTaIU3UpPyeMOro KpoCC-COUYETAHMS
MOXHO COKpaTUTh IPU HUCIHOJIB30BAHUU [-AMKETOHOB B KAaueCTBE JIMTAHAOB IS
NPEOTBPAICHUS BO3MOYKHOW Je3akThBanuu Karaiauzaropa [79]. Karamutuueckas cucrema
rerepupyercs in Situ u3 Cul u 2-u300yTHPHIIIUKIONEKCAHOHA B KAUECTBE JINTAH/Ia U MTO3BOJISCT
MPOBOJIUTh AMUHUPOBAHUE TAJOTCHIUPUIUHOB WIM apUITAJOT€HUIOB J1aKe€ NMPH KOMHATHOU
temmepatype (Cxema 60).

| (Eul (5 won%) W
_ (20 mon%) O
Coosmem N e

HoN 85%

(e} (0]
HO é)H/
L:

MGJII)-KaTaJ'II/I3I/Ipy€MOC AMHUHUPOBAHUC cTajio OECHHBIM METOJ0M CHHTEC3a

Cxema 60.

A30TCOJEPIKAIINX TeTEPOIMKIOB U3 CTAaHIAPTHBIX HAYAIbHBIX CTPOUTENBHBIX 010KOB. HenaBHO
byxBanbmom u AnpTtmMaHoM Obiio coobmieno Cu(l)-xatamusupyemoe N-apunupoBaHue
A-rugpokcunMpuanHa apuiopomugamMu u apuwinoauaamu (Cxema 61) [80]. IMomyuaemas

nupunuH-4(1H)-oHoBass cTpykTypa Oblla OOHapyXeHa B TNPUPOJHBIX U OHOJOTHYECKHX

COETMHEHUSX.
B “
G Cul (10 mon1%) N
HO ) L (40 mon%) Z N
S
n K;P0, DMSO O Z
120°C, 48 u L / 65%
[
| N L: M
tBu tBu
Cxema 61.
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Hecmotps Ha nzobunue padot, nmocesmeHHbx Cu(l)-kaTanmusupyeMoMy apuiIMpOBaHHUIO
pa3Ho00pa3HBIX MOHOAMHUHOB, B JIMTEPATYPE UMEIOTCS TOJIBKO STUHUYHBIC IIPUMEPHI TTOTydeHUS
ApWITIPOU3BOJHBIX TOJUAMHUHOB TaKUM METOJIOM. Tak, HemaBHO XaH C COTp. MPEAJIOKUIU
UCIIOJIb30BaHUE JIMAMUHOB W AaMHUHOCHHUPTOB B peakiusx N-apuidpoBaHUsS pPa3IUYHBIMU
apuiragoreHuAaMH, Peakiui MTPOBOAMUIIU MPU COOTHOIICHUU peareHToB 1:3 9KkB. (rajoreHapui:
aMUH/aMUHOCIIUPT, COOTBETCTBEHHO) (Cxema 62). Jlannyro peaknuto karamuzuposainu 10 mon%
CuCl u ueneBble MPOAYKTHI APHIMPOBAHMS OBUTM MOJYYEHBI C XOPOLIMMH BBIXOJaMHU MpU
HeBbIicokoi Temmepatype (0-90°C) 3a 8 yacoB 6e3 ucrnonb3oBanus pactsopurencii [81]. Camprii
BBICOKHU BBIXOJ ObLT mosyueH mis 1,3-mponanguamuba 92%, a Hanbosiee TPyAHBIM OKa3ajcs

CUHTE3 MOHONIPOU3BOAHOTO 1,4-1MaMUHOOyTaHa, KOTOpOe 00pa3oBaiock ¢ 15% BbIXOI0M.

CuCl 10 mon%
KOH 2 akBuB
Ph-l + NHy(CH,),NH, > Ph-NH,(CH;),NH,
0°C
8y

n=34

Cxema 62.

B napyroit pabore [82] Obuio mokaszano, uro karanu3 cuctemoit Cul ¢ merdopmuHOM
(10/20 mon%) B mpucyrcTBUM KapOoHaTa Ie3Us B KHUIISIIEM 3TAHOJE MO3BOJISAET 3()PEKTUBHO
KaTaJIM3UPOBATh JAHAPWIUPOBAHHE JTHAMHUHOB, IO3BOJISAS IMOJydYaTh II€JEBbIE MPOIYKTHI C
BBICOKMMH BbIxoJaMu (Cxema 63), mpu 3TOM peakliMoHHas CocOOHOCTh Mpoman-1,3-auamMuna u

Oyrtan-1,4-muamuHa, Ha060POT, OKa3anach OYEHb OJIM3KOM.

Cul, Met
CSZCO3
Ph-I + NHy(CH,),NH, » Ph-NH,(CH,),NH-Ph
n=3,4 EtOH, kunsuenue n=3 74%

n=4,78%

Cxema 63.

B pa6ote [83] Obl1H M3yUeHBI MeIb-KaTATH3UPYEMOE KPOCC-COUETAHUE IS MOTYIESHUS
MOHOAPUJITTPOU3BOAHBIX MOHO- WM JIMAMHHOB. BriepBbie OBLIO MPEIOKEHO HCIOJIb30BAHUE
HaHouactul] CupO u CuO, a Ttaxxke Mukpoyactuly CuO B KadyecTBE KaTaJU3aTOPOB st
MOJIY4eHHUs] apui3aMellleHHbIX amMuHOB (Cxema 64). bbul0o MNpOBENEHO CpaBHEHUE C
tpaguronabeiM Cul [84, 85], Takke ObIIIO M3YyYCHO BIIMSHUE HA BBIXOJ MPOAYKTOB BPEMEHU
peaKiMy, COOTHOIIEHHUS pPEareHTOB, HEOOXOJMMOCTh TPOBEACHHS TpoIlecca B HHEPTHOU

atMocdepe.
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[Cu]
(1 Mon%) /\MNRZ
/\MNRZ HN
+ HoN n CH;CN (xumstucHue)
n=1; R=H; Y=NO,
1.V — n=1;R=H;Y=H
Y iﬁ;%}(:E"Z n=1;R=H;Y =CH,
X=ITY=CH n=1; R=H; Y =0CH;
X:ITY:OC%I n=2;R=H;Y=NO,
X—Bry-n Y  n=5R=H;Y=NO,
X:Cl"Y:H n=2;R=H; Y=H
’ n=2;R=H;Y=CH;
Cxema 64.
B 2010-2011 romax B mabopatopun DOC wuccnemoBano Cu(l)-karamusupyemoe

apWJIMPOBAHUE MOJICIHLHOTO TPUAMUHA, TETPAaMHHA M JIBYX OKCAaJIUAaMUHOB C MCIOJIb30BAHUEM
psaga apuanoauaoB [86]. B manHOM mcciaemoBaHuu OBLIO OMPOOOBAHO OOJBIIOE KOJIUYECTBO
KaTaJIUTHYCCKUX CHCTEM, IIPH 3TOM BapbUPOBAICS HMCTOYHHUK MEJH, JIMTaH, PacTBOPHUTECIIb,

OCHOBaHHWE, TeMIlepaTypa peakiuu. bplI0o TmOKa3aHO, YTO MHOTHE JIMTaHIbI, XOPOIIO

3apeKOMEHI0BaBIINE ceOsl B apHIMPOBAaHIMH MOHOAMUHOB (3TUJICHIJIMKOIb, 1,10-peranTponuH,
12
N*,N°-nusTuneHimaMuH, OKCHM CaJIMLMJIOBOTO ajbAerujia), He MOIyT OBbITh YCIELIHO

IMPUMCHCHBI JJIA JUApHUIUPOBAHUA IIOJIMaMHUHOB. beimu BBISIBJICHBI OIITUMAJIBHBIC

KaTAIMTHYCCKUEC CUCTCMbI, B KOTOPBIX UCTOYHUKOM MCIU CIIYKUT CuI, JUranaamMm ABJIAIOTCA L-

IPOJINH, aUETHWILIHUKIOIeKCAHOH, 2-U300yTUPUIIUKIOreKCaHoH. HawmmydmuM ocHOBaHueM

apnsiercs Csp;COsz, B kauecTBe pacTBopuTeneil Moryr ObITh Hcnonb3oBanbl MeCN, EtCN u
JIM®A. B pabore [86] ObUIO yCTaHOBJIEHO, YTO IHAPUIMPOBAHHE MOJMAMHHOB MPOTEKAET

Jerye, 4YeM apuiIhpOBaHHMEC OKCAAWMAMHWHOB, OJHAKO B ClIydac IOJIHAMHHOB BO3MOXKHO

poTeKaHue MOOOYHOTO MPOIecca apUIMPOBAHUS 110 BTOPUUHOM amuHOTpyIie (Cxema 65).

Cul (10 mon%)

L (20 mon%)

PN Ar< /\X/\H/Ar

X" NH,

Ar-Hal + H)N

N

H
10 96%

X = CH,CH,NHCH,CH,NHCH,CH,,

CH,CH,0OCH,CH,OCH,CH,OCH,CH,,

Ar-Hal = 4-6udennn, 4-aueTokcnbndeHun,
2-HadpTUn,
3-(amaTnnammHokapbokcu)dpeHun

CH,CH,NHCH,CH,,
CH,OCH,CH,0CH,
|
Cul (10 mon%) O-N
+ H2N/\X/\ 2 - (20 o) i \©\ R
A\ -R3
XN
NO, R4 R,

R1 =Rz =R3=p-NO,CgH,
R1 = R2 = p-NO2CsH4’ R3 =H
Rz = p-NOZC6H4' R1 = R3 =H
R1 = p-NOZCGH4’ R2 = R3 =H
R1 = R2 = R3 =H

X = CH,CH,NHCH,CH,NHCH,CH,,
CH,CH,OCH,CH,OCH,CH,OCH,CH,.
CH,CH,NHCH,CH,,
CH,OCH,CH,OCH,

CxeMma 65.
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2.2.2. Mexanucmuueckue acnexkmeut CU(l)-kamanusupyemozo amunuposanus.

Ucropust wu3yueHus MexaHW3Ma MeAb-KaTaaIu3UupyeMoro aMHUHHUPOBAHUS U KpOCC-
coYeTaHus Mo YJbMaHy B LEJIOM SIBJISIETCA N0Arol u 3anyranHoi. Eme B 1964 r. Balinrapren
MPOBEJ SKCIIEPUMEHTBI, KOTOpPbIE MPOJIMINA OIpe/eJeHHbIH CBET HAa MEXaHU3M KOHJEHCAIUU
OpomOeH30/a ¢ (DEHOJAT-MOHOM B TPUCYTCTBHM OJHOBajieHTHoW Meau [87]. [lanHbie
KMHETUYECKUX M3MepeHuil u crnekTpockonuu DIIP cBUaeTenbCTBOBAIM O TOM, YTO pEaklius HE
MIPOXOAMT IO CBOOOTHOpaIUKaNIbHOMY MexaHusmy. B 1974 r. Koren moxarBepaui 310 psiioMm
apyrux  9kcrepumenToB [88, 89], KOTOpble CBHICTEIBCTBOBAIM B TOJIb3Y HAIHYUSA
MEABOPTAaHUYECKOTO HHTepMenuata. VM ObUT BIEpBBIC MPEIJIOKEH MPOCTON W HATJISIHBIN
KaTAIUTUYECKUM TUKJI I YJIBbMAHOBCKOTO THIA KPOCC-COYETAHHS, BKJIIOYAIOIIUN
OKHUCJIUTEIbHOE MPUCOCIUHEHHE AapWITrajloreHuia K OJHOBAJIEHTHOM MeIu, MPHUBOJAIICEe K
oOpa3zoBanuto unrepmeaunara ¢ Cu(lll), 3a kotopbM crnenyeT 0OMeH rajoreHa Ha HyKJIeopuia u
BOCCTAHOBUTEIBHOE JJIMMUHUPOBAHHE C OOpa3oBaHMEM IMPOJYKTa KpPOCC-COUYETaHUSI U
BOCCTaHOBJICHUEM OJJHOBAJICHTHOI'O COCTOsIHUS Meau (Cxema 66)

Nu X

[Cu']
BOCCTaHOBUTESIbHOE OoKucnmtenbHoe
3NMMUHUPOBaHME npvcoeanHeHve
: [Cul"]-Nu [Cum] X
U Nu

X

Cxema 66. Mexanu3m YJIbMaHOBCKOW PEeaKIMU COTIIACHO mpencTaBieHusM KoreHa.

Omnako B 1976 r. Ban Koten [90] ocmopun muenue KoreHa, mpuBens cieayroline
KOHTpapryMeHThl: 1) oTcyTrcTBHE 0Opa3oBaHMs OMAapUIOB — IMPOAYKTOB IOMOCOYETaHHsS — B
JAHHBIX PEaKIUsX, 2) HECTAOMIbHOCTh apUIIMEIHBIX HHTEPMEIUATOB, CBOIICTBA KOTOPHIX K TOMY
BpPEMEHH OBLIM YK€ XOPOLIO U3YYEHBI B YCIOBUAX YIbMaHOBCKOM peakiuu. B 1982 r. boyman
IIPOBEJ CHELMAIBHBIE CPAaBHEHUS PE3YyJIbTAaTOB MEb-KAaTAIU3UPYEMBIX PEAKIMI MO YiIbMaHy C
TAKOBBIMM ISl PEAKIMM, [UIsI KOTOPBIX HAAEXKHO ycTaHOBIEH Sgpnl Mexanumsm. Takumu
peakuusMU  SIBISUTUCH ~ B3auMoJeiicTBue  4-xyiopuoalOeH3oia ¢ THO(EHONSIT-aHHOHOM H
panuKalibHas BHYTPUMOJIEKYJISIpHAs LUKIM3alus romoamnuiOeH3ona. Bo Bcex ciyuasx Obuio
IIOKa3aHO, YTO B YCJIOBMSX YJIBMAaHOBCKOM pe€akLUu IMPOLECCHl NPOTEKAIOT HMHA4YEe, YEM B
KJIACCUYECKUX YCIOBHX 1Mo Sgrnl Mexannsmy. Tak ObUIO MONIydeHO ele 0JHO MOATBEpIKICHHE,

YTO MPHU KaTaJIn3e OJHOBAJICHTHOW MEJIbIO OTCYTCTBYIOT CBOOOTHBIE PaTUKAIIbI.
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B 1987 r. Ileiin [91] omyOauKkoBan gaHHBIE IO MCCACIOBAHHUIO PA3IMYHBIX HCTOYHUKOB
MEAM B pPEaKUUM YJIbMaHa, M3 KOTOPBIX OH CHAENal 3aKJIOYEHHE, YTO BO BCEX CIydasx
KaTaJUTHYECKas YacTHUIlAa OJIHA, BHE 3aBHUCHMOCTH OT (OPMAIBHOTO OTHECEHHWs Ipolecca K
TOMOT€HHOMY WJIM T€TEPOT€HHOMY, U €10 SIBJISIETCS PACTBOPUMBIM HOH OJHOBAJICHTHON ME/IH.

W no cux mop, HECMOTpsA HAa OrPOMHBIE YCIEXU B yJIbMaHOBCKON XUMHH, Mpobiema,
Kacarollascss MEXaHW3Ma 3TUX PeaKLuil, ocTaeTcs HepelleHHOW. Bee elle sABseTcs: npeaMeTom
JUCKYCCHII MEXaHW3M KaTaliun3a apuiupOBaHUS aMHUHOB U JPYTUX PA3IUYHBIX HYKICO(DHIBLHBIX
CyOCTpaToB KOMIUIEKCAaMU MeAM (3TH MPOLECChl YacTO PacCMaTPUBAIOTCA B COBOKYITHOCTH),
0630p [92] moapobHO ocBeliaeT qaHHYIO MpodiieMy. Hanbosee BaKHBIM M CIIOKHBIM BOIIPOCOM
SIBIIICTCSL TTOJ00p JIUTAHJA, OT MPUPOJLI KOTOPOTO 3aBUCHUT M BO3MOXKHOCTH OCYIIECTBICHUS
peakuuu, u e€ n30UpaTenbHOCTh. Pa3Hble MEXaHU3MBI MOTYT PEaTU30BLIBATHCS B 3aBUCUMOCTHU
ot nmpupobl auranaa L B kommuiekce CuX*L. Takke Cl0KHOCTH BBI3BIBAET CIOCOOHOCTH MEIU
00pa30BBIBaTh AMMEPHBIE KOMIUIEKCHI, KOTOPHIE YacTO IUIOXO WJIM COBCEM HEPAacCTBOPHUMBI B
OpTraHWYECKUX PACTBOPUTENSAX. brarogaps HaKOIJIEHHOMY JKCIEPUMEHTAILHOMY MaTepHaly
CTAJI0 TIOHSTHBIM, YTO TEPBOWM CTAOUEH B 3THUX PEAKIMIX, CKOpPEe BCEro, SBIsETCS OOMEH
rajioreHa Ha HYKIEO(PWI, 3TO OTIMYAaeT HX OT pPEaKIHi, KaTaAIU3UPYEMbIX NaJIaJUeM.
HccnenoBanne HEKOTOPBIX pEaKUUH MOJHOCTHIO MOATBEPAMIIO 3TO mpenmnonoxenue. I[lpu
B3aumozeiictBun ArX c PhSeSnBus, xatanusupyemom Cul*phen, Obll BbIZENIEH KOMILIEKC
CuSePh*phen, koTOpbIif TPOSABISAET Ty )K€ KaTaJIUTHUYECKYIO aKTUBHOCTh, uTo U Cul*phen, urto
JIOKa3bIBACT TIOJIOXKEHHE, 4YTO caM oOmeH wuoma Ha SePh mnpoucxomut ObicTpo [93].
AHaJOTHYHBIM 00pa3oM, B peaklMsIX aMHAUPOBAHUS apUIUOIUIOB NEPBON CTaauell sSBIsSETCS
0o0pa3oBaHNE aMHUIATHBIX KOMIUIEKCOB Meau. byxBanbaom ¢ cotp. [94] mpoaeMOHCTpUPOBAHO,
yT0 W30bITOK JuamuHa (mpanc-N,N'-muMeTwimukiorekcan-1,2-nuamMmuaa) Tpedyercs s
MpeloTBpalieHus] 00pa3oBaHUsl aT-KOMIUIEKCa MeAW W 1 00pa3oBaHUS HYKHOTO
untepmenuata — amuaara Cu(l) (Cxema 67). JlaHHBINH KOMILIEKC 3aT€M KaTAIM3HPYET PEaKIIHIO
ArX ¢ oO6pazoBaHHEM NPOIYKTA apUIMPOBAHUS aMHU/IA.

Co Bpemenu omnyOnukoBanusi pabotsl [leitHa [91] u mo HacTosiiee BpeMsi JOCTATOYHO
oOmieit Toukoit 3penust sBusercs ydactue Cu(l) B karanmse peakiuu, XOTS TMPH KaTaause
peakiuu YnpMmaHa B kinaccudeckux ycnoBusx ucnonbzoBanu Cu(l), Cu(Il) u Cu(0). B cBszu c
ATUM TIPEArNoiaraeTcs, YTo Bce ucTouHuku Meau narT Cu(l) 6maromapst peakiusM OKUACITCHUSI-
BOCCTAHOBJICHHUSI M OJIM3KUM OKHCIUTEIBHBIM MOTEHITMAIaM, a 3(QPEKTUBHOCTh OJHOBAIICHTHON
mean HamHoro Beie, yeM Cu(Il) u Cu(0). locTurayTO coriacue B BOIPOCE O TOM, YTO CTaIus
nepeMeTalIMpOBaHus, BeAymas K oOpa3oBaHuto cBs3u Cu-Nu, MpeamecTByeT CTaauu
OKHUCJIUTEILHOTO MPUCOEAUHEHHUS, U 3TO OTIMYAET MeIb-KaTalhu3upyeMoe aMHHUPOBAaHUE OT

TakoBoro, katanusupyemoro Pd(0).
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Cxema 67.

OnHaKko MHEHUS Pa3HATCS 110 BOIIPOCY O MEXaHU3ME aKTUBAIMH CBs3H Ar-X. OOBIYHO 11O
AQHAJOTMU C TaUIQJMEBBIM  KaTalW30M  pAacCMAaTPUBACTCS  CXeMa  OKHCIHUTEIBHOTO
npucoenuHennss ArX k CuNu ¢ o0pazoBaHHEeM MHTEpMenuara, B KOTOPOM Meb UMEET CTEIICHb
OKHCIEHHST +3, XOTSI 3TO OKHCIUTEIBHOE COCTOSHHE Ui MEAM PEeaTu3yeTcsi OYeHb PEAKO.
OnHako, B OJJHOI M3 HEJABHO ONMYOJIMKOBAaHHBIX paboT [95] oOHapykeH cTaOMIIbHBINA KOMIUICKC,
ObIcTpo pearupyromuii ¢ ¢gramumunoM O0e3 A00aBIEHHS OCHOBAHHMS, YTO CBHICTEIBCTBYET B

0JTb3Y BBICOKOM peakImoHHo# criocoonoctr komruiekcoB Cu(Ill) (Cxema 68).

2+
o)
2CI04 o N
CHCN H-N + [Cu())(CHsCN)CIO,
H—N——Cu"~N—H + NH "N 0
N > i + HCIO,
<_/| o) HN\_j
L H -

Cxema 68.

B nacrosiee BpeMs He OCIapuBaKOTCs apryMEHTHI U BBIBOJIbI, clieaHHble boymaHoM B
1982 r. mpoTuB pamvkagbHOro Mexanusma Sgpyl. B KadecTBe anbTepHATHBBI MEXaHH3MY C
TPEXBAJCHTHOM MeEAbI0 TPEUIOKEH MexaHu3M oOpa3oBaHus m-koMmiuiekca ArX c¢ CulNu,
KOTOPBI MPUBOAUT K OOPA30BAHHUIO G-aHHOHHOTO KOMILIEKCA MPHU UCIOIb30BaHUU B KaueCTBE
navranaa o-amuHokuciaoT [96, 71] (Cxema 69). HaOmromaeMmblii MOPSAOK PEAKIIMOHHOM
cnocobnoctu [>Br>Cl u EwgAr>EdgAr xopomio coriacyercss ¢ JaHHBIMU MexaHu3Mamu. Dy
MPEIOKIII TAKOH MEXaHHW3M JIJI CBOEH KATAIMTUYECKOW CHCTEMBI HA OCHOBE MHUIEKOJIMHOBOU
kucinotel [97]. B apyrux cooOIIeHUsSX MEXaHHW3M HHTEPIPETUPYETCS COTJIACHO MPOIeccaM
OKHCIUTEIBLHOTO TPUCOCAMHEHU/BOCCTAaHOBUTENIbHOTO 3nuMuHupoBanus [98-100]. Dro, B
MEPBYIO OYEpE/b, KACAETCS KAaTaJTUTUUYECKON aKTUBHOCTU MOXO0KUX KAaTaJTUTUYECKUX CUCTEM Ha

ocHoBe N,O- i O, O-0naeHTaHTHBIX JIUTaHI0B.
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Cxema 69.

Ban Koten coo0muin o BIMSHUM paMKaJIbHBIX JIOBYIIEK, KOTOPbIE 3aMEUIAIN U Jaxe
OCTaHABIMBAIM PEAKLIUI0 AMUHUPOBAHUS, KaTAIM3UPYEMYI0 aMUHOTHUOJISITHBIM KOMILIEKCOM
MEJM, YTO JaJI0 eMy OCHOBaHHE IPEANOJI0KUTh BO3MOXHOCTh ocyiecTBieHus SET-mexanuzma
[79]. Meron DFT wucnonp30BaH Ui MCCAEIOBAHMS MEXaHH3Ma MEPBOM CTaAWH PEAKIMU IOCIIe
obpazoBanusi LCuNu s peakiuu noadeH307a ¢ METWIAMHHOM M amuHOAdTaHojamu [101], B
pe3ynbTare NoKa3aHo, YTO MEXaHU3M 3aBUCHUT OT MPUPO/IbI IUTAH/IA IPU CPAaBHEHHUH [3-TUKETOHA
u (enantponuHa. O6HapyxeHo, yTo peakuus amuaara Cu(l) c Arl sBuserca nuMmuTupyromei
craaueii. B cinydyae penantponuna O6nuskue 6apbepsl HabmonatoTes it Mexanu3MoB [AT (atom
transfer) u SET u pe3ynbTar 3aBUCUT OT HPUPOABI HYKIeo(duIa, MOCKOIbKY O-apuInpOBaHUE
npoucxoauT no mexanusmy IAT, a N-apunupoBanue npoxoaut kak SET-mexanusm, a B ciiydae
peakuuu ¢ JUKETOHOM B KayecTBe JMraHaa obe peakmuu uayT no mexanusmy SET. Taxum
00pa3oM, HCKIIOYAETCS BO3MOXHOCTh OKHMCIHMTEIBHOTO MPUCOECIUHEHUS € 00pa3oBaHHEM
Cu(Ill), 11 KOTOPOTo MEPEXOTHOE COCTOSHNE UMEET BHICOKUI SHEPreTUUECKUi Oapbep.

OueBuHO, YTO Ja)Xe TEOPETUYECKOE J0KA3aTeIbCTBO PATUKAIBHOTO MEXAaHHM3Ma IS
OTIpe/IeNIEHHBIX PeaklMii He O3HayaeT HEMPEMEHHO, YTO NMPU HU3MEHEHHH MPUpPOAbl CyOcTpaTa
WIN JIMTaHja He MPOM30HAET M3MEHEHHE MEeXaHu3Ma, TeM 0ojee YTO Meb-KaTalu3hpyeMble
peaKuy 4YyBCTBUTEIBHBl TaKXE€ W K IPUPOJE OCHOBAHMS U pacTBOpuTens. JlelCcTBUTENBHO,
obIn 06Hapyxkensl kommiuekchl [Cu(NPh,),]", [Cu(NPh2)2 11" u [Cu(phen)(NPhy)(p-Tol)]" npu
U3YYEHUU peakuuu apuiaupoBaHuss wmeroaoM ESI-MS, uto cBuaerenscTByeT Kak 00
00pa3oBaHUM PAJMKAJIOB, TaK U O ABYXIJIEKTPOHHOM okucieHun ¢ yuactuemM Cu(NPhy);,
npuosmero k Cu(Ill) [102]. ITomy4yeHHble maHHBIE 00 OTCYTCTBHM B NPOAYKTaX PEaKIUH

coeaunenuit Tuna ArH, Ary 1 T.JI. CBUAETEIBCTBYIOT 00 OTCYTCTBUU CBOOOTHBIX apOMaTHYECKUX
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paauKalioB, TAK)K€ KaK U OTHOCHUTEJbHAs PeaKIMOHHAs CIIOCOOHOCTh pa3nuyHbiX ArX. OmHako
ABTOPBI HE OTPHULIAIOT BO3MOXKHOCTB CKPBITOTO pauKalibHOTO repeHoca [103].

Takum o00pa3zom, 40 CHUX TOp MPHU TOMBITKAX OOBSCHEHHUS PE3yIbTAaTOB MEIlb-
KaTaJIM3UPYEMOT0 KPOCC-COUETAaHUsI IO YIIbMaHy BCTPEYAOTCS Pa3Hble MHEHUS, YTO, OUYEBUIHO,
MIPOUCTEKAET U3 BAPUATUBHOCTH MEXAHU3MOB, PEATU3YIOLIUXCS B 3aBUCUMOCTH OT XUMUYECKON
IPHUPOJBI CYyOCTPAaTOB M TUIA KATATUTHYECKOW CHCTEMbl. ENMHCTBEHHOE, YTO MOXHO CUUTATh
0ECCIIOPHO YCTAaHOBIICHHBIM Ha CETOJHSIIHHUNA JCHb, SBISETCS (DAKT, YTO KATATUTUYCCKUHN ITUKIT
BCErJla HAUMHAETCS YaCTULIEH, COepkKallel OJHOBAICHTHYIO MEJlb, CBSI3aHHOM C aTOMOM a30Ta
aMUHHOW KOMITOHEHTbI PEaKII1H.

YUro kacaercs AJaHHBIX II0 MCIOJB30BAaHUIO MEIHOIO KaTaln3a I CHHTE3a apwi- U
reTepoapwinpon3BOIHbBIX M- W IOJMAMHUHOB, TO HX PEIKOCTh U Pa3pO3HEHHOCTh, 3a
UCKITIOYEHUEM, MOXKaIyi, OJHOro 0ojiee CHCTeMaTHYecKoro wucciemoBanus [86], oTkpbiBaeT
HIMPOKUI TMPOCTOpP MJisi JAETAIBHOIO HU3YYEHHUs BIMSHUSA HPUPOAbl INOJIMAMHHOB, apwi- U
reTepOoapuIrajJoreHu1I0B, Pa3HOOOpa3HBIX KaTAJTUTHYECKUX CHUCTEM Ha Pe3yJIbTaThl JIaHHBIX
IPOLECCOB, 4YTO, OE3yCIIOBHO, JIeJaeT HACTOSIIEE HCCIENOBAaHUE  aKTyaJlbHBIM U

MNECPCIICKTHBHBIM.
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3. O0cy:xneHue pe3yabTaToB.

B o030ope snuTeparypbl OAPOOHO OCBEIIEH CHUHTE3 IOJUMAaKPOLMKINYECKHX
COCMHEHUH, BKIIOYAIONIMX B CBOI COCTaB MOP(GUPHUHOBBIE CYOBEIMHUIIBI, C HCIOIb30BAaHHEM
KAaTaJIUTUUYECKUX  METOJOB. IlockonbKy ~ HacTOAILEE  MCCIEAOBAHHE  IOCBSIIEHO
HOJMMAKPOLMKINYECKUM COEAMHEHUSIM, COJIepKAIllUM KaK HAChIIIEHHbIE, TAK U HEHACHIILIEHHbIE
N0JIMa3aMaKPOLIMKIIBL, CIEeyeT KPAaTKO OCBETUTh COBPEMEHHOE COCTOSIHHE MMPOBOM HAyKH IO
JAHHOMY BOIIPOCY. B 1enoMm, cuHTE3y cambIX pPa3sHOOOPA3HBIX MOJIMMAKPOLUKINYECKUX
COCMHEHUN B TEYEHHE MOCICIHUX MACCATHIICTHH yaenseTcss HeocialdeBaroliee BHUMAaHUE
MHOTOYMCIICHHBIX HcciefoBareneil B JecsaTkax Jiaboparopuil Bcero mupa. Haumbosnbiiee
KOJINYECTBO IYOJMKAIMi IOCBSIEHO OHCIIOPpGUPUHOBBIM, OUCKOPPOJIIOBBIM U KOPPOJI-
NOpGUPUHOBEIM CHCTEMaM C KOIUIAHAPHBIM PACIOIOKEHHEM NOPGUPHUHOBBIX KOJem. ITO
CBSI3aHO C YHHMKQJbHBIMH CBONCTBAMHU JIaHHBIX COCJMHEHUH 10 0O0pa30BaHUIO CaMBIX
pa3sHOOOpa3HbIX KOOPAMHALMOHHBIX COEIMHEHMH € MeTaulaMH, BO3MOXHOCTSIMM IE€peHOCca
SHEPrHMU  MEXIy  HCHACHILICHHBIMH  TeTpaazamakpouukiamu  [104],  uHTEepecHBIMH
UCCJIEJOBAaHUSIMM, CBSI3aHHBIMHU C IPEBPAIICHUSIMU MOJIEKYJIIPHOTO KHCIOpPOJa U MOHOOKCH[IA
yriepona [105-107], HeoObraabIME QoTOGH3NUSCKIMU U GOoTOXUMHYeCKHMU cBoiicTBamu [108],
u 1.10. 3ydyeHune pasHOOOpa3HBIX XMMHUECKHUX MOJXOJOB K CHHTE3y OMCMAaKpOLUKIOB TAaKOI'O
KJ1acca BHOCHT 3HAYHMTENbHBIA BKJIAJ B Pa3BHTHE OPraHUYECKOro cuHTe3a B menoM [109-112].
Bonbiioe BHUMaHuE yenseTcs Takyke OMCMaKpOIUKIaM ¢ ABYMS TeTpaa3aMaKpOLUKINYECKUMU
(¢bparMeHTamMH, JAHHBIE COEIUWHEHUS HCIIOJIB3YIOTCA M B MEIULMHCKHUX HCCIEIOBAaHUAX Kak
3¢ PeKTUBHBIC MEPEHOCYHKH KaTHOHOB MeTasuioB [113-118]. B ocHOBHOM TeTpaa3aMaKpOLUKIBI
B JIaHHBIX MOJIEKYJIaX COEIMHEHbI aJKWJIbHBIMUA WIN aJIKUIApUIbHBIMU JIMHKEPAMU CO CBSI3IMU
C(sp®)-N.  Kpome Toro, OmHCaHO TONy4eHHE C TOMOIIBI0  peakuun  Cy3ykn
TPUCMAKPOLMKIINYECKNX COEAUHEHUH, COAepXalmMx B CBOoeM cocraBe 5,15-mu-meso-
3aMelIeHHBIH MOpGUPUH M JBa CHUMMETPHUYHO pPACMOJOXKEHHBIX TeTpaa3aMaKpOIUKia
(3aIIUINEHHBIE IMKJIEH M TOMOIMKIEH), B KOTOPBIX TAaKK€ CBS3b  HACBHIIIEHHBIX
MaKpOLMKINYECKHX (PParMeHTOB C ApOMATHUECKUM JIMHKEPOM 00pa3yeTcst MOCPEACTBOM CBsI3ei
C(sp3)-N [119]. Cnemyer oOTMETHTH, 4YTO HMEHHO JaHHOE HAIpaBlICHHE B CO3JaHHH
MOJIMMAKPOLMKINYECKUX COeIMHEHNN HamOosee OJIM3KO TeMaTHKE HACTOSIIEr0 MCCIeI0BaHus,
B KOTOPOM, OJJHAKO, IIUPOKO MPEJCTABICH U MHOW CIOCO0 CHHTE3a MOJMa3aMaKpOIMKIOB U HX
CBSI3BIBAHMS C JIMHKEPaMH — rocpenctBoM casiseil C(Sp°)-N. MIMeHHO Hammume NpsMOii CBSI3H
MEXy HUKIOM, KOOPIMHUPYIOIUM HOHBI, 1 apOMaTHYECKUMHU (parMeHTaMH, (HOpMUpPYIOIIUMU
peructpupyembii  IMP, Y® wnm JIOMUHECHEHTHBIH OTKJIHMK, OYIET CHoCOOCTBOBAThH

YIIYYILIEHUIO CEHCOPHBIX CBOMCTB LEJEBBIX MOJIEKYJI. ITHTEpECHO OTMETHUTH, YTO B JIMTEpAType
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BCTpPEUYaeTCs] HAMHOTO MEHbILIE CBEACHUN O TPUCMAKPOLMKINYECKUX MOJEKYNax, 4eM O
OMCMaKpOLMKIMYECKUX, M TPAKTUYECKH BCE JAHHBIE COCIMHEHHS] TaKXKe OTHOCATCS K
IPOM3BOHBIM TeTpaa3zamakpoiukios [120-123].

MaxkpoOuIUKINYeCKHe COeIMHEHUs, coiepKaliue 1Ba (parMeHTa KpayH- U a3akpayH-
3(¢UpoB, TMPEACTABISIOT 3HAYUTENbHBIM HMHTEepec Ojarojaps CBOMM  3aMedarelbHbIM
KOOPJAMHAIIMOHHBIM CBOWCTBAM. 3a MOCJEIHUE TPU JECATHICTHUS pa3paOOTaHbl CHHTETUYECKHE
MOJXO/IbI K CAMBIM Pa3HOOOpa3HBIM THIIaM TaKOT'0 pojia COeAMHEHUH. B yacTHOCTH, MOTyYeHbI U
UCCIIEIOBaHbl  OMCKpayH-3HUpPbl C HM30JMPOBAHHBIMM  MaKpOLUKIAMH, COCIMHEHHBIMU
anmndatudeckuMu  MocTHKamu  [124], co cnmpocodIeHHHBIMH Makpoimkiamu [125], ¢
KOH/ICHCHPOBAaHHBIMU ~ KOJIBI]JAMH,  CBSI3aHHBIMH  HACBIIICHHBIMA ¥ HEHACBHIIICHHBIMHU
nuKIMaeckumMu - parmentamu  [126]. Cpenu JaHHBIX COCAMHEHHMH BCTPEYAIOTCS a3a- |
tHaazakpayH-3gupbl  [127, 128]. BoNBIIMHCTBO H3BECTHBIX HA CETOMHSIIHHHA  JICHb
Ouc(azakpayH) 3(QHUPOB COACPKHUT JBAa H30JUPOBAHHBIX MAaKpPOIMKIMUECKUX (pparmeHra,
CUMMETPHYHO PaCIIOJIOKEHHBIX OTHOCHUTENIbHO apomartudeckoro [129, 130], mMeTamioneHoBOro
[131], nopdupunoBoro [132] wim kanukcapenoBoro [133] cneiicepa.

MaxkpoOUIIUKINYECKHE COSAMHEHUS MOTYT OOBEIUHATh B CBOEM COCTaBE KJIACCUYECKHIA
KpayH-3(up u 6oJee CI0XKHbIE MaKpPOILUKIIbI, BKIIOYAMOIIHEe apoMaTrndeckue Gparmentsl [134],
OIMCAaHBI TAK)KE XUPaIbHbIC OUC-KpayH-2¢upsl [135]. 3HaUNTENbHBIN HHTEPEC BHI3BIBAIOT TAKIKE
pa3HooOpa3Hble MaKpOOWIIMKIIBI HA OCHOBE KpayH- W a3akpayH-3(pMpOB KPUITAHIHOTO THUIIA:
U3BECTHBI JAU- W TpHazamoiduokcakpunranasl [136, 137], OeH30KpHUNTaHIBI, COJACpIKAIINE
dparmenter 1,2-, 1,3- u 1,4-musamenienHoro Oenszoma [138, 139], 2,6-gu3amerieHHOro
nupunura [140]. Tpu- ¥ TeTpauMKINYECKUe COCAMHEHHS MOTYT COJEP)KATh B CBOEM COCTaBe
M30JIUPOBAHHBIE KpayH- W a3akpayH-d2QUpbHI, YeThpe KpayH-dpupa ObLIM KOHIACHCHUPOBAHBI C
terpabensonopdupurom [141], a B Hacrosiiee BpeMsl MIMPOKO H3Yy4alOTCS KpayH-
aHHeNnMpoBaHHbIe TopdupuHbl [142, 143] u ¢pranonuanunsl [144, 145], npuyeM 3HAYUTENBEHBIN
BKJIaJT B 3Ty 00JIaCTh BHOCHUT poccuiickas rpymnma uccienosareneir (A.JO. Iusanze, 1O.T.
['opOyHoBa).

OnHako HauOONBIIMI HMHTEpPEC MPEACTABISAIOT MAaKPOMOIMIUKINUYECKUE CTPYKTYPHI
KpUNTaHAHOTO Tumna. Hampumep, omucaHbl MOJIEKYNBI, B KOTOpPBIX JABa JHa3akpayH-3¢upa
00BbEMHEHBI B MaKpPOTPUIMKINYECKUE CHUCTEMBbI MOCpeAcTBOM anubartnueckux [146] wim
OoensmnbHbIX [147] nuekepoB. CooOmmaeTcss O CHHTE3¢ Tak Ha3blBaeMbIX Cross-bridged
TETPALMKINYECKUX CHCTEM Ha OCHOBE amazakpayH-3¢upoB [148]. YnoOHble cuHTETHYECKHE
NOAXOAbl K pa3HOOOpa3HbIM OW- W MOJUIMKINYECKMM COCAWHEHHSM JaHHOTO THIA, K
KPHUIITaHJIaM U CYNIEPKPHUIITaHaM Ha OCHOBE a3akpayH-3(hupoB ObUTH pazpadoTanbl KpakoBsikoM

¢ coTp. B Havasie 1990-X IT. ¢ UCIOJIb30BaHWEM MPOCTHIX PEAKIIMK HYKJICO(DHUIBHOTO 3aMeICHUS
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[149-151]. Kpayn- wu a3akpayH-3pupsl MOTYT OBITH OCHOBOW 0oyiee  CIOXKHBIX
MAaKpOIIOJUIIMKIIOB, OOJIBIIOE PACHPOCTPAHCHHUE NOJIYYMWIIM KalUKCKpayH-3¢upsl [152-154].
Cpenu Apyrux CIOXKHBIX IOJMMAKPOLUKINYECKUX MOJICKYJ CIIEAYeT HENPEMEHHO OTMETHUTh
kateHanbl [155-157] u porakcansr [158, 159] — coeamHeHusi, KOTOpbIE MO CBOEH MPUPOE
NPEIOIArafoT HAJTHYUE HECKOIBKIX MaKPOIMKIMYECKHX (hparMeHToB. J{J1sl cCO3aHus CEHCOPOB
Ha MOHBI METAJJIOB B COCTaB MOJIEKYJI BBOAAT Takue (iyopodopsl kak KopouneH [152], nepunen
[153], anTpauen [154], xymapun [160], nunuppomerenoBbie komiuiekcsl 6opa (BODIPY) [161],
NpUYEeM JIaHHBIC 3aMECTHTEIH MOTYT OBITh CBSI3aHBI C a3aMaKpOIMKIAMHU 4Yepe3 JIMHKEPhI WIIN
HETOCPEJCTBEHHO BXOJUTh B COCTaB MakKpoluWKia. buc(azakpayH)-3(upbl HCCISIOBAIUCH B
KaueCTBE CEHCOPOB Ha WOHBI Na', K', CS', Ba”, Ag', Zn", cd" [154, 161]. B momaBusromeM
OOJILIIMHCTBE PadOT CUHTE3 NMPAKTUYECKH BCEX COCAMHEHHH MPOBOIWIN C HCIIOJIb30BAHUEM
HEKaTAJIMTHYECKUX peakiuii. BriepBreie namiaquii-karanusupyemoe N-apuinmupoBanue a3akpayH-
s¢upa ObLIO UCIIONIB30BaHO BUTYIBCKUM [Tt co3aanust N-aHTpHIbHOTO Mpou3BoaHoro [162], u
XOTSI C TEX MOP W3BECTHO OIPAHUYCHHOE YHCIIO MPUMEpOoB Pd-KaTaau3upyeMoro apuiimpoBaHuUs
aToMa a30Ta B a3akpayH-dQupax ¥ LUKICHE, MEb-KaTAIN3UPyMOe aMHUHUPOBAHNUE HUKOTIA HE
UCTIOJIB30BAIOCH JIJIsl MOAM(HKAIIMK U TeM OoJiee I CHHTE3a MOoJMa3aMaKpOIUKIOB. BaxxHOM
3ajaueii COBPEMEHHON OpraHMYeCKOW XHUMHUH SBISETCS TOUCK BO3MOXHOCTCH 3aMEHBI

JIOPOTOCTOSIIETO TAJUIaIMEeBOr0 KaTann3a Ha 00Jee SIKOHOMUYHBIA METHBIH.

3.1. Cu(l)-kaTanu3upyemMoe aMUHMPOBAHNE B CHHTE3e THAMHHONIPOU3BOIHBIX

asakpayH-3¢upos.

B maboparopun D0C Xumuueckoro dakyiaprera MI'Y BcecTOpoHHE UCCIEAYIOTCS
peakiuu  Cu(l)-katanu3upyemMoro apuidpoOBaHUS W TIeTEPOAPWIMPOBAHHS JAUAMHHOB |
MOJIMAMUHOB, B CBSI3U C 3TUM B HACTOAIIEH paboTe M3Y4EeHbI BO3MOXXHOCTU B3aMMOJCHCTBUS
TaJOreHOCH3WIITPOU3BOAHBIX a3aKpayH-d>(OHPOB ¢ TUAMHUHAMH W OKCaJWaMHUHAMH B YCIIOBHSIX
MEAHOTO  KaTajiu3a C IeJbl0 IMOJIyYeHUSI CTPOMUTEIbHBIX OJOKOB JUIs  CHUHTE3a
MOJIMMAKPOLIMKIMYECKUX  KOHBIOTATOB,  BKJIOYAIOMIMX B  CBOM  COCTaB  JIaHHbIE
MakpouukiIndeckue o0bekThl. Juamunel 1-4 u okcaguaMuHBI 5-7, UCMOIB30BAHHEBIE B JAaHHOM
WCCIIEIOBAHNY, TIPEACTaBICHbl Ha Puc. 1; OHM OTIMYAIOTCA JIMHOW IIEMH, YUCIOM aTOMOB
KHCIIOpO/Ia, a MPOU3BOIHOE 1,3-AM3aMEIIeHHOT0 ajlaMaHTaHa 4 XapaKkTepu3yeTcs MOBBILICHHON

KOH(bOpMaI_II/IOHHOﬁ KECTKOCTBIO L[CHTpaJ'IBHOI\/’I YTHCBOHOPOHHOﬁ qacCTH.
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Puc. 1. JluaMuHbI 1 OKCaJMaMHUHBI, HCIIOIB30BAHHBIE B TAHHOW paboTe.

ITepBonauansho B nemsx cpaBHenus 3ddexruBnoctu Cu(l)- u Pd(0)-xatanmuzupyemoro
AMUHUPOBAHUS M3 CBOOOJHBIX a3akpayH-3GupoB 8 U 9 MPAKTHYECKH C KOJIUYECTBEHHBIMH
BBIXOZaMH  OOBIYHOW  peakiuedl  HyKIeO(DHUIBHOTO  3aMEIIeHHs  ObUIM  TOJY4YCHBI
cootBercTBytonme N-(3-ramoren6ensun)npounsBoanbie 10-13 (Cxema 1). Peakimu npoBoauiiu

NpU KUISTYEHUW B allETOHUTPUIIE, B CIIy4ae CHHTE3a NPOU3BOAHBIX 1-a3za-15-kpayH-5 sdupa

OPUMEHSUIM TOTalll, a MPU MOJyYeHUU MNPOU3BOIHBIX 1-aza-18-kpayH-6 sdupa — kapOoHar

HaTpUsL.
Br
21 £
o) 10: n =1, Hig = Br, 94%
11: n =2, Hig = Br, 96%
12:n=1,Hig=1, 92%
0 O M,COg4/MeCN 13:n=2, Hig =1, 93%
8:n=1 ng =Br, |
9:n=2 =K(n =1),Na(n=2)
Cxema 1.

[Tony4yennsie coenmuuenns 10 u 11, conepxamue arom Opoma B ()EHHIBHOM KOJBIIE,
BBEIIM B PEAKLUH IaJlIaMi-KaTaTH3UPyeMOro aMHHUpPOBaHHs ¢ mponad-1,3-nquamubom (1),
YCIIOBHS KOTOPBIX XOPOIIO M3BECTHBI U3 paHEee MPOBEIEHHBIX HKCIEPUMEHTOB: KaTaIUTHYECKas
cucrema Pd(dba),/BINAP 4/45 wmon% (dba = nmubensmwmmaenamneron, BINAP = 2.72’-
ouc(mudpenmndochuno)-1,1’-0unadranun), ucnoias3oBanue 3-4 5kB. quamuHa, 1.5 3xB. tBUONa
B KAQueCTBE OCHOBAHMs, PEAKLIMU BEJM B KUIISAIIEM JMOKCAHE MPU KOHIEHTPALUU NMPOU3BOIAHBIX
azakpayn-3¢upoB 0.05 M. Beixos meneBbix mpoaykToB amuHupoBanus 14 u 15 cocraBun 87 u
88% B peakuuoHHOM cmecu, 58 u 46%, COOTBETCTBEHHO, IOCIE XPOMaTOrpapuuecKoro
BblleTieHUs] Ha cuunkarene (Cxema 2). B kadecTBe mMOOOYHBIX COeIMHEHUN 00pa30BBIBAIUCH
o6ucmakporukianueckue npoayktel N,N’-nuapunupoBanusi mnpomas-1,3-nuamuHa, B ciaydae

peakuuu coeauHeHus 11 mpoaykT 16 yaanock BEIACTUTH XpoMaTorpaguyeck.

64



((A O% HN" " NH, ((A 0% H

T T e
<\O O Pd(0) unn Cu(l) <\ J/U
o o

10, 11, 13 15:n:;
Mo6oyHbIN NpoayKT /w

K\Oﬂ
bﬁ WN@V(&O

o

Cxema 2.

Menap-kaTanuzupyeMoe aMUHUPOBAHUE UCCIIEOBAIM Ha MpUMepe Mpou3BoaHOro 1-aza-
18-kpayn-6 a¢upa 13 ¢ HCMONB30BAHWEM JIBYX KATAIUTHYCCKUX CHCTEM, paHee IMOKA3aBIIUX
cBOI0 3(pekTUBHOCTD B peakuusx apuimpoBanus quamMuHoB: Cul/L1 (L1 = L-nponun) u Cul/L2
(L2 = 2-(u300yTupun)iukiorekcanon). Mcmomp3oBamu 10 mon% Cul u 20 mon% nuranma, 1.5
9kB. ocHoBaHMs CS;CO3, B mepBOM Cilydyae peakiMio MPOBOAMIN B KHUIISIIEM MPOMHOHUTPUIIE,
B0 BTopoM — B JIM®A 1ipu 110°C nipu KOHIIEHTpAIMU NPOU3BOIHBIX azakpayH-3¢upos 0.5 M. B
cllyyae MpUMEHEHUsl KatanuThuueckoi cuctembl Cul/L1 Bbixo[ 1ieneBoro npoaykra 15 cocraBmi
80% B peakIMOHHOW cMecH, a Imocie XpoMaTorpadupoBaHus Ha cuinukarene — 22%. Ilpu
ucrons3oBanun Cul/L2 Beixoa ObIT HMXKE 3a CYET NPOTEKAHUS Pa3IMYHBIX MOOOYHBIX
nporeccoB. [IpenmymiecTBOM Menb-KaTaIM3UPYEeMOTo TpoIiecca sSBISETCS MOJTHOE OTCYTCTBUE
N0OOYHOTO MPOYKTa IUAPUINPOBaHUs 16, a TakkKe BO3MOXHOCTH MCIIOJIH30BAHUS MEHBIIETO
n30biTka nuamuHa (2 9kB.). [lpu manmpHeiimeM ucnons3oBaHuu coenuHeHuit 14 u 15 ux

XpOMaTOI‘pa(l)I/I‘leCKaSI O4YHCTKa HeO6$I3aTeJ'IBHa, T.K. U30BITOK ANnaMHUHa YAAJISCTCA B BAKYYMC.

/\X/\NHz o
2,4,6,7 n H
/\©/ 0 N N X NH;
/7 2 3KB. <\ /7
o o
Cul/L1/EtCN -
12: =1 17-22, 33-75%K ﬂ
13:n=2 O
B HNT X7 NH © N
r 2 2
0 D/\ © 1,2,4,6,7 <\ /7
ﬁ ﬂ | (\ ﬂ o o N X ONH
o) HN C b 2 3kB. __/ H
&o 0/7 KoCO4/MeCN o o | CUMLVEICN 54 s Cr 179 vz 382,20 [MH]'
/ — 25: X = CH,CHy, 8%, m/z 396.30 [M+H]*
8 23, 7% 26: X = CH,OCH,CH,OCHy, 22%, m/z 456.28 [M+H]*
27: X = CHy(OCH,CH,),0CH,, 23%, m/z 500.30 [M+H]*
28: X = CH,CH,(OCH,CHy)s, 12%, mVz 528.34 [M+H]*
Cxema 3.
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Pa3paboraB ontuManbHbIE YCIOBUS MeEAb-KaTaM3UPYEeMOr0 aMHHHPOBAHUS Mema-
MOIOCH3WITIPON3BOAHBIX a3aKpayH-23(UPOB, MBI M3YYHIN 3aBHCHMOCTH pPE3yIbTaTOB JTaHHON
PEaKIMu OT CTPOCHHUS MCXOJHBIX JHUAMHUHOB W TOJIOKEHHUS aToMa Moja B (DEHUIHLHOM KOJIBIIC
(Cxema 3). Ilpu BBeaeHHWM B peakuuio ¢ coeauHeHusMH 12 u 13 pa3iIuyHbIX JUAMHUHOB W
OKCcaauaMUHOB 2, 4, 6, 7 (110 2 9KB.) B aHAJIOTHYHBIX YCIOBUAX OKA3aJI0Ch, YTO BBIXOJIBI IIEJIEBBIX
MPOIYKTOB cocTaBmin He MeHee 50% B peakuuonHoi cmecu (Tabm. 1, om. 1, 3), a B HEKOTOPBIX
CIIy4asiX TIIOCJIE XPOMAaTOrpaduuecKoro BBIACIEHUS YAAJIOCh IOJYYHTh COOTBETCTBYIOIIUE
JTUaMUHOIIPOM3BOHBIE ¢ BbIXxogamu 65 u 75% (om. 6 um 2), 9TO CBUIETEIBCTBYET 00
3 PEKTUBHOCTH TPEUIOKEHHOTO crocoda s 3-HOoAOCH3UIIIPOU3BOIHBIX a3aKpayH-3(HUPOB.
BaxHO MOAYEpKHYTH, UTO PA3IMYUS B IPEIIAPATHBHBIX BBIXOJIAX MOTYT SIBJISITHCSI CJICJICTBHEM HE
TOJIBKO Pa3IMYHON pEaKLMOHHON CIOCOOHOCTH PEareéHTOB, HO U OIPENEICHHbIX 0COOEHHOCTEN
XpoMaTorpa(uueckoro BbIIEICHHUS KOHEYHBIX NPOAYKTOB, MOCKOJBKY JaHHbIE COCIMHEHUS
TpeOyIOT BecbMa MOJISIPHBIX 3JIOEHTOB B CBSA3M C HATMYUEM MEPBUYHON aMUHOTPYIIIBI, 3aMETHO
YBEJIUYHUBAIONICH CPOJICTBO MOJICKYN K cuiaukarenro. OmHako, MpH TOMBITKE aMUHUPOBAHUS
MU30MEpHOTO 4-MONOCH3UIIBHOTO TPOM3BOAHOTO 1-a3a-15-kpayH-5 adupa 23 B aHaIOTHYHBIX
ycrnoBusAX auamuHamu 1, 2, 4, 6, 7 BbIXOABI IENEBBIX MPOAYKTOB ObUIM HU3KU U COCTABUIU 8-
23% B peakuuoHHoi cMecu (Cxema 3), BEpOSTHO, M3-32 HEOIArOMPUATHOTO MOJOKUTEIHHOTO
WHIYKTUBHOTO d(derra 3amMecTuTeNsi B napa-TIONOXKEHHUH K aTroMy HOJa B HCXOJIHOM
coenquHennu. OOpaszoBanue coequHeHWH 24-28 OBUIO J0Ka3aHO Kak C IOMOIIBI0 Macc-
cnekrpomerpun MAJIJIM peaknumoHHBIX CMECe, TaK W C HCIOJIb30BAHMEM CIEKTPOCKOIUU
SIMP 'H: B CIEKTpaxX PeaKkIMOHHBIX cMecel 3a(huKCHPOBaHbl XapaKTepHble AyOeThl npu 6.6-6.7
M.J., XapaKTepHbIE NJisi MPOTOHOB B OpmO-TIONIOKEHUU K aMHHOTPYIIE, a TAaKK€ CUTHAJIOB B

obmactu 3.1-3.2 M.J1., XapaKTEPHBIX I MeTHIIeHOBBIX TpoToHOB CH,NPh.

Ta6auna 1. Cu(l)-kartanu3upyemMoe aMMHUPOBAaHUE TPOU3BOJIHBIX a3aKpayH-3(UPOB.

Onm. [IpousBoaHOE AMUH X [poaykr | Beixon, %
azakpayH-3(upa
1 13 2 CH,CH, 17 50
2 12 4 CH,OCH,CH,0CH; 18 75
3 13 4 CH,OCH,CH,0CH; 19 50
4 12 6 CH,0(CH,CH,0),CH 20 339
5 12 7 CH,CH,(OCH,CHy)3 21 37%
6 13 7 CH,CH,(OCH,CHy)s 22 65%

% BbIX0JI B PEaKIIHOHHOI cMecH

% Brixox mocie XpoMaTorpaduyeckoro BhIJCICHHS
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AHaIOrUYHBIM 00pa30M OBLTH CUHTE3UPOBAHBI OMC(IMAMUHO )IPOU3BOIHBIC THA3aKpayH-
apupa 31 wu 32 BlaumogeiictBuem 4 oskB. guammHoB 1 w7 ¢ N,N’-Omc(3-
nonbensmn)npon3BogabiM 30 (Cxema 4). Kak u B ciiydae ¢ aMUHHpPOBaHHUEM IPOU3BOIHBIX
azakpayH-2()upoB, Ooyiee BBICOKMH BBIXOJ NPOAYKTa 3apUKCHPOBAH B XOJIE PEaKIUU C

TPUOKCATUAMUHOM 7.

Br

o) o) N/\X/\NH
/ \ 2
o o ( _> N H
( ! N N PPN o 9
2 aKB. & ‘) HoN™ “X7 “NH, [ j
NH HN
& _) Na,COy/MeCN RN 45 Y o
a;L0s/Me 3KB.
o © LN o ™ Nk,
/ I | Cul/L1/EtCN
29 30, 90% Cs,CO;4
31: X = CHy, 36%
32: X = CH,CH,(OCH,CH,); 76%
Cxema 4.
C wucmosnb30BaHWEM Jpyrod KaTaquTH4ecko cucremsr, Cul/L2 (L2 = 2-

(M300yTUPIIT)ITUKIIOTEKCAHOH ), Y1aJI0Ch MOJIYIUTh OMC(a3aKkpayH-TIPOU3BOJIHBIC) JUAMUHOB 33-
37 TmocpeAcTBOM B3aMMOJEHCTBHSI 2 OKB. HOAOSH3WI3AMENICHHBIX a3aKpayH-3(HUpOB ¢

nuaMuHamHu 2, 6, 7 (Cxema 5).

12:n=1,m- N N
13n=2.m 2o (O | N XNl
23:n=1,p- /7 Z
O 6] Lé/o\%)
Cul/L2/DMF \/ ] n
Cs,CO 33-37

H,N™ X7 “NH,

f o} o
1,2,6,7 &o oj [O j [
b

PR (o/_\o} //Q\I 'QK\\\N/\O

38, X = CH,CH,OCH,CH,0CH,CH,0CH,CH, 18%

Cxema 5.
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Peakiun mpoBogmnmm  mpu  ucnonbzoBanmu 10 mon% Cul w20 wmon% 2-
n300yTupuiukiorekcanona B JIM®A npu 140°C, npu konunedrparmu guamuHoB 0.5 M.
HHTEpEecHO OTMETUTH, YTO B PEAKIHIO YAAJIOCh YCIEIIHO BBECTH 4-MOAOEH3MINPOU3BOAHOE 23
(om. 3-5). B menoM, coriacHO JaHHBIM aHajdM3a PEAKLUOHHBIX CMeceHd, o0Ias KOHBEpCHUs

noanpousBoaHbIX 12, 13, 23 cocramsina 30-70%.

Ta6auna 2. Cu(l)-karanusupyemoe oopazoBanue Oruc(a3akpayH)IPOU3BOAHBIX IMAMUHOB.

Orm. [IpousBoaHoe AMuH X [Ipoaykt | Beixon, %)
azakpayH-3¢upa
1 12 7 CH,CH,(OCH,CHy)3 33 22
2 13 7 CH,CH,(OCH,CHy)3 34 17
3 23 2 CH,CH; 35 24
4 23 4 CH,0OCH,CH,0CH;, 36 23
S) 23 7 CH,CH,(OCH,CHy)3 37 9

2 Brixon nmocie xpOMaTorpa(I)qucxoro BBIACICHHUA

Bbonee cinoxno nporekano Bzaumoseiictaue 2 3kB. N,N ’-0uc(3-noa0eH3u1)porn3BoIHOTO
nuazakpayH-3gupa 30 ¢ TpHOKCaAuaMUHOM 7 3a CUeT HaJM4us 4 PeaklIMOHHBIX LIEHTPOB B JIBYX
peareHTax, oAHakKo C 18% BBIXOAOM yJaloCh BBLIEIUTH LEJIEBOMH OMCMaKpPOLUKIMYECKHI

npoaykT N,N -auapunuposanus 38 (Cxema 5).

3.2. UccaenoBanne CU-KaTaau3upyeMoro apuiupoBaHus aMHHOB B cpejie

NMOJHMITHJICHIIHKOJIel TPH MUKPOBOJIHOBOM 00JIy4YCeHHH.

Crnenyronmm 3TanoM paboThl CTal0 U3YYEHHE MEIb-KaTaIU3upyeMOro apuinpOBaHUS
amMuHOB B cpeae nmommdTwieHrukonedt (I100). TI0I0 aBnsercs KIacCHUYECKUM PacTBOPUTENEM
JUTSL TIPOIIECCOB T.H. «3elieHor xumuu» (“‘green chemistry”, “environment friendly chemistry™).
N-apuianpoBaHue HMHJA30J1a SIBISIETCS IIMPOKO PACIPOCTPAHEHHBIM IPOILIECCOM, KOTOPBIH
UCIIONIBb3YETCS U1 OTPaOOTKU Pa3IMYHBIX KaTaIUTHYECKUX cucTeM. Tak, MpH HMCIOIb30BaHUU B
peakIusAX C WMHIA30JI0M pa3IUYHBIX apPWIHOIUIOB U apWIOPOMHUIOB OBLTH H3y4YCHBI
KatanuTuueckue cpoiictBa CuU;O B mpucyTcTBUM pa3HOOOpaszHbIX ocHoBaHui Iludda u
okcuMmoB [163], mokaszaHo, 4To apUIMPOBAaHKE HOAAPCHAMH MOYKHO YCICITHO OCYIIECTBIISATh MPH
ucronb3oBaunu Cul n Nl,Nz-,Z[I/IMeTI/IJ'IHI/IKJ'IOFeKcaH-l,2-I[I/IaMI/IHa [63], B xauecTBe nUraHIOB B
CaMBIX Pa3HOOOPA3HBIX pEAKIUAX MeIb-KAaTAIM3UPYEeMOTO aAMUHUPOBAHUS TaKXKe IIUPOKO

UCIIOJIB3YIOTCSl TaKME€ aMUHOKHUCIOTHI, kak npoauH U N,N-mumermnriouuua [64, 164-167]. B
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YKa3aHHBIX peaklusax yamie Bcero ucnois3oBa [IMCO B kayecTBe pacTBOpPUTENA, a B
HEKOTOPBIX CIy4asx aleTOHUTPWI W JUOKcaH. MMeroTcst cBeaeHuss 00 HCHOJIb30BAHUU
HEMPUPOIHBIX AMHUHOKHCIOT — IHIICKOJIMHOBOM W mwmpposikapOoHoBoit. [97], [168]. U3
HPUPOIHBIX AMUHOKHCIIOT TaK)Ke B Psjie SKCICPUMEHTOB HCIONb30BaIN TUCTUAMH [169], npu
9TOM aBTOPbI YTBEP)KJAIM, YTO YaCTh IKCIEPUMEHTOB ObUIa MPOBEIEHA C HCIOJIb30BaHHUEM
nonudyTrieHrmkonei (I19I) Bmectro JIMCO. Eme B 0IHOM COOOIIEHUU YIIOMHHAETCS O
npumeHennn cmeceit [13I-Oytuporutpun u II9I-N-MeTUNnupponuaoH A apuIupOBaHUS
umugazona B npucyrctBud Cu,O u 4,7-mumeroxcudenantponuna [170]. Caexyer oTMeTHTH,
YTO B YKa3aHHbIX paboTax cHenualibHO HE pa3padaTbiBajics acleKkT PeUUuKIN3yeMOCTH
KaTaJm3aropa 3a cyeT ucnoip3oBanus [13I kak cpenbl MpoBeAeHUs KaTATUTHYECKOTO MpoIiecca.
MHOrokpaTHOE HCIIOJIB30BAHNE KAaTaIN3aTOPa 33 CUET JISTKOCTH BBIICTICHUS IPOTYKTOB PEAKIHH
U3 TOJMATWICHIVIMKOJEH B JIHMTEpaType pacCMOTPEHO Ha TNpUMepax KaTaau3upyeMoro
nanovacturamu Cu,O amuampoBanus apuwmmonuaos (I12I-400) [171], B3ammoxeiicTBHs
apWIOOPHBIX KUCIOT ¢ apwiOpoMHIaMu U Jaxe apuixiopuiamu B cucreme Cu/ly; (ITO1-400)
[172], peakumit C-H akTuBanmMy TpPUA30JI0B M OKCAAMA30JI0B HMOJAPEHAMH B CHUCTEME
Cu(uanouactunsl)/II2I-400 [173], THOMMpOBaHUS aApWIOPOMHUAOB W  apUIMOAWIOB B
npucytctBum Cul B cpene I12I-1000 u cmecu [12I-Boaa [174]. Coobriraetcst 06 UCHONb30BaHUN
MHUKPOBOJHOBOTO 00mydeHus npu N-apuiupoBaHMM WHI0JA W OEH3MMHIA30j7la B cpeae Oolee
BhICOKOMOUTEeKyIsipHoro [1917-3400 [175].

B cBs3u ¢ BBIIEU3NOKEHHBIM HAMU MPEANPHUHATO HCCIeNoBaHHE Bo3MoOxKHOcTel N-
apUIMPOBAaHUS MMHJIA30J1a B Cpele MOTUITHICHTIUKONCH MpU COACHCTBUM MHKPOBOIHOBOTO
o0nyuyenus. [lepBoHaYalbHO MPOBOIMIM ONTHUMH3AIMIO MCTOYHHKA Meaw B cpeae [121-400,
UCTIBITBIBAs crenaytome coeaunenus: okcun meau (1) m (1), moaum memu, amerwianeToHar
MeAHW, HAHOYACTUIIBI MEAW B MPHUCYTCTBHH WIM OTCYTCTBUM TUCTHAWHA; TMOCIEIHUN OBLI
MepBOHAYAILHO BBHIOpAH Kak JIMTaHJI, XOPOIIO 3apEeKOMEHIOBABIININ ce0sl MPHU KCIOJIb30BAHUN
nonuayTHieHrMKos (Cxema 6, Tabnuna 3). Bee peakuuu nmpoBOAWIN B CTaHAAPTH30BAHHBIX
yenoBusx: 10 Mmon% menu, 20 Mon% ructuanHa (B Cirydae ero 100aBJIeHHs ), 2 9KB. apWINOANIA
U KapOoOHaTa 1e3usl, UCIOJIb3YEMOr0 B Ka4yeCcTBe OCHOBAaHMsI, KOHIIEHTpaIusi umuaazona B [101-
400 cocrasisia 0.46 M, peakuuu nposoamtu 2 4 npu 150°C, creneHb KOHBEPCUM MMKIA30J1a
(39) B N-¢enmmmmumason (40) ompememsii ¢ momompio crexkrpockormu SIMP 'H mocie
00pabOTKH PEaKIMOHHOW CMECH AMATHIIOBBIM 3(UPOM U OTICICHHUS TPOAYKTAa PEAKIHUA H

HCIIPOPpCArupoOBaABIICTO UMK 1a30JIa OT KaTaJIM3aToOpa U OCHOBAHU.
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N ' Cu]/L (10/20 mon%
L3+ (O o cesc. oy me )
H M3r-400, Cs,CO; (2 ak8.). MW, 150°C, 2 4
2 3KB.
39 H
N
) 40
L = N
H,N~ “COOH
L-His

Cxema 6.

Bpemst u TemiiepaTypy peakiiii ONTHMHU3HPOBATIHM 3KCIIEPUMEHTAIBHO IS HECKOJIBKHX
BAapUaHTOB KATAJTUTHYCCKMX CHUCTeM. [IpelBapUTENbHO YCTAHOBWIIM, YTO YBEIMYCHHE
Temieparypsl cebilie 150°C He yaydinaer pe3yibrara, yBeJInIeHHE BPEMEHH PEaKIu Ooee 2 U
MOJKET JIMIIb HE3HAYUTEIHHO YBEIMYHMBATH BBIXOJ MPOJYKTa. boiee MHTEpecHbIE W BayKHBIC
BBIBOJIBI CJICJIAHBI U3 DKCIICPUMEHTOB 10 BAPHHPOBAHUIO UCTOYHHKA Meau. M3 manubix Taom. 3
CJIeyeT, YTO B YKa3aHHBIX YCJIOBHUSIX KOHBEPCHS MMHIA30J1a B IPOJIYKT cocTaBmia 52-83%, npu
9TOM OoJiee BBICOKHE BbIXObI (CBbimie 70%) OBUIM JOCTHTHYTHI B MPUCYTCTBHH CIICIYIOLIHX
katanutudeckux cucrem: Cul/L-His (om. 1), CuO/L-His (om. 5), Cu(acac),/L-His (om. 8) u
Harouactuipl Meau/L-His (omn. 10). CrenuanbHO MPOBEACHHBIN dKCIIEpUMEHT (OI1. 6) MmoKasa,
YTO KCIOJIb30BAHHE MMEHHO 2 3KB. MOJ0EH30JIa SIBJISCTCS Ba)KHBIM I TOBBIMICHHS BBIXOJA

IPOAYKTa apUIMPOBAHHUS.

Tadauna 3. OnTuMu3aIus UCTOYHUKA MEIA B PEAKITUN ApHITMPOBAHKS HMUIA3071a.

Orm. Ucrtounuk mean JIurann Brixon coequnenus 40, %
1 Cul L-His 72
2 Cu0 - 52
3 Cu0O L-His 65
4 CuO - 62
5 CuO L-His 79
6Y CuO L-His 50
7 Cu(acac); - 62
8 Cu(acac); L-His 83
9 Cu nano - 60
10 Cu HaHo L-His 79

9 Ycnonb3oBanu | 5KB. HoxGeH301a.
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B pesynbrate npoBEAEHHBIX SKCIEPUMEHTOB HANAEHO, YTO HAWIYYIIUWA PE3yiabTar
JOCTUTHYT B Cily4ae MPUMEHCHHUs KaTaauTudeckoi cuctembl Cu(acac)y/L-His (83%, om. ),
OJTHAKO JUTS JAaJbHEHIINX SKCIIEPUMEHTOB MbI BBIOpaiu uHyro cucremy — CUO/L-His, koTtopas,
XOTd M TpuBela K 4YyTh MEHbUIEMY BBIXOJIYy COEOUHEHUS 2, OJIHAKO, HE COJAEPIKUT
JOTIOTHUTEIBHOTO JIMTaHAa — aleTHJIAlleTOHATa, KOTOPbIi MOr Obl HUBEIUPOBATH BIIHSHUE
UCCIIEIyeMbIX JIMTaHI0B Ha 3(deKTuBHOCTD peakuuili apuiaupoBanus. Jlajgee B MPHUCYTCTBUU
CuO/L-His (10/20 mon%) Obuia TpoBeIeHa CepHsl IKCIIEPUMEHTOB 0 HMCCIICAOBAHUIO BIIHUSHUS
peaknMoHHOW cpeapl Ha dddexTuBHOCTh peakiuu apuiaupoBanus (Tabn. 4). Beicokas
KOHBepcHsl HcX0HOTo nMuaasona (6onee 70%) ormeuena mis [1231-400 (om. 1), [191-2000 (om.
2) u I12I'-3400 (om. 5), mpu 3Tom umeHHo [131'-400 okazancst Hanbosee MPeImOYTHTEIBHBIM.
[TOMMATUIIEHTTUKON € TOJTHOCTBIO HJIM YaCTHYHO METHJIMPOBAHHBIMH KOHIIAMHU OOECTICUHITU
MEHBIIIYI0 KOHBepcHIo uMmuaaszona (om. 3, 4); cmecy I123I-400 u 112I'-3400 okasanack 3aMeTHO
MeHee 3QeKkTuBHON (Om. 7), 4eM BXOJISIIME B HEE KOMIIOHEHTHI MO OTAENbHOCTH, TaKKe
YCTAHOBJICHO, YTO JIBYKPATHOE YMEHBIICHUE KOHIICHTPAIUN UCXOIHBIX COSAMHCHHUN MTPUBOIUT K
3HAUUTEFHOMY TMaJeHUI0 Bbixoaa coenunenus 40 (om. 6). Mcnons3oBaHue pacTBOPHUTENICH, HE
HO3BOJIAIOLIMX HPOBOAUTE TIpoliece npu tpedyemoit Temmeparype (150°C), npuBeno K HU3KOM
KOHBepcuH umugasona (om. 8, 9). Takum o0Opa3oM, JAOMOIHUTENBHOE HCCIEAOBAHUE BIMSIHUS

PEaKIIMOHHON Cpebl MOATBEPIUIIO MMpaBOMepHOCTH BbiOopa [131'-400 nnst manHOTO MpoIIecca.

Tab6auua 4. OnTUMu3anus peaKIMOHHON Cpe/ibl B peakiMM apUIMpOBaHUs UMHIA301a.

Om. Cpena Brxon coequnenus 40, %
1 [12I-400 79
2 I131'-2000 70
3 [151-2000(OMe), 63
4 I15I'-2000(OMe)(OH) 54
5 I121'-3400 75
6V T12T-3400 45
7 [13I-400 + T121'-3400 54
8 H.0 34
9 MeCN 33

%) PeakIuIo POBOIMIH MY ABYKPATHOM YMEHBIICHHH KOHIIEHTPAIINA HCXOHBIX COCIMHEHHIA.

CJ'IGI[YIOH_[I/IM OTallOM CTAJI0 HU3YYCHUC BJIMAHUA JIMIAHAA Ha BbIXOJA TIPOAYKTaA

apunupoBanus. Ha Puc. 2 npencrasiens! 10 aMUHOKHUCIIOT, KOTOPbIE CPAaBHUBAIN C TUCTUAMHOM
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B CTaHJAPTHON peakluu apuiMpoBaHus uMuaazona wuomdensonsom (CuO/L (10/20 mon%),
JaHHBIC TTpUBeIeHBI B Tabmuie 5. OOHapyXEeHO, 9TO CPaBHUMYIO C THCTUIUHOM (o1. 1) cTerneHb
KoHBepcun umuaazona (6onee 70%) obecrednBarOT TOJBKO 3KBUMOJIbHAS CMECh TMCTHIMHA C
rMarHOM (om. 3), alaHuH B BHUAE TUApoxJopuaa (om. 6) U MpOJIMH B COYETAaHUU C MOTUAOM
meau (om. 11). Ilocnennsist karanuTHYecKasi CUCTEMa XOPOIIO JOKYMEHTUPOBaHA B JIUTEpaType,
B TOM 4YHCIe W Tpu wucnonb3oBanuu B cpeae [13I0 [174]. OcranbHble O-aMHHOKHCIOTHI
o0ecrevyniiu HeCKOJIbKO MEHBIIYI0 KOHBEpCHIo nmMuaaszona (56-67%), a B-ananuH okaszaics ele
MeHee 3P dekTuBHbIM (oI1. 5). JlaHHBIE SKCIIEPUMEHTOB MOATBEPKAAIOT MPABUILHOCTH BBIOOpA

TUCTUMHA B KauecTBe Juranjaa B cpeze 1101

H H NH
“coon HZNJ\COOH AN coom HZN/L/C:H Ha /(;;H N
Gly L-Ala B-Ala L-Arg L—Arg(NOZ)
H HO,,
H, .
N /(c; 1, NHz s coon COOH Q—COOH Q—COOH
L-Arg(NHy) L-Leu L'Lys L-Pro L-Hyp
Puc. 2.
Tadauua 5. OnTuMu3aius JUradaa B peakiuy apuiInpoBaHus UMUIA3051a.

Om. JIurann Brxon coeqnnenus 40, %

1 L-His 79

2 Gly 67

3 Gly + L-His (1:1) 72

4 L-Ala 63

5 B-Ala 50

6 L-AlaNH,*HCI 75

7 L-Arg 64

8 L-Arg(NOy) 62

9 L-Arg(NHy) 66

10 L-Lys*HCI 63

119 L-Pro 80

12 L-Hyp 66

13 L-Leu 56

%) pcnonw3osaau Cul BMecTo CUO
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N
{3
[N CuO/L-His (10/20 mon%) N
N
H

N+ AKX I
M3r-400, Cs,CO5 (2 aka.). MW, 150°C, 2 Ar
2 3KB.
39 40-46
/©/| ©i| /©/I /©/| | |\/ :/\ ©/Br
H;C CH3 H;CO | ©/ H5CO NO,

Br

Cxema 7.

B onTuMH3MpOBAaHHBIX YCIOBUSX IPOBEICHO H3yY€HHE PEaKIUOHHOW CHOCOOHOCTH
pasIMYHBIX ApWIMOAUIOB, COJEPXKAIUX HJIEKPOHOJOHOPHBIE M  3IIEKTPOHOAKLENTOPHBIE
3aMECTUTENIHN, B TOM HYHCIE U B OpmoO-TIOJNOXKEHUHM, a TaKKe ObLI HccleAoBaH OpoMOEH301
(Cxema 7, Tabnuia 6). Peakiiuu ¢ n-MoaTOIYOJIOM U H-WOJAHU30JIOM B CTAaHJAAPTHBIX YCIOBHUAX
o0ecreurnsii OYeHb BBICOKHE BBIXOJIbI TPOAYKTOB apuiupoBanus 41 u 43 (om. 1, 3), Beimie, 4yeM B
MOJIEJIBHOM peakuuu ¢ noxoen3oiaoM (79%). B To e Bpems peakuu ¢ 0-noTOIYOJIOM U 2-HO/-
S-HUTPOAHU30JIOM MPOIIUIN ¢ HU3KMMHU BBIXOJIaMH MPOAYKTOB apuiinpoBanus 42 u 46 (om. 2, 8),
takke 3amena [191-400 na I191'-3400, paBHO U HCNOIB30BaHUE MPOJIUHA BMECTO TMCTHANHA B

peaKIusIX ¢ 7-MO0IaHU30JIOM TIPUBENH K TAJCHUIO BEIXOIOB IIEJIEBOT0 MPOayKTa S (o1. 4, 5).

Tabauna 6. AprimpoBaHre UMUAA30J1a APUITHOAUIAMH.

Onm. ApunranoreHus BeIxon nponykros

apuiMpoBanus, %
1 N-HOJTOJIYOJ 41, 90
2 0-WOJITOJTYOJI 42, 27
3 1N-MOTAHU30JI 43,89
49 n-MOIAHU30IT 43, 50
5% N-UOaHU30.1 43 74
6 1,4-nuondenson 44,60
7 3-6poMuoI0eH30T 45, 65
8 2-10]1-5-HUTPOAHU3O0JT 46, 38
9 OpoMOeH301 40, 34

%) penomw3osamu [191-3400

® HCIIOJIB30BaJId IPOJIMH BMECTO TMCTHAMHA B KAYCCTBE JIMTaHIa
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ApunupoBanne 1,4-nuronoeH3zona u - 3-Opomuon0eH307a TPONUIO € JIOCTATOYHO
XOPOIIMMH BBIXOJIaMHU TIPOAYKTOB apuiupoBanus 44 u 45 (om. 6, 7), HEKOTOPOE YMEHbIIICHHE
BBIXOJ/IOB 110 CPaBHEHHUIO C MOJA0EH30JI0M, BEPOSITHO, CBSI3aHO C MOOOYHBIMU PEAKIIUSIMHU 32 CUET

HaJIM4YKHA BTOPOT'O aTOMa rajiorcHa.

Ta6munma 7. HccienoBaHue peLMKIN3YEMOCTH KaTajau3aTopa B pEakLUUU apUIMpOBaHUS

umuazona noadensosnom (10 mon% [Cu], 20 mon% muranga, MW, 150°C, 2 u).

Onm. Karanutuueckas cucrema Howmep kaTanutuyeckoro Beixon
IUKJIA coenunenns 40, %
1 CuO/L-His/Cs,CO4/TI2I-400 1 79
2 2 87
3 3 54
4 Cul/L-Pro/Cs,CO5/TI2I'-400 1 78
5 2 71
6 3 52

IIpenBapuTensHOE HCClIEAOBAaHUE PELMKIN3YEMOCTH KaTaiau3aropa MPOBOIWIN B JIBYX
katanuTuueckux cucreMax: CuO/L-His/Cs,COy/TI2I-400 u  Cul/L-Pro/Cs,COs/II2I'-400
(Tabmuma 7). V3 mpuBEOeHHBIX JaHHBIX MOXKHO C/€JaTh BBIBOJ O TOM, YTO B PEAKIUSIX B
NPUCYTCTBUHM JIUTAHAOB (THCTUAMH W TPOJHMH) KaTaJUTHYeCKas aKTUBHOCTh MEIW IajaerT,
HauuHas ¢ 3-ro LuKiIa, a Ooyiee JeTaJbHbIE BBIBOABI MOXHO OyaeT cnenars npu Oonee
BCECTOPOHHEM M3Y4YEHHUHU JaHHBIX MPOLIECCOB, Ha JAHHOM K€ 3Tame MpOoAEMOHCTPUPOBAHA
NPUHIUITHAIBHAS BO3MOXXHOCTh M3BIICUCHUS KaTaIN3aToPaA.

B karanmm3mpyeMbpIX OJHOBAJICHTHOW MEABI0 pPEAKIHSIX, B KOTOPHIX YYaCTBYIOT
AMHHOKHUCIIOTHl C TIEPBUYHOW aMWHOTPYIIIION B KadecTBE JIMTAHIOB, OHM CaMH YacCTUIHO
MOJBEPratoTCs apwiIMpoBaHUI0. J[aHHBIA Npolecc MOXKHO celaTb OCHOBHBIM, B JIHTEpaType
onucansl yciaoBus 3¢p¢pexktuBHoro N-apuinpoBaHHs aMHUHOKHUCIOT. Tak, ¢ MCIOJIb30BaHHEM
apUJIMOIUJOB U apuIOPOMHUIIOB OCYIIECTBIEHO apUIMPOBAHWE AMUHOKHUCIOT B MPHUCYTCTBUH
Cul B numerokcudTaHe Oe3 go0OaBICHHS JOMOJHUTEIBHBIX JIMTAHAOB [/2], Takxke He
UCTIOJIb30BAIM JIOMIOJHUTEIbHBIE JIUTAHABl NP aMUHUPOBAHUM aMHHOKHUCIOTaMu 4-uon-, 4-
opom- u 5-0Opom-N-tozmnuunonoB B JIMCO [176], B coobmienun [177] yka3wiBaeTcs Ha
ucnonp3oanue cuctembl CUl/KI st apunupoBanus aMHHOKKCIIOT U MX 3(UpOB OpoMapeHamHu,
a B pabore [178] ToT ’ke KaTamW3aTOp MNPHUMEHSAETCS IS APUIMPOBAHUS AMHUHOKHCIOT
apuiroauaamMu u apuiopomuaamu B IM®PA npu MUKpOBOIHOBOM cojeiicTBuu. Mcnons3oBanue

JOMOJIHUTCIIbHBIX JIMTAHAOB B JAHHBIX IMPONECCAX BCTPCHACTCA PCIAKO: TaK, OIHMCAH KaTallu3
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skBuMONbHOM cMmechto Cu:Cul B mpucyrctBum N,N-mumeTnnamMuHO3TaHOIA B PEAKIMIX
ApWIMOUIOB M apuIOpOMHUIIOB ¢ aMHHOKHCI0TaMu B Bojie [98], a Takxke ucnonb3oBanue Ooee
TpaauioHHOH cructembl CuUl/2-u3o0yTupuiukiorekcadon [179]. B HacTosiieM ucciieoBaHHH
BIIEPBBIE TPEANPUHATO HCCICIOBAHUE apriIMpoBaHus amMuHOKHUCIOT B cpeae [0 (Cxema 8).
s aroro ObLIO BHIOpAHO 8 aMMHOKUCIIOT, MPUYEM B KauyeCcTBE HCTOYHHMKA MENH, COTJIACHO
IpeBapUTENIFHO TOJIyYCHHBIM JaHHBIM, wHcnonb3oBamu CupO, peaknuu NpPOBOAMIH C
nonoensonoM (1-5 3kB.) mpu Temneparype 100-150°C, npu KOHIEHTpAMK aMUHOKUCIOTHI (.46
M. B psjae cinydaeB U3MEHsUIM BpeMsl NMPOTEKaHUs peakiui B nuanazone 10 mun — 2 4. B

pe3yiabTaTe ObLIU YCTAHOBJICHEI CIICAYIOIIUE 3aKOHOMEPHOCTH.

R Cu,O (10 Mon%), Cs,CO;3 (3 3KB.) R
BY +  AX A
N" COOH nar-400, Mw “N” “COOH
5 akB. H
47- 52
Ph
/>
HZN/\COOH H N/LCOOH I j\ f
. 2 HN" “COOH HoN™ "COOH  H,N™ “COOH |, COOH COOH
y L-Ala L-Leu L-Val L-Phe Ll HN~ ~COOH

L-His

L- Lys

CxeMma 8.

B3aumogeiicTBue 3HauUMTENHHOTO W30BITKA HOAOEH30yMa (5 9KB.) C MpocTeHIieit
AMUHOKHCIIOTOW TIUIMHOM TipuBeno Juiib K 10% Beixoay npoaykra apunupoBanusi 47 (Taom.
8, om. 1). B Tex ke ycnmoBusix amaHuH oOecrneunn 57% Bbeixoa coenuHeHus 48 (om. 2), mpu
IOMBITKE HCHOJB30BaHUSA 2 3KB. HoaOeH307a BMecto 5 (om. 3) npaxe mnpu  Ooinee
MPOJOKUTEILHOM MPOTEKaHUU peakluy Ipu Oosiee BBICOKOM TeMIlepaType BBIXOJ MPOIYKTa
apwiupoBaHus 48 ymeHbImmics modTd B 2 pasa. Eme Oosiee peakIMOHHOCIIOCOOHBIM, YeM
QJTaHWH, OKa3aJiCcsl BAJIMH. B peakiuu JaHHON aMHHOKHCIIOTHI C 2 DKB. HOJI0€H30J1a YCTAHOBJICHO,
YTO IIOBBLINIEHHE TeMueparypbl peakuuu co 100 go 150°C mpuBOAUT K 3aMETHOMY POCTY
CKOPOCTH peakiuu B ee Hadane (om. 4, 5), mpuueM Jajnee CKOpOCTh Ipoliecca 3amMenysieTcs] U
pa3HHIA MEXTY pe3yJIbTaTaMH apuiinpoBaHus rmocie 30 MUH 1 mocie 2 94 He3HAYuTeNbHa (O1. 6,
7). IIpaBomeprocTh BbiOOpa I10I'-400 B kauyecTBe Cpeibl peaklUU MOATBEP)KICHA OMBITOM B
cpene [191-3400, pe3ynbTaToOM KOTOPOTO CTalO0 ABYKPATHOE YMEHBIIEHUE BBIXOJA COCIUHEHUS
49 (om. 8). Bonee BBICOKHME BBIXOIBI IIENEBOTO NpPOAyKTa 49 MOXHO TONYYHTH MpPH
WCIIONB30BaHUM S5 93KB. womoOeHzona (om. 9, 10). Haumbomee peakImOHHOCIIOCOOHOM

AMHHOKHUCIIOTOHN OKa3aJcs JeHIIMH, IPHUYEM JJaKe MIPU UCTIOIb30BaHUH | 3KB. HOJIOEH301a BBIXO
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coenunenus 50 coctasun 41% (om. 11), B TO BpeMs Kak B IPUCYTCTBUH 5 3KB. HOJA0EH30IA YXKe

3a 30 MuH IpoayKT obpazoBaics ¢ 88% BexogoMm (or. 13).

Tadauna 8. N-apunupoBaHre aMMHOKHUCIIOT apHIIHOIUIaMHU.

Om. AmuHokucnora | Apunuonun, | Temneparypa, | Bpewms, BeIxox nmpoaykToB
IKB. °C MHH apuupoBanusi, %
1 L-Gly Phl, 5 skB. 100 40 47,10
2 L-Ala Phl, 5 skB. 100 40 48, 57
3 L-Ala Phl, 2 sks. 150 60 48, 30
4 L-Val Phl, 2 sks. 100 10 49,15
5 L-Val Phl, 2 sks. 150 10 49, 43
6 L-Val Phl, 2 sks. 150 30 49, 51
7 L-Val Phl, 2 sks. 150 120 49, 57
8" L-Val Phl, 2 sks. 150 60 49, 29
9 L-Val Phl, 5 sks. 100 120 49,70
10 L-Val Phl, 5 sks. 150 60 49, 63
11 L-Leu Phl, 1 sks. 100 120 50, 41
12 L-Leu Phl, 5 sks. 100 15 50, 55
13 L-Leu Phl, 5 skB. 100 30 50, 88
14 L-Phe Phl, 5 skB. 100 120 51,72
15 L-lle Phl, 5 sks. 100 120 52,59
16 L-Lys Phl, 5 sks. 150 60 -
17 L-His Phl, 5 sks. 150 120 -
18 L-Leu PhBr 100 120 -
19 L-Leu PhBr 150 120 50, 60
20 L-Leu PhCI 150 60 -

9 yenonpsosanu 1121-3400 BmecTo ITI-400

Heckonbko MeHee akTUBHBIMU TTOKa3aiu ce0s peHnnananuH u usoneinut (om. 14, 15), a
JU3UH U TUCTUAMH OKAa3aJMCh COBEPUIEHHO MHEPTHBIMHU B apUIMPOBAHUM B JTAHHBIX YCIOBUSX
(om. 16 u 17), mociaeaHuit pe3yibTaT XOPOIIO MOJATBEPKAACT MPABWIHHOCTh BHIOOpA TaHHOU
aMUHOKHCIIOTBI B KauecTBe JHraHna B peakuusx N-apunmpoBanus wummpaszona. Jlms
ApUJIMPOBAHUS C UCTOIB30BaHUEM OpOMOEH30/1a KPUTUYHON OKa3anach TEMIEpaTypa peakiuu:

npu 100°C mpouecc He maer (om. 18), Ho mpu 150°C BO3MOXKHO JOCTATOYHO YCIEMIHOE
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apunupoBanue ¢ 60% Beixonom coenuHenust S50 (om. 19). XmopOGeH301 BBECTH B PEaKIUIO HE
yaainocs (or. 20).

Takum 00pazoM, B XOJ€ UCCIICIOBAHMS KaTaaTuTHUecKOTo N-apuiaupoBaHUS MUMHIA30J1a
YCTAaHOBJICHO, YTO ONTHMAJIbHOM KaTalIuTH4YeCKO# cuctemoii B cpene I191-400 sBisercss CuO/L-
His/Cs,CO3 mpu HCMONB30BaHUM 2 OKB. apuivoAMga W 2 95KB. OCHOBaHHUS, INPH 3TOM
MakCHUMaJbHblE BBIXOABl IPOAYKTOB apwiupoBaHust jpocturaror 90% mnpu  Hanuuuu
AJIEKTPOHOJOHOPHBIX 3aMECTUTENeH B napa-nonoxenuu. [lpu m3ydennn karamutudeckoro N-
apUJIMPOBAHUA PsiJla aMHHOKHKCIIOT ITOKa3aHo, 4To B yciaoBusax kartammsa Cu,O/Cs,CO3; B I121'-
400 mnaumbornee peaKUMOHHOCIIOCOOHBIMU —SABIAIOTCS JIEHIMH, BalIMH U  (EHUIATAHHH,

coJzieprkaniue 0osee 00beMHUCThIE THAPOPOOHBIC 3aMECTUTEITH.

3.3. Pd(0)-kaTasmm3upyeMoe aMMHHPOBAHUE B CHHTE3€ MAKPONOJIHIIHKIHYECKUX

coeIMHEHHIT HA OCHOBE THA3aKPayH-3(HPOB, TETPAaA3aMAKPOIMKJIOB H KAJHKCAPEHOB.

Hamm Obutn  mpoBeAEHBI  MCCIENOBAaHHWA  BO3MOXKHOCTH — NPUMEHEHUS  MEJb-
Katajauupyemoro apunupoBanus B cpene [IDI mpu MHUKpOBOIHOBOM OOJYYEHHUU K CHUHTE3Y
JTUAMUHOIIPOU3BOIHBIX a3akpayH-3¢upoB (cm. m. 1), omHako O6e3pe3ynbTaTHO. B cBsizu ¢ 3TUM
OBLIO yZIeJeHO BHUMaHUE pa3padOTKe METO/0B IMOJIyYeHUs MAaKpOOULMKINYECKUX COEINHEHUN
peakrsimu - Cu(l)-xatanmusupyemoii makpormkausaimi N,N -0rc(3-1010eH31T)TPOU3BOTHBIX
nuazakpayH-3gupoB (coenuHenus tuna 30, cMm. m. 1) ¢ JTUHEHHBIMM TU- U MOJUAMHHAMHU.
Oxkazanoch, 4YTO TOCKOJBKY pEaklHUH, KaTalu3upyeMble KOMIUIEKCAMH MeIH, TpeOyroT
JIOCTaTOYHO BBICOKMX KOHIeHTpauuii peareHToB (0.25-0.5 M), OCHOBHBIMM NPOAYKTaMU
ABIIIOTCS ~ OJIMTOMEPHBbIE TMPOM3BOAHBIE, a I€JIEBbIE MPOJYKThl MAaKpPOLMKIM3ALMU B
WHIVBUAYAJIbHOM COCTOSIHUU BBIJEIINTh HE yAaeTca. B CBA3M ¢ 3TUM JanpHEHIINE peakluu
MaKpOLMKJIM3AlMK TIPOBOMIIM B YCIOBUAX KaTalln3a KOMIUIEKCAMU HYJIbBAJIEHTHOTO Najulagus,
MIOCKOJIBKY OHH MOTYT OBITh MTPOBEACHBI MPH JOCTAaTOYHOM pa3daBnennn peareHton (0.02-0.04
M). Bmnavane c¢ BbIXOmaMu, OJM3KUMH K KOJHYECTBEHHBIM, ObuM moiyueHbl N,N -
61c(6poMOeH3MIT)IPOU3BOJHBIE  TMa3aKkpayH-3GupoB 54-57 peaknusMu  HYKJICO(PHUIBHOTO
3aMeIIeHUsl ¢ MCIIOJIb30BaHUEM 2 3KB. 3- win 4-OpomOen3mnOpomuia. Peakiun npoBoIwin B
KUIISIIEM alleTOHUTPUIIE TPU KOHLIEHTpAlMK 1ua3zakpayH-3¢upos 0.3 M, B kauecTBe OCHOBaHUS
MPUMEHSUT TIOTall B cliydae auasza-15-kpayH-5 adupa u kapOOHAT HATpus B ciydae jnuasza-18-
KpayH-6 »¢wupa. [danee mnpoBoguwnu Pd(0)-kaTanusupyemyro MaKpOUMKIM3ALHUIO C PSIOM
OKCaJIMaMHUHOB 4-7 W IMaMHUHOM Ha OCHOBE 1,3-TM3aMEIICHHOTO aJlaMaHTaHa 3 /ISl BBISIBICHUS
3aBUCUMOCTH PEAKIIMOHHOW CIOCOOHOCTH OT CTPOCHMsI MCXOIHBIX coeauHeHuil (Cxema 9).

Peakiiuu ipoBOIMIIM B TIPUCYTCTBHH KaTamuTuueckon cuctembl Pd(dba),/BINAP, kak mpaswiio,
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B mnpucyrctBun 8 Mon% karanuzatopa, tBuONa mnpumensuii B KayecTBE OCHOBaHUSA,
MCII0JIb30BAJIM 3KBUMOJIbHBIE KOJIMYECTBA PEAreHTOB IIpU KulsiueHuu B 1uokcane (¢ = 0.02 M) B

teueHue 24 4. Jlannelie 0 pe3ynbTaTax peakiuil npuseneHsl B Taoi. 9.

O 07 £ T2 Ty

M,COj5, CH4CN [

M=K, n= \_/
\\/O M=K n=1 M=Na,n=2
M=Na,n=2 n=1:gg n=1:54, 89%
=2 =9 o,
~ 1: 55, 95% n=2: n=2:56,91%
= 2: 57, 95% —
)
N N
{ o o o
o o — .
( 3 H,N" X7 NH, N \/
N N 37 NH HN
0 e %
— %/ \% 2\ Pd(dba),/BINAP C§ <x x>
N\ \/ 7\ tBUONa, avokcaH, 100°C N\ \ /\ < >
Br Br HN X AN NH HN
54:n=1, m-Br ‘/‘
55:n=1, p-Br 58-61:n =1, m-NH N
56: n =2, m-Br 64, 65:n=1, p-NH O%
57:n=2, p-Br 68-71: n =2, m-NH n
73,74:n=2, p-NH N i?
o o
__/
62,63: n=1, m-NH
66, 67: n =1, p-NH
72:n =2, m-NH
75:n =2, p-NH
Cxema 9.

OOHapyXeHo, 4TO B 11eJI0M 3-OpoMOEH3UIIbHBIE TPOU3BOIHBIE AHa3akpayH-3pUpoB 54 u
56 oOecrieunny  Ooylee  BBICOKHE BBIXOJABI IEJEBBIX MaKpOOHMIIMKIOB, YeM WX 4-
OpoMOeH3mIBaMeIIeHHbIE U30MePhI 55 1 57, 4T0 MOKHO OOBSICHUTH OONBIIUMH BO3MOKHOCTSIM
JUIs  TIOACTPOMKM  KOH(POpPMALlMM  pEarupyloluX  COSIWHEHMH  JUIsI  YCHEIIHOW
BHYTPUMOJIEKYJIIDHOM LMKIU3alMK B Cilydyae Mema-ipou3BoAHbIX. C JIpyroil CTOPOHBI,
UHTEepeceH (PAKT BBICOKMX BBIXOJIOB MakpoOUIMKIOB 58, 64 u 68 (1o 54%, om. 1, 5, 7) ¢
KoH(popMannoHHo 6osee xkecTkuM 1,3-0uc(2-aMuHOITHIT)agaMaHTaHOM. MaKCUMaTbHBIN BBIXO/T
MakpoOHWIuKiIa 3aUKCHpPOBaH B peakIud MPOW3BOMHOTO Jaua3zakpayH-apupa 56 ¢
nuokcaguaMuHoM 4 (coenmHeHue 69, 57%, om. 8); 3a UCKIIIOYCHHEM COeAMHEHUs 55, BecbMma
XOpPOIIKME BBIXOAbI MPOAYKTOB Makpouukiauzammu 61, 71 u 74 (35-38%) MOCTUrHYTBI TpH

B3aUMOJICCTBUY C TpHOKcaauamuHoMm 7 (om. 4, 10, 12).
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Ta6auna 9. CuaTe3 MaKpOMOIUIMKIHYECKAX COSAMHCHUI HA OCHOBE JIMa3aKpayH-3(QHUpOB.

On. | IIpousBoanoe | Amuu X Pd(dba),/ | TIpoaykT, BBIXO/,
JMazaKpayH- BINAP, %
adupa Mo1%
1 54 3 1,3-(CHy),Ad 8/9 58, 48
2 54 4 CH,OCH,CH,0OCH, 8/9 59, 20; 62, 10
3 54 5 CH,CH,0(CH,),0OCH,CH, 8/9 60, 37
4 54 7 CH2CH2(OCH,CHy>)3 8/9 61, 38: 63, 24
5 55 3 1,3-(CH2).Ad 8/9 64, 35; 66, 10
6 55 7 CH,CH2(OCH,CH,)s 16/18? 65, 10; 67, 19
7 56 3 1,3-(CHy),Ad 8/9 68, 54
8 56 4 CH,0OCH,CH,0OCH, 8/9 69, 57
9 56 6 CH,0OCH,CH,0CH,CH,0CH, 8/9 70, 24
10 56 7 CH,CH3(OCH,CHy>)3 8/9 71,35; 72,17
11 57 3 1,3-(CHy).Ad 16/18 73,15; 75, 19
12 57 7 CH,CH3(OCH,CHy)3 16/18 74, 36

% Ipu ucnons3osarnu Pd(dba),/BINAP (8/9 Mon%) BeIXOEI coenuHeHmi 65 i 67 cocTaBmma 5
u 10%, COOTBETCTBEHHO.

Bo Bcex ciyuasx Obuto 3adukcHpoBaHO OOpa3oBaHHE NMKIMYECKUX U JIMHEWHBIX
OJIMTOMEPOB, a B psAAe CiIy4aeB MAaKpPOTPULMKINYECKHE JUMEpbl ObUIM  BbIIEICHBI
xpomarorpadpuuecku (om. 2, 4-6, 10, 11). OOpa3oBanue MaKpOOUIUKINYECKUX U
MaKpOTPULUKINYECKUX COCAUHEHUN JI0KAa3aHO ¢ MOMOLIbI0 crekrpockonuu SMP H, BC u
macc-criekrpomerpus MAJIJIH. Tlo ciextpam SIMP 'H MOXHO OTTHYHTH MAaKpOGHIMKITH 58-61
u 68-71, coneprkamue 3-aMUHOOCH3WIbHBIE CIIEHCEPBl, OT POJICTBEHHBIX IIUKIOIUMEPOB 62, 63,
72 1 BOOOIIE OT BCEX MPOYUX OJIMTOMEPOB: B MAKPOOHMIIMKIIAX XUMUYECKHIA CIIBUT MTPOTOHOB H2
OEH30JIbHOTO KOJIbIIa HAaXOAUTCSA OKOJIO0 6.8 M.JA., B TO BpeMsl Kak B JPYTUX COEAUHEHUSX OH
caguraercss B cwibHoe mnose Ha 0.1-0.2 m.n. OT0 cBA3aHO, BEpPOSTHO, C TEM, YTO B
MakpoOMIMKIaxX, oOjagaromux Oojee JKECTKOM CTPYKTYpOoH, Ha JTOT NPOTOH dYepe3
MIPOCTPAHCTBO BJMSIOT 3JIEKTPOOTPUIIATEIbHBIE aTOMbI KHCJIOpOJa JAHa3aKkpayH-3(UpPHOro
¢parmMeHTa, B HEKOTOPOW CTEMEHU UX JAe3dKpaHupysa. B omuromepax OeH305IbHBIN (parMeHT
MOYKET HaXOJWTHCS Jalibllle OT 3TUX aTOMOB, M yKa3zaHHBIH 3¢ dekr He Habmomaercs. Kpome
TOr0, CHTHaJ TPOTOHOB METHJICHOBOrO 3BeHa BO (parmentax CH;NPh B wmakpoOuumkiax

Haxoautcs npumepHo Ha 0.1 m.1. B Oosiee ciaboMm mosie, 4eM B MakpOTPHUIMKIAX U JIMHEHHBIX
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oMroMepax. AHaJOTHYHBINA d(D(EeKT HAOIMOMaeTCS U I MAaKPOIOJIHUIIUKIIOB, COJIEPKAIIMX 4-
aMUHOOCH3UIIBHBINA CHIeiicep, KpoMe TOro, B MakpooOwmmkmax 64, 65, 73, 74 ¢ Takumu
dbparMeHTaMl XMMHYECKHUE CIIBUTH IMPOTOHOB B 0OpmO-TIOJIOKEHUN K aMUHOTPYIIIE HAXOAATCS B
OoJiee cimraboM 1oJIe 10 CPaBHEHUIO ¢ IUKJIOuMepamu 66, 67, 75.

CHHTE3MpPOBAB CEPUI0 MAKPOOMIIMKIMYECKUX COCAMHCHHM, COIEPIKAIIUX CTPYKTYPHBIC
SAMHHMIIBI TNa3aKpayH-3QUPOB M OKCAJAMAMHUHOB, MBI MEPEILIH K pPEHICHHI0 0oJiee CIIOKHOU
3a/1a4l — MOJYYCHHIO MAaKPOTPULIMKINYECKUX COCTUHEHUH, OOBEIUHSIIONIMX B CBOEM COCTaBe

Jra3zakpayH-2(UpPbl U KATUKCAPEHBI.

Brm
—
N

2 9KB.

O O o O,
Pd(dba),/BINAP §)n§ % <>)n

tBuONa, anokcaH

Pd(dba),/BINAP
tBuONa, anokcaH

Pd(dba),/BINAP

Pd(dba),/BINAP tBuONa, aunokcaH

tBuONa, amnokcaH

2 9KB.

Pd(dba),/BINAP
tBuONa, anokcaH

Cxema 10.
[lepBoHauaibHO OBbLTA HWCCIIEAOBAaHA BO3MOXKHOCTH BBEICHUS JIHAMHUHOIIPOU3BOIHBIX
kanukc[4]apena B konpopmamnuu kouyc (76, 77) u 1,3-anprepuar (80) B peaxiuu mayiauii-

KaTaJIM3UPYEeMON MAaKpPOLMKIIM3AIMU ¢ AUOpoMapeHaMu. JIaHHBIN 1MOAX0]] YCIEIIHO TPUMEHIITN
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JUId  co3/laHusl Oosiee  CIOKHBIX MAKpOOMIMKIMYECKMX COEAMHEHUH HOBOrO THHA C
ucrnonp3oBanueM 3,3’-mubpombudennna u 2,7-mubpomHadranuuna (Cxema 10). Peakuun
OPOBOIWIM B CTAHAAPTHBIX JJIS KATaJUTUYECKOH MAaKpOLMKIU3AIMH YCIOBUAX, MPHU HTOM
neseBbie MakpoOuIukibl 79, 81 n 82 6buTH BBIZIETEHBI C BhIXOaMu 10 36%. Kpome Toro, Obu10
ocymectieHo Pd(0)-karanmuzupyemoe N,N’-murerepoapuinpoBanue KaaukcapeHa 76 2 kB. 6-
OpOMXHMHOJIMHA, YTO Jajl0 BO3MOXXHOCTH MOJNy4UTh € 74% BBIXOJOM MPOHU3BOAHOE 78,
obnamaromee eHHBIMU (DITyopeclieHTHBIME CBoWicTBaMU. B criektpe Y@ HaHHOTO COeTUHEHUS
HaOJII0JaeTCsl XapaKTepHas 1moJioca morioieHus ¢ Makcumymom tipu 360 um (lge 3.86), a npu
00Jy4eHNH Ha JTAHHOW JJIMHE BOJHBI BOSHHKAET IMUCCHS C MAKCUMYMOM Aem = 442 M. Takum
o0Opa3zom, CTOKCOB CIOBUI COCTaBisieT 82 HM M MAaKCUMyM (DIyOpecLEHLUUH HaXOAUTCS B
BUAMMOI 00JacTu, YTO JieJlaeT COCIUHEHUE (8 MOTEHIUAIbHBIM ONTHYECKUM XEMOCEHCOPOM.
3nech U Janee Bce JaHHbIE Mo crnekTpaM Y® u ¢uryopecleHIMH NOIYy4YeHbl B alleTOHUTPUIIE.
BBenenue auamuHONpou3BoaHOro kanukc[4]apena 83 B koH(opManuu 4acTHYHBI KOHYC B
peaKkIu MaKpOLUMKIM3AIMKA OKAa3aJloCh HEBO3MOXKHBIM M3-32 €ro TeOMETPUH, OJHAKO,
B3auMoJieiicTBue ¢ 2 3KB. 1-OpomnMpeHa B KaTaIMTUYECKUX YCIOBHUSAX IO3BOJIMIO MOJYYUTh
npou3BosHoe 84, Taike oOnajaroliee HHTEPECHBIMU (DIyOpecLieHTHbIMU CBOMCTBaMU. B
crnektpe Y@ naHHOro coeIuHEHUs HAOII0AaeTcsl XapakTepHas MIMPOKas 1M0JI0ca MOTJIOMEHUS C
HECKOJIbKUMH JIOKaIbHBIMU MakcuMymamu nipu 371, 386 u 411 HM (MakcUMalibHOE MOTJIOIIEHUE
cocraBisietr lge 4.41), a npu 0OAyYeHHH Ha JJIHHE BOJHBI 371 HM BO3HHUKACT SMHUCCHS C
MaKCUMYMOM Aem = 449 HM.

Haxonen, wmakpoOunmkn 81 Obu1  MOOUGHUIMPOBAH JBYMS S-TUMETHIaMHUHO-1-
cyibpoHaMHIHAPTHIBHBIMU (JaHCUIIBHBIMU) (piryopodopamu ¢ oOpa3oBaHueM coequHeHus 85,
UCIOJIb30BaHHOTO Jajee A (GIyopecHeHTHOro JeTeKTHPOBAaHUS KaTHOHOB METaJIOB. JlaHHBIE
3aMECTUTENM BBOJIUIIM HEKATATUTHYECKON peakiMe yka3aHHOTrO MakpoOWIHKIa ¢ 2.5 9KB. 5-
(mumeTrnamMuHo)HadTaTMH-1-CynbGOHMIT XJopHaa (AaHCHIXJIOpUAA) B AlECTOHUTPHIC IPH
KOMHATHOW TeMmepaType B MpHUCYTCTBUU Tmortama. B crnekrpe Y® 1aHHOTO COEIUHEHUS
HaOJII0JaeTCsl XapaKTepHas 1MoJioca MmorioleHus ¢ MakcumymoMm tipu 342 um (lge 3.84), a mpu
00JTydeHNH Ha JTAHHOW JJTMHE BOJHBI BO3HUKAECT AYMUCCHUS C MAKCUMYMOM Aem = 538 HM. Takum
o0pa3oM, CTOKCOB CIOBUI COCTaBJSieT OIpOMHYIO BenMuyuHy (moytn 200 HM) M MakCUMyM
¢uryopecueHIIMM HaXOAUTCS B BUAUMOM 00JacTH, 4TO JIeNaeT CoeAnHEeHHe /8 MOTeHIUATIbHBIM
ONTUYECKUM XEMOCEHCOPOM.

HeoObr4HbIE  MaKpOTPUIMKINYECKHE CTPYKTYphl 86-89 ObIM  CHHTE3MpOBaHBI
MOCPECTBOM  B3aUMOJICHCTBHS  auamuHOKanukc[4]apena 76 ¢ pasnmunbimu NN -

O6uc(OpoMOeH3MIT)3aMeILICHHBIME  IMa3aKkpayH-3¢upamMu  54-57 B ycloBUSAX NalIagueBOrO
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karanuza (Cxema 11). PesynpTaT MakpoIMKIW3alMK B JAaHHBIX CIydasx B OOJIbIIEH CTEMEHU
MOJBEPKEH JCUCTBUIO KOH(MOPMAIIMOHHBIX (DAaKTOPOB, M HAMIYYIIUH BBIXOJ IIEJIEBOTO
Makpotpurukia 88 (27%) ObuT mOMydeH B peakiuy MPOU3BOJHOTO aua3akpayH-3¢upa 56. s

YBCIUYCHUA BBIXOO0B LCIEBBIX COC,HPIHGHI/II;'I IIPUMCHSIIN 16 monn% KaTajin3aTopa.

Br

Pd(dba),/BINAP
tBuONa, guokcaH

86: n
87:n
88: n
89: n

1, m-NH, 16%
1, p-NH, 15%
2, m-NH, 27%
2, p-NH, 13%

Cxema 11.

n /
[NH N N\,
N HN
LM/\ 90: n =0, m-Br
7 n 91:n=0, p-Br
| 92:n=1, m-Br
A \Br 93:n=1, p-Br

Pd(dba),/BINAP
tBuONa, anokcaH

94: n =0, m-NH, 19%
95: n =0, p-NH, 20%
96: n =1, m-NH, 21%
97:n =1, p-NH, 14%

Cxema 12.

Cxopnble Bbxobl (14-21%) MakpoTpuuKIMUecKuX coeanHenuit 94-97 Obun oTMeueHbI
u npu B3aNMO/JICHCTBUH TOTO xKe KaJIuKcapeHa 76 C mpanc-N,N -
ouc(6poMOeH3mMT)3aMeicHHbIME  TeTpaazamakporukiamu  90-93  (Cxema 12). JlaHHbIe
npousBojaHbIe IHKIeHa (N = 0) u mukinama (N = 1) ObUIM CHHTE3MPOBAHBI C BHICOKMMU BBIXOIaMH

Mo paHee pa3pabOTaHHBIM METOJUKAM TPEXCTAAMUHBIM CHHTE30M W3  CBOOOIHBIX
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terpaazaMakporukioB [180]. [Tokazana BO3MOXKHOCTh BBEAECHHUS B KAaTATUTHYECKYIO PEAKIIUIO
MaKpOLMKJIM3AMKA TeTpa3damenieHHbix mnukiaeHoB 98-100, comepkammx Mo JBE 3allUTHBIX
rpynnbl  (OSH3UIBHYI0O U mpem-OyTOKCHKApOOHWIIBHYIO), YTO BaXXHO MJIS TOCICIYIOIINX
MoaudUKaIMi TaHHBIX coeauHeHur (iyopodopHbiMu 3amectutenssMu. Coenunenns 98 u 99
ObUTM  TIONY4YeHBI W3  mpauc-nuOeH3winukieHa [181] B cmywae  ucmosib3oBaHusA
nuBbOKnpoussoaunoro 100 (monydeHo mo MeToauke, omucaHHON B pabore [182]), BbIXOx
cootBeTcTByOmero makporpummkia 103 cocraBun 28% (Cxema 13). JlanHble coenMHEHUS
MPEJICTAaBISIIOT COO0OM  IeTepONOJIUTONHBIE JIMTAHIbl 3a CYET HaJu4Ms B HHUX JABYX

MAaKpOOHUKIINYECKUX CUCTEM C pa3J'IH‘IHOfI KOOpI[I/IHI/Ip}IIOH_[Cﬁ CIIOCOOHOCTEIO.

PG.. /_\ @Br

\_/

98: PG =Bn, m-Br
99: PG = Bn, p-Br
100: PG = Boc, m-Br

101: PG = Bn, m-NH, 15%
102: PG = Bn, p-NH, 12%
103: PG = Boc, m-NH, 28%

Cxema 13.

54:n=1, m-Br
55:n=1, p-Br
56: n =2, m-Br 105: n =1, m-NH, 10%
57:n=2, p-Br 6] o) 106: n = 1, p-NH, cneabl
107:n=2, m- NH 5%
0 108: n = 2, p-NH, 10%
Z Pd(dba),/BINAP HN NH
tBuONa, guokcaH
HoN 104 NH;
o
N N
<\O 0/7
7/

Cxema 14.
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C menpi0 MOJNydEHHS MaKPOTCTPAIMKINYECKUX coeauHeHnii B peaknuio Pd(0)-
KaTaJIM3UPYEMON MaKpOIMKIIM3AIUH C TPOU3BOJHBIMH TUa3akpayH-3¢hupoB 54-57 BBenu Oonee
CIIOXHBIA JauaMuHOKaNUKCKpayH-2¢up 104 (Cxema 14). BeposTHO, B CBS3M C MEHBIIEH
KOH(OPMAIIMOHHOW  TMOJBWKHOCTBIO HCXOJHOTO MAaKpOOWIIMKIA, a Takke OOJBIIMMHU
TPYIHOCTSMU XpoMaTOrpaduyecKOro BbIICICHUS BBIXObI 1eleBbIX NMpoAaykToB 105-108 Obutm
CYIIECTBEHHO HWXE, 4YeM B pEaKIMiX IMaMUHOKalmuKkcapeHa 76, u He mnpeBbicwin 10%.
Coemunenne 106 65110 3aHKCHPOBAHO TONBKO B PeakIMOHHOH cMecu (M/z 1065.60 [M+H]") u

He ObUIO BBIJICIIEHO XpOoMaTorpadudyecKu.

54 n—1,m-Br
55:n=1, p-Br
56: n =2, m-Br
57:n=2, p-Br

Pd(dba),/BINAP
tBuONa, anokcaH

109: n = 1, m-NH, cnegbl
110: n =1, p-NH, 5%
111: n =2, m-NH, 18%
112: n = 2, p-NH, 5%

113:n=2,95%

Cxema 15.

Taxke 3HAYUTENBHO TPYyTHEE TMPOXOIMIO B3AMMOACUCTBHE TEX JK€ MPOU3BOIHBIX
nuazakpayH-3pupoB 54-57 ¢ nmuammHokanukc[4]apenom 80 (Cxema 15), mpu 3ToM Hambonee
npuemieMslid pe3ynbraT (18% Bbixoa makpoTpurmkia 111) onste 611 momyyen ¢ N,N’-6uc(3-
OpoMOeH3WIT)3aMeeHHBIM  ra3a-18-kpayn-6 a¢pupom 56. HecomMHeHHO, YTO B peakIusIx
MaKpOLUMKIN3ANK  TMPOM3BOJHBIX  KAIMKCAPCHOB  NPUHIMIHMAIBHYIO  POJb  WUIPAIOT

KOH(OPMAaLMOHHBIE (haKTOPBI — BO3MOXKHOCTh BHYTPHUMOJIEKYJIIPHOTO apUIMPOBAHUS IO BTOPOU
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aMuHOTpynne nocie apunupoBanus nepBoil. Coenuaenune 109 Op110 3aUKCUPOBAHO TOIBKO B
peakimonnoit cmecu (M/z 1241.84 [M+H]') u He 6bUIO BBIIETEHO XPOMATOrPAPUUECKH.
Makpotpunukn 111 ynamocs moauduuupoBaTh ABYMS JAHCUIBHBIMH 3aMECTHTEISIMU C
MPAKTUYECKH KOJMYECTBEHHBIM BBIXOJOM Npou3BoAHoro 113, ucmnonb3oBaHHOro najuee Aiis
(biIyopecieHTHOrO0 JETeKTUPOBAaHUS KAaTHOHOB MeTauioB. Peakuuio Benn ¢ 2.5 9KkB.
JAHCWIXJIOPUJA B allETOHUTPUIIC IPU KOMHATHOW TeMIIepaType MpH HCIOJIb30BAaHUU IMOTAIIa B
Ka4yecTBE OCHOBAaHMs, LieJeBoe coefuHeHne 113 oTMbIBaIM BOJOW OT HEMpOpearupoBaBILETrO
JAHCUIXJIOpHUJIA U XpoMmaTorpadudeckoil O4nCTKH He nmoTpedoBasiock. B cnektpe Y® naHHOro
COCJIMHEHUST HAOJF0IaeTCs XapaKTepHas moJjioca morioneHus ¢ Makcumymom tipu 342 um (lge
3.75), a npu 00Iy4eHUHU HA JAaHHOH JJIMHE BOJIHBI BOZHUKAET SMUCCHSI C MAKCUMYMOM Aem = 538
oM. Takum oOpa3oMm, Kak U B ciydyae IAUAAHCUIBLHOrO MpousBogHoro 85, CTOKCOB CABHT
cocrapnsieT nmouytu 200 HM ¢ MakCUMyMOM (IIYOpeCUEHIIMH B BHAUMOMN 00JIAcTH, YTO JAeNaeT

COCAMHCHUC 85 MOTCHUHUAJIBHBIM OIITUYCCKUM XCMOCCHCOPOM.

3.4. Pd(0) u Cu(l)-kaTanuzupyemoe aMUHHPOBaHHE Me30-(TaJ0reHPeHNT)IPOU3BOTHBIX

nop¢upHHOB B CMHTE3€e MOJTUMAKPOIUKINYECKUX KOHBIOTATOB.

Mo Me HN" XN, Me e
2-3 akB. Me A
m
Me Am X =CH, (1)
X = CH,CH,[OCH,CH,],OCH,CH, (7)
7\ [
Ny NN —
= _r, Pd(dba),/BINAP HN™ X" °N
Hig a) Hig = Br fBUON H
Me Am uONa, anokcaH Me Am
Me A 6)Hig =1 Cul/L2/IM®A, Cs,CO;4 Me Me
Hig = p-Br (114), m-1 (115) 116: p-NH, X = CH,CH,[OCH,CH,],0CH,CH, 16% (Pd kaTanus)

117: m-NH, X = CH, 50% (Cu kaTanus)
118: m-NH, X = CH,CH,[OCH,CH,],0CH,CH, 10% (Cu kaTanus)

Me Me
Me Am
Me Me
O Me Me (ﬂo/—\o/—\od
Me Am
Am Me  NH HN

e o @ O

Me Me

Cul/L2/AIM®A
115‘ 2 3KB. C32C03 Am Me Me Am
+ Me Me 119, cnenpl Me Me
(e} (e} (e}
NH, HoN
7
Cxema 16.

Jlig monydeHusi TeTEepOIOIMLIUKINYECKUX KOHBIOraToOB, COJIEpXKAIIUX CTPYKTYpHbBIE

CyObeqMHULIBI TOP(PUPHHOB U a3aKpayH-3(UPOB, CBSI3aHHBIX TUAMUHOBBIMHU JIMHKEPAMHU, HAMU
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UCCIICIOBAaHO HECKOJBKO CHHTETHYECKMX NOAX0M0B. [lepBoHavaipbHO OBUIO TOKa3aHO, YTO
BBEJICHUE JMAMHUHOBOTO 3aMECTUTENII B MOJICKYNTY Me30-(heHmImoppuprHa BO3MOXKHO Kak
MOCPEJCTBOM MAaJUIAAMEBOTO, TaK W METHOTO KaTaju3a C HCIOJIb30BaHUEM OpoM- WM
noabeHunpon3Boaubix mopbupuna 114 wam 115 (Cxema 16). Ilpu stom B ciayugae Cu(l)-
KaTaJIM3UPYEMOT0 aMUHUPOBAHHS MOANpou3BogHOoro 115 ¢ mu3beitkom 1,3-nuamuHomnpomnana 1
npu 110°C BBIXOJ COOTBETCTBYIOLIErO MPOIYKTa aMUHHPOBaHUs 117 ObLI JOCTATOYHO BBICOK
(50%), B TO BpeMs Kak BBEJACHHE TPHOKCAIMAMHUHOBOIO IMOJaHAa ObLIO JIOBOJBHO
npoOJeMAaTUYHBIM KaK B Cllydae MaUlaJuii-, TaKk W MEIb-KaTaJHU3uPyeMOro IMpoIEecCoB
(coemuuenns 116 wu 118). Cneanyer ormeruts, uto Pd(0)- u Cu(l)-xaramusupyemoe
aMHHHPOBAaHUE BO3MOXKHO TOJIBKO JUTS MOp(hUpHUHATA IUHKA, HO HE /ISl CBOOOAHOTO nopdupuHa.
[TorbiTka TONMy4YeHUsT OWUCHOPPUPUHOBOTO MPOM3BOJHOTO TPUOKCATUAMUHA B  YCIOBHAX
katanu3a Cu(l) mpu ucnosnp3oBanuu u30bITKa mopdupuna 115 okazanace HEYAaYHOM Jaxe MPH
Oonee Boicokoi Temmneparype (140°C), npu s3tom coemunenne 119 610 3aQUKCUPOBAHO TOIBKO
B PEaKIIMOHHOH CMecH ¢ MOMOMLIBI0 Macc-criekTpomerpun MAJIJIA (m/z [M]* 1560.60). Dto
NOJATBEPXKJIAET paHee OTMEUEHHblE TPYAHOCTH Ipu  Meab-karanusupyemom  N,N’-

JUApUIHNPOBAHUM JHAMUHOB M OKcaguamMuHOB [183].

HoN" X7 NH,

Am Am
3-6 aKB. Me Me
X = CH, (1)
X= CHchzo(CH2)4OCH20H2 (5)
X = CHyCH,[OCH,CH,],0CH,CH (7)
NH NH
Pd(dba),/BINAP unm DavePhos ( Me Me )
X X
¢

tBuONa, anokcaH

Cul/L2/IM®A, Cs,CO
p-Br, M = 2H (120) R NH, H N
p-Br. M = Zn (121)

m-Br, M = 2H (122) 123: p-NH, M = 2H, X = CH, 49% (Pd katanus)

124: p-NH, M = Zn, X = CH,, Habmioganu B peakLm1oHHoi cmecm ( Cu katanms)
MpoAyKTbl MOHOAMUHNPOBAHMS: 125: m-NH, M = 2H, X = CH,CH,[OCH,CH,],0CH,CH, 15% (Pd kaTanus)
126: m-NH, M = 2H, X = CH,CH,0(CH,),0OCH,CH,, 30% (Pd katanus)
127: m-NH, M = Zn, X = CH,CH,[OCH,CH,],0CH,CH, cneapl (Cu kaTtanus)

128: p-NH, Z = Br, M = Zn, X = CH, Habnioaanu B peakumoHHoi cmecy (Cu kaTanms)

129: m-NH, Z = Br, M = 2H, X = CH,CH,[OCH,CH,],OCH,CH, 12% (Pd kaTanus)

130: m-NH, Z = Br, M = 2H, X = CH,CH,0(CH,)4OCH,CH, 18%

131+132: m-NH, Z = H, Br, M= Zn, X = CH,CH,[OCH,CH,],0CH,CH, 7% (Cu kaTtanus,
BbIXO4 CMecH)

Cxema 17.

JlnamuHupoBanue nu-weszo-(ramorenenmn)nopbupuno 120-122 wuzoObiTkamMu  1,3-

nuamuHomnpomnana (1) u okcagnaMuHOB 5 ¥ 7 0Ka3aloCch YCIENIHBIM TOJbKO B ciydae Pd(0)-
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KaTaJIM3upyeMoTro aMuHHUpoBaHus (coeamHeHus 123, 125, 126), nmpu 5TOM MaKCHMaJIbHBIN
BbIXoa coctaBmi 49% B cinyuae 1,3-muamuHONpOmaHoBoro mnpousBogHoro 123. B ciydae
KaTajlin3a KOMIUIEKCAaMH MEIW COOTBETCTBYIOIIME JAMaMUHONpou3BonHble 124 wu 127
HAGIIOIANCh B HE3HAUMTEIFHOM KOJIMYECTBE TOIBKO B peakIMoHHO# cmecu (M/z [M]* 1004.64
n 1296.79 coorBerctBenH0) (Cxema 17). Takxke B XoAe peakmu ObUIM MOJYYEHBI MPOTYKTHI
MoHOamMuHUpoBaHus 128-132, mpu 5TOM B HMHIMBHIYaJIbHOM COCTOSHHM YJAJIOCh BBIJICIUTH
MOJIy4YeHHBIC B pe3ylibTaTe NayuiaaueBoro karanmsa coequHenus 129 u 130, B To Bpems kak
npomsBogHOoe 128 ynanock 3adMKCHpOBATh JIUIIb B peakiuoHHoil cMecu (M/z [M]* 1010.44), a
coenuaeHus 131 u 132 ObumM BbIEICHBI B BUJE OAHOW (pakimMy IpH XpoMarorpadupoBaHUH
(m/z [M]" 1078.49 u 1156.39 cootBercTBeHHO). MoHnOamMuHompoussoaHoe 131 mpejcraBmser
coboit mpoaykT Cu(l)-karanusupyemoro BoccranopieHus csi3u C-Br. Crenyer oTMETUTB, YTO B
peakuusax nu-weso-(0pombeHun)nopGUpuHOB B YCIOBUAX MaJIaIMEBOTO KaTallk3a BO3MOXHO
BBC/ICHUEC B PEAKIUI0 CBOOOIHBIX OCHOBAHUH, MPHUYEM B JAHHBIX PEAKIUSAX MPEIMOUYTHTEIbHEES
UCIIOJIb30BAHUE JIPYroro JMraHma — 3JeKTpoHoJoHOpHOro ¢ochuna DavePhos (2-
TUMETHIIAMUHO-2’ - TUITKIIOTeKCHiochuHoOnpeHma).

Jlanee npousBoaHbIe TOPGUPHUHA C OJTHUM U JABYMS TUAaMUHOBBIM mofanaamu 117 u 123
HOMBITATUCh BBeCTH B peakiuto Pd(0)-kaTaau3upyeMoro aMHHHPOBaHHS C 3-OpoMOECH3HII
3aMeleHHbIMA a3akpayH-23¢upamu 10 u 11 a1 moiy4eHHus COOTBETCTBYIONIUX KOHBIOTATOB,
OHAKO  Oe3pe3ynabTaTHO, TIIOCKOJIBKY BMECTO aMHHHMPOBAaHUS  HAOIMIOAANOCh  TOJIBKO

KatajquTHuueckoe BocctaHoBneHue csizu C-Br (Cxema 18).

Me Me
Me Am
HNT "N (Q\O% Br
H  Me Am o NU
Me <\ /7
Me o o
__/

117

14:n=1
Am Am 15:n=2
Me Me TONbLKO BOCCTaHOBNEHUE
Pd(dba),/BINAP csAsm C-Br
tBuONa, guokcaH
HN NH
Me Me
NH2 Am Am H2N
123
Cxema 18.
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Me Me
Me Am Me Me
O .
e
oY > "
CTD A 918
L) "
0 0 Mo 133 Me ° § N Me
\\/OJ Me Me
Pd(dba),/BINAP
15 tBuONa, auokcaH K/O\)
134, 15%

Cxema 19.

HampoTuB, B3aMMOJAEHCTBHE IMaMHUHONPOU3BOAHOIO a3zakpayH-3dupa 15 ¢ mesz0-(3-
opomdenmn)noppupunaroM muHKa 133 TPONLIO AOCTATOYHO YCIENIHO, B Pe3yJIbTaTe ObLI
NoJy4deH OucMakpouukindeckuid konporar 134 (Cxema 19). Y®-cnekTp JaHHOTO KOHBIOTATa
xapaktepusyercss uHTeHcuBHOW mojocoir Cope (Amax = 409 uM, Ige 5.55) u nByms Mmenee
uHTeHCUBHBIMU Q-motocamu (Amax = 539 u 574 um, Ige 4.32 u 4.13 cootBercTBeHHO). Ilo
CPaBHCHHMIO C HMCXOAHBIM mopdupuHaroM nuHka 133 HaOmromaroTcs cinadble 0aTOXpOMHBIC
CABUTU BCEX MOJOC Ha 2-3 HM M 3aMETHOE yBelMYeHHe HUHTEeHCUBHOCTU Q-monoc. CrexTp
dyopecueHnuyn coenuuenus 134 conepkuT JIBe MOJIOCH! MPAKTUYECKH PAaBHOW MHTEHCUBHOCTH
Aem = 589 1 639 HM.

[Tpu B3auMoeiicTBUM 2 DKB. TOTO K€ MPOU3BOIHOTO a3akpayH-3¢upa 15 ¢ au-meso-(4-
Opomdenwn) mnopdupuHatoM 1mHKA 121 B yCIOBHAX TAUIaJUEBOrO KaTalu3a  ObUT
CHUHTE3UPOBAaH TPUCMAKPOLMKINYECKUH KOHBIOraT 135, comepxamuii oqHy mOpGUPUHOBYIO U
IBe azakpayH-2QupHbIX cyobenuHuibl (Cxema 20). MHTepecHO OTMETHUTh, YTO B PEaKIUU
14 CBOOOJIHBIM  JTH3aMeEIICHHBIM

JIPYroro JIMaMUHONPOU3BOAHOIO co

azakpayH-3¢pupa
nopdupuHoM 120 OBUT yCIENIHO TOJMYYeH aHAIOTHYHBIN TPUCMAKPOIMKIMYECKHNA KOHBIOTAT

136, 4Yro CcBUAETENBCTBYET O PpaA3IMYHOW  PEAKIMOHHOW  CIIOCOOHOCTHM MOHO- U

T(OpoM(pEeHUIT)TPOU3BOIHBIX TOppHUpPUHA B BHJAE CBOOOJHOIO OCHOBAHMsS, CBS3aHHOM,
BEPOSITHO, C pa3IMYHON CIOCOOHOCTHIO K KOOPAWHAIMM TMauaaus. TpyTHOCTH CHHTE3a
COCIMHEHUH TaKOro poJa MPOSBWIIMCH TaKXKe B TOM, YTO IPH BBEJACHUU B PEAKIHIO
TPUOKCAIMAaMUHOBOTO MPOU3BOJHOTO 1-a3a-15-kpayH-adupa 21 HaOIIOAATIOCH UCKITFOYHTEIHHO
cessu  C-Br Coemnnuenns 134-136,

KaTaJIuTUYCCKOC BOCCTAHOBJICHHC B HOp(I)I/IpI/IHe.

MMPEACTaBJIAOIINC coboit reTCPOAUTOINIHBIC KOHBIOTAThI, ObLIH JajJe€ HCCICOOBAaHbI B

JNETEeKTUPOBAHUU KaTHOHOB METAJUIOB MeTo/IaMu crieKTpockonuu YD u ¢uryopeceHIH.
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Pd(dba),/BINAP
e} NH
+ tBuONa, avokcaH Lb/ \a) Arh Am
Am Am n
135:n =2, M =2Zn, 15%
Me Me 136:n =1, M= 2H, 20%
_a O
Me Me
Am Am
121: M =2Zn
120: M =2H

Cxema 20.

Crextp Y® xonsntorara 135 xapakrepusyercs uHTeHCcuBHOU mos1ocoit Cope (Amax = 417
uMm, Ige 4.80) u 1ByMs MeHee HHTCHCUBHBIMU 10J0caMu Q (Amax = 546 u 578 uwm, Ige 3.45 u 3.17
cooTBeTCTBeHHO). [lo cpaBHeHHMIO ¢ HMCXOAHBIM THOpdupuHaToM ImMHKa 121 Habmromaercs
06aTOXpPOMHBIN CABHUI BCEX MOJIOC MOIJIOIIEHHUS Ha 3-6 HM M HeOOJBIION pOCT MHTEHCUBHOCTU
nonockl Cope u oanoit u3 Q-momnoc. Crnektp duyopecieHnuu coequHeHust 135 comepxur nse
HoJoChl ¢ Aem = 9594 u 648 HM, npuueM nepBas Oosnee HUHTEHCUBHas. Y D-crekTp
tpucMakporkia 136 Taxke xapakrepusyercst mosocoit Cope (Amax = 409 um, Ige 5.02), a B
crieKTpe (IIyOpeCIeHITNN HAOJF0TAal0TCS JIBE MOJIOCHI SMHUCCUU C Aem = 638 u 704 uM, BTOpas
6osiee UHTEHCUBHas. TakuMm 006pa3oM, B cB000IHOM nopdupuHe 136 monocs SMUCCHH CMEIIEHbI
npuMepHO Ha 50 HM B KpacHYI0 00JIaCTh 10 CPABHEHUIO C IIMHKOBBIM KOMILJIEKCOM MOp(UpHHA
135.

3.5. Moaudpukanuss MAKPOUMKJIOB 1 MAKPOOMUMKJIOB NOp(pupruHamu.

Hamu mnpennpuHaTO H3y4eHHE BO3MOXHOCTH MOIU(MUKAIMHA MAKPOIMKINYECKUX U
MaKpOOUIIMKINYECKMX COEAMHEHUH Nop(UpHUHAMH, MOCKOJIBKY MOPPHUPUHBI MPEICTaBISIOT
coboit momHbie (ayopodopsl. [Ipeamonaranock, 4To B HUCCIEAyeMble COSAMHEHUS OyayT
BBEJICHBI J[BA MICHTUYHBIX MOPPUPUHOBBIX MAKPOIUKIIA, TOCKOIBKY HCXOJHBIE MAKPOIUKIIBI U
MaKpOOUIIMKIBI 00JaaloT CUMMETpUEH H CoAep)KaT JBa OJMHAKOBBIX W HE3aBUCUMBIX
PEaKIMOHHBIX IIEHTPA BBUIY 3HAYUTEIBHOM MX YAAJICHHOCTH JPyr OT JApPyra — BTOPHUYHBIE
ATKWJIAPWIAMAHOTPYIIIB U3 TOJMOKCATMaMUHOBOTO JIMHKepa. [IpenBapuTenbHO IO paHee

onucaHHoMy Hamu cmocoOy [184, 185] ¢ Beixomom 35% ObUI  CHHTE3UpPOBAH
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nuazarpuokcamakporukn 137  peakiueit  Pd(0)-katamusupyemoii  Makpouukiauzanuu  3,3°-
nuopomoudennna ¢ tpuokcaauamuaom 7 (Cxema 21). Jlanee makporukn 137 Obll BBEICH B
peakimuio ¢ 2 9KkB. Mmes30-(4-Opombenun)nopupunara numHka 114 npu  karanmse
Pd(dba),/DavePhos (16/18 mon%) (Cxema 21); HCMOJb30BaHHE HMMEHHO 3TOrO JIMTAH/A
okazasiock mnpeanoutureabHbiM Tiepen BINAP. B pesynbrare mnpu xpomaTtorpadudeckom
BBIJICJIEHUN OBUTM TOJYYEHbI IU- U MOHomopupunnpousBoansie 138 u 139 mpakrtudecku c
paBHBIMH BBbIXOJaMH. BooOllle, KaTaJIUTHYECKOEC apUIMPOBAHHWE BTOPUYHON aMUHOTPYIIIIBI
SIBIISICTCS. HEMPOCTOHM 3ajayeii; peakuu ¢ OOJILIIMHCTBOM BTOPUYHBIX aMHHOB, COJEpIKAIIUX
JUAITKAJIAMAHOTPYIINBI, UAYT C OOJBIIUMH 3aTPyJHCHHSIMHU, B TIEPBYIO O4YEpEIb, B CBS3U C
AKTHMBHO  MPOTCKAMONIMM  KaTATUTHUYECKUM BoccraHoBieHuem cBsisu  C-HIg, onnako
apWIMPOBAHUE AJTKWJIAPWIAMHHOTPYIIIT OOJIEr4aercsi B CBS3M C UX MEHbIICH OCHOBHOCTHIO,
TaKXe OOJIBIIYI0 POJIb MIPAlOT crepudeckue ¢akTopbl. B manHOM cimywyae HemosiHota N,N -

JUApUINPOBaHUA BIIOJIHC MOKET OBITH CBA3aHA UMEHHO C 3THM aCIIEKTOM.

Br. Br H2N/\/\O/\/ O™ ™ NH,

Pd(dba),/BINAP (8/9 mon%)

tBuONa, anokcaH

137, 40%
(\/ \/ \/j Me

)
Wsiti @ e <l

138, 27% Me

.

o]

+
114 2 3KB.

Pd(dba),/DavePhos
tBuONa, guokcaH
Am
137

139, 28%

(o)
/N

z
T
Cae

Cxema 21.

B crektpe SIMP 'H coenmmenus 138 maGmiomaercss 3aMETHEIH CIBHT B c1aboe mole
METHUJICHOBBIX NMpoTOHOB rpynnsl CH;N TpHokcaanaMHMHOBOro JHHKEpa, a TakKe MPOTOHOB
OoudennapHOTO (PparMeHTa MO CPAaBHEHUIO C HCXOAHBIM Makpouukiom 137, dro cBs3aHO ¢
CHJIBHBIMU aKLENTOPHBIMU CBOWCTBAaMM NMOP(UPUHOBONW CUCTEMBbI. AHAJIOTUYHO, U B CIEKTpe
SIMP BC  HaGmromarorcss Cc1aGOIONBHBIC CMEIICHHS IS aTOMOB yriaepoga yKa3aHHBIX

dparmentos Momexyist. Criektpst IMP 'H n *C Tprcmakponmkma 138 BechMa CTOXKHBI st
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MHTEPIIPETALNU, TTOCKOIbKY OOJBIIMHCTBO MPOTOHOB M aTOMOB YIJIepo/a MPOSBISIOTCS B BUIE
3-4 OIM3KOPACTIONOKEHHBIX M 3a4acTyIO MEepeKphIBatonIuXxcs MyabTuiieToB (B IIMP crekrpe)
WIA B BHUJE HECKOJBKUX OIM3KOPACIOIOKEHHBIX CHUTHAJIOB aTOMOB YIJiepoja. DTO sIBJICHUE
MOKHO OOBSCHUTh HAJIMYUEM HECKOJbKUX (CKOpee BCEero, 4Yerbipex) KoHbopMalui,
BO3HHUKAIOIIMX 3a CYET 3aTPYJHEHHOrO TMOBOPOTAa BOKpYr MeHTpaibHOM cBsa3u Cl1-C1°
oudennnpHoro (pparmenra neHtpambHoro makpoumkia. Coemunenue 139 xapakrepusyercs
noreped CUMMETpHH Ou(EHHI-COACPHKAIET0 MaKpOLWKIA, M CIa0OMONbHbIE CMEIICHUS
IPOTOHOB M AaTOMOB YIJepoJa XapakTepHbl MJi1 PpACHOJIOKEHHBIX BOJM3U BBEIAECHHOTO
nopdupuHoBoro ¢parmenra. B cnekrpax SIMP '"H u BC oucmakpormkia 139 GoJbIIMHCTBO
OPOTOHOB M aTOMOB YIJIEpoJa TPOSBIAIOTCA B BHAEC JBYX OJM3KOPACIOIOKEHHBIX
MynbTUIUIETOB (B [IMP criekTpe) wim B BHIE yIBOSHHBIX OJIM3KOPACIIONOKEHHBIX CHUTHAIIOB
aTOMOB yrjepoja. JTO SBJICHHE MOXHO OOBSACHUTH TOU K€ MPUYMHON, YTO M AJISI COCTUHEHUS
138. C Ttoukm 3peHHs BO3MOXXHOCTH HCIIONb30BaHus coeauHeHuid 138 m 139 B kauecTBe
MOTCHIUATBHBIX ONTHYCCKUX XEMOCCHCOPOB, CIICTYeT OTMETHTh XapaKTEPUCTUICCKUE YePTHI UX
criekTpoB Y@ (unTeHCHBHBIE M0JI0ckl Cope MOpHUPUHOB ¢ Amax 409 u 411 um (lge 5.07 u 5.27
COOTBETCTBEHHO), a TaKXKe CHEKTPOB (DIyOpECIEHINU, TOIYYCHHBIX IMPH BO30YKICHHHM Ha
e BOJHBI 410 HM, € Aem 588 11 642 M st 138 1 ¢ Aem 590 1 640 M maa 139.
AHaNOTUYHBIM ~ 00pa3oM, TaUIaJui-KaTAIM3UPYEeMON  MakpouMkiIu3anuen  2,7-
nubpoMHadTaIMHA ¢ TpuokcaauamuaoM B nipucyrcteun Pd(dba),/BINAP ¢ Beixomom 26% ObLt
CHHTE3UPOBAH paHee onmucaHHbIi Makporukia 140 [186], koTopslii ObLT 1aee BBECH B PEAKIIHIO
KaTaJIUTHYECKOTO0 aMMHHMPOBAaHMS C¢ 2 3KB. TOro ke nopupunHara nuHka 114 B mpucyrcTBun
katanutuieckor cucrembl Pd(dba),/DavePhos (16/18 mon%), B pe3ynbrare ObUIM TOTYyYSHBI
MPOIYKTHI KaK Iu-, TaKk U MoHO3ameneHus 141 u 142, onnako B JaHHOW peakIuy BBIXObI ObLIN
HUKE, YeM B PacCMOTPEHHON BhIIe ¢ OMdeHmI-coaepxammm Makpouukiom (Cxema 22). B
ciektpe SIMP 'H coexmuenust 141, kak u B cilydae AMNOpGUPUHOBOrO MpOM3BOAHOrO 138,
HaOMO1aeTcsl 3aMEeTHBIM CABUT B cllaboe TMoJie METUJIEHOBBIX MpoToHOB rpymnbsl CHoN
TPUOKCAIMaMHUHOBOTO TUHKEPA, & TAaKXKe MPOTOHOB HAPTAIIMHOBOTO (PparMeHTa Mo CPaBHEHUIO C
ucxoaHsIM Makpouukiom 140, a takxke B cnektpe SIMP B3¢ HAOJIOJA0TCA CI1a0O0MOIBHEIE
CMEIICHHUsT Ui aTOMOB YIJIepoAa yKa3aHHBIX (parmMeHTOB Mosekyibl. CoenuHenune 142
xapaktepusyercs 0osiee cI0KHbIMU criekTpamu SAMP "Hu °C B csisu ¢ MOTEPEN CUMMETPHH, U
CTa0oMOobHBIE CMEIIEHUsI TPOTOHOB M aTOMOB YTJIEpOAa XapaKTePHBI JUISI PACTOJIOKEHHBIX
BONM3U BBEJEHHOrO TOPGUPHHOBOTO Makpouukia. B cnektpe Y@ coeaunenus 141

HaOromaeTcst HHTeHCHBHAA 1osioca Cope nopGUpPUHOBOTO CTPYKTYPHOTO (hparMeHTa ¢ Amax 410
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M (lge 5.66), a B criekTpe (uIyopecieHIH, TTOJIy4YeHHOM IpU BO30YKJICHUU HA JJIMHE BOJHEI

410 uM, HaOIIOHAETCS UHTEHCUBHAS DMUCCHS C Aem 388 1 642 HM.

¢ Y]
H2N/\/\o/\/o\/\o/\/\NH2

Br Br HN NH
“ “ Pd(dba),/BINAP (8/9 Mon%)

tBuONa, guokcaH
140

Me
’ “ ‘ Me
Me
" O SsemeNgbie
Q M
141, 18% Me Am
Me

114 2 3KB.
N +

H

OO Pd(dba),/DavePhos
tBuONa, amokcaH

(¢85 w

142, 12%

Cxema 22.
Me Me
M
e Am A
T\ /T \ Br Me Am
o] O (0] 141a, cneppl
NG Me Me
HN\“/ 133, 2 akB.
O +
Pd(dba),/DavePhos
140 tBuONa, guokcaH / \ / \
HN
o
142a, 6%
Cxema 23.

B Hacrosimem uccnenoBaHun Oblila TaKKe MPEIIPUHSTA MONBITKA BBECTH B PEAKIUIO C
makpouukioM 140 wm3omepubiii  mopbupuHat 1wmHKa 133, comepxammii  mez0-(3-
O6poMpennnbHbI) 3amecTuTens. OKa3zanoch, YTO B YCIOBUSAX, aHATIOTUYHBIX BBIIICONUCAHHBIM,
peaknus BechbMa 3aTpyIdHEHA, NPH STOM IiefeBoe OucnoppupuHOBOEe MpousBogHoe 141a

3apuKCUpoBaIH TOJIbKO B CJIEIOBBIX KOJMYECTBaX cpenu Pa3zHoOO0pa3HBIX
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HeNICHTH(UIIMPOBAHHBIX NPOAYKTOB peakimu (M/z 1685.8 [M']), a B uHAMBHIyanb-HOM BHIE
yIaJoCch BBIACIUTHL MOHONOpPGUPHHOBOE mpou3BoaHoe 142a, W TONBKO C OYCHBb
HE3HAuUUTENbHBIM BbIXoAOoM (Cxema 23). MOXXHO MNpEAINONIOKUTh, UYTO TAaKOE MPOTEKAHUE
peaKkuu CBSA3aHO C MEHbIIEH aKTUBHOCTHIO aToMa OpoMa, HaXxOJISAIETrocs B Mema-ToJI0KEHUU K
CHWJIBHOMY aKIIeITOpy — nopdupuny.

CuHTe3 TPHCMAKPOIUKINYECKOro coequHeHus 143, Bkimouaromero B cebs  1Be
CyOBEIMHHUIIBI OKCAa3aMaKPOIMKIOB, CHMMETPUYHO OPTraHM30BAHHBIX BOKPYT ILEHTPAIHLHOTO
nopGUPHUHOBOTO SApa, OCYIIECTBISUIM MajlUlaui-KaTaIu3upyeMbIM aMUHUPOBAHUEM TU-Me30-
(4-6pomdennn)moppupunara nunka 121 nByms skB. Makpouukia 137 (Cxema 24). IIpu stoM,
MIOMHMO IIEJICBOT0 COCIMHEHUs OBLIO BBIICIICHO OMCMaKpOIMKIMYECKOe TMpou3BoaHoe 144, a
TaKXe TeTpa- U MeHTAIUKInYeckue onuromepsl 145 u 146, oOpazoBaBimecs: BCIEACTBUE TOTO,
4TO B JIByX pearupyromux Monekynax 137 u 121 umerorcs ABe mapbl peakIMOHHBIX [IEHTPOB U
BBHJIy HEBO3MOXKHOCTH HCIIOJIb30BaHUs OONBIIOr0 M30bITKa Makpouukia 137 ans moaaBiieHus

IMponecCoOB OJIUTIroMEpU3alnu.
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B cnekrpax AMP 'Hu Bc coequnennii 143-146, kaxk u mist ux agamoros 138 u 139,
HaOOIaeTCsl CMEleHre B ciaboe IoJie CUTHAJIOB MPOTOHOB M YIJIEPOJOB B TEX YACTAX
OuQeHWI-cColepKalNX  MAaKPOLMKIIOB,  KOTOPBIE  HEMOCPEACTBEHHO  NPUMBIKAIOT K
nopGupuHOBEIBM sipaMm. B crnektpax Y® HabGnromatoTcss MHTEHCHBHBIE Toj0ckl  Cope
nophUpUHOB ¢ Amax 416 u 414 um (Ige 5.29 u 5.28 COOTBETCTBEHHO), a B CIEKTpax
¢uryopecteHIMH, MOTyYSHHBIX MPH BO30YXICHUW Ha JaHHBIX JUIMHAX BOJH, HAOIIOIAIOTCS IO
JIBE MHTEHCUBHBIX ITOJIOCHI DMUCCUH C Aem 394 1 648 HM 1 000UX COEIUHEHHUI.

[Tonmy4ynB naHHBIE O BO3MOXHOCTH BBEACHUS MOPHUPHHOBOTO (uryopodopa B MOJIECKYIIbI
MaKpOIIMKJIOB, HA CJICAYIONIEM 3Tale M0 aHAJIOTHYHOW CXEeME MBI CHHTE3UPOBAIM COCIUHCHUS
Oonee CIOXKHOH CTPYKTYpbl — OucnopdupuHOBBIe TeTpamakpouukiasl 147 wu 148
B3auMojieicTBueM mopduprHata nuHka 114 (2 3kB.) ¢ MakpoOurukiamu 61 u 71, cunTe3

KOTOpPBIX OmucaH B 1. 3.1.
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Cxema 25.
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BbIXopl 1eNIeBBIX COEMMHEHUIT OBUTM BIIOJHE COMOCTABHMBI C TAKOBBIMH IS
IPOM3BOIHBIX MOHOMAKpOIIMKJIOB Ha OCHOBE OM(eHmnIa W HadTaliuHa, ONMUCAHHBIX BbImie. B
JAHHBIX PEaKIUsAX MBI TakXKe ONMpPOOOBAIM aJIbTEPHATHBHYIO KATAIUTHYECKYI) CHCTEMY
Pd(dba)/BINAP, HO B ee MPUCYTCTBHU CEIIEKTUBHOCTH IPOLIECCOB yIaja, YTO JIEMOHCTPUPYET
HEOOXOMMOCTh HCIOJb30BaHuss MMeHHO DavePhos B kavectBe suranaa. B peaknuu ¢
MakpoOuimkiiom 70 kpome OucophupHHOBOrO Mpou3BOAHOTO 149 ObLT BBIACICH TaKkKe

TPUCMAKPOLUKIMYECKHH TPOoAYKT MoHoapuiupoBanus 150 (Cxema 25).

o=
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Me INH
g 0
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Me Am
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Q 151, 56%
Me
Br Me Am
Me Me
133, 2 akB.
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Me Me
Am Me Me Am
+ Me Me
Am
Me 152, 8% md A
Me
Me
Am Me 153, 20%
Me
Am
Me
Cxema 26.

Crnenyer OTMETHTH, YTO BO MHOTMX Ciydasx cnekrtpel SIMP '"H u BC coemunenuii,
COJepXKAILMX JIOTIOJIHUTENbHBIE BBEICHHBIE MOPGUPUHOBBIE (pParMEeHTbl, HENPOCTHl IS

UHTEpIpEeTallMM Kak B CBA3M C  YIIMPEHUEM CUTHAJIOB  U3-32  3aTOPMOXKEHHBIX
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KOH(QOPMAIIMOHHBIX ~ TEPEeXO0JIOB, TaKk W  M3-3a  MEPEKPBIBAHUS W HAJOKCHUS
OJIM3KOPACTIONOKEHHBIX CHUTHAIOB M3 Pa3HBIX YaCTEH MOJUMAKPOIMKIMYECKUX MOJIEKYI, YTO
0COOCHHO TIPOSIBIISIETCS ISl ApOMATHYECKUX aTOMOB YTIIepo/a.

B crnektpax Y@ coenunenuit 148 u 150 nabmromarorcss mHTEHCHBHBIE Tojiockl Cope
nophupuHOB ¢ Amax 409 u 411 uM (Ige 5.49 u 5.32 COOTBETCTBEHHO), a B CIIEKTpax
(biryopeceHINH, TTOTYYCHHBIX PHU BO30YXKICHUU HA JaHHBIX JUIMHAX BOJIH, HAOJIOJAIOTCS I10
JIB€ MHTCHCUBHBIX ITOJIOCHI AMUCCUU C Aem 589 1 645 HM miisa Terpamakporukiia 148 u 588 u 642
oM i coequHenus 150. Coenunenus 147-150 npencraBistor coOOW HOBBIM THI KPUNTAHJIOB,
ApPXUTEKTypa KOTOPBIX YCIIO)KHEHA JIOTIOJHUTEIBHBIMH CHMMETPHUYHO PACIOJIOKEHHBIMU
MaKpOIMKJIAMH, SIBJISTFOIIAMUCS MOIIHBIMU  (biryopodopaMu, TMPEBpAIAIONUMA  JTaHHBIC
CTPYKTYPBI B T€TCPOTUTOIHBIC JIMTAHIbl. MaKpOOUIIMKINYCCKHI OCTOB COJCPKUT OOJIbIIOE
KOJIMYECTBO JOHOPHBIX aTOMOB, YTO MOXET CIIOCOOCTBOBATh KOOPJUHAIIMU KAaTHOHOB METAJIJIOB

¢ BbICOKMMU 3HaueHusgMu KY.

CF3COOH, CH,Cl,

Me

Me Me

Me

Me Am Am Me Me Am

Am Am Am Me w Am

Me 151 Me 154, 99%

Cxema 27.

Ha 3akmtounTenbHOM 3Tale CHMHTETHMYECKOW YacTH HACTOSINEro HMCCleOoBaHHUs Oblia
ocyliecTBiIieHa MoAu(UKaIKs MOpPUPHHAMHE JTUAMUHO3aMEICHHBIX Kanukc[4]apernoB 77
(xordopmarus koryc) u 80 (kordopmamms 1,3-anprepHaT). MHTEpec NaHHOW MOIAM(PUKAIIIN
3aKIII0YAaeTCsl B YHUKAIBHBIX PEHIENTOPHBIX CBOWCTBAX KaJMKCAPEHOBBIX MAaKPOIMKIOB |
CJIO’KHOM 3aBUCHUMOCTHU UX OT KOH(OpMAIUK TaHHBIX MOJIEKYI U 3aMECTHTEJeH, KOTOPbIE MOTYT
BBICTYIIaTh B KayecTBE IIOJAHJIOB, YBEIMYUBAIOIIMX JEHTATHOCTh JIMraHAoB. Peakuuio
NOPOBOJWIA C WCIIOJNb30BaHMEM 2 9KB. Mme30-(3-Opombenun)nopdupunara muaka 133 B
NpUCYTCTBUHM  KaTaiautuueckod cuctembl  Pd(dba)/BINAP.  Oomapyxeno, uto N,N’-
TUApWIMPOBAaHUE TPOTEKAJO C pa3HbIMU BBIXOAAMHU LEJNEBBIX TPHUCMAKPOLUKIMUYECKUX
npoaykroB 151 u 152 (Cxema 26), 4TO, OYEBHIHO, CBSI3aHO C PA3IMYHOM PEAKIMOHHOUN
CIIOCOOHOCTBIO  aMUHOTPYNI B  JWAaMUHOKAJIMKCapeHaX, HaxOIAIIMXCAd B  PA3IUYHBIX
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koH(popMmanusax. B ciayuae peaknuu ¢ coenunenrem 80 ObLIO BBIIEICHO OOJBIIE MPOIYKTA
MOHOApHIINPOBaHUs — Oucmakporukia 153.

B mensx panbHEWIEro CpaBHEHUS CBOWCTB MaKpOIMKIIOB, MOJUMDHUIIMPOBAHHBIX
nopUPUHOM B BHUJIC IIMHKOBOTO KOMIUIEKCA W B BHJIE CBOOOJHOTO OCHOBaHUS, HaMHU ObLI
OCYILIECTBIIEH CHUHTE3 coeauHeHuss 154, He conepamero IWHKa B KOMIUIEKCE C
nopUPUHOBBEIME Makpouukiaamu. J{is atoro coequnenue 151 oOpabareiBaay 1Mo CTaHAAPTHOM
METOAMKE TPUPTOPYKCYCHOM KUCIOTOH B AMXJIOPMETaHE, OJHAKO MPU ITOM TAKXKe OJHA W3
NPOTIOKCU-TPYII TPEBPATUIIACh B THAPOKCHIBHYIO 3a CYET JJIMMHUHUPOBAHUS IPOIMWICHA B
cunbHOKHUCTOM cpene (Cxema 27). Beixon coenqunenus 154 cocraBun 99%.

Takum oOpa3omM, B JaHHOW YacTH OBUIO TIOTYYEHO 3HAYUTEIBHOE KOJIUYECTBO
pa3Hoo0pa3HBIX MAaKPOUMKIMYECKUX U TOJIMMAKPOLIUKIMYECKUX COCAMHEHUH, OTIMYAIOMINXCS
0 pa3MepaM MaKpOIMKJINYECKOH TIOJOCTH, KOJMYECTBY M THUIY JOHOPHBIX AaTOMOB,
colepKammx pasiuyHbie (yopodopbl, B IENIAX WX JNAIbHEHIIEr0 HCIBITAHUS B KayeCTBE

(I1yOpeclIEHTHBIX XEMOCEHCOPOB Ha KaTHOHbI METAJLJIOB.

3.6. JlerekTMpOBaHHEe KATHOHOB METAJIJIOB NMOJUMAKPOIMKJIAMHU ¢ IOMOIIb IO

crnekTpockonuu Y® u (uryopecueHMu.

[Tockonbky omHOW M3 3aj1ad HacTosAUle padoThl ABISETCS U3YyYEHHE CUHTE3MPYEMBbIX
MOJMMAKPOLMKINYECKUX JMTaHI0B B KayecTBE (DIyOPECLEHTHBIX CEHCOPOB M MOJEKYJSPHBIX
npo0® Ha KaTMOHBI METAJIJIOB, MPECTABIAETCS HEOOXOAUMBIM MPUBECTH OCHOBHBIE CBEJICHHS O
MPUHIINIIAX CO3/IaHUS U (PYHKIIMOHUPOBAHUS U3BECTHBIX ()IIYyOPECHEHTHBIX XEMOCEHCOPOB.

XeMOCEeHCOpaMH Ha3bIBalOT MOJIEKYJIBI, CIOCOOHBIE K CEJIEKTUBHOMY M OOpaTUMOMY
B3aMMO/JICHCTBUIO C aHAIM3MPYEMBIM COEAMHEHUEM, OOeCreunBaroIlue U3MepseMblii CUTHAJ ¢
OTKJIMKOM B peajbHOM BpeMeHHu. OOmmii npuHIUN paboThl XEMOCEHCOPOB OCHOBAH Ha SIBJICHUU
KOOpJMHAIIMM, TOITOMY B3aUMOJICHCTBHE XEMOCEHCOpa C aHAIU3UPYEMBIM COEAMHEHHEM U
BO3HHUKAIOIIIEE M3MEHEHHE ONTHYECKOTO0 CHUTHala SIBISIOTCS 0OpaTUMBIMU mpoueccamu. [lpu
JETEKTUPOBAHUN MOHOB PELENTOPHYIO EAMHMILY XEMOCEHCOPOB, OTBEUAIOLIYIO 3a CBA3BIBAHHE
aHaJIUTa, Ha3bIBAIOT MOHO(MOPOM, a CUTHAJIBHYIO €IUHHILY UMEHYIOT XpoModopoMm B ciydae
XPOMOTEHHOTO JIeTeKTopa (OCHOBAaHHOTO Ha M3MEHEHHHM CIEKTPOB MOTJIOUICHUS) WIH
bayopodopom B citydae (HIyopecieHTHOTO JIeTeKTopa (OCHOBAHHOTO HAa M3MEHEHHH CIIEKTPOB
dyopecieHIum).

IIpn nu3aiiHe peLEeNTOPHBIX TPYNIl CIAEAYET YYUTHIBATh, YTO HAJIMYME TOJIBKO OJHOH
KOOPJIMHHUPYIOIIEH Tpynmel B cocTaBe HoHODopa He obOecreunBaeT HEOOXOIUMOW B

JACTCKTUPOBAHUHN CCICKTUBHOCTU, B CBA3H C 4YEM JI1 CO3JaHUSA XEMOCCHCOPOB HCIIOJIB3YIOTCA
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pelenTopbl, KOTOpble MOTYT MOJACTPauBaThCs MO/ KOOPAMHALMOHHYIO cdepy MeTauioB.
Hcnonp30BaHue MONKUCHTAaHTHBIX JIUTaHI0B 00€CIIEUNBACT BHICOKYIO CTA0OMIIBHOCTh KOMILJICKCA.
Honodopsl MOTYT 0051a71aTh TUHEHHON WM MUKJIAYECKOW CTPYKTYPOH, IPH ATOM ITUKIHYSCKUE
MOHO(DOPHI MPAKTUYECKU BCETJa MPECTABIAIOT COOONW MaKpOTeTePOIMKIbI, MPOCTEUITUMHU U3
KOTOPBIX SIBIIIIOTCS KpayH->(UpBI, a3a- U THAKpayH-3(GHUpHI, MmoymazaMakporukisl [187-190].
Bonee clHoXHBIMH IUKIMYECKMMH HOHO(OpaMHU SBISIOTCS JapuaTHble 3(UPBI, KPUITAHIBI,
kanmukcapensl [187]. JIns mOBBIMICHUS CENEKTHBHOCTH KOMIUIEKCOOOpA30BaHUS M YBEIHUCHUS
CTaOUIIPHOCTH KOMIUIEKCOB YKa3aHHBIX BBIIIE IUKIMYECKUX HOHO(GOpPOB TpeOyeTcs BBelCHUE
JOTIOTHUTEIBHBIX KOOPAWHUPYIOIUX TPYIN KaK HEMOCPEACTBEHHO B IIMKJ, TaK U B OOKOBBIC
nerm [188, 189]. B omHoM wuoHO(OpEe BO3MOXKHO COUYETAHHWE HECKOJIbKHUX IPHBEICHHBIX
(¢parMeHToB, HCIONB30BaHWE [IBYX (Wiu Ooinee) HOHOGOPOB, BKIIOYCHHE CUTHAIHHOTO
dbparmMeHTa B LUKIMYECKUH pEIENTOp, Yy4acTHe CUTHAIBHOTO (parMeHTta B KOOPAMHALIUU
KatuoHa U T.1. Takke 4yacto MOHO(POP, OCOOEHHO UUKIUYECKHI, UCIOIB3YETCS B KauecTBe
OIpEIeNIEHHOr0 KapKaca, IaT(opmbl AJis CO3/aHNS XEMOCEHCOPOB.

I[Ipy  mpoBeneHuun  CHEKTPO(POTOMETPUYECKOIO  JAETEKTUPOBAHUS  MPAKTUYHO
MCIIOJIb30BaTh KaK MOXHO 0oJiee IIMHHOBOJIHOBYIO MOJIOCY MOTJIOMICHHUS, TOCKOJIBKY OOJIbIIOE
KOJIMUECTBO PA3MYHBIX COEAMHEHUH morjomaer B Y®d-00macTH, 4YTO MOXKET MelaTh
onpezaeneHuto. /s aToro B kauecTBe XpoMo(QOpPOB UCHOIB3YIOT OPraHUYECKUE COETUHEHUS C
JOHOPHBIMH M aKIENTOPHBIMU 3aMECTUTENISIMU, KOTOpPbIE COEIMHEHbl €IUHOW CUCTEMOM
COMPSDKEHHBIX cBA3€H. [Ipyu Takux ycloBUSX BO3MOXKEH BHYTPUMOJIEKYJISIPHBIN NIEPEHOC 3apsaa
(ICT), npu koTOpoM B BO30YXkJIEHHOM COCTOSTHUM MOJIEKYJIbl IPOUCXOAMT MEPEHOC 3apsja C ee
JIOHOPHOM YacTH Ha akuentopHyroo [191]. BrausHue komIuiekcooOpa3oBaHUST HAa W3MEHEHHE
AJIEKTPOHHOI'O CHEKTpa MOTJIOUIEHHUs] TeM Oosblie, yeM 3ddexTuBHEe XpoMopop ydacTBYeT B
KOOpPJIMHAIIMM KaTUOHA METaJljia.

CurHanbpHbI OTKIMK (iyopodopa BO3HHMKAET COTJIACHO PAa3IMYHBIM MEXaHH3MaM.
dortouHayIIpOBaHHBIH epeHoc dmekTpona (PET) mpeacrasisier coboit mporece, mpu KOTOPOM
AIIEKTPOH TEPEHOCUTCS OT BO30YXKIEHHOTO ILIEHTpa K akUenTopy osJekTpoHa. g »Toro
npoliecca BaXKHbIM YCIIOBHEM SIBJISIETCS OIM30CTh B IPOCTPAHCTBE ATUX IIEHTPOB M COOTBETCTBHE
UX OKUCIIUTEIbHO-BOCCTAHOBHTEIILHBIX MOTCHIMATOB [192]. IMeHHO 3TOT MexaHM3M Hamboliee
4acTO HCIIOJIb3YIOT B JIETEKTUPOBAHUH, TOCKOJIBKY OH HE BBIJIBUTAeT CHEIUAIbHBIX TPeOOBaHUM
K CTpyKType Quyopodopa, KOTOpBI MOKET MNPEACTaBIATH CO00W JTH00YI0 apoMaTHUECKYIO
rpynny ¢ noaxoniummu yposHaiMu B3MO nu HCMO. Jlpyrum pacipocTpaHEHHBIM CUTHAJIBHBIM
MEXaHU3MOM siBsieTcsi hoTomHAynHupoBanHelid nepeHoc 3apsaa (PCT) (3ToT MexaHM3M TakkKe
Ha3bIBAIOT BHYTPUMOJICKYIsIpHBIM TiepeHocoM 3apsiza (ICT)). B menom, PCT npencraBnser

co00i1 TOT k€ MEePEeHOC JIEKTPOHA, OJJHAKO B JAHHOM CIIydyae OH MPOUCXOIUT BHYTPH OJHOU U
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TOW K€ DICKTPOHHON CHCTEMBI WJIM MEXAY CHCTEMaMH C BBICOKOH CTETEHBIO 3JEKTPOHHOTO
conpspkenust [192]. Kak mnpaBmino, PCT-xeMOCEHCOpBI cojaepiKar »3IIEKTPOHOIOHOPHYIO |
AIIEKTPOHOAKIECNITOPHYIO TPYIIbl B KadecTBe (ayopodopa, a MexaHW3M BO3HUKHOBEHHUS
OTKJIMKAa Ha KOMILIEKCOOOpa30BaHHE MPOUCXOJUT COTJIACHO TEM JK€ NPUHIMIAM, YTO U IS
XPOMOTEHHBIX XEMOCEHCOpOB. B kauectBe ¢uyopodopos, pabdoratomux no PCT-mexanusmy,
Han0oJiee 4acTO MCHONB3YIOT MPOU3BOJHBIC M AHAJIOTH TAaKUX COCAMHEHUWH, KaK JaHCHUIAMUI,
amuHoHadramumug, BODIPY (Gop-gumuppomereH), aMHHOKYMapwH, 8-THUIAPOKCH- U 8-
AMUHOXHMHOJIMH, (IIyOpeclernH, pOJaMuH, TOJUNHUPHIWIbHBIE KOMIUIEKCHl HEKOTOPBIX
MetaiioB. Hakonern, B ciydae MOJIeKyJ, coAepkamux aBa M Oonee dayopodopa, Takux Kak
HaTaNMH, aHTpaleH W MUPEH, B3aUMHOE PACIOJIOXKECHHUE KOTOPBIX B IPOCTPAHCTBE MOMKET
U3MCHSATBHCSI TP KOMILIEKCOOOpa30BaHUH, BO3MOXKCH JKCHMEPHBIA MEXaHH3M BO3HHUKHOBCHHUSI
dayopecuenmuu [193, 194].

B Hacrosiiee BpeMsi H3BECTHBI COTHU MaKpOLMKINYECKUX MPOU3BOJHBIX, CONEPKALIIX
paznuunbie  XpoMo(hopHbie WiH (GIyopodOpHBIE TPYIIbl B Ka4eCTBE HSK30IMKIMUYSCKHX
3aMEeCTHTENEe M OTHOCHTEIBHO HEOOJBIIOE KOJIMYECTBO XEMOCEHCOPOB, B KOTOPBIX TaKHE
TpyNIbl BXOIIT B COCTaB Makpouukia. Cpean yka3aHHBIX COSIMHEHUH — M MPOCThIE KpayH-
3¢HpBl, OpPraHU30BAaHHBIE BOKPYr LEHTPAJBHOTO apPOMAaTHYECKOTO OCTOBA, CIIOCOOHBIC
JICTeKTUpPOBaTh KaTHOHbI IuHKA [195], [196] wmm kagmus [197], npowmsBoaHbIC a3akpayH-
9(HpOB, BBICTYMAIONINE B POJH KOJOPUMETPHUYCCKUX CEHCOPOB Ha MOHBI cBUHNA [198] wim
(GryopuMeTpuueckux CceHcopoB Ha HoOHBl muHKA [199] wmm xammus [200]. Makpouukisl,
COZIepIKaIe aTOMBI CEpbl, TPUTOMHBI JUIS JETEKTHPOBAaHMS TaK HAa3bIBAEMBIX «MSATKHX)
metauoB, Hg(I) u Ag(l) [201, 202]. TlpousBoaHoe HMKIEHA, cojaepskaiiee (IyoporeHHbIH
3aMeCTUTENb, OKA3aJI0Ch CIIOCOOHBIM OTHOBpeMeHHO jaeTektupoBarh katroHsl Zn(ll), Cd(Il) u
Hg(ll) [203], oxHako 60abIMHCTBO 3G GEKTUBHBIX (DIYOPECIICHTHBIX XEMOCEHCOPOB SIBJISIFOTCS
NPOM3BOJAHBIMU  KalHMKC[4]apeHOB M  pOJCTBEHHBIX CTPYKTYp Ojaromapst IIMPOKUM
BO3MOXKHOCTSIM HMX MOJM(DUKAIMKA CHTHAJIBHBIM TPYINIaMH M TOYHOW TOACTPOWKH TIOJ
OIpe/ICTICHHBIE  KaTHOHBL. Tak, TPOM3BOAHBIE TPOCTOro Kamukc[4]apeHa oOKa3aiuch
3 PEKTUBHBIME XeMOCEHcopamu Ha KatuoHbl cBuHIA [204-208], xagmus [209, 210], pryru
[211], aukens [212] u cepedpa [213]. Tuakanukc[4]apeHbl HCHIOIB30BATHM B Ka4eCTBE TUIATHOPM
1 co3manust (IIyopeciieHTHbIX xemoceHcopoB Ha katuoubl Ag(l) [214] u Fe(lll) [215], B TO
BpeMsi KaK MaKpOOHMIMKIMYeCKHe THakamukc[4]kpayH-2pupbl OBUIM HCIONB30BaHbI IS
coznanus xemocencopoB Ha katuonbsl Cu(ll) [216], Hg(ll) [217], Ag(l) [218] u Fe(lll) [219].
Yarie Bcero B KauecTBE 3K30LUKINYECKUX (IIyopodOopoB HCIONB3YIOTCS Ha(TaIMH, XMHOJIUH,
IHPEH, a MAKPOLIMKJIIBI BHICTYIIAIOT B Ka4ecTBE HOHO(OPOB. B HEKOTOPHIX ciydasx CUTHAIbHAS U

perienTtopHasi CyObeAMHUIIBI COYETAIOTCS B OHOM HEpa3IesieMOM CTPYKTYPHOM (parMeHTe.
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XOTSl U3BECTHO, YTO TMOP(PUPHHBI SBISIOTCS CHIBHBIMH XpoMo- U (diayopodopamu, a
Takxke 3(pPEKTUBHBIMH JIUTAaHIAMHU JUISI MHOTMX KaTHOHOB METaJUIOB, JI0 CHX IOp OHH BEChbMa
PEIKO HCIONB3YIOTCS ISl CO3JaHus XeMOCeHCOpoB. Hampumep, coolmianoch 0 CO3JaHHU
XEMOCEHCOpa Ha KAaTHOHBI KaJaMHs, MpaBla, C HEBBICOKOH CEJICKTHBHOCTBIO, MOCPEICTBOM
o0bemHeHns TeTpadeHIIopPUpHHA C TEPITUPUANHOBBIM HOHOPOPOM Yepe3 aMHIHBIN JTMHKEP
[220], ©Oomee  cenekTMBHBIM  OKa3zalucs  TeTpakuc(4-MeToKCUPEeHWI)NOpHUPUH  TpU
JeTeKkThpoBaHuK cepeOpa [221]. Jlpyroii ceHcop Ha KaTHOHBI cepeOpa ObUI TOJNyuYeH
KOMOHWHHPOBAaHHEM MMOPGUPHUHOBOIO W XHHOJUHOBOrO Quyopodopos [222]. B Hactosiei
JIMICCEPTAIMOHHON paboTe TMPETIOKEHO 3HAYUTEIBHOE KOJMYECTBO TMOJIMMAKPOIUKIHYECKUX
MPOM3BOJIHBIX, COACPIKALINX CTPYKTYPHBIE €AMHULIBI TOPPUPHUHOB, B KAYECTBE MOTCHIIUAIBHBIX
XEMOCEHCOPOB, M YacCTh W3 HUX JOCTATOYHO YCIICUTHO NMPOTECTHPOBAaHA, KaK OyJIeT MOKa3zaHO
Hwke. Yto Kacaercs Jpyrux (¢uiyopodopoB, TO MBI OCTAHOBWIJIUCh Ha HCCJICIOBaHUU
MaKpOIMKIOB W MaKpOIOJIUIMKIOB, COACPKALIMX CTaHAAPTHbIC XWHOJMH, WHUPEH U
narcuiaMuy. [lepBeie 1Ba BBOAWIM B COCTaB MOTEHIIMAIBHBIX XEMOCEHCOPOB KaTATUTHYECKHM
aMHHHPOBAaHUEM, TOCIETHUA — B MATKHX YCIOBUSX Oe3 karanmm3a. CieayeT OTMETHUTh, 4YTO
XUHOJIMHOBBIN (1yopo)op MMEHHO B BHJEC 6-aMUHOIPOM3BOJHOTO HM3YYEH JO HACTOSIICTO
BpPEMEHHU CJ1a00, XOTsA W 00JIaJaeT BBLIAOUMIMMHUCA (PIyOPECHEHTHBIMH CBOMCTBaMU. VIMEHHO
kanukc[4]apeH, Hecymuii JBa CHUMMETPUYHO PACIOJNIOKEHHBIX  6-aMHUHOXHWHOJIMHOBBIX
dnyopodopa (78), umccrmenoBaH B HacTosmied pabote. M3 OONBIIMHCTBA COSAWMHEHHHA C
¢GyopoOopHBIMU CBOMCTBaMH, COJEpXKALIMX B CBOEM COCTaBE IPYMIYy C AKTHBHBIM aTOMOM
rajoreHa, yaoOHyio s BBeleHHs ¢uyopodopa K aTOMy a30Ta, UMEHHO JaHCUIIXJIOPUA
aBiseTcss HauOosiee YIOOHBIM B CBSI3M C BBICOKOM pEaKIMOHHOM CIIOCOOHOCTBIO U
HEBO3MOXXHOCTBIO B €r0 Cilydae 0O0pa3oBHIBATH MOOOYHBIE COEAMHEHUS C KBAaTEPHH30BAHHBIM
azoroM. Kpome Toro, oOpasyrommiics npu MOIUGHUKAIMK TEPBUYHBIX M BTOPUYHBIX
aAMHHOTPYII JAaHCHJIAMHJ OO0JIaJaeT 3aMevaTeNIbHBIMH (PIYOPECUECHTHBIMU CBOMCTBAaMH |

MPaKTUYECKH OYEHB yI00CH.
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Puc. 3. Hccnenopannrie B ACTCKTUPOBAHHUU MCTAJIJIOB TOJIMMAKPOILIUKIIBI.
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Puc. 3. VccrnenoBanublie B JETEKTUPOBAHUN METAIOB MTOJIMMAKPOIMKIIBI (TTPOIOJKEHNUE).

B nanHO#l paboTe wu3yuyeHBl CIEKTpajJbHbIE CBOWCTBA (RJIEKTPOHHBIE CIIEKTPHI
noryomeHuss u  QuyopecueHuus) 16 BbIOpaHHBIX (TIOJIM)MAKPOLMKINYECKUX COEAMHEHHH,
coaepxamux (GuryopodhopHbIe TPYIIIHI, pencTaBieHHbX Ha Puc. 3. Tlo cTpykType penentopHoi
YacTH M CTPOCHUIO CHUTHAJIBHOW TPYINIBI JaHHBIE COCIMHEHWS MOXKHO IIOJIpa3/IeiuTh Ha
CIIETYIOIIME TUIBI: 1) MOHOMAKpOIUKIIBI — KauKc[4]apeHsl, CHaOKEeHHBIE ABYMSI HICHTUYHBIMH
¢dayopodopamu — XUHOIMHOBBIM (78) M mupeHoBbIM (84); 2) MakpOOHIMKIBI Ha OCHOBE
kanukc[4]apena ¢ maHcunbHBIMEH Quryopodopamu (85); 3) MaKpOTPHIMKIIBI, COAEpIKaIlre
CTPYKTYpHBIE CyOBeaMHUIBI Kanmukc[4]apena, nuazakpayH-3dupa u gaHCHIbHBIE (GIyopodops!
(113); 4) Ouc- ¥ TPUCMAKPOILMKINICCKUE KOHBIOTAThl MOPPUPUHOB ¢ a3akpayH-dpupamu (134-

136); 5) makpouukibl ¢ nopdupuHoBbiMU (ayopodopamu (138, 139, 141, 143, 144); 6)
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MaKpOOHIIMKIIBI HA OCHOBE JHMa3akpayH-3¢UpoB ¢ mophupuHoBsiMu Giryopodopamu (148, 150);
7) xanukc[4]apensr ¢ nopbupunoBsiME (uyopodopamu (151, 154, - nocnenHee coeauHEHUE
nonydeHo u3 151 o00paboTkoil TPUPTOPYKCYCHOM KHCIOTOH H CONEPKHUT CBOOOIHBIE
nopupuHOBble OCHOBaHuWs). B Tabn. 10 mpexncraBiieHbl CHEKTpajdbHBIC CBOMCTBA
MEPEYUCIICHHBIX COCAMHEHUN. [l MolieKkyn, coaepKalmux CyObeqUHUIbI MOPPUPHUHOB,
MIPHUBEICHBI TOIBKO moyockl Cope, a Q-ToJI0Ck He OTMEYEHBI, KAK HAMHOTO MEHEE WHTEHCUBHBIC
U HE WCIOJB3YIOMIHECS B JIETEKTUPOBAHWU. B CHEKTpax SMHUCCHUHM JaHHBIX COCIUHEHUN
HAOJIOIAI0TCS JIBE MOJIOCHI MPUMEPHO PaBHOM MHTEHCUBHOCTH. B 11e10M, Bce Hccie0BaHHbIE
coeMHEHUs] 00JIaal0T MHTEHCUBHOW (IIyopecueHIueil B BUAUMON 00yiacTU C OOJBLUIMMU
CTOKCOBBIMH CIIBUTAaMH, YTO yAO0OHO JJIsi HAONIOACHWIA, B T.4. U HEBOOPYXCHHBIM IJIa30M B

CJIy4yae KauyeCTBEHHOM OLECHKHU.

Ta6auna 10. CnexTpaibHble CBONCTBA MAKPOOHUIIMKIOB, COEpKaIMX (HIyopodOpHbIE TPYIIIIHL.

Coen. Amax, HM lge Aem, HM Coen. | Amax, HM lge Aem, HM
78 360 3.86 442 139 411 5.27 590, 642
84 371,386,411 | 4.41 449 141 410 5.66 588, 642
85 342 3.84 538 143 416 5.29 594, 648
113 342 3.75 538 144 414 5.28 594, 648
134 410 5.34 589, 641 148 409 5.49 589, 645
135 417 4.73 597, 651 150 411 5.32 588, 642
136 410 5.03 638, 704 151 408 5.63 588, 640
138 409 5.07 588, 642 154 399 5.26 634, 700

C nmnoMOmbIO KaXKIOTO M3  BBHIMICTEPEUUCICHHBIX  COCAMHEHHH  HCCIIEIOBAHBI
Bo3MoxkHOCTH JerektupoBanus 18 meramutos (Li(l), Na(l), K(I), Mg(ll), Ca(ll), Ba(ll), Al(l),
Cr(111), Mn(ll), Fe(11), Co(ll), Ni(I1), Cu(ll), Zn(11), Cd(11), Pb(I1), Ag(l), Hg(Il)), B3sThIX B BHIE
NepXJopaToB, B allETOHUTPHIIC C TOMOIIbI0 CHekTpockonuu Y@ wu duyopecuennnn. B
CIIEeKTPO(OTOMETPUUECKYIO  KIOBETY  IOMENIAIM  pacTBOp  HMCCIENYeMOTO  JIUTaHja,
nocyenoBareabHo p06asmsu 1, 2, 5, mpu HeoOxomumoctu 10, 15, 30 3KB. COOTBETCTBYIOIIETO
Metamma u peructpupoBanu crnektpel OCII u  ¢uyopecuennun. Ilpu obHapyxeHun
CEJIeKTUBHOTO OTKJIMKA Ha METaJl MPOBOIMWIM KOHKYPEHTHOE TUTPOBAHUE JJsi BBISBICHUS
HAIMYUSl KaTHOHOB, MEMIAIONINX OMpPEIeICHUIO TaHHOTO MeTasuia (KOOPAMHHUPYIOIIUXCS, HO HE

BIIMSIIOUINX Ha CIIEKTP). B pe3ynbrare mosyueHsl ciae1yroue JaHHbIE.

103




3.6.1. lemexmuposanue memaiios ¢ NOMOWwbIo aucanoa 18.

dyopecieHINs MaKPOIUKINIECKOTO JINTaHaa 78 ¢ IByMS HICHTUYHBIMH CHUMMETPUYHO
PacCIOIOKEHHBIMA BOKPYT KAJMKCAPEHOBOIO OCTOBAa 6-aMHHOXHMHOJHMHOBBIME (iryopodopamu,
cunbHo ymenbmaercss B mpucyrctsuu Cu(ll), Cr(I1), Al(I), Fe(ll), Pb(Il), Zn(ll) (Puc. 4).
31eck W Jajee NMPUBEICHBI PE3YJIbTAThl W3MEHEHHS (DIIYOPECICHIMM B MPUCYTCTBUH S5 3KB.

KaTHOHOB MCTaJIJIOB.

400000

350000 4 / ™ —— 1112435
1112415

1112Bas
1112Cas
—1112Cd5
——1112Co5
—1112Cr5
— 1112Cus5
1112Fe5
1112H
1112Ha5
1112free
1112K5
1112ZLi5
1112M g5
1112Mn5
—1112Mas
1112Mi5
1112Ph5
1112Z2n5

300000 4

250000

200000

150000

100000

50000

Puc. 4. Criektpsl QuryopecieHINN JIUTal/1a /8 B MPUCYTCTBUU Pa3IMYHBIX METAJUIOB.

Paccmotpum  Gomee moapoOHO  AEWCTBHE  yKa3aHHBIX KaTHOHOB HA  CIEKTp
¢uryopecteHIINM TAaHHOTO MaKpoIMKiIa. B HamOoibIiel CTerneHu TyIIeHWEe HaONIomaeTcs JUIs
KaTHOHOB AaMIOMUHHMS W Xpoma. Tak, mpu moGaBimeHuu 10 5KB. 3TUX METAJUIOB IMHCCHUS
npakTudecku orcyrcTByeT (Puc. 5 u 6). Takoe ke KOIMYECTBO MEpXJIOpaToB CBHHIA U Kejle3a
IOPUBOAUT K CHJIBHOMY YMEHBUICHHIO WHTEHCHUBHOCTH (IIYOPECHUEHIIMH, OJHAKO IOJIHOTO
Tymenuss He HaOmomaercs (Puc. 7 u 8), mpu >ToM He HabOIIOMAETCS 3aMETHOTO W3MEHEHUS
MakcuMyMa moriomieHus. [Ipu gobdasnenun 10 sxB. katnoHoB Cu(ll) HaGmogaeTcst He TOIBKO
10-kpaTHOEe yMeHbIlIEHHE HHTEHCUBHOCTU 3MUCCHH, HO M TMIICOXPOMHBIN CIBUI €€ MakCUMyMa
Ha 30 aM (Puc. 9). B To xe Bpems B nmpucyrctBuu 10 sxB. Zn(ll) mHadbmonaercs 10-kpaTHoe, a B
npucyrcTBur 20 3kB. — 20-KpaTHOE YMEHbBIICHHE MHTEHCHBHOCTH SMHUCCHU C 0AaTOXPOMHBIM
casurom makcumyma Ha 50 HM (Puc. 10). D10 cBUIETENBCTBYET O TOM, YTO B KOOPAHWHAILUU C

KaTHOHAMH LIMHKA U MEAM y4acTBYeT caM (uryopodop 3a cHeT XMHOJIMHOBOT'O aTOMa a30Ta.
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Puc. 5. Criektpbl (hiryopecieHIny Juranaa 78 B mpucyTcTBUu pasnndnbix konudects Cr(l11).
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250000 4 111241
11124110
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150000 A
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0 T T T T T
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Puc. 6. Criektpbl (hIyopecIieHIIn: Juranaa 78 B mpucyTcTBUH pa3nnuubix komudects Al(111).
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300000 A
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200000 A
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530 580 630

Puc. 7. Criektpbl (uryopeciieHIIMU JIuTana /8 B MpUCYTCTBUH pa3inyHbix kosmdects Po(I1).
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350000 4
300000
250000 1112F e
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200000 1112Fe3
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0 T . — - : ;
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Puc. 8. Criektpsl hiryopecieHIun Jurana 78 B pucyTCTBUU pa3inuHbix kKonndects Fe(ll).
400000
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300000 4
250000 4

—1112Cu1

200000 + — 1112Cu10
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150000 4 —— 1112free
100000 o
50000

0 = : I — e —— : .

380 430 430 530 380 530
Puc. 9. Criektpbl (hIyopecIieHIInN JTuranaa 78 B MpUCYTCTBUU pa3nudHbix kKomudects Cu(ll).
400000
350000

300000

—1112fres

250000 ———1112Zn1

1112Zn10

1112Zn15

200000 —1112Zn2

— 1112Zn20

——1112Zn3

150000 —1112Zn4

—— 1112Zn5
100000
50000

1] T T T T T
380 430 480 530 580 B30
Puc. 10. Crektpsl (IyopecieHIIny JUranaa 78 B mpucyTCTBUU pa3audnbix koiauaects ZN(l11).
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B cnektpax Y@ mnpu mobamieHWM cojedl Xpoma, aTIOMHHHS W CBUHIIA HAOJIOAACTCS
MOCTETNIEHHOE YMEHbBIIICHHE HHTEHCUBHOCTH MOJIOCHI MOTJIOMIEHUSI CBOOOIHOTO JTUranaa mpu 360
HM U pOCT noJockl noruoiienus npu 425 um (Ilpunoxenune, Puc. I11-113), B cnyyae nobasienus
KaTHOHOB JKeJie3a WHTEHCHUBHOCTb MCXOJHOM TOJOCH YBEIUYMBACTCS M OJHOBPEMEHHO
nosiBIsieTCs Tuiedo B oOsactu Tex ke 425 um (Puc. [14). Ilpu nmoGaneHuun mnepxiopara Meau
ucye3aeT nepBoHavagbHas nojioca mpu 360 HM, HO HUKAKMX HOBBIX 1MOJI0C He nosiBisiercs (Puc.
I15), B To Bpems kak B npucyrctBuu Zn(ll) onHOBpeMEHHO C MCUE3HOBEHUEM MCXOIHOM TTOJIOCHI
obpaszyercss HoBas ¢ MakcumymMoM mpu 419 um (Puc. I16). CneuumanbHO TPOBEICHHBIN
SKCHIEpUMEHT TOKa3ajl, 4TO J0OaBjleHHe 3HAuMTeNbHOTO M30hITKa H' B pactBop nmramma 78
NPUBOJIUT TAK)KE K yMEHBIIEHUIO HHTEHCHUBHOCTH NOJIOCHI TTpy 360 HM ¥ BOBHUKHOBEHUIO HOBOM
¢ MakcuMymoM Ipu 418 HM. 3HauuTeNbHbIE HU3MEHEHus B crekrpe Y® nuranga npu
N00aBJICHUHM METAJUIOB YKa3bIBalOT HA BO3MOXKHOCTh YYacTHs XHMHOJMHOBBIX aTOMOB a30Ta B
CBSI3BIBAHUU KATHOHOB. B CBsI3M ¢ MOMy4eHHBIMH JaHHBIMU ObLTH npoBeneHo AMP-tutpoBanue
aurasaa 78 mepxioparaMu IWHKA, KaJIMUs, CBUHIA U ATFOMUHUSI.

SIMP-tutpoBanue Zn(ClO4),»6H,0 npoBoaunu npu ucnons3oBanuu 0.021 M pactBopa
coenqunenusa 78 B CD3CN moGasnennem coimu Merauia mo 0.1 sxB. B nuamasone 0.1-1 9kB., mo
0.2 akB. B nmuamazone 1-1.4 skB., mo 0.3 skB. B nuama3one 1.4-3.3 skB. [lo Mepe moOamieHUs
COJIM IIMHKA HaOIIoAalioch 3aMeTHoe cMmenieHue mporoHoB H2, H3, H4, H5 xunomuHoBorO
¢parmenTa, a takxke nporoHa NH B cnaboe mone; mpotoH H8 xuHonmHOBOro ¢parmenra,
HaNpoTHB, CMEIIAeTCcsl IPU TUTPOBaHUM B cuibHOe moisie. Ha Puc. 11 npuBeneHsl n3MeHeHUs
XUMHYecKuX cABUToB mpoToHoB H3 (a), H4 (6) u NH (B) xax Hambornee xapakTepuCTUUYECKHE.
W3 naHHBIX pe3yabTaTOB TUTPOBAHMS CIIEIYET, YTO B pacTBOpe oOpa3yeTcsi KOMIUIEKC COCTaBa
2(78)+Zn u, BeposTHO, KOMIUIeKCe coctaBa (78)+2Zn (meperud B obmactu 2 9kB. merayuia). C
nomoteio nporpammbel WINQNMR' yaanock paccunTarh 3HaueHHE KOHCTAHTBI YCTOMUMBOCTH

komruiekca cocraBa 2(78)+Zn IgK = 5.38+0.15.

H-3 yaa lll Zn H-4 yaalllZn NH yaalllZn
77 8,5 5.8 —
A 84 et 58 +
76 Pl 57 "
75 82 56 P
8,2 ]
G [ L4 G531 4
7.3 J 59 }'
j 79 59 1.2
72 ¥ 78 5
71 : : . 77 ; ; . 49 "
0 ) 2 5 0 1 2 3 0 1 2 3
Zneq Zneq Zneq
(a) (©) (B)

Puc. 11. SAIMP-turpoBanue coenunenust 78 mnepxmopatom nmHka B CD3CN. U3menenus
3HAYCHUU XUMUYECKUX cABUroB npotonoB H3 (a), H4 (0) u NH (B).
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C ngpyroil cTOpoHBI, HM3MEHEHHS 3HAUEHUH XUMUYECKUX CABUTOB anupaTUYecKux U
apOMAaTUYECKUX TPOTOHOB KAJIMKCAPEHOBOTO (parMeHTa HE3HAYUTEIbHBI. Pe3ynbTaThl
TUTPOBAHUS CBUICTCIHCTBYIOT O TOM, YTO KOOPJAMHAINS KATHOHOB IIMHKA MMPOUCXOJUT 3a CUET
aTOMOB a30Ta XHHOJHMHOBBIX 3aMECTUTEJEH, CIEJACTBUEM 4Yero sBISETCS YyMEHbIICHUE
JJIEKTPOHHOW IJIOTHOCTH Ha JAHHBIX aToMax M cCMelleHue B ciaboe moje OObIIMHCTBA
IPOTOHOB TE€TEPOAPOMATUYECKOTO S/Ipa, a TaKXKe AaMHHOTPYIIIBI, CONPSHKCHHON € JaHHBIM
saapoM. OTcyTcTBHE KOOPAMHAIMHM MO aMHHOTPYIIIAM TOJTBEPIKIACTCSA MPAKTUYECKU TTOJHBIM
OTCYTCTBHEM H3MEHEHUS] XMMHMYECKUX CJIBUIOB MPOTOHOB COCEIHHUX METHUJICHOBBIX T'PYII.
MOKHO TPEIION0KUTh, YTO B KOMILIEKce coctaBa 2(78)xZN KaTHOH UHKA KOOPIMHUPOBAH ¢ 4
aTOMaMH a30Ta XWHOJWHOBBIX TPYII, COACPKAIIUXCSA B IBYX MOJIEKYJIaX JHTaH/Aad, MPH 3TOM
KaJMKCapeHoBasi IuiaropMa CIYKUT s JONOJHHUTENBHOW (HUKCAlMM XHHOJWHOBBIX
3aMecTuTenel (parMeHTOB, YBEIMUNBAIOIIUX CTAOMIBHOCTh 00Pa3yIOIIErocss KOMIUIEKca.
SIMP-tutpoBanue Cd(ClO4),«6H,0 npoBoamiu mnpu ucnonb3oBanuu 0.019 M pactBopa
coenqunenns 78 B CD3CN moGasnennem comu merainia o 0.1 okxB. B muamnaszone 0.1-1 3kB., 1mo
0.2 sxB. B amamazone 1-2 3kB. [lo Mepe moOaBICHHS CONMM KaaMUs HAOJIOAIOCh 3aMETHOE
cmenienue nporoHo H2, H3, H4, HS xunomuHoBoro ¢parmenra, a takke nporoHa NH B
cmaboe mone; mpotoHsl H7 u H8 xwuHomumHOBOro (parmMeHTta, HampoOTHUB, CMELIAIOTCS IMPU
TUTPOBaHWU B cuibHOe mose. Ha Puc. 12 mpuBenacHBl W3MEHEHUS XUMHYECKHX CIBUTOB
npotonoB H3 (a), H4 (6) u NH (B) kak Haubosee xapakrepuctudeckue. M3 1aHHBIX pe3yabTaToB
TUTPOBAHMS CIEIyeT, 4TO B pacTBOpe obOpasyercs komiuiekc coctaBa (78)«Cd, C momorisio
nporpamMbl WINQNMR ynanocs paccuutarh 3HaueHHE KOHCTAHTBI YCTOWYMBOCTH KOMILIEKCA
cocraga (78)~Cd IgK = 3.40+0.17. V3MeHeHMsI 3HAUEHUI XUMHUYECKHUX CABHTOB aTu(aTHUSCKUX
U apOMaTHYECKUX IPOTOHOB KAJMKCAPEHOBOTO (parMeHTa HE3HAYHTEIbHBI. Takoil cocTaB
KOMIUIEKCA MOYKHO OOBSICHHTh KOOpJAWHAIMEH KaTHOHA KaJAMHs JBYMS apOMaTHYECKUMU
aTOMaM{ a30Ta XWHOJIMHOBBIX 3aMECTUTENICH, a OCTaBIIUECS KOOPAMHALMOHHBIE BaKaHCUU
MeTaJljia MOTYT OBITh 3aHSTHI MOJIeKyJlaMu BoAbl. Ha KpuBbIX TUTpoBaHus ans nporonos H2, HS
u H8 (Puc. I17) nabnrogaeTrcsi ocoOeHHOE MTOBECHNE 3HAUCHH I XUMUYECKUX CABUTOB B 00JIaCTH
0-0.3 akB. Cd(Il) (Oosiee moyOrMii y4acTOK KPUBOM JTHMOO HEOOJBIIONW IKCTPEMYM), YTO MOXKET
CBUJICTEJILCTBOBAaTh 00 0OOpa30BaHMM JOCTATOYHO JIA0MIILHOTO Komruiekca coctaBa N(78)+Cd
(n>3), B KOTOpPOM O0JIbIIIEE KOJUYECTBO KOOPIMHAIIMOHHBIX MecT Kaamus, KU koToporo moxer

COCTaBJIATH 8, 3aHATO aTOMaMHM a30Ta XMHOJIMHA ITPU 0oJIBIIIEM COOTHOIIICHUU HI/IFaHJI/ METaJI.
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Puc. 12. SAMP-tutpoBanue coemuuenust /8 mepxioparom kaamusit B CD3CN. H3menenus
3HAYCHUU XUMUYECKUX cABUroB npotonoB H3 (a), H4 (6) u NH (B).

SIMP-tutpoBanue Al(ClO4)3+9H,0 mpoBomunu nipu ucnonb3oanuu 0.019 M pactBopa
coenqunenns 78 B CD3CN mob6asnennem coinu metaia no 0.1 skB. B auamnaszone 0.1-1 3kB., mo
0.2 axB. B muanazone 1-1.4 skB. [1o Mepe no0aBiieHUs] COMM AFOMUHUS HAOJIIOAAI0Ch 3aMETHOE
cmemrenue nporonoB H3, H4, H7 xunonuHoBoro dparmenta, a taxxe nporona NH B crmaboe
nojne; nporonsl H2 u H8 xumHONMMHOBOrO (hparmeHra, HampoTuB, B auamnasone 0-0.25 sks.
3aMETHO CMEINAINCh B CHIIbHOE moiie, a nocie 0.25 skB. — B cnaboe. Ha Puc. 13 mpuBeneHs
W3MEHEHUsI XUMHUYECKHX caBuroB mporoHoB H3 (a), H4 (6), H2 (B) m H8 (r) xak HambGoiee
XapakTepUCTHUeCKue. M3 JaHHBIX pe3ylbTaTOB TUTPOBAHHS CIEAyeT, YTO B pPacTBOpe
obpasyrorcsi komiuiekebl coctaBa 4(78)~Al u 2(78)«Al, xoropslii mpeBaaupyeT mpu OOJbIIEM
cooTHomeHun Merami/murann; C momomgpio mporpammbl WINQNMR  ynanocs paccuurath
3HAYE€HHE KOHCTAHThI yCTOHYMBOCTH KoMmIutekca coctaBa 2(78)-Al IgK = 4.9+0.5. M3menenus
3HAYCHUH XUMHYECKHUX CABHTOB aM(paTHUECKUX U apOMATHYECKHUX MPOTOHOB KAINKCAPEHOBOTO
(dparMeHTa HE3HAYMTENBHBL. TakWe COCTaBBI KOMILJIEKCA MOXHO OOBSCHUTH KOOpIUHAIWEH
KaTHOHA atOMUHUS ¢ BbICOKMM KUY BoceMbl0 apoMaTHYeCKMMHU aTOMaMH a30Ta XWHOJMHOBBIX
3aMeCTHUTeNel U3 YeThIpeX MOJIEKYJ JIMTaHIa MPH OOJBIIOM COOTHOIICHHWH JIUTaHI/MeTaul Ha
HAYaJlbHOM JTale TUTPOBaHUs. [IpM  yBeTWYEHHHM COOTHOIICHUS Metawwi/nmurana 4
KOOPJWHAIIMOHHBIX MECTa MOTYT OBITh 3aHATHI JBYMSI XHHOJIMHOBBIMH aTOMaMH a30Ta M3 JIBYX

MOJICKYJI JIMTaHAa, 4 OCTABIIUCCA — MOJICKYJIaMU BOBI.
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Puc. 13. SIMP-tutpoBanue coemunenusi 78 mepxsopatom amomuuusi B CD3;CN. M3menenus
3HAUEHUI XUMHUYECKUX caABUTOB mpotoHoB H3 (a), H4 (6) H2 () u H8 (T).

SIMP-tutpoBanue Pb(ClO,4),+6H,0 nposoaumu npu ucnonszoanuu 0.0326 M pactBopa

coenqnnenns (8 B CD3CN nobasienueM coau meraiuia mo 0.1 sxB. B nuamaszone 0.1-1.6 skxs., o

0.2 sxB. B nuana3one 1.6-2.2 sxB. [1o Mepe qo0aBiIeHHs CONM CBHWHIIA HAOJIFOIAJI0Ch 3aMETHOE

cmemenne npotoHos H3, H4, HS5 u H7 xunonuHoBoro ¢gparmenta, a taxke nporoHa NH B

ciaboe mnone; nmpotonsl H2 u H8 xuHonmmMHOBOTrO (pparmMenTa, HarpoTHB, B quanazoHe 0-0.5 sks.

3aMCTHO CMCIIAJIMCh B CHJIBHOC IIOJIC, a ITOCJIC 0.5 »kB. — B cimaboe. Ha Puc. 14 IMPUBCACHBI

U3MCHEHHs XMMUYeCKuX ciBuroB nporonos H3 (a), H4 (06), HS (8), H7 (1), H8 (1) u NH (e). U3

JaHHBIX Pacdy€TOB COCTaBa M KOHCTAHT YCTOﬁqHBOCTH KOMIIUICKCOB C MOMOMIbIO MPOrpaMMbI

WINQNMR ycranoBieHo, 4To B pacTBOpe HAOIIOIAIOTCS CIEIYIOIME PAaBHOBECHSI:

Al +  2(78)

2(78)*AI(IIT) + 2AI(IIN)

K,

K,

2(78)*Al(IIN)

2(78)*3AI(III)
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3HadyeHHs KOHCTAHT I yKa3aHHBIX paBHOBecuii coctaBwiu IgK; = 3.7+0.6, IgK; = 11.4+0.3.
TaK XKE, KaK U B paCCMOTpeHHbIX BBIIIIC TI/ITpOBaHI/ISIX, 110 Mepe yBeHI/I‘-ICHI/ISI COOTHOIIICHHUA
MeTasuT/Turan i 0oJbliee KOJHUYECTBO KOOPAUHAIIMOHHBIX BAKAHCUI 3aHMMAIOT MOJICKYJIbl BOJIBI,
MOCTYMAKIICH B BHUAC THIpaTa IepxJiopara MeTaula, a KOJIMYECTBO KOOPIUHHUPOBAHHBIX

XHWHOJINHOBBIX (bpaFMeHTOB B KOMILJIICKCEC YMCHBIIACTCH.

H-3 yaalllPb H-3 yaalllPb H-5 yaalllPb
7,45 7,45 6,84
7.4 ——0 7.4 —r—0 6,82 L—=0—0
7,35 iatd 7,35 ol 6.8 T
£ 73 Il £ 73 Wl £ 6,78 Wl
= / s / =7 /
» 725 % 725 Pl ® 6,76
7.2 // 7,2 A/ 6.74 M/
= o s
0 05 1 15 2 2.4 0 0,5 1 15 2 2 0 0,5 1 1,5 2 25
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(a) (6) (B)
H-7 yaalllPb H-8 yaalllPb NH yaalllPb
77 7,76 59 JP e
e SRR JPE 58
76 7,74 57 paad
75 / 7,72 3 / 56 ad
e il £ N ) 55 Plad
5 74 g 77 £ 54 7
73 Pl * 768 b o~ ® 53 Pl
72 ¥ 7,66 Zf )d
71 T T T T 7,64 T T : : 5
0 05 1 15 2 0 0,5 1 1,5 2 4.9 T T T T
Pbeq Pbeq 0 05 1 15 2 25
Pbeq
(1) () (e)

Puc. 14. SAIMP-tutpoBanue coenuHeHuss /8 mepxioparom cBuHia B CD3;CN. M3menenus
3HaYeHM XuMHUeckux caBuros nporonos H3 (a), H4 (6) HS (), H7 (1), H8 (1), NH (e).

3.6.2. lemexmuposatue memaiiog ¢ nomowwro aucanoos 84 u 85.

Jluraun 84 ¢ nByMs nmHupeHOBHIMH (piyopodopaMu M KaMKCapeHOBOH TuIaThopmMoi
cenektuBeH B otHomeHun Cu(ll) — mobGaBienme 5 5KB. JAaHHOrO MeTala YMCHBIIACT
¢ayopecuenmio B 6 pa3, a 10 skB. — B 40 pa3, npudeM JIpyrue MeTaulbl HE BIUSIOT 3aMETHBIM
obpa3zom Ha crnektp smuccuu (Puc. 15 u 16), uro nemaer coeauHenne 84 mMepCIEKTHBHBIM
cercopom Ha Cu(ll). Ipenen obHapyxeHHs Meau JaHHBIM ceHcopom coctasisier 0.8 uM. U3

naHHBIX  (ayopecuentHoro TuTpoBanus (Puc. I18) BhuMCIEHAa KOHCTaHTa YCTOWYHBOCTH

xomruiekca (84)*Cu(ll) IgK = 4.76+0.04.
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Puc. 15. Cnextpsl hayopecueHnnu Turanaa 84 B MpuCyTCTBHH PAa3IMYHBIX METAJIIOB.

B CIICKTpax Y® panHoro jauraHjga IIpu ,Z[O6aBJ'ICHI/II/I pa3IMYHbIX MCTAJIZIOB HEC Ha6moz[aeTc;1

3HAYUMBbIX HSMCHeHHﬁ, 3da HMCKINOYCHHUCM MCIU, IIpU 3TOM IIOCTCIICHHO HMCUYC3aCT CJIOXKHAA

XapakTepHas moJiioca noromuenus B oomactu 370-410 um (Puc. 119, 1110).
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Puc. 16. Criektpsl (hiryopecieHIuu Juranaa 84 B npucyrctBuu pasnuanbix koiauuects Cu(ll).

Toneko katumonsr Cu(ll) m Fe(ll) 3ameTHO yMEHBIIAIOT HWHTEHCHBHOCTH 3MHCCHH

MaKpOOMIIMKIMYECKOro juraHaa 85 Ha ocHoBe Kamukc[4]apeHa, conaepiKallero JaHCHIbHBIC

¢dayopodopsr (Puc. 17), mpu sToM pobaBieHue 15 3KB. cONMM MeAM NMPUBOJUT K YMEHBIICHUIO
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smuccun B 15 pa3 (Puc. 18). Karnonsl sxeneza mpuUBOASAT K 3aMETHO MEHEE BBIPAKECHHOMY
TYHICHUTIO Q)HyopecueHm/m, B CBA3U C JAaHHBIMHU Ha6JHOI[eHI/I$IMI/I MOXHO CA€JIaTb BBIBOJ, 4YTO

aurana 85 MOXKET paccMaTpUBaThCs Kak (hIyopecueHTHast mpoda Ha TaHHBIC METaJlIbI.
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Puc. 17. Cextpsl (hryopecueHuy Juragia 85 B MpUCYTCTBUU PA3TUYHBIX METAJIIOB.
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Puc. 18. Cniektpsl (iryopecieHiuu guranaaa 85 B nmpucyrctBuu pasnuunbix koiauuects Cu(ll).

Anamu3 cniektpoB Y@ nmranga 85 B mMpUCYTCTBHM pa3iMYHBIX METAJUIOB ITOKA3bIBAET,
YTO OOMMI BHUJ CIEKTpa W3MEHAETCS HE3HAYUTEIBHO B TMPUCYTCTBUM TIOYTH BCEX
MCCJICIOBAHHBIX KaTHOHOB, BKIIFOYAsi U MEJlb, 32 UCKIIOUCHHEM KaTHoHOB skene3a (Puc. [111). B

MPUCYTCTBUH KATHUOHOB KCJIC3a MO MCPC YBCIWYCHHA COOTHOUICHUA MeTaHJI/JII/IFaHIL 3aMCTHO
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YBEITUYMBAETCS TOTJoNmeHue 6e3 cmerieHus: makcumyma (Puc. [112). Onnako npu noGaBiieHUH
3HAYUTEIBHOTO KOJMYECTBA KATHOHOB Meau (15 9KB.) MpW MOYTH HEU3MEHHOM a0COJIFOTHOM
3HAUEHUU TOTJIONICHHS Ha JJIUHE BOJIHBI CBOOOJHOrO nurannga 342 HM HaOIIOJAOTCS TakKue
kauecTBeHHbIe n3MeHeHHs B (opme DCII, 4TO MOXKHO HPENNOoNIOKUTh B JEHCTBUTEIBHOCTH
HMCYC3HOBEHHE JIAaHHOW IIOJIOCHI TorjomeHus naxe B Buae Iwieda (Puc. I113), kotopoe
OTYETJIMBO BUIHO B ciIydae g00aBieHus cou xenesa (Puc. I112).

3.6.3. Jlemexmuposatiue memannosg ¢ homowwio auzanoa 113.

Junancun3ameneHHbplii  Makporpunuki 113, copepkammii CTPYKTYpHBIC —€IMHUIIBI
kanukc[4]apena u nuasakpayH-3¢upa, Ha000pPOT, OKA3aJCs HE CTOJb CEJICKTUBHBIM — 5 JKB.
AI(I1l) ymenpmarot ero dayopectennuto B 20 pa3, Cu(ll) — B 10 pas, Co(Il), Ni(ll) — npumepho
B 2 paza (Puc 19). MHTEepecHO OTMETUTH, YTO HOOABICHHE S5 5KB. KaTHOHOB MEIH, XOTS U
YMEHBIIMJIO WHTEHCUBHOCTh AMHCCUH, HE MPHUBEJIO K 3aMETHOMY CMEIICHUIO €¢ MaKCHMyMa, a
npu 10 sxB. Cu(ll) Habaromanock He TOMBKO JaNbHElIee ramenue (iayopecienimu (B 25 pas),

HO ¥ CHJIBHBI THIICOXPOMHBIN cBUT MakcuMyMa Ha 65 M (Puc. 20), yero He HaOI01a10Ch B
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Puc. 19. Cnextpsl ayopecueniuu nuranaa 113 B npucyTCTBUM pa3iuyHbIX METAJUIOB.

114



140000

/N
120000 - r \\

Y
100000 - / \
\

50000 4

, - 0892Cu10
f e N 0892CuU
/ ™ ', 0s92Cu2

/ 0892Cus
50000 A / o0s8g2fres

40000 4

20000 4

0

415 465 515 565 615 BG5S T15 TeS5

Puc. 20. Cnektpsl GuyopecueHimu Juranaa 113 B npucyrcrun pasnuunbix konmuects Cu(ll).
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Puc. 21. Cnekrpsl (uryopecueniun suranaa 113 B npucyrcrBuu pasnuynbix kommaects Al(111).
clly4ae JIpyroro JWAaHCHIBHOTO Tpowu3BojaHoro, juranga 85 (Puc. 18). B cimyuae ¢ Al(I)
TaKOTO CIBUTAa MaKCUMyMa aMuccuu He npoucxoaut (Puc. 21). Ha cniektpax Y® nuranna 113 B
IOPUCYTCTBUM pa3inyHbIX MeTayuioB (Puc. I114) oTueTnuBo BUIHO, YTO 3HAYMMBbIE KAYeCTBEHHBIE
U3MEHEeHHs HaOI0/Ial0TCsl B MPUCYTCTBUM TOJBKO KATHOHOB MEIU U aFOMUHUS, YTO CBSA3AHO C
MCYE3HOBEHHEM TIIOJIOCHI TOTJIONICHUsT UCXOqHOro nuranaa npu 342 uM. Ha Puc. 1115 u 1116
3aMETHBI OTJINYHS B X0 M3MEHEHHS MTOJIOCHI MTOTJIOMIEHUS TIPH MTOCIIEI0BATEILHOM JTI00aBICHUN
pa3IMYHBIX SKBUBAJIECHTOB KAaTHOHOB MEOU W aJlIOMHHHA, COOTBETCTBeHHO, Ha Puc. II17
IPOIEMOHCTPUPOBAHO, YTO J100aBJICHNE KaTHOHOB JKeJie3a HEMHOI'O YBEIMUYMBACT IMOTJIONICHUE
0e3 cMeleHHss MakCUMyma. JTO Jke XapakrtepHo u Jjuis karuonoB PD(II). Tlapamiensro
Ha0Omromaemoe tymenue ¢uyopectennun B npucyrctsun Cu(ll) u Al(Ill) u wncuesHosenue
MIOJIOCHI TOTJIOUICHHUS TP 342 HM CBUETEIILCTBYET O TOM, UYTO B JJaHHOM JIUTAHE TaHCHIbHBIN
¢byopodop ydacTByeT B KOOPAWHAIIMY YKa3aHHBIX KaTHOHOB.
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[Iposeneno AMP-tutpoBanme nuranga 113 mepxiopaToM allOMUHUSA, KOTOPOE
HNOATBEPAMSIO, YTO B  TPOLECCe  KOMIUIEKCOOOpa3oBaHMS  MPOHMCXOJUT  CEphE3HOE
nepepacnpeieNieHHe 3JIEKTPOHHOH IUIOTHOCTH B JaHHOM MAaKPOTPULUKIMYECKOM JIUTAHJE,
KOTOpOE B 3HAYUTEIBHOW CTETNCHU 3aTParuBacT TAKKE CTPYKTYPHbIC (ParMEHTHI JaHCHIIBHBIX
dyopodopos. SIMP-turpoBanue Al(ClO4)3+9H,0 mpoBoamau mpu ucmoas3oBanuu 0.0071 M
pactBopa coenunenus 113 8 CD3CN no6aBnenuem conmu meramia mo 0.1 3xB. B quamazone 0.1-
1.2 skB. Ilo Mepe noGaBiieHUS COMM ATIOMUHHS HAONIONAINCh OYEHBb CIO0XKHBIE M3MEHEHHUS BO
BceM nuana3one SIMP crektpa, 94TO MOXET CBUAETENBCTBOBATh 00 y4acTHH B KOOPIHHAIUH
anmn(paTUYECKUX U apoOMaTUYECKUX (ParMEeHTOB JHraHjaa. V3MEHEHUsT XMMHUYECKUX CIBUTOB
COITPOBOKIAIUCH TAK)KE 3HAYUTEIBHBIMH YIIUPEHUSMHU OOJBIIMHCTBA CUTHAIOB B quama3oHe 0-
0.7 9KB., 4TO HE JaJ0 BO3MOXXHOCTH PACCUUTATh CTPOCHHS M KOHCTAHTBI YCTOMYHUBOCTH
00pa3yIONIMXCsl KOMILICKCOB C UCTIOJIh30BAHUEM CHTHAJIOB MIPOTOHOB JAHCHUJIBHOTO 3aMECTUTES
U METHJICHOBBIX TPYIII, CBS3aHHBIX ¢ JNOHOpHBIMA N um O atomamu Makportpuiukia. OgHako,
MOCKOJIbKY HAOJIOAAINCh TAK)KE N3MEHEHHSI XUMHUECKUX CIBUTOB MTPOTOHOB HEIKBUBAJICHTHBIX
mpem-OyTUIBHBIX TpymI (0JHON B ciaboe 1moiie, Ipyroil B CHIbHOE), C TIOMOIIBIO POTPAMMBI
WINQNMR paccuutano, uto obOpasyercs komiuiekc coctaBa 2(113)+Al ¢ koHcTaHTON

ycroitunBoctH IgK = 4.90+0.03.

3.6.4. Jlemexmuposarnue Memaiios ¢ NOMOULbIO KOHBIO2AMO8 a3ClKDaVH'3d)uD06 u

nopdupurnos 134, 135 u 136.
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Puc. 22. Cniextpsl hyopecueHuy muragaa 134 B mpucyTCTBUH pa3IMYHBIX METAUIOB.
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Puc. 23. Cnektpsl GuyopecueHimu uraiaa 134 B npucyrcrBun pa3nuunbix konudects Cu(ll).

Omuccus 6ucmakporukia 134, cogepskaiiero B CBOeM cocTaBe CyObeAMHUIIBI a3aKpayH-3dupa u
nopduprHaTa IUHKA, MOCTENEHHO yMeHbinaercs npu podasnenun Cu(ll) u, B MeHbIei
crerienu, Pb(Il) (Puc. 22). Onnako mosHoe TyiieHHe (BIyopeceHIInN HAOII0AaeTCs TOJIBKO B
npucyrctBun 30 skB. mepxiopara meau (Puc. 23). TymeHue sMHCCHU CONPOBOXKIAETCS B
cnektpe Y® yMeHbIIEHHEM TMOIJIONICHUS B BUIUMOW 00JacTH U OATOXPOMHBIM CMEIEHUEM
makcumyma Ha 15 uM (Puc. [118). B cnyuae tpucmakpouukia 135 n3menenus B cnekrpax YO u
duyopecueHIM TIpU  100aBICHMHM KaTHOHOB MEAM Topa3no Oojee BhIpaKEHHBIE TIpU
UCTIOJIF30BaHUM CYIIECTBEHHO MEHBIITUX KOJHYECTB METAIIa, MPH TOM JPYTrUe METaulbl He
MPUBOJAT K 3aMeTHOMY TameHuto ¢uyopecuenuuu (Puc. 24) unu usmenenuto B crektpe YD

(Puc. I119). IIpu sTOM noaHOE TymIeHHEe (HIYOPECIEHIIUHN TOCTUTAETCs TPH J0OaBIEHUH BCErO
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Puc. 24. Cnextpsl Quryopecuiennuu turagga 135 B mpUCyTCTBUM Pa3IMYHBIX METAJLIOB.
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Puc. 25. Cnektpsl GuyopecueHimu Juraiaa 135 B npucyrcrBun pa3nuanbix konmuects Cu(ll).

2.5 oskB. mepxnopara wmenu (Puc. 25). Ilpm sTtom Takxke HaAOMIOIAeTCs YMEHbIICHUE
WHTECHCUBHOCTH TI0JI0CHI B Y® 1 ee cmenienue ¢ 417 am 1o 432 um (Puc. [120). D10 dhakrrueckn
JieTaeT ero JAByXKaHaTbHBIM ceHcopoM Ha Cu(ll), mpuuem mpenen oOHapyXEeHUS TaHHOTO
merayuia  cocraBiusier 1.2 uM  cmektpodoromerpuueckum  Mmetogqom u 0.23 uM
cniektpoduiyopumerpudeckum. M3 nmaHHbBIX  QuiyopeciieHTHOro THTpoBanus (Puc. T121)
BBIYKCIIEHA KOHCTaHTa ycToiumBocTH kKomiuiekca (135)*Cu(ll) IgK = 5.30+0.08. 13 maHHBIX
Y®-turpoBanus (Puc. [122) BbluncieHa KOHCTaHTa ycTounBocTH Komruiekca 2(135)*2Cu(ll)
IgK =16.24+0.07.

AHanoru4HeIi TpucMakpouuki 136, He copepkamuii IMHKA B TOPQUPHHOBBIX KOJIBIAX,
HECEJIEKTUBHO M3MEHsET CeKTphl Y® U (ryopecleHInn B IPUCYTCTBUM PA3IMYHBIX METAJUIOB
(Puc. 26), npuueM ecnu KaTHOHBI MEIU M ATIOMHUHUS TacsAT SMUCCHIO MOJHOCTBIO, TO KATHOHBI

XpoMa U CBHMHIIA — B 3HAYUTEIILHOM CTEIICHU.
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Puc. 26. Cnextpsl yopecuenuy nuragaa 136 B mpucyTCTBUH pa3IMYHBIX METAUIOB.
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Puc. 27. Cuextpsl payopectieHnuu nuranga 136 B npucyrcTBun pasauuHbix Koaunuects Zn(11).
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Puc. 28. Cnexrpsr Y@ nuranga 136 B npucyrcrBun paznuunbix koauaects Al(111).
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Opnnaxo B npucyrctBun Zn(ll) ero criekTp ¢uryopecieHInu U3MEHETCs YHUKAIBHBIM 00pa3oM C
THIICOXPOMHBIM CMEIIIEHUEM TI0JOC SMHCCHUU B CBSI3UM C 0Opa3oBaHHMEM NoppuUpUHATA IMHKA
(Puc. 27), a B mpucyrcrBum Al(l11) Takoe e yHHKaIbHOE H3MEHEHHE IIpeTepIieBaet crekrp Y
(Puc. 28), npu 3TOM 10JI0Ca MOTJIONICHHUSI CMEIIAeTCs B KpacHyto o0iacTh Ha 90 HM. MHTEpEecHO
OTMETUTh, YTO TpPHU JOOABJICHUU COJMM LWHKA MPOUCXOAUT OATOXPOMHBIH CIBUT MaKCHMyMa
noryomeHus Ha 10 HM, 4TO Tak)Ke OJIHO3HAYHO MOKa3bIBaeT 0Opa3zoBaHue nopdupuHaTa IIUHKA,
a B MPHUCYTCTBUU MEAM I0J0CAa MOTJIOUICHHUS HE CMELIACTCs, HO CUTHAJ 3aMETHO 00yXaeTcs
(Puc. 1123). NnTepecHo, uTo noOaBiIcHUE KaTMOHOB Meau K Jmranay 136, He comepkameMmy
M3HAYAIBHO [IMHKA B TOP(OUPUHOBBIX KOJIBIIAX, HE IPUBOJUT K TYIICHUIO (IYOPECIEHITNH, B TO
BpeMsl Kak J00aBJeHHE MepxjopaTta MEAH TOcie M00aBICHUS KaTHOHOB LIWHKA MPHUBOIUT K
MOJTHOMY TamieHuIo (DIIyOPECICHIINK, YTO XapaKTepHO MMEHHO uis oOpa3oBaBiierocs in Situ
nopupunara 1muka (Puc. I124). U3 nanueix Y®-turpoBanus (Puc. I125) BbIYnCICHBI
KOHCTaHTBI ycroiunBocTH kKoMmiuiekcoB (136)*Zn(ll) IgK = 5.3+0.8 u (136)*2Cu(ll) IgK =
11.2+0.2. Wrak, DaHHBIA JIMTaHI MOXET OBITh HCIOJB30BaH B KadecTBE (HIIyOpeClEeHTHOM

MOJIEKYJISIPHOM MPOOBI Ha IUHK U KOJIOPUMETPHUUECKON MOJIEKYIIpHOU MPOOBI HA alIFOMUHUA.

3.6.5. Jemexmuposarue Memanios ¢ NOMOUbIO KOHBIO2AMO8 MAKPOYUKIO8 U

nopdupunos 138, 139, 141, 143 u 144.

[Topdupuncoaepxaie MOJTUMAKPOLMKIBI TUNA 5 00Jaal0T pa3HbIM OTKJIMKOM Ha KaTHOHBI
METAJUIOB B 3aBUCIMOCTH OT COOTHOIIECHHS MOPHUPHUHOBBIX U TPUOKCATNA3AMAKPOIIMKINIECKUX
CTPYKTYpPHBIX CyOBEIMHHUIl B MX COCTaBE, a TAKKE€ OT CTPOEHHUS apoMaTHYECKOro creiicepa
(Oudennn wim HapTamUH) B MocienHuX. Tak, sMuccus OucnopUpHH3aMEIIeHHOTO JIMraH/a
138 namuoro 3¢ dexruBnee Tymutcs (Puc. 29) takumu merasiamu, kak Cu(ll), Cr(11) u Al(l11),
4eM 3MHCCHS MOHOTIOphHUpHHCoaepkamero 139, 4ro jenaet mepBblil J0CTaTOIHO 3 HEKTHBHON

MOJIEKYJIIPHOM TTPOOOiT Ha 3TU KAaTHOHBI.
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Puc. 29. Cnextpsl duryopecteniuu nuranaa 138 B mpuCcyTCTBUHM pa3IUYHBIX METAJIOB.
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Puc. 30. Cnektpsl GuyopecueHimu uranaa 138 B npucyrcrBun pa3nuanbix konudects Cu(ll).
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Puc. 31. Cnextpsl diayopecueniiuu auranaa 138 B npucyrcTBun pasnnuabix kommdects Cr(l11).
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Puc. 32. Crektpsl puyopecueHnuu auranga 138 B npucyreteun pasnunudbix Koimuects Al(111).

JlelicTBUTENBHO, MOJHOE TYIIEHHE (IIyOpEeCHEHIIMH TPUCMAaKpOLMKINIecKoro turanga 138 Ha
OCHOBe Ou(eHmI-cofepKallero TPUOKCAAMa3aMaKpoLUUKiIa C JByMs HOP(QUPUHOBBIMU
KOJIBLIAMH JIOCTUTaeTCs MpH o0aBieHnn 5 9kB. katuoHa menu (Puc. 30), 10 skB. xpoma (Puc.
31) u Bcero 2 okB. amomunus (Puc. 32), B To BpeMsi kak OMcMakporukimdeckuii murang 139

YyBCTBUTEJIEH TOJBKO K KATHOHAM MEIHN M B HEKOTOPOH CTeNeHU — K kKatnoHaMm xpoma (Puc. 33).
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Puc. 33. Cnextpsl Quryopecuiennuu turagga 139 B npuCcyTCTBUM pa3IMYHBIX METAJLIOB.
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Puc. 34. Cuektpsl GuyopecueHuu guraiaa 139 B npucyrcrBuu pasnuunbix konudects Cu(ll).

[Tpu stom naxe B ciyyae Cu(ll) He HaOMIOJaCTCSI TOTHOTO TAlllCHHUsI YMUCCHU B IPUCYTCTBHU 10
9KB. TaHHBIX KaTHOHOB (Puc. 34). Uto xacaeTcs n3aMeHeHuit B cekrpax Y@ Juis 3TUX JUraH/0B,
TO B ClOy4ae C TpucMakporukioMm 138 pobaBneHwe conmu Meau MPUBOIUT K MOJTHOMY
MCUYE3HOBEHHIO Tojockl mornomienus mnpu 409 um (Puc. I126), a nmpyrue mMerayuibl MOTYT
NPUBOJNUTH TOJNBKO K YaCTUYHOMY YMEHBIICHHIO WHTCHCHBHOCTH IOTJIOIIEHUS O€3 CIBUTa
makcumyma (Puc. I127). Hamportus, noGaBneHue mnepxiopara mMead K juranny 139 umeer
pe3yabTaTOM JIUMIIb YaCTUYHOE YMEHBIIEHHE HHTEHCUBHOCTH NoJockl 411 HM Takxke 0e3 caBura

makcumyma (Puc. 1128, T129).
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Puc. 35. Cnextpsl QuryopectieHuu muranaa 141 B mpucyTCTBUHM pa3TUYHBIX METAJLIOB.
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Puc. 36. Cuektpsl GuyopecueHuu guraiaa 141 B npucyrctBuu pasnuunbix komudects Cu(ll).

Jpyroe TpucMakpouukinieckoe oucnopdupunonoe npousBoaHoe 141 ¢ HapTanIMHOBBIM

CHGfICGpOM MOJKCT BBICTYIIAThb KaK CCHCOP HAa KaTHMOHBI MCIU 3a CUYCT CCJICKTHUBHOI'O U ITOJHOI'O

TYIICHUS] SMUCCHH JaHHBIM KaTroHoM (Puc. 35), mpu stom 5 3kB. Cu(ll) momHOCTBIO TyIIAT

smuccuto (Puc. 36). Ouenennsiii ipeaen oOHapykeHus coctanisieT Bcero 0.14 uM, urto craBut

coenuneHne 141 B psig ¢ nydmmmu ¢uyopecieHTHbIMU xeMocercopamu Ha Cu(ll). Y3 naHHBIX

¢nyopecuentnoro tutpoBanus (Puc. I130) BbIuKcieHa KOHCTaHTa YCTOMYMBOCTH KOMILIEKCA

(141)*Cu(ll) IgK = 5.60+0.05. B cnekrpax Y® HabmrogaeTcsi yMEHBIICHUE HHTCHCUBHOCTH

UCXOJHOM mosockl moromenuss npu godasienun Cu(ll) ¢ omHOBpeMeHHBIM HEOOIBIIUM

O6aroxpoMHbIM caBuroM Ha 8 HM (Puc. 1131, 1132).
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Puc. 37. Cnextpsl hayopecuenuu nuragaa 144 B npucyTCTBUH pa3InyHbIX METAUIOB.
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Puc. 38. Cektpsl uyopectieHnuu auranga 144 B npucyrcteun pasnuuabix Komauuects Al(I11).
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Puc. 39. Cnektpsl puyopecueHiuu muranaa 144 B npucyrcrBun pasnunuHbix komrmuects Cr(l11).

bucmakponukianueckoe coeauHeHne ¢ OupeHmIbHbIM crielicepoM 144 MOXET CIIyXHUTb
(bIyopeciieHTHONH MOJEKYIsIpHOW MpoOON Ha KaTHOHBI MEIH, ATFOMHUHHUS U XPOMa, MOCKOIBKY
TOJILKO 3TH METaJUIbl IPUBOJAT K MOJHOMY TymeHuto ¢iayopecueniun (Puc. 37). [lng nanHoro
sdpdekra gocratouno 2 3kB. Al(I1l) (Puc. 38) u 5 sxs. Cr(lll) (Puc. 39) unu 1 sxs. Cu(ll). U3
naHHbIX (ayopectienTHoro tutpoBanus (Puc. I133) BbUMCIIeHAa KOHCTAHTa YCTOWYMBOCTH
komruiekca (144)*Cr(111) IgK = 4.71+0.17. U3 nanubix Y ®-tutpoBanus (Puc. [134) BeruncieHsl
KOHCTaHThl ycToWunBocTu KomruiekcoB (144)* Cr(lll) IgK = 6.2+0.1 u (144)*2Cr(lll) IgK =
12.25+0.07. B cnektpax Y® XpoM W aIIOMHUHUN BBI3BIBAIOT HE3HAUYUTEIHHOE YMCHBIICHHE

HHTCHCHUBHOCTHU ITOJIOCHI MOTJIOIICHHA CO CABUI'OM MaKCHMMYyMa B KpaCHYIO obnacth Ha 12 HM, a
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no0aBiieHMEe MeAM MPUBOAMUT K MOJHOMY MCUYE3HOBEHHMIO MCXOJHOM Mojock! noryomenus (Puc.
135).

Omuccus TpucMakporumkina 143, conmeprkamiero OJUH LEHTPAIbHBIM MOP(UPHUHOBBIN
(dparMeHT U ABa nepuepuiiHbIX TPUOKCAIMa3aMaKpOLMKIA, B MEHbIIEH CTENEHHU 3aBUCUT OT
KOJINYeCTBA J00aBJIECHHBIX KAaTMOHOB XpOMa, HO Melb U ATIOMUHHUHA Tak ke 3(PPEKTHUBHO ee
tymwat (Puc. 40). ITockonbky 10 5KB. KATHOHOB XpoMa TAK)KE MPUBOJAAT K MOJHOMY TYLICHHUIO
smuccun (Puc. 41), To u MaHHBINA JIWTraHI MOXHO paccMaTpuBaTh B KadecTBe (PIIyopecrieHTHON
MOJIEKYJISIpHOH MpoObl Ha 3TH Tpu Meramna. Crnekrpel YO coeaunenus 143 B mpucyrcTBuu
KaTHOHOB Pa3IMYHBIX METAIJIOB B LIE€JIOM IOJUUHSIOTCS 3aKOHOMEPHOCTSIM, OIMCAHHBIM BbIILIE

st Oucmakporukia 144 (Puc. 1136).
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Puc. 40. Cnextpsl ayopecueHuu nuragaa 143 B npucyTCTBUM pa3IMYHbIX METAJUIOB.
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Puc. 41. Cruextpsl dayopecueniinu guragaa 143 B npucyrcTBun pa3nnuabix kommdects Cr(l11).
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3.6.6. lemexmuposanue Memaiios ¢ NOMOUbIO KOHBIO2AM08 NOPDHUPUHO8

¢ makpobuyurxiamu 148, 150

Terpamakponukindeckuii gurana 148 moxer paccMarpuBathesi Kak ceHcop Ha katuonbl Cu(ll)
B CBSI3U C CEJIEKTHUBHBIM M IMOJIHBIM TYyILIEHHEM ero ¢uryopecteHnuu 10 3kB. JaHHOTO MeTaia ¢
HU3KUM TIpeielioM oOHapyxeHuss pganHoro wmetammia 0.23 puM  (Puc. 42, 43), a
TpUCMaKpoLUKIndeckoe coeaunenne 150, ornuuaromieecss ABYMsi METHJICHOBBIMU 3BEHbSIMH B
TPUOKCATUAMUHOBOM JIMHKEPE U OJHUM MOP(UPHHOBBEIM (PPAarMEHTOM BMECTO JBYX, XOTS U
CEJIEKTUBHO pearupyer Ha MeJb, OJJHAKO MPHU J00aBICHUH 15 3KB. MHTEHCUBHOCTh YMHCCUU €0
yMeHbIIaeTcss Tojbko B 2.5 paza (Puc. 44, 45). DT0 CBHAETEIHCTBYET O BaXXHOCTH TOHKOM
MOJICTPONKH MAaKPOTOIHIMKINYECKUX COCIUHEHUN TOJ KOHKPETHBIM HOH JUIsl TMOBBIIICHUS
P PEKTUBHOCTH M CEICKTUBHOCTH JACTEKTUPOBAaHUA. M3 JaHHBIX (IIyOpeceHTHOTO TUTPOBAHUS

BbIUHMCIICHA KOHCTaHTa ycToiunBoctu Komiuiekca (148)*Cu(ll) IgK = 5.15+0.04.
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Puc. 42. Cnextpsl hayopecueHuu qurasaa 148 B npucyTCTBUM pa3IUuyHbIX METALIOB.
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Puc. 43. Cnektpsl (iryopecueniuu guragaa 148 B npucyrcTBun pasnuydbix konumdects Cu(ll).
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Puc. 44. Cnextpsl duryopecteniuu auranga 150 B mpucyTCTBUHM pa3TUYHBIX METAJIOB.
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Puc. 45. Cnektpsl GuyopecueHimu suranaa 150 B npucyrctBun pa3nuanbix konudects Cu(ll).

B cnektpax Y@ TerpamakponukiioB 148 u 150 B mpuCyTCTBHM KaTHOHOB MM HAOIIOAEeTCs
YMEHBIIEHHE MHTEHCUBHOCTH IOJIOCH MOTJIOIIEHHS MPAKTHUYECKH O0€3 CMEIIEeHHs] MaKCHUMyMa

(Puc. T137, T138).

3.6.7. emexmuposanue Memaiios ¢ NOMOWbI0 KOHbIo2amos kaiukc/4]apena

¢ nopdupunom 151, 154.

bucnopduprunoBoe npous3BogHOE KaiukcapeHa 151 MoxeT ciayXuTh (hIyopecleHTHOU
MoJieKyssipHoi Tipo6oit Ha katuoubl Cu(ll) u AI(IIl) 3a cuer mpakTUYECKH MOIHOTO TaIlICHUS
SMHUCCHUH UCKITIOUYUTEIBHO JaHHBIMU MeTaiuiaMu (Puc. 46), mpu stom 10 3xB. menu (Puc. 47) u 5

9kB. ammomunus (Puc. 48) TpeOyeTcs s moHOro TyIeHus sMmuccuu. B criektpax YO npu
128



FO0000

G00000 o

200000 4

400000 4

300000 4

200000 -

100000 +

——0B8B2A405
0862415
0s8z2Bas
0gEz2Cas
——0862Cd5
——08E2Co5
—08EB2Cr5
——0882Cus
—— D862decz
08E82Fe5
0862Hg5
08E62K5
086ZLIS
08&2M g5
asEz2Mns
0862Mas
—— 0BE2ZMI5
0BE62Fb5
08682Zn5

a
520

540 5

@
o

Puc. 46. Cnextpsl hyopecuenuy auragaa 151 B npucyTCcTBUH pa3inyHbIX METAJUIOB.
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Puc. 47. Cnektpsl GuyopectieHimu uraiaa 151 B npucyrctBun pa3nuunbix konuaects Cu(ll).
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Puc. 48. Cnektpsl (iryopecueninu guranaa 151 B npucyrcteun pasnuyudbix komudects Al (11).
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N00aBJIEHUH COJIM MEIU NMPOUCXOAUT YMEHbIIEHHNE HHTEHCUBHOCTHU MOJ0Ch! noryomenus (Puc.
[139), yro xapakTepHO W AN JAPYIHX NOPPUPUHCOACPKAMIMX MOTMMAKPOLUKINYECKUX

JIMTaHAO0B, pAaCCMOTPCHHBIX BBIIIC.

160000

8642405
140000 4 8642415
8G42Bas
gG42Cas
8642Cd5
8G42Co5
8642Cr5
8642Cu5
8G42Fe5
g642H
8642Hg5
SG642free
8642K5
B8642Li5
8642Mgs
8642Mn3
8642Mas
8G42Mi5
8G42Pb5
8642705

120000

100000

g0000

60000 4

40000 A

20000

0 S ——
560 580 0

720 740

Puc. 49. Cnextps! uryopecteHuu nuranaa 154 B mpucyTCTBUHM pa3IUYHBIX METAJIOB.
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Puc. 50. Cniektpsl (hiryopecueHiuu gurasaa 154 B npucyrcTBum pa3innyuHbix kommdects Zn(l1).

Coenunenune 154, ananor BBIICOMUCAHHOTO coequHeHus 151, He comepkamuii MMHKA B
NOpQUPHHOBBIX S/Ipax, MOXET BBICTYNaTh MOJEKYIsipHOW mpoboit Ha Zn(ll) Onmaromaps
YHHUKAJIbHOMY H3MEHEHHIO CIEKTpa SMHUCCHU NpH J00aBIEHUH JAHHOTO KAaTHOHA B CBSA3HM C
obpazoBannem mnoppupunara mmHka (Puc. 50), - sBieHHe, KOTOpoe YK€ HaOIIOIaIH s
TPUCMAKPOIUKIMYECKOTO MPOU3BOIHOTO CcBOOOMHOTrO mopdupuHa 136. B menom ke smuccus

nuranna 154 ymenbinaercs B npucyrctBun Takux katnonos, kak Cd(Il), Cu(ll) u Co(ll) (Puc.
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46), a B crnektpe Y@ KadyeCTBEHHbIC HW3MECHEHHUS HAOIIONAIOTCS TaKXke MpHU J00aBICHUH
katuoHoB 1rHKa (Puc. 1140, T141) — nporcXOaUT CABUT MaKCHMYyMa IOJIOCHI TOTIomeH st ¢ 399
1m0 408 HM ¢ OJHOBPEMEHHBIM YBEIMUYEHHEM TIOTJIONICHUS, YTO OJHO3HAYHO IOATBEPXKIACT

obpazoBanue noppupunara ruHka (Puc. 51).
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Puc. 51. Cnekrp YO nuranaa 154 B npucytcTBiM pa3nudHbix konuuects Zn(l1).

Tadauna 10. [lanHble O KOHCTAHTAaX YCTOWYMBOCTHM KOMILUIEKCOB JIUTAHIOB C KaTHOHAMU

METAJUIOB.
Ne Komriekce Koucranra Koncranra Koncranra
YCTONYUBOCTH, YCTOMYUBOCTH, YCTOMYUBOCTH,
BEIUMCJICHHAsI W3 | BEIUMCICHHAS W3 | BEIUUCIEHHAST U3
JAaHHBIX SIMP- | naHHBIX JaHHBIX YO-
TUTPOBAHUSA (bITyOpECIIEHTHOTO | TUTPOBAHUSA
TUTPOBAHUS
1 2(78)«Zn(1l) IgK =5.38+0.15
2 (78)~Cd(lI) IgK = 3.40+0.17
3 2(78)-Al(11) IgK =4.9+0.5
4 2(78)«Pb(I1) lgK; =3.7+0.6
2(78)~3Pb(l11) IgK; =11.4+0.3
5 (84)*Cu(ll) IgK = 4.76+0.04
6 2(113)-Al(11) IgK = 4.90+0.03
7 (135)*Cu(ll) lgK; = 5.30+0.08
2(135)*2Cu(ln) lgK; = 16.24+0.07
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No Kommnekc Koncranra Koncranra KoncranTa
YCTOMYUBOCTH, YCTOMYUBOCTH, YCTOMYUBOCTH,
BBIUHCIIEHHAS W3 | BBIYUCICHHAs W3 | BRIUUCICHHAA W3
JAHHBIX SIMP- | naHHBIX JaHHBIX YO-
TUTPOBAHUSA (bITyOpECIIEHTHOTO | TUTPOBAHUS

TUTPOBAHUS

8 (136)*Zn(Il) IgK =5.3+0.8

9 (136)*2Cu(ll) lgK =11.2+0.2

10 (141)*Cu(ll) IgK =5.60+0.05

11 (144)*Cr(111) IgK = 4.71+0.17 lgK; =6.2+0.1

(144)*2Cr(111) lgK; = 12.25+0.07
12 (148)*Cu(ll) IgK =5.15+0.04

Takum oOpas3oM, B xoze HcclefoBaHus MeTofamu crekrpockonuu Y@ u ¢uyopecuenuuu 16

MOJIyYEHHBIX MaKpOIIOJIMIUKIIOB B MPUCYTCTBUU NEPXJIOpaToB 18 MeTamioB HalAeHo, 4yTo 4 u3

HUX SIBJISIIOTCS TEPCICKTHBHBIMU (piyopecueHTHbIME XeMoceHcopamu Ha Cu(ll) 3a cuer

IMMOJIHOTO " CCJICKTHUBHOI'O TYHICHUSA (1)J'Iy0p€CI_ICHI_II/II/I B IPUCYTCTBHUHU KaTUOHOB IAHHOTO

METalia, M 06J'Ia,[[aIOH_[I/IMI/I BE€CbMa HHU3KHUM IIPCACIOM O6H8.py>KeHI/I$I, a TaKXke HaiJeHo 6

(JTyOpeCIEHTHBIX MOJICKYISPHBIX M KOJIopuMeTpudeckux mpoO Ha karuonsr Cu(ll), Al(II),

Fe(11), Cr(111), Pb(11) u Zn(11).
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4. JKcIepUMEHTAJbHAA YaCTh.

Bce oneparnuu, cBsi3aHHbIE C KATAIUTUYECKUMH IPOIECCAMHU, TPOBOIMINCEH B aTMOcdepe
CyXOro aproHa C HCIOJb30BaHMEM OYMINEHHBIX pacTBopuTeneil. /lnokcan abcomroTHpoBain
KUATISTYCHUEM W TIEPETOHKOW HaJ THIPOKCHIOM Kallusi C TOCIEAYIOUIeH NEeperoHKol Hax
HaTpUEM, AallCTOHUTPUI aOCONMIOTHPOBAIM TEPErOHKON Haa TruapuaoM Kameius, MDA
NEPEeroHsUIM  HaJ TUIPUIOM KalblMsl, METPOJCHHBIA ddup, IUXJIOPMETaH U METaHOJ
UCTIOJIB30BAIM CBEXETeperHaHHbIMU. KoMMepueckn JOCTYmHbIE MCXOHBIE BEIIECTBA — JU- U
nonuamunel 1, 2, 4-7, azakpayn-3pupst 8 u 9, amazakpayn-apupst 29 wu 53, wm-, n-
OpombensmiOpomuabl, 2-, 3, u 4-HOATONYONBl, n-wojaHu3on, 1,4-nuuondenzon, 3-
OpoMHO0CH30I, 2-HOA-D-HUTPOAHMU30JI, OpOMOCH30JI, HOMOEH30J, XJIOPOCH30J, Au-mpen-
OyTunaukapOoOHaT, JaHCUII XJIOPUI, 6-OpOMXUHONHH, |1-OpOMIHPEH, UMH1a30J1, AMUHOKHUCJIOTHI,
2-(n300yTHpHIT)IIMKIOTeKcaHOH, (ocdunoBbie nuranasl BINAP, DavePhos, mpem-Gyrtunat
HaTpuUs, KapOOHATHI HATPHS, KaIHs U 1Ie3Usl, IePXJIOPAThl METAJUIOB B BUJI€ KPUCTAJIOTUIPATOB,
npousBencHubie pupmamu Aldrich u AcCros, — ucmnonp30Bain 03 JAOMOJHUTEIBHONW OYHCTKH.
[Muknen w  mukmaMm  npenocrtaBieHsl  ¢upmoit CheMatech  (Dijon,  France),
aJlaMaHTaHCOJEpPXKAMUK JuaMuH 3 mpeaocTaBieH corpynHukamu Boarl'TY akan. PAH
Hogaxosemm U.A., ipod. Opimracorom b.C. u ct. npen. CasenseBbiM E.H. Kanukc[4]apens! 76,
77, 80, 83 u 104 Obumn mo0Oe3HO TmpenocTaBieHbl coTpyaHukamMu MIY umenn M.B.
JlomonocoBa r.H.c. KoanessiMm B.B. um c.H.c. Banypo M. M. Iloppupunsr 120 u 122
npenocraBienbl  cotpyaHukamMu UIXTY  um-kopp. Koiipmanom O.U. u Ceipby C.A.;
nopdupuHarel muHKa 114, 115, 121 w 133 momy4eHBl M3 COOTBETCTBYIOIIUX CBOOOJHBIX
nopGHUpUHOB, NpenocTaBieHHbIX coTpyaHukamMu UI'XTY un.-kopp. Koitpmanom O.U. u CeipOy
C.A., oOpabGoTkoif H30BITKOM armeraTa LMHKa B cMmecu xiopopopMm-IMPA. 3- u 4-
(bpommetmm)nonben3onbr  monydanid U3 3- W 4-HOATONYOJOB  OpomMupoBanueM  N-
OPOMCYKIIMHIMHJIOM B YETBIPEXXJIOPUCTOM yritepojie. Tparc-mu(opomoensmn)uukiienst 90 u 91,
mpanc-nu(opomoerH3un)unkaamsl 92 u 93 CHHTE3MPOBAIM MO METOY, OIMMCAaHHOMY B paboTe
[223], Terpaben3mizamerieHHble UKIeHb 98 u 99 cuHTE3upoBa M MO METONY, ONMMCAHHOMY B
coobmenun [224], mu-bOK-mu(3-6pomOeH3MIT)3aMeIeHHbI IUKJICH TOJy4aid 10 CIoco0y,
omurcaHHOMY B [225]. Makporukn 137 momydwnu 1o crocoOy, onmrcaHHOMYy B pabotax [184,
185], makpormki 140 — mo crnoco0Oy, onucanHomy B [186]. Pd(dba), [226] cunTe3upoBamu no
U3BECTHOMY Meroay. s mpemapaTMBHOM KOJIOHOYHOM Xpomarorpaduu  HCIoJIb30BaIN
CHITMKaresb mpou3BojcTBa kommanuii Merck wiu Fluka ¢ pasmepom vactuir 40-60 mMxM.

Cnextpsr AMP "Hu BC peructpupoBaiu Ha mpudbopax Bruker Avance-400 (paGouwne

gactotsl 400 MI'm Ha snapax 'H, 100.6 MI'y ua sapax BC, coorBercTBenH0). B KauecTBe
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BHYTPEHHHUX CTaHJAapPTOB MCIIOJIH30BAJIN CHTHAJIBI pacTBoputenei. Macc-cnektpet MALDI-TOF
HOJIOKUTEIBHBIX MOHOB Mojdydanu Ha mpubopax Bruker Daltonics Ultraflex u Autoflex Il ¢
ucronb3oBaHueM 1,8,9-TpuruapokcuanTpamneHa B KaueCTBE MATPHUIBI M IOJUITHICHIIIMKOICH
I121-300, 400, 600, 1000, 1500 B kadyecTBe BHYTpEHHUX cTaHAapToB. Macc-ciekTpsl ESI-TOF
MOJOKHUTEIbHBIX HOHOB modydaau Ha mnpubope Bruker MicroQ-TOF. VY®-crekTpsr
PETUCTPHUPOBAIA C UCHONB30BaHUEM crekrpodoromerpa Cary 60 B kroBere minuHOW 1 cM B
AIleTOHUTPHJIIE, CIIEKTPBI (PIyOPECHCHIIMN PETUCTPUPOBAIIN C IMOMOUIBIO CHEKTPO(IyopuMeTpa

Horiba Jobin Yvon Fluoromax-2.

Cmanoapmuas memoouka cunmesa npou3800HsIX aza- u ouazaxkpayu-3¢gupos 10-13, 23, 30, 54-
57

B oxgHoropiyto koi0y ¢ oOpaTHBIM XOJIOAMIBHUKOM U MarHUTHOHM Memiankoi nomemanu 1-4.5
MMOJIb a3a- (coequuenus 8, 9) wim auaszakpayH-ddupa (coemumuenus 29, 53), 1-9 mmob
COOTBETCTBYIOILIETO0 OpoMOeH3mwnOpoMuaa uiaum uojgoeHswiopomuaa (1 SkB Ui a3akpayH-
3¢upoB, 2 3KB. IS qUa3aKpayH-3UPOB), 100aBsUH 4-15 M1 6€3BOTHOTO CBEKENEPErHAHHOTO
aneToHuTpuaa, 2.5-25 MMoiab KapOoHaTa Kaius WIM HaTpusl M KUIATHIM B TedyeHue 15 d.
PactBop OTQUIBTPOBBIBAIM OT OCaJgKa, OCaJA0K HPOMBIBAIM JuxjiopMmeraHoM (5-10 wi),
00beIMHEHHbIE OpraHnyeckrue (ppakluy ynapuBaiu B BakyyMme. TBepablil niM MaciooOpa3HbIi
OCTaTOK pacTBOpsuid B auxyjopmerane (5-10 mi) u mnpomsiBamu Bomod (3x5-10 mi),
OpPraHMYECKCKHUM CIION OTAensau, a 00beIMHEHHbIE BOJHBIE CJIOU 3KCTPArMpOBAIA XJIOPUCTHIM
metunaeHoM  (3x10-20  wmui). Opranuyeckue (pakuuu OOBEOUHSIIM W CYIMIMIM  HaJ
MOJIEKYJIApHBIMU cuTamu 4A, pacTBOpuTENb ynapuBaau B BAKyyMe U HOJIydanu coenuHenus 10-

13, 23, 30, 54-57 B BHJie TBEPIBIX WJIH BSI3KHX MacCIIO00Pa3HBIX BEIIECTB.

13-(3-bpombensni)-1,4,7,10-Terpaokca-13-azanukiaonenraaexkan (10) cuHTE3upoOBaH
u3 l-aza-15-kpayn-5 (2 mmomnb, 438 mr) u 3-O6pombGen3un O6pomuga (2 mMmonb, 500 mr) B
npucyrctBun KyCO3 (5 mmonb, 695 mr) B 7 mit anierorntpuia. Beixon 728 mr (94%). Criektp
SIMP 'H (CDCl3) 8y, M.i1.: 2.76 t (4H, 3] = 5.8 Hz), 3.60-3.64 m (10H), 3.65-3.69 m (8H), 7.13 t
(1H, 3 = 7.8 Hz), 7.24 d (1H, %1 = 7.8 Hz), 7.33 d (1H, *J = 7.8 Hz), 7.51 s (1H). Crexrp SIMP
B3C (CDCly) 8¢, m.a.: 54.2 (2C), 60.1 (1C), 69.9 (2C), 70.2 (2C), 70.5 (2C), 70.9 (2C), 122.4
(1C), 127.3 (1C), 129.7 (1C), 129.9 (1C), 131.6 (1C), 142.3 (1C). Macc-cnektp MALDI-TOF:
m/z 388.1167. C17H,7BrNO;. Beruncieno 388.1123 [M+H]".

16-(3-bpomoen3ni)-1,4,7,10,13-nenraokca-16-azaunknookraaexkan (11) cunresnpoBain

u3 l-aza-18-kpayn-6 (1 mmomnb, 263 mr) u 3-6pomOensmn Opomuaa (1 mmons, 250 mr) B
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npucytctBur NayCOs (2.5 mmorb, 265 mr) B 4 mi anletonutpuiia. Beixon 415 mr (96%). Criextp
SIMP 'H (CDCls) 8y, M.z1.: 2.76 t (4H, °J = 5.3 Hz), 3.57-3.62 m (8H), 3.63-3.69 m (14H), 7.13 t
(1H, *J=7.7 Hz), 7.24 d (1H, *J = 8.0 Hz), 7.32 d (1H, *J = 7.6 Hz), 7.50 d (1H). Crexrp SIMP
BC (CDCLs) 8¢, m.a.: 53.9 (2C), 59.5 (1C), 69.9 (2C), 70.4 (2C), 70.8 (4C), 70.9 (2C), 122.4
(10), 127.3 (1C), 129.7 (1C), 129.9 (1C), 131.6 (1C), 142.5 (1C). Macc-cnektp MALDI-TOF:
m/z 432.1425. C;9H3BrNOs. Brruncieno 432.1386 [M+H]+.

13-(3-Uonoden3uin)-1,4,7,10-Trerpaokca-13-a3anukionenragexkan (12) cuHTe3upoBaiu u3
1-aza-15-kpayn-5 (4 mmomb, 876 wmr) m 3-mombenswn Opomuma (4 mmosb, 1188 mr) B
npucyrctBun Ko,COs3 (8 Mmonb, 1104 mr) B 12 mut antetonutpuina. Beixoa 1.600 1 (92%). Cniexktp
SIMP 'H (CDCl3) 8y, m.1.: 2.70 t (4H, 3J = 5.9 Hz), 3.54-3.59 m (10H), 3.60-3.64 m (8H), 6.96 t
(1H, %) = 7.7 Hz), 7.23 d (1H, 33 = 7.6 Hz), 7.49 d (1H, %) = 7.8 Hz), 7.65 s (1H). Macc-criextp
MALDI-TOF: m/z 436.0932. C17H27INO4, Berancieno 436.0985 [M+H]".

16-(3-Hoaden3uin)-1,4,7,10,13-nenraokca-16-azanukiiookragekan (13) cuHTE3MpOBAIM
u3 1-aza-18-kpayn-6 (1 mmonb, 263 wmr) u 3-uombenszunopomuna (I mmons, 297 wmr) B
npucyrctBur Na;COs3 (2.5 mmonts, 265 mr) B 4 M anetonutpuia. Beixon 445 mr (93%). Cnextp
SIMP 'H (CDCl3) 8, M.it.: 2.76 t (4H, 3 = 5.7 Hz), 3.59-3.64 m (10H), 3.64-3.70 m (12H), 7.01
t (1H,3J=7.7Hz), 7.29 d (1H, *J = 7.7 Hz), 7.54 d (1H, *J = 7.8 Hz), 7.70 s (1H). Criextp SIMP
BC (CDCLs) 8¢, m.a.: 53.9 (2C), 59.4 (1C), 69.9 (2C), 70.4 (2C), 70.8 (4C), 70.9 (2C), 104.5
(1C), 128.0 (1C), 129.9 (1C), 135.9 (1C), 137.6 (1C), 142.6 (1C). Macc-cnektp MALDI-TOF:
m/z 480.1289. C19H31INOs. Boruncneno 480.1247 [M+H]".

13-(4-Uonoden3uin)-1,4,7,10-Trerpaokca-13-a3anukionenraaekan (23) CHHTE3UPOBAIN U3
1-aza-15-kpayn-5 (2.77 mmonb, 607 mr) u 4-uonbenzmwiOpomuaa (2.77 mmonb, 823 mr) B
npucyrctBun K,CO3 (8.31 mmonb, 1155 mr) B 9 M aneronutpuina. Beixox 922 mr (77%).
Cnextp SIMP 'H (CDCls) 8y, M.1.: 2.68 t (4H, *J = 5.9 Hz), 3.55 t (4H, ] = 5.9 Hz), 3.56-3.62 m
(18 H), 7.02 d (4H, *J = 8.3 Hz), 7.54 d (4H, *J = 8.3 Hz). Cnextp SIMP "*C (CDCl3) 8¢, M.1.:
54.0 (20), 59.7 (2C), 69.5 (2C), 69.9 (2C), 70.0 (2C), 70.5 (2C), 92.0 (2C), 130.7 (4C), 137.0
(4C), 139.0 (2C). Macc-cniektp MALDI-TOF: m/z 436.1045. C17H27INQO4. Beraucneno 436.0985
[M+H]".

7,16-buc(3-Uonodensui)-1,4,10,13-rerpaokca-7,16-1ua3auMKI00KTaIeKaAH (30)
CUHTE3UpOBaIN U3 quaza-18-kpayH-6 (4 mmons, 1060 mr) u 3-uondensun Gpomuaa (8 MMOIIb,

2.376 1) B npucyrctBun Na;CO3 (16 mmons, 1.696 1) B 15 M aneronutpuna. Beixox 2.498 ¢
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(90%). Criexktp SIMP 'H (CDCls) 8y, m.ai.: 2.76 t (8H, 3J = 5.3 Hz), 3.52-3.65 m (20H), 6.98 t
(2H, %) = 7.7 Hz), 7.26 d (2H, *J = 7.7 Hz), 7.51 d (2H, *J = 7.7 Hz), 7.67 s (2H). Cuexrp SIMP
BC (CDCls) 8¢, m.i.: 53.7 (4C), 59.1 (2C), 69.9 (4C), 70.6 (4C), 94.3 (2C), 127.8 (2C), 129.8
(2C), 135.7 (2C), 1374 (2C), 142.4 (2C). Macc-ciektp MALDI-TOF: m/z 695.0802.
Co6H371,N,O4. Beruncireno 695.0843 [M+H]+.

7,13-buc(3-6pomoensui)-1,4,10-rpuokca-7,13,-1uazanuKkjioneHTaIeKan (54)
CUHTE3UPOBAIHN U3 qua3akpayH-a¢upa 53 (4.5 mmons, 1 r), 3-6pombenzmiopomuaa (9 MMOIb,
2.25 1) B pucyTcTBHH KapOoHaTa Kayms (24.93 mmoinb, 3.44 1) B 15 M aneronuTpuiia. Beixos
2.226 1 (89 %). Criextp SIMP 'H (CDClg) 814, m.1.: 2.57 t (4H, %1 = 5.1 Hz), 2.80 t (4H, *J = 5.9
Hz), 3.60 t (8H, %) = 5.3 Hz), 3.62 s (4H), 3.63 s (4H), 7.14 t (2H, 2J = 7.8 Hz), 7.26 d (2H, *J =
7.7 Hz), 7.34 d (2H, 33 = 7.8 Hz), 7.55 br.s (2H). Criextp SIMP *C (CDCls) 8¢, m.x1.: 54.2 (2C),
54.3 (2C), 59.9 (2C), 69.4 (2C), 70.3 (2C), 70.6 (2C), 122.4 (2C), 127.2 (2C), 129.7 (2C), 129.9
(2C), 131.6 (2C), 142.3 (2C). Macc-cnektp MALDI-TOF: m/z 555.0821 [M+H]".
C24H33Br2N,03. Berancneno m/z 555.0858 [M+H]*

7,13-buc(4-6pomoensui)-1,4,10-Tpuokca-7,13-1ua3anuKI0MEHTAIeKAH (55)
CunTesupoBasiu U3 aAuazakpayH-3pupa 53 (2.3 mmonsb, 0.5 1), 4-Opombenzundpomuna (4.64
MMoJIb, 1.159 1) B mpucyTrcTBun kapoonata kanus (11.58 mmonb, 1.598 1) B 8 mu1 aneronuTpua.
Beixox 1.211 1 (95 %). Criextp SIMP *H (CDCly), 81, m.1: 2.72 t (4H, 3J = 5.1 Hz), 2.77 t (4H,
%) = 5.9 Hz), 3.55-3.62 m (16H), 7.22 d (4H, *J = 8.2 Hz), 7.39 d (4H, *J = 8.2 Hz). Crektp
SIMP 3C (CDCls), 8¢, m.x: 54.2 (2C), 54.3 (2C), 59.9 (2C), 69.4 (2C), 70.3 (2C), 70.6 (2C),
120.5 (2C), 130.4 (4C), 131.2 (4C), 138.8 (2C). Macc-cnekrp MALDI-TOF: m/z 555.0873
[M+H]". C24H33Br2N,03. Beramcneno m/z 555.0858 [M+H]".

7,16-buc(3-6pomoensui)-1,4,10,13-Trerpaokca-7,16-1ua3aMKJI00KTAIEKAH (56)
CUHTE3UPOBATN M3 auasakpayH-a¢upa 29 (1.5 mmons, 0.393 1), 3-6pomOen3mnOpomuaa (3
MMoJIb, 0.75 T) B mpucyTcTBUM KapOoHara Hatpus (7.55 mmonb, 800 Mr) B 5 Mt arieToHUTpHIIA.
Bsixox 0.816 r (91%), 1. mr. 79-81°C. Cuextp SIMP H (CDCly), &, m.a: 2.79 t (8H, =48
Hz), 3.58-3.66 m (20H), 7.13 t (2H, 3J = 7.6 Hz), 7.24 d (2H, 3J = 7.2 Hz), 7.33 d (2H, 3J = 8.0
Hz), 7.50 br.s (2H). Crektp SIMP *C (CDCls), 8¢, m.1: 53.8 (4C), 59.3 (2C), 69.9 (4C), 70.6
(4C), 122.3 (2C), 127.2 (2C), 129.7 (2C), 129.9 (2C), 131.5 (2C), 142.4 (2C). Macc-crektp
MALDI-TOF: m/z 599.1087 [M+H]". C26H37Br,N,04 Beruncnerno m/z 599.1120 [M+H]".
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7,16-buc(4-6pomoensui)-1,4,10,13-rerpaokca-7,16-1ua3auMKI00KTaIeKaAH (57)
CUHTE3UPOBAIH U3 quazakpayH-3¢upa 29 (1 mmons, 0.262 ), 4-6pomOeH3unOpoMua (2 MMOJIb,
0.5 r) B mpucyrctBun kapoonara Hatpus (5 mmoinb, 0.530 r) B 3 mut aneronutpuia. Beixon 0.568
r (95 %), Gnenno-0exeBblld KpucTammuyeckuii mopouok, T. mi. 98-100°C. Cnekrp SAMP H
(CDCls), 8, m.ai: 2.77 br.s (8H), 3.55-3.62 m (20H), 7.20 d (4H, *J = 8.0 Hz), 7.39d (4H, %) =8
Hz). Crextp SIMP *3C (CDCls), 8¢, m.1: 53.7 (4C), 59.2 (2C), 69.9 (4C), 70.6 (4C), 120.5 (2C),
130.4 (4C), 131.2 (4C), 138.7 (2C). Macc-cnektp MALDI-TOF: m/z 599.1161 [M+H]".
C26H37BroN,04. Beruncneno m/z 599.1120 [M+H]".

Cmanoapmuas memoouxa cunme3sa coeourenuui 14-38

a) Memoo Cu(l)-kamanuzupyemoco amuHupo8aHus.

JIByropiayro konly ¢ 0OpaTHBIM XOJOAUILHUKOM U MAarHUTHOW MEIIATKOM 3aIllOJIHSIN aprOHOM,
nocne vero nomemanu B Hee 0.15-0.78 MMOJb COOTBETCTBYIOIIMX NPOU3BOAHBIX a3a- HIIU
nmuazakpayH-a¢upos 12, 13, 23, 30, Cul (10% mon ans MmoHoamuHupoBanus win 20%mon amns
JUAMUHUPOBAHUS U JUAPWIMPOBAHUS), /[-IPONMH WIK 2-U300yTUpUILUKIOorekcaHoH (20%Mon
JUisi  MOHOoaMmuHUpoBaHus uiau  40%Mon A AMAMUHUPOBAHMUS W JAMAPUIMPOBAHMS),
nponuoutpusn uan JIAM®PA (1-2 mi), cooTBeTCTBYIOLMK AuaMMH uiau okcaauamuH (0.3-2
MMOJb, 2 3KB. A MOHOAaMMHHUpOBaHUS, 4 5KB. And auamMuHupoBaHus, 0.5 53kB. aus
JTMapuiIMpoBaHus), kapOoHat nesus (mo 1.5 skB. Ha kaxayro NH, rpymnmy, yyacTBYIOIIYIO B
apuiMpoBanuu). Kunsatuiau ¢ oOpaTHBIM XOJOJWJIBHUKOM (TIPONMOHUTPUII) WJIM HarpeBajiu
x0J10y B MacisaHoi O0ane 10 140 °C (IM®A) B teuenue 24 u. [Tocie o0XIaxIeHUs 10 KOMHATHOM
TEMIEPaTypbl 100aBISIN B PEaKIIMOHHYI0 cMech Auxijopmerad (10 mur) u oTduIbTpOBBIBAIN
0CaJIOK, yrmapuBaJii B BaKyyMe, pacTBOPSUIM OCTaTOK B auxjopmerane (10 mur), mocie yero
JIOTIOJTHUTENBHO  uiibTpoBasiu. [locrne ymapuBaHUS pacTBOPHUTENsS XpomarorpadupoBaiu
OCTaTOK Ha CHJIMKarese, UCMoyb3ys mnocienoBaTenbHocTh amoentoB CH>Cly,, CH,Cl,/MeOH
(100:1-3:1), CH,Cl,/MeOH/NH3Boan (100:20:1-10:4:1). LleneBbie MpoIyKThI MOTYYalld B BUIE
TYCTBIX MaclIOOOpa3HbIX BEIECTB.

0) Memoo Pd(0) kamanuzupyemozco amMurupo8anusi.

JIByropinyio Koin0y ¢ 0OpaTHBIM XOJOAUIBHUKOM U MarHUTHOW MEIIAJIKOW 3alOIHSIIH aprOHOM,
nocie yero nomeniany B Hee 0.9-1 MMOJIb COOTBETCTBYIOIIMX NMPOU3BOJHBIX a3akpayH-3(pupoB
10 wiu 11, Pd(dba), (4 mon%), BINAP (4.5 mon%), abcomroTHelid auokcad (9-20 mu), 1,3-
nuamuHorporad  (2.7-3.6 mmonb), #-BuONa (1.4-1.5 wmwmons). Kunarumm ¢  oOpaTHBIM
XOJOIMIBHUKOM B TeueHue § 4. [Tocne oxnaxaeHus 10 KOMHATHOM TemmepaTypsl J00aBIsUd B
peaknuoHHyl0 cMmech auxjopmeran (10 mi1) ¥ OTOUIBTPOBBIBAIM OCANOK, YIAapUBaIA

pacTBOpPUTENb B BaKyyMe€, pPAacTBOpsUIM OCTarok B auxjiopmerane (10 mi), mocne uero
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JOTIOJTHUTEIRHO (GHIbTpoBamd. Ilocie ymapuBaHUS pPACTBOPHUTENS XpomarorpadupoBaiu
OCTAaTOK Ha CWJIMKareje, UCIOJb3ys mocienoBaTelbHOCTh AmoeHToB CH,Cl,, CH,Cl,/MeOH
(100:1-3:1), CH,Cl,/MeOH/NH3Boan (100:20:1-10:4:1). LleneBbie NpOIyKThI TOTYYaId B BUIE

BA3KHUX MaCJ'IOO6pa3HI)IX BE€IICCTB.

N-(3-((1,4,7,10-Terpaokca-13-a3anuxionenraekan-13-ui)vernin) penni)nponan-1,3-
auamun (14) cunresupoBanu u3 coeauneHus 10 (1 mmons, 388 mr), nmponan-1,3-muamuna (3
MMOJIb, 222 wmr), B nipucytctBun Pd(dba); (4 mon%, 24 mr), BINAP (4.5 mon%, 28 mr), tBuONa
(1.5 mmons, 144 mr) B 20 mu muokcana. DmoeHT. CH,Cl,/MeOH/NHszsomn (100:25:5 —
100:35:6). Boixox 221 mr (58%). Crexrp SIMP 'H (CDCls) 8y, M..: 1.75 quintet (2H, 3J = 6.6
Hz), 2.73 t (4H, ) = 5.7 Hz), 2.79 br.t (2H, *Joss = 6.2 Hz), 3.14 t (2H, *J = 6.6 Hz), 3.56 s (2H),
3.57-3.65 m (16H), 6.44 dd (1H, *J = 7.8 Hz, “J = 1.0 Hz), 6.56 d (1H, %) = 7.3 Hz), 6.67 s (1H),
7.041t (1H, =77 Hz). (tpu NH npotona ne onpenenenst). Crektp AMP B¢ (CDCl3) d¢, m.a.:
32.1 (1C), 39.8 (1C), 41.7 (1C), 54.2 (2C), 60.7 (1C), 69.5 (2C), 69.9 (2C), 70.0 (2C), 70.6 (2C),
110.7 (1C), 113.7 (1C), 117.7 (1C), 128.8 (1C), 140.0 (1C), 148.5 (1C). Macc-cuektp MALDI-
TOF: m/z 382.2670. CHzsN30;. Beruncieno 382.2706 [M+H]".

Nl-(3-((1,4,7,10,13-HeHTaOKca-16-333HI/IKJ100KTaIleKaH-16-I/IJ'I)MeTI/IJI)(l)eHI/IJI)leOHaH-1,3-
auamun (15) cunrtesupoBanu u3 coeaunerust 11 (0.9 mmoins, 389 mr), npomnan-1,3-auamuna (3.6
MMOJIb, 266 mr), B ipucyTctBun Pd(dba); (4 mon%, 21 mr), BINAP (4.5 mon%, 25 mr), tBuONa
(1.4 mmoms, 134 mr) B 9 mu auokcana. Dmoent: CH,Clo/MeOH (3:1). Beixox 178 mr (46%).
Cnextp SIMP 'H (CDCls) 8y, m.1.: 1.79 quintet (2H, J = 6.5 Hz), 2.72 t (4H, ) = 5.6 Hz), 2.87 t
(2H, %3 = 6.6 Hz), 3.14 t (2H, *J = 6.4 Hz), 3.52 s (2H), 3.55-3.65 m (20H), 6.43 dd (1H,3J=7.8
Hz, “J = 1.1 Hz), 6.53 d (1H, % = 7.5 Hz), 6.59 s (1H), 7.01 t (1H, 3J = 7.8 Hz), (tpu NH
npoToHa He onpexerens). Crexrp SIMP *C (CDCls) 8¢, m.a.: 31.0 (1C), 39.3 (1C), 41.4 (1C),
54.0 (2C), 59.6 (1C), 69.6 (2C), 70.2 (2C), 70.5 (4C), 70.7 (2C), 110.9 (1C), 113.5 (1C), 1175
(1C), 128.8 (1C), 140.0 (1C), 148.5 (1C). Macc-criektp MALDI-TOF: m/z 426.2995.
C2oH4oN305. Beruucneno 426.2968 [M+H]+.

Nl,N3-BI/IC(3-((1,4,7,10,13-I[eHTaOKca-16-a3aHI/IKJ100KTaIleKaH-16-

wi)Mmerui)penmn)nponan-1,3-ruamun (16) ObuT BBIACICH NpU CHUHTE3e coenuHeHus 15 u3
coemquaenus 11 (0.92 wmmoms, 396 wr), mpoman-1,3-muamuna (2.7 mmons, 200 wmr), B
npucyrcreun Pd(dba), (4 mon%, 21 mr), BINAP (4.5 mon%, 26 mr), tBuONa (1.4 mmons, 134
mr) B 10 mu muokcana. CH,Cl,/MeOH/NH3sBoan (100:35:6). Beixonx 30 mr (8%). Crektp SIMP

'H (CDCl3) 84, m.x.: 1.90 quintet (2H, %3 = 6.7 Hz), 2.75 t (8H, *J = 5.6 Hz), 3.22t (4H, %1 = 6.6
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Hz), 3.55-3.67 m (44H), 3.90 br.s (2H), 6.46 d (2H, %) = 7.7 Hz), 6.60 d (2H, %1 = 7.5 Hz), 6.65 s
(2H), 7.06 t (2H, 3J = 7.5 Hz). Cuextp SIMP *C (CDCl3) 8¢, m.i.: 29.2 (1C), 41.9 (2C), 54.0
(4C), 60.0 (2C), 69.8 (4C), 70.2 (4C), 70.6 (8C), 70.7 (4C), 110.9 (2C), 113.5 (2C), 117.8 (2C),
128.9 (2C), 140.6 (2C), 148.3 (2C). Macc-ciiektp MALDI-TOF: m/z 777.48. Cu1HgoN4Oxo.
Beraucneno 777.50 [M+H]".

Nl-(3-((1,4,7,10,13-HeHTa0Rca-16-a3aunKJ100RTaueRaH-16-H.J1)MeTm1)(beHmI)6yTaH-1,4-
auamun (17) cunresupoBanu u3 coequdenus 13 (0.15 mmons, 72 wmr), Oyranguamuna 2 (0.3
MMOJIb, 26 mr), B mpucyrctBur Cul (10 mon%, 3 mr), |-npoauna (20 mon%, 3.5 mr), Cs,COs
(0.225 mmonb, 73 Mr) B 1 mut nponronutpuia. Beixox B peakimonHoi cmecu 50%. Crektp
SIMP H (CDCl3) 81, m.ii.: 1.52 br.s (2H), 1.62 br.s (2H), 2.69 t (4H, 3J = 4.9 Hz), 2.73t (2H, %J
= 5.0 Hz), 3.06 t (2H, J = 6.3 Hz), 3.42-3.58 m (20H), 3.59 s (2H), 6.40-6.45 m (2H), 6.61 s
(1H), 7.00 t (1H, 33 = 7.8 Hz), (NH nporoms! He onpeznenensi). Macc-cniektp MALDI-TOF: m/z
440.30. Cx3H42N30s5. Beruncineno 440.31 [I\/I+H]+.

3-((1,4,7,10-Terpaokca-13-azanukiaonenragexan-13-mir)merui)-N-(2-(2-(2-
AMHHOITOKCH)ITOKCH)3TII)-anmianH (18) cunresuposanu u3 coeaunerus 12 (0.15 mmois, 66
mr), nuokcaauamuna 4 (0.3 mmonb, 44 mr), B npucyrctBuu Cul (10 mon%, 3 mr), I-nponuna (20
Moa%, 3.5 mr), Cs,CO3 (0.225 mmosb, 73 mr) B 1 mi nponumonutpuia. Imoent: CH,Cl,/MeOH
(3:1), CH,Cl,/MeOH/NHzBomr (100:20:1-100:20:3). Beixoa 51 mr (75%). Crmekrp SIMP 'H
(CDCls) &y, M. 3.03 br.s (2H), 3.19 br.s (4H), 3.35 t (2H, 3J = 4.8 Hz), 3.59-3.70 m (20H),
3.74t (2H, %) = 4.8 Hz), 3.82 t (4H, %) = 4.7 Hz), 4.02 br.s (1H), 6.56-6.63 m (2H), 7.14 t (1H, %J
= 7.7 Hz), 7.22 br.s (1H). (NH npotons He onpenenensr). Criextp SIMP °C (CDCl3) 8¢, M.x.:
39.5 (1C), 43.3 (1C), 53.7 (2C), 56.7 (1C), 66.5 (2C), 68.4-70.1 m (10C), 112.0 (1C), 116.2
(1C), 119.3 (1C), 1295 (1C), 136.9 (1C), 149.0 (1C). Macc-cnekrp MALDI-TOF: m/z
456.3132. Cy3H42N306. Berauncneno 456.3074 [M+H]".

3-((1,4,7,10,13-ITenTaokca-16-azanukiaookraaexkan-16-nia)mermn)-N-(2-(2-(2-

AMHHO3TOKCH)ITOKCH)ITIWI) aHuinH (19) cunresupoBanu u3 coenunenus 13 (0.15 mmons, 72
mr), nuokcamuamuHa 4 (0.3 mmons, 44 mr), B mpucyrctBuu Cul (10 mon%, 3 mr), I-nmponuna (20
Moa%, 3.5 mr), Cs,CO;3 (0.225 mmonb, 73 Mr) B 1 M mpOMUOHUTpHIIA. BBIXOA B peakIMOHHON
emecr 50%. Crexrp SIMP *H (CDCls) 8, m.a.: 2.80 br.s (2H), 2.90 br.s (4H), 3.31 t (2H, 3 =
5.2 Hz), 3.58-3.68 m (30H), 6.51 d (1H, %J = 7.5 Hz), 6.65 d (1H, *J = 7.8 Hz), 6.73 br.s (1H),
7.08 t (1H, %) = 7.8 Hz), (NH nporons! He ompexnenens). Macc-ciektp MALDI-TOF: m/z

500.31. Cp5H4gN307. Boruucieno 500.33 [M+H]".
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3-((1,4,7,10-Terpaokca-13-azanukiaonentagekan-13-win)merni)-N-(2-(2-(2-(2-
AMHHO3TOKCH)ITOKCH)-3TOKCH)ITHI)aHuuH (20) cuntesupoBanu u3 coeaunenus 12 (0.15
MMOJIb, 66 Mr), Tpuokcaauamuna 6 (0.3 mmoib, 58 mr), B npucyrcteun Cul (10 mon%, 3 wmr), |-
npoiuna (20 mon%, 3.5 mr), Cs,CO3 (0.225 mmonb, 73 Mr) B 1 Ml IpONUOHUTPUIA. DITIOCHT:
CH,Clo/MeOH (3:1). Boixox 25 mr (33%). Crexrp SIMP 'H (CDCls) 8y, m.a.: 2.81 br.s (2H),
2.87 br.s (4H), 3.25 t (2H, 3 = 4.7 Hz), 3.55-3.69 m (26H), 3.71t (2H, 3J = 5.1 Hz), 3.78 t (2H,
3] = 5.1 Hz), 4.12 br.s (1H), 6.53 d (2H, %1 = 8.0 Hz), 7.09 t (1H, 3J = 7.7 Hz), 7.09 s (1H). (NH,
nporons! He onpexernensr). Crextp SIMP °C (CDCls) 8¢, m.xi.: 39.6 (1C), 43.6 (1C), 53.9 (2C),
58.7 (1C), 66.3 (2C), 68.2 (1C), 68.9-70.4 (11C, m), 111.6 (1C), 116.3 (1C), 119.5 (1C), 129.3
(1C), 136.6 (1C), 149.0 (1C). Macc-criektp MALDI-TOF: m/z 500.3301. CysH4sN307.
Berancieno 500.3336 [M+H]".

3-((1,4,7,10-Terpaokca-13-azanukaonentagekan-13-win)merui)-N-(3-(2-(2-(3-
AMHHONPONOKCH)ITOKCH)-ITOKCH)IPONUWI)aHWINH (21) CHHTE3UpOBaIM M3 COCOUHEHHS 12
(0.29 mmons, 128 wmr), Tpuokcaauamuna 7 (0.58 mmons, 128 mr), B nmpucyrersuu Cul (10 mon%,
5.5 mr), |I-mponuna (20 mon%, 6.7 mr), Cs,CO3 (0.435 Mmoib, 142 Mr) B 2 MJ1 IPONIUOHUTPHIIA.
Amoent: CH,Cly/MeOH (5:1-3:1). Beixox 57 mr (37%). Crextp SIMP 'H (CD;0D) &y, M.I.:
1.88 quintet (4H, %J = 6.1 Hz), 2.72 t (4H, ] = 4.5 Hz), 3.03 br.s (2H), 3.19 t (2H, 3J = 6.6 Hz),
3.56-3.72 m (30H), 6.55 d (1H, *J = 7.1 Hz), 6.59 s (1H), 6.60 d (1H, %J = 8.0 Hz), 7.11 t (1H, %J
= 7.5 Hz). (NH npotons! He onpenenensr). Crekrp SIMP °C (CD;OD) 8¢, m.x1.: 28.9 (1C), 29.4
(1C), 38.6 (1C), 40.8 (1C), 53.0 (2C), 57.7 (1C), 66.9 (2C), 68.0 (1C), 68.5-70.1 m (9C), 111.8
(1C), 114.8 (1C), 118.6 (1C), 129.0 (1C), 136. 2 (1C), 149.1 (1C). Macc-cniektp MALDI-TOF:
m/z 528.3577. C7HsoN307. Beruncneno 528.3649 [M+H]".

3-((1,4,7,10,13-ITenTaokca-16-a3anukiaookragexan-16-ua)merni)-N-(3-(2-(2-(3-

AMHHOTNPONOKCH)ITOKCH)-ITOKCH)IPONUI)aHIWINH (22) CHHTE3UpOBaIM M3 coequHeHus 13
(0.5 mmomnb, 222 wmr), Tpuokcaaunamuna 7 (1 mmons, 220 mr), B mpucyrctBuu Cul (10 mon%, 9.5
mr), l-mpomuna (20 mon%, 10.5 mr), Cs,CO3 (1.5 mmoinb, 489 Mr) B 2 M MPONMUOHHUTPHIIA.
Omroent: CH,Clo/MeOH/NHzBoau (100:20:1-100:20:3). Beixoa 185 mr (65%). Cniextp SIMP 'H
(CDCls, 328K) 8y, m.a1.: 1.76 quintet (2H, J = 6.8 Hz), 1.83 quintet (2H, 3J = 6.0 Hz), 2.85-2.94
m (6H), 3.18 t (2H, J = 6.4 Hz), 3.50 t (2H, *J = 5.7 Hz), 3.50 — 3.64 m (28H), 3.69 br.s (4H),
6.47 d (1H, % = 7.5 Hz), 6.50 d (1H, % = 8.0 Hz), 6.65 s (1H), 7.02 t (1H, J = 7.7 Hz). (NH
nporons! He onpexernensr). Crextp SIMP °C (CDCls) 8¢, m.a.: 27.9 (1C), 29,2 (1C), 37.7 (1C),

41.6 (1C), 54.2 (2C), 57.0 (1C), 66.9 (2C), 68.1 (1C), 69.5-70.5 m (13C), 112.0 (1C), 114.8
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(1C), 118.1 (1C), 129.2 (1C), 149.2 (1C). (oauH 4eTBEPTUYHBII apOMAaTHUYECKUI aTOM yriiepojia
He omnpenaeneH). Macc-ciektp MALDI-TOF: m/z 572.3950. Cy9Hs4N30g. Beraucneno 572.3911
[M+H]".

Nl,Nll-(3,3'-(1,4,10,13-TeTpaOKca-7,16-z[na3aunKJ100KTaueKaH-7,16-
auuin)onc(merwiien)onc(3,1-gpenunen))munponan-1,3-quamu (31)  cuHTE3WpOBAIM W3
coequnenuss 30 (0.15 mmons, 104 wmr), mpoman-1,3-mmammaa 1 (0.6 Mmomb, 44 wmr), B
npucytcreuu Cul (20 mon%, 6 mr), |-nponuna (40 mon%, 7 mr), Cs,CO3 (0.45 mmoutb, 147 Mr) B
1 ma mpormonutpuia. DmroeHT: CH,Clo/MeOH/NHzsoan (100:35:6-10:4:1). Beixox 52 mr
(36%). Criexrp SIMP 'H (CD30D) &y, m.i.: 1.79 quintet (4H, 3 = 7.0 Hz), 2.71t (8H, 3J = 4.9
Hz), 2.81t (4H, 3J = 6.5 Hz), 3.17 t (4H, 3J = 6.5 Hz), 3.51 s (4H), 3.54 s (8H), 3.61 t (8H, J =
4.9 Hz), 6.47 d (2H, 3J = 7.2 Hz), 6.53 s (2H), 6.54 d (2H, %J = 7.6 Hz), 7.06 t (2H, %J = 7.7 Hz).
(NH mpotoms! He onpenenens). Crextp SIMP °C (CDs0D) 8¢, m.1.: 31.8 (2C), 39.9 (2C), 42.0
(2C), 55.2 (4C), 58.6 (2C), 69.8 (4C), 71.3 (4C), 112.5 (2C), 115.7 (2C), 119.4 (2C), 130.0 (2C),
139.3 (2C), 150.0 (2C). Macc-ciektp MALDI-TOF: m/z 587.4349. C3,Hs5sNgO4. Boramcieno
587.4285 [M+H]".

3,3'-(1,4,10,13-Terpaokca-7,16-nuazauukaookrajaexan-7,16-muunia)ouc(mernien)ouc(N-(3-
(2-(2-(3-aMmuHOMpPONMOKCH)ITOKCH)ITOKCH)IponiT)anuiaun)  (32)  cuHTe3upoBaM U3
coenunenus 30 (0.5 mmonb, 347 mr), Tpuokcaanamuna 7 (2 mmonsb, 440 mr), B mpucytcteun Cul
(20 mon%, 20 wmr), l-mpomuna (40 mon%, 24 wmr), Cs;COsz (2 mMmoiab, 652 mr) B 1 mi
MPONHOHUTPHIA. Beixox B peakumonnoii cmecn 76%. Crextp SIMP *H (CDCls) 8, m..: 1.63
br.s (4H), 1.79 quintet (4H, 3J = 6.1 Hz), 2.66 br.s (8H), 2.70 br.s (4H), 3.10 t (4H, %J = 6.1 Hz),
3.40-3.56 m (32H), 6.38 d (2H, J = 7.7 Hz), 6.46 d (2H, *J = 6.8 Hz), 6.52 s (2H), 6.98 t (2H, %J
= 7.7 Hz), (NH mporonsl He omnpexaenensl). Macc-cnekrp MALDI-TOF: m/z 879.59.
C46Hg3aNgO10. Beruucneno 879.61 [M+H]+.

3-((1,4,7,10-Terpaokca-13-azanukiaonentagekan-13-mn)merni)-N-(3-(2-(2-(3-(4-((1,4,7,10-
TeTpaokca-13-azanukiaonenraaekan-13-na)Merni)peHHIaAMUHO)IPONIOKCH)-
ITOKCH)ITOKCH)poriun)anuiand (33) cunTesupoBanu u3 coeaunenus 12 (0.78 mmoms, 340
mr), TpuokcaanamuHa 7 (0.39 mmons, 85 wmr), B mpucyrctun Cul (20 mon%, 15 wr), 2-
(m3o0yTupmn)ukiorekcanona (40 mon%, 26 mr), Cs,CO; (1.5 mmonb, 489 mr) B 1 M JIMODA.
Amoent: CH,Cly/MeOH/NH3Boxu (100:20:2). Beixox 92 mr (28%). Crextp SIMP 'H (CDCls)
Su, M.1.: 1.86 quintet (4H, J = 6.3 Hz), 2.77 t (8H, 3J = 5.8 Hz), 3.19 t (4H, 3J = 6.6 Hz), 6.44 dd

(2H, %1 = 7.8 Hz, “J = 1.3 Hz), 6.59 d (2H, %] = 7.6 Hz), 6.62 s (2H), 7.05 t (2H, 3J = 7.8 Hz).
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(NH mporors! He onpexnenensi). Crexkrp SIMP °C (CDCL) 8¢, m.i.: 29.2 (2C), 41.6 (2C), 54.3
(4C), 60.8 (2C), 69.6 (2C), 69.8 (4C), 70.1 (4C), 70.2 (2C), 70.4 (4C), 70.6 (2C), 70.8 (4C),
111.0 (2C), 113.4 (2C), 117.6 (2C), 128.9 (2C), 140.4 (2C), 148.6 (2C). Macc-cnexkrp MALDI-
TOF: m/z 835.5380. C44H75N4011. Beruncieno 835.5432 [M+H]".

N,N'-(3,3'-(2,2'-Oxcudonc(3ran-2,1-quun)ouc(oxcn))bis(mponan-3,1-x1uui))ouc(3-
((1,4,7,10,13-nenTaokca-16-a3animKJI00KTaeKAH-16-UJI)MeTHI )aHHIINH) (34)
cuaresupoBaan u3 coeaunenus 13 (0.3 mmoins, 144 wmr), tpuokcaguamuna 7 (0.15 mmoins, 33
mr), B npucyrctBur Cul (10 mon%, 6 mr), 2-uzobyrupuiiukiorekcanona (20 mon%, 10 mr),
Cs,CO;3 (0.45 mmonb, 147 mr) B 1 ma IM®A. Dmoent: CHLCl,/MeOH (3:1). Beixon 24 mr
(17%). Crextp SIMP *H (CDCls) 8y, m.x.: 1.87 quintet (4H, 3J = 6.1 Hz), 2.81 br.s (8H), 3.20 t
(4H, %3 = 6.5 Hz), 3.58 t (4H, %] = 6.3 Hz), 3.60-3.70 m (52H), 6.48 d (2H, %] = 7.8 Hz), 6.64
br.d (2H, 3Jos = 6.4 Hz), 7.01 brs (2H), 7.07 t (2H, % = 7.8 Hz), (NH nporousl He
ompexenenst). Crektp SIMP *C (CDCls) 8¢, m..: 29.2 (2C), 41.6 (2C), 53.7 (4C), 59.7 (2C),
69.7 (2C), 70.2 (4C), 70.7 br (20C), 111.8 (2C), 113.7 (2C), 117.9 (2C), 129.1 (2C), 148.7 (2C),
(2 yeTBepTHUHBIX aTOMa yriepojaa He omnpeneneHbl). Macc-criektp MALDI-TOF: m/z 923.5913.
CagHg3N4O13. Boruncieno 923.5957 [M+H]".

N! N*-Buc(4-((1,4,7,10-rerpaokca-13-azanukaonentagexan-13-wi)mernia)denna)oyran-
1,4-nuamun (35) curresupoBanu u3 coequHerus 23 (0.3 mmonsb, 131 mr), Oyran-1,4-nuamuna 2
(0.15 mmomb, 13 mr), B mpucyrctBuu Cul (10 mon%, 6 mr), 2-u3o0yTupriimkiorekcadona (20
M0a%, 10 mr), Cs,CO3 (0.45 mmons, 147 mr) B 1 Mt JIM®PA. Dmoent: CH,Clo/MeOH/NH3BoaH
(100:20:3). Beixox 26 mr (24%). Criextp SIMP 'H (CDCls) 8y, m.x.: 1.69-1.74 m (4H), 2.79 t
(8H, %) = 5.4 Hz), 3.11-3.16 m (4H), 3.56-3.69 m (36H), 6.52 d (4H, 3J = 8.3 Hz), 7.10 d (4H, *J
= 8.3 Hz), (NH npotons! He onpenenensl). Crektp IMP BC (CDCls) 8¢, m.a.: 27.1 (2C), 43.8
(2C), 53.6 (4C), 60.0 (2C), 69.8 (4C), 70.2 (4C), 70.4 (4C), 70.9 (4C), 112.5 (4C), 127.8 (2C),
130.4 (4C), 147.5 (2C). Macc-ciektp MALDI-TOF: m/z 703.4615. C33Hg3N4Osg. Beramcieno
703.4646 [M+H]".

N,N*-(2,2'-(9ran-1,2-qnuunoéuc(oxcn))ounc(dran-2,1-muui))ouc(4-((1,4,7,10-rerpaokca-13-

azaluKJIoneHTaaeKkan-13-ua)meruwin)anumnann) (36) cunresupoBanu u3 coeaumuenus 23 (0.3
mMMoJib, 131 mr), nuokcaguamuna 4 (0.15 mmous, 22 mr), B npucyrctBuu Cul (10 mon%, 6 mr),
2-u3o0ytupuiiukiiorekcasona (20 mon%, 10 mr), Cs,CO;3 (0.45 mmoutb, 147 mr) B 1 ma JIM®DA.
Omoent: CH,Clo/MeOH/NHzeoau (100:20:1 — 100:20:2). Beixoa 26 mr (23%). Cnextp SIMP 'H

(CDCls) 8, M.: 2.77 t (8H, 3] = 5.2 Hz), 3.27 t (4H, %J = 5.4 Hz), 3.58-3.66 m (40H), 3.68 t
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(4H, %) = 5.4 Hz), 6.54 d (4H, 3J = 7.8 Hz), 7.09 d (4H, 3J = 7.8 Hz), (NH uporoHbl He
onpenenensr). Crexktp SIMP *C (CDCls) 8¢, m.a.: 43.5 (2C), 53.6 (4C), 59.9 (2C), 69.4 (4C),
69.6 (2C), 70.0 (4C), 70.2 (4C), 70.3 (2C), 70.7 (4C), 112.8 (4C), 130.3 (4C), 147.3 (2C), (2
YETBEPTHYHBIX aToMa yriiepoaa He ompezencHsl). Macc-cniektp MALDI-TOF: m/z 763.4912.
C4oHs7N4O10. Brruncieno 763.4857 [M+H]".

N,N'-(3,3'-(2,2'-Oxcudonc(d3ran-2,1-quun)ounc(oxcn))onc(nponan-3,1-gunn))ouc(4-((1,4,7,10-
TeTpaokca-13-azanukiaonentaaekan-13-wi)merun)anwiud)  (37)  CHHTE3UpPOBAIM U3
coeaunenus 23 (0.3 mmons, 131 mr), tpuokcaaunamuna 7 (0.15 mmonb, 33 Mr), B IPUCYTCTBHU
Cul (10 mon%, 6 mr), 2-uzo0yrupmiiukiorekcanona (20 mon%, 10 mr), Cs;CO3 (0.45 mmons,
147 wmr) B 1 ma JIM®A. Dmroent: CH,Clp/MeOH/NHzBoan (100:20:2). Beixon 12 mr (9%).
Cnextp SIMP 'H (CDCls) 84, m.1.: 1.86 quintet (4H, J = 6.1 Hz), 2.77 t (8H, *J = 4.9 Hz), 3.19t
(4H, *J = 6.5 Hz), 3.58 t (4H, %J = 6.1 Hz), 3.59-3.68 m (44H), 6.51 d (4H, *J = 8.5 Hz), 7.08 d
(4H, 3J = 8.5 Hz), (NH nporousl He ompenenens). Macc-ciiekrp MALDI-TOF: m/z 835.5490.
Ca4H75N4011. Beruucneno 835.5432 [M+H]+.

Obwas memoouka kamanumuyeckozo N-apuruposanus umudazona.

B Buany, cHaOkeHHYI0 MarHUTHOW Memmankoi, nomenanu 0.23 Mmonbs umugaszona, 0.46 MMmoib
apuranorenuaa, CuO (1.8 mr, 10 mon%), L-ructuaun (7.1 mr, 20 mon%), kapoonar te3us (150
mr, 0.46 mmounp), II0I'-400 (0.5 mu). I'epmermyecku 3akpblBajii BHALy U MOMEIIATH B
MUKPOBOJIHOBBIN peaktop mpu 150°C Ha 2 u. [To OKOHYAHHMHM PEAKIMH PEAKIMOHHYIO Maccy
pazbaBimsuin Bogo (1 MiI), mepeHOCMIM B JENUTENbHYIO BOPOHKY M 3KCTparupoBaliv
LUKJIOT€KCAaHOM WM JUATUIOBBIM 3¢upoM (3-5 pa3 nmo 10 mia). O0beuHEHHBIE OpraHUYeCKHe
(a3pl ynapuBaJid B BaKyyMe M aHaJIM3UPOBAIU ¢ oMol SIMP 'H. Cnextpsl coeaunenuii 40,
41, 43, 44 coOTBETCTBYIOT NIPUBEICHHBIM B JuTeparype [227], ciektpbl coenunenuit 42, 45, 46

UICHTUYHBI TAKOBBIM, TPUBEICHHBIM B COOTBETCTBYIOIINX MyOnukanusx [228-230].

Obwas memoouxa kamanumudeckozo N-apunupoeanus amunokuciom.

B Bumany, cHaOxeHHYIO MarHUTHOM Memankod, nmomemand 0.23 MMOJIb COOTBETCTBYIOLIEH
aMHHOKUCITOTHI, 0.46-1.15 MMons apuiranorenuaa, Cu,O (3.3 mr, 10 Mmon%), kapOoHAT me3us
(225 wmr, 0.69 mmomsb), I121-400 (0.5 mi). 'epMeTnyeckn 3aKpbIBad BHAIY W MOMENIATH B
MUKPOBOJIHOBBIN peaktop mpu 100-150°C ua 0.5-2 4. [To OKOHYAHUM PEAKI[MU PEAKIIMOHHYIO
Maccy pazbapnsu Bogoi (1 mi), 1 H consHOM Kucnmoroit moBomwiu pH mo 1, mepeHocunu B

JETUTEIbHYI0 BOPOHKY W JKCTParupoBadd IUATHIOBBIM 3dupom (3-5 pa3 mo 10 wmm).
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OObeauHEeHHBIE OpraHrdeckue (a3pbl ynapuBaId B BAKyyME U aHAJIM3UPOBAIIN ¢ ToMoIIbio IMP

H. CrexTpsl coemuHeHuit 47-52 cOOTBETCTBYIOT MPUBECHHBIM B JiTepaType [179].

Cmanoapmuas memoouxa Pd(0) kamanuzupyemozo cunmesa mMakpoOUYUKIULECKUX COCOUHEHULL
58-75 na ocrose ouazaxpayn-3¢hupos u no1uamMuHos.

JIByropiyro koyl0y ¢ 00paTHBIM XOJIOAMILHUKOM U MAarHUTHOW MEIIATKOW 3aIlOJIHSUIA apTOHOM,
nocie yero noMemanu B Hee 0.25-1 MMOJIb COOTBETCTBYIOIIUX OPOMOCH3UIBHBIX MPOU3BOIHBIX
nmuazakpayH-3¢upoB (54-57), Pd(dba), (8 umu 16 mon%), BINAP wiu DavePhos (9 wm 18
Mo11%), abcomtoTHbIN quokcad (12-40 mi), 1 skB. nuamuna 3-7 (0.25-1 mmorns), 3 skB. --BuONa
(0.75-3 mmoub). Kunsituinm ¢ oOpaTHBIM XOJOIUIBHUKOM B TeueHue 24 4. [locnme oxmaxaeHus
0 KOMHATHOW TemIepaTypbl J00aBIIAIM B PEAKIUMOHHYIO cMmech auxjopmeran (10 mim) u
OT(QWIBTPOBBIBAIM OCAJ0K, YIApWUBAIM PACTBOPUTEIIF B BAaKyyMe, PacTBOPSUIM OCTATOK B
nuxiopmerane (10 wmu), mocne dero pomoiHuTenbHO ¢uabTpoBanu. [locine ymapuBanus
pacTBOpUTEINST XpOMaTOrpagpupOBaIl OCTATOK HA CHIIMKAresie, UCIOIb3ys MOCIeI0BATEIbHOCTD
smoentoB CH,Cl,, CH,Cl,/MeOH (100:1-3:1), CH,Cl,/MeOH/NH;3Boar (100:20:1-10:4:1).

I_[eJ'IeBLIe MMPOAYKTHI ITOJTYyYaJId B BUIC CTGKJ’IOO6p213HI>IX HJIN TYCTBIX MaCJ'IOO6p33HLIX BCIICCTB.

30,33,38-Tpn01cca-1,8,20,27-TeTpaa3arenTauuKﬂo[25.8.5.13’7.111’15.111’17.113'17.121'25]
neHrarerpakonTa-3(45),4,6,21(41),22,24-rexcaen (58) cuHTEe3MpoBamM M3 COEAMHEHHUs 54
(0.25 mmonb, 139 mr), 6uc(1,3-amunostiin)agamantana 3 (0.25 MMoib, 55.5 Mr) B IpUCYTCTBUU
Pd(dba), (11.5 mr, 8 Mmon%), BINAP (14 mr, 9 Mmon%), mpem-6ytunara natpus (0.75 Mmmois, 72
mr) B 12 mu abcomotHoro auokcana. dimoeHt CH,Cl, — MeOH= 5:1 -3:1. Beixoa 74 mr (48%).
Cuektp SIMP 'H (CDCls), 8y, M.z 1.35 br.s (2H), 1.40-1.44 m (4H), 1.54 br.s (8H), 1.64 br.s
(2H), 2.07 br.s (2H), 2.76 t (4H, J = 5.2 Hz), 2.82 t (4H, *J = 5.2 Hz), 3.13-3.17 m (4H), 3.53 t
(4H, ) = 5.5 Hz), 3.57 s (4H), 3.64 t (4H, 3J = 5.2 Hz), 3.65 s (8H), 6.43 d (2H, %J = 7.6 Hz),
6.48 d (2H, %) = 7.1 Hz), 6.82 brs (2H), 7.00 t (2H, %) = 7.6 Hz), (NH-nporons He
onpenenensr). Crexrp SIMP °C (CDCls), 8¢, m.x.: 29.0 (2C), 32.8 (2C), 36.6 (1C), 38.5 (2C),
42.0 (4C), 43.3 (2C), 47.7 (1C), 54.1 (2C), 55.4 (2C), 61.1 (2C), 70.4 (2C), 70.7 (4C), 111.3
(2C), 113.3 (2C), 117.5 (2C), 128.6 (2C), 141.2 (2C), 148.5 (2C). Macc-cnektp MALDI-TOF:
m/z 617.4483 [M+H]+. C3gHs7N4O3. Berancneno m/z 617.4430 [M+H]+.

11,14,27,30,35-HeHTaoxca-1,8,17,24-TeTpaa3aTeTpaunw10[22.8.5.13’7.118'22]H0Hanmc0HTa-
3(39),4,6,18(38),19,21-rekcaen (59) cunresupoBanu u3 coeaunenus 54 (0.25 mmonb, 139 mr),
nuokcanuamuna 4 (0.25 mmons, 37 mr) B nmpucyrctBuu Pd(dba), (11.5 mr, 8 mon%), BINAP (14

mr, 9 mon%), mpem-6ytunara varpus (0.75 mmonb, 72 mr) B 12 ma auokcana. Dmoent CH,Cl,
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— MeOH = 10:1. Beixoa 27 mr (20%). Cniektp SAMP 'H (CDCl3), on, m.a: 2.61-3.15 m (8H), 3.30
br.s (4H), 3.50-3.75 m (24H), 6.53 dd (2H, 3J = 8.1 Hz, *J = 1.6 Hz), 6.45-6.70 br.s (2H), 7.06 t
(2H, 33 = 7.8 Hz), 7.19 br.s (2H), (NH-ipoross! He onpenernensi). Crekrp SIMP *C (CDCls), 8¢,
M. 43.9 (2C, Avi=60 Hz), 53.4 (2C, Av1,=20 Hz), 54.7 (2C, Av1,,=60 Hz), 61.0 (2C, Av,,=20
Hz), 67.4 (2C, Av1,=20 Hz), 67.8 (2C, Av1,=20 Hz), 69.3 (4C, Av1,=15 Hz), 70.2 (2C), 111.1
(2C, Avi,=15 Hz), 116.3 (2C, Av1;,=10 Hz), 118.9 (2C, Av1,=10 Hz), 128.9 (2C, Av1/,=40 Hz),
137.8 (2C), 149.1 (2C). Crexrp SIMP 'H (DMSO-dg), 8, m.1: 2.68 br.s (8H), 3.16 q (4H, %J =
4.5 Hz), 3.45-3.60 m (24H), 5.45 br.s (2H) 6.45 br.s (2H), 6.49 d (2H, *Jos = 7,1 Hz), 6.66 br.s
(2H), 6.97 t (2H, %] = 7.6 Hz). Cnextp SIMP *C (DMSO-dg), 8¢, m.1: 42.8 (2C), 53.4 (2C,
Av1,=50 Hz), 54.0 (2C, Av1,=30 Hz), 59.9 (2C, Av1,=20 Hz), 68.4 (4C, Av1,=90 Hz), 69.2
(2C), 69.7 (2C), 69.9 (2C), 111.9 (4C, Av1;,=70 Hz), 116.7 (2C, Av1,,=20 Hz), 128.6 (2C), 148.8
(2C). (/[Ba ueTBepTHUHBIX aToMa yriepoja He ompenenensl). Cnektp AMP 'H (DMSO-ds, 363
K), 81, M.1: 2.80 br.s (8H), 3.21 t (4H, 3J = 5.6 Hz), 3.52-3.64 m (24H), 6.48 d (2H, 3J = 7.7 Hz),
6.51 d (2H, %) = 7,7 Hz), 6.73 brs (2H), 6.98 t (2H, %) = 7,7 Hz). (NH-nporonsl He
onpenenensr).Crekrp SIMP *C (DMSO-ds, 363 K), 8¢, m.1: 42.7 (2C), 53.6 (2C), 54.0 (2C),
59.7 (2C), 67.7 (2C, Av1,=20 Hz), 68.2 (2C, Av1;,=20 Hz), 68.9 (2C), 69.5 (4C), 111.6 (2C),
112.1 (2C), 116.4 (2C), 127.9 (2C), 138.4 (2C), 148.4 (2C). Macc-cniektp MALDI-TOF: m/z
543.3588 [M+H]". C30H47N4Os. Beruncieno m/z 543.3543 [M+H]".

11,16,29,32,37-HeHTa0Kca-1,8,19,26-TeTpaa3aTeTpauuKno[24.8.5.13’7.120’24]3HTeTpaK0HTa-
3(41),4,6,20(40),21,23-rekcaen (60) cunTesupoBanu u3 coemurenus 54 (0.25 mmons, 139 mr),
nuokcamuamuHa 5 (0.25 mmone, 51 mr) B mpucyrctBuu Pd(dba), (11.5 mr, 8 mon%), BINAP (14
Mr, 9 Mon%), mpem-6ytunara Harpus (0.75 Mmmonb, 72 mr) B 12 mMa aGCOIIOTHOTO AMOKCAHA.
Omoent CH,Cl, — MeOH = 10:1. Beixoa 56 mr (37 %). Cnexktp SIMP 'H (CDCly), én, m.a: 1.57-
1.67 m (4H), 1.80 q (8 H, %J = 5.3 Hz), 2.57-3.16 m (12H), 3.36-3.43 m (4H), 3.47 t (4H, 3J =
4.7 Hz), 3.54-3.75 m (16H), 6.47 d (4H, *Jgps = 7.1 Hz), 6.96 br.s (2H), 7.05 t (2H, 3J = 7,7 Hz),
(NH-nipotonsl He onpenenensr). Criekrp SIMP *3C (CDCls), 8¢, m.x: 26.4 (2C), 29.1 (2C), 41.7
(2C), 53.0 (2C), 54.3 (2C), 60.2 (2C), 67.2 (2C), 67.5 (2C), 69.0 (2C), 69.2 (2C), 70.5 (2C),
110.1 (2C), 115.3 (2C), 118.2 (2C), 128.9 (2C), 137.4 (2C), 149.3 (2C). Macc-cnektp MALDI-
TOF: m/z 599.4130 [M+H]+. C34Hs5N4Os5. Berancneno m/z 599.4172 [M+H]+.

12,15,18,32,35,40-T'ekcaokca-1,8,22,29-rerpaasarerpanukio[27.8.5.137.127]
TeTpaTteTrpakonTa-3(44),4,6,23(43),24,26-rexcaen (61) cuHTEe3MpoBajIM W3 COCOUHCHUS 54
(0.25 mmoimb, 139 mr), Tpuokcaguamuna 7 (0.25 mmoinb, 55 mr) B npucyrcteuu Pd(dba), (11.5

mr, 8 Mon%), BINAP (14 mr, 9 Mm01%), mpem-Oytunata natpus (0.75 mmoib, 72 Mr) B 12 M
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abcomotHoro auokcana. DmoeHT CHLCl, — MeOH = 10:1. Beixoa 58 mr (38 %). Cnekrp AMP
'H (CDCly), 5, m.1i: 1.82 q (4H, 3 = 6,1 Hz), 2.74 t (4H, % = 4,7 Hz), 2.77 t (4H, % = 4,7 Hz),
3.18 t (4H, 3J = 6,3 Hz), 3.57 t (4H, *J = 5.8 Hz), 3.57-3.67 m (24H), 4.10 br.s (2H), 6.45 d (2H,
3] =7.7 Hz), 6,55 d (2H, *J = 7.3 Hz), 6.83 s (2H), 7.04 t (2H, %J = 7.8 Hz). Cuiextp SIMP °C
(CDCls), 8¢, m.x: 28.9 (2C), 41.5 (2C), 53.0 (2C), 54.4 (2C), 60.3 (2C), 67.2 (2C), 67.6 (2C),
69.0 (2C), 69.6 (2C), 70.0 (2C), 70.4 (2C), 110.4 (2C), 115.2 (2C), 118.3 (2C), 128.8 (2C), 137.3
(2C), 149.4 (2C). Macc-ciekrp MALDI-TOF: m/z 614.4157 [M+H]+. C34Hs55N406. Brruuciieno
m/z 615.4121 [M+H]"

10,13,26,29,42,45,58,61,66,73-1ekaokca-1,7,16,23,32,39,48,55-okTaazarentanukJio-
[53.8.5.5.5.%232 236 117:21 13438 1995315k rarenrakonTa-
3,5,17(76),18,20,34(70),35,37,49(69),50,52,77-nonekan (62) ObL1 BBIICIEH IPU CHHTE3E
coenuaeHUs 59 n3 coequnenus 54 (0.25 mmounb, 139 mr), muokcaguamuna 4 (0.25 MMoib, 37 mr)
B npucyrctBuu Pd(dba), (11.5 mr, 8 mon%), BINAP (14 mr, 9 Mon%), mpem-0OyTunara HaTpus
(0.75 mmoub, 72 mr) B 12 mu auokcana. Dmoent MeOH:CH,Cl, = 3:1. Beixox 14 mr (10%).
Cnextp SIMP *H (CDCly), 8, M.zt 2.63 br.s (16 H), 3.30 t (8H, %J = 5.0 Hz), 3.53-3.70 m (48H),
4.15 br.s (4H) 6.53 d (8H, *Joss = 6.2 Hz), 7.03-7.09 m (8H). Cuextp SIMP *H (DMSO-ds, 363
K), 84, M.t 2.84 br.s (16H), 3.21 t (8H, %J = 5.6 Hz), 3.52-3.68 m (48H), 6.50 d (4H, J = 8.1
Hz), 6.52 d (4H, %) = 8.3 Hz), 6.72 br.s (4H), 6.99 t (4H, %) = 7.8 Hz), (NH nporous! He
ompenenetsi). Crekrp SIMP °C (DMSO-ds, 363 K), 8¢, m.a: 42.7 (4C), 53.5 (4C), 53.9 (4C),
59.6 (4C), 67.5 (4C), 68.0 (4C), 68.9 (4C), 69.5 (8C), 111.7 (4C), 112.2 (4C), 116.5 (4C), 128.1
(4C), 148.3 (4C). (uerBepTuunbie arombl C1-Ar He onpenenensi). Macc-cniekrp MALDI-TOF:
m/z 1085.7086 [M+H]". CeoHgsNgO1o. Berancneno m/z 1085.7014 [M+H]".

12,15,18,32,35,49,52,55,69,72,77,84-Tonexaokca-1,8,22,29,38,45,59,66-
01cTaa3arenTauchIo[64.8.5.529‘?’8.13‘7.123‘27.140'44.160'64
3(88),4,6,23(87),24,26,40(81),41,43,60(80),61,63-nonexaen (63) ObLT BbIIEIEH MPH CHHTE3E

coenuHeHus 61 u3 coequnenus 54 (0.25 mmonb, 139 mr), Tpuokcanuamuna 7 (0.25 MMonb, 55

JokTaokTakoHnTa-

mr) B npucyrcteuu Pd(dba); (11.5 mr, 8 mon%), BINAP (14 mr, 9 mon%), mpem-0Oytunara
uarpus (0.75 mmons, 72 Mr) B 12 mi abcomornoro auokcana. Dmoent CH,Cl, — MeOH = 3:1.
Bbixox 37 mr (24 %). Criextp SIMP 'H (CDCls), 8, m.x: 1.84 q (8H, *J = 5.8 Hz), 2.75 t (8H, 3J
= 4.8 Hz), 2.78 t (8H, *J = 4.8 Hz), 3.18 t (8H, *J = 5.9 Hz), 3.53-3.68 m (56H), 4.06 br.s (4H),
6.44 d (4H, % = 7.6 Hz), 6.59 d (4H, *J = 7,2 Hz), 6.69 br.s (4H), 7.05 t (4H, %] = 7.7 Hz).
Cnextp SIMP *C (CDCly), 8¢, m.a: 29.0 (4C), 41.4 (4C), 54.2 (8C), 60.5 (4C), 69.3 (4C), 69.4

(4C), 69.9 (4C), 70.0 (4C), 70.2 (4C), 70.4 (4C), 110.6 (4C), 113.2 (4C), 117.2 (4C), 128.7 (4C),
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140.3 (4C), 148.5 (4C). Macc-cnektp MALDI-TOF: m/z 1229.84 [M+H]". CesH100NgOs.
Brrancieno m/z 1229.8164 [M+H]".

30,33,38-Tpuoxca-1,8,20,27-rerpaasarentaunkio[25.8.5.1%7 1111° 11117 12129]
nenrarerpakonra-3(45),4,6,21(41),22,24-rexkcaen (64) cuHTE3UpOBAIM U3 COCAUHCHHS 55
(0.25 mmoub, 139 mr), 6uc(l,3-amunosTii)agamantana 3 (0.25 mmons, 55.5 mr) B nmpucyrcTBun
Pd(dba); (23 mr, 16 mos1%), DavePhos (18 mr, 18 m011%), mpem-6yrunara narpus (0.75 MMoJb,
72 mr) B 12 mut abcomotroro auokcana. DmoeHt CH,Cl, — MeOH/CH,CI, - MeOH — NH3= 5:1
- 100:20:1. Beixox 54 mr (35%). Cuexrp SIMP 'H (CDCly), 6y, m.a.: 1.35-1.41 m (4H), 1.43 t
(4H, 33 = 7.3 Hz), 1.50-1.59 m (6H), 1.62-1.68 m (2H), 2.03 br.s (2H), 2.64 t (4H, *J = 5.1 Hz),
2.71t (4H, ) = 5.6 Hz), 3.16 t (4H, % = 7.3 Hz), 3.51 s (4H), 3.58 t (4H, %J = 5.1 Hz), 3.61 s
(4H), 3.71 t (4H, J = 5.6 Hz), 6.54 d (4H, 3J = 8.3 Hz), 7.23 d (4H, J = 8.3 Hz), (NH-mpoToHs!
ne onpexernenst). Criextp SIMP °C (CDCly), ¢, m.a.: 29.0 (2C), 32.9 (2C), 36.8 (1C), 39.8 (2C),
42.6 (4C), 43.0 (2C), 45.1 (1C), 55.0 (2C), 55.7 (2C), 60.2 (2C), 69.9 (2C), 70.3 (2C), 70.8 (2C),
112.5 (4C), 128.6 (2C), 129.7 (4C), 147.2 (2C). Macc-cuekrp MALDI-TOF: m/z 617.4467
[M+H]". CagHs7N403. Beraucieno m/z 617.4430 [M+H]".

11,14,17,30,33,38-Fe1ccamcca-1,7,21,27-TeTpaa3aTeTpauuK.110[25.8.5.23’6.222’25]
TeTpareTrpakonTa-3,5,22,24 41 43-rekcaen (65) cuntesupoBanu u3 coeaunenuss 55 (0.25
MMoITb, 139 wmr), Tpuokcaguamuna 7 (0.25 mmons, 55 mr) B npucyrctBuu Pd(dba), (23 mr, 16
mon%), BINAP (28 wmr, 18 mon%), mpem-6ytunara narpus (0.75 mmons, 72 mr) B 12 mn
abcomotHoro auokcana. DmoeHT CH,Cl, — MeOH= 5:1. Beixoza 15 mr (10 %). Cnexktp SIMP 'H
(CDClg), 8, m.1i: 1.85 q (4H, 3J = 5.3 Hz), 2.90-3.12 m (8H), 3.21 t (4H, ] = 5.5 Hz), 3.52-3.73
m (24H), 3.82-3.94 m (4H), 6.46 d (4H, *J = 7.9 Hz), 7.16 d (4H, 3J = 7.9 Hz), (NH-npoToHsI He
onpezenensl). Crnekrp AMP B¢ (CDCly), 8¢, m.a: 28.6 (2C), 41.7 (2C), 52.8 (2C), 54.1 (2C),
59.9 (2C), 69.7 (2C), 69.9 (2C), 70.2 (4C), 70.6 (4C), 112.3 (4C), 127.5 (2C), 131.8 (4C), 148.8
(2C). Macc-cnektp MALDI-TOF: m/z 615.4063 [M+H]". Cz4Hs5N4O¢. Beramcieno m/z
615.4121 [M+H]".

29,32,64,72,82-rekcaoxca-1,8,19,26,35,42,54,61-

0KTAA3aTPUIeNTALMK.10[59.8.8.5,525%5 137 11014 1101671216 12024 137,41 145,49 14551 147,51 15559 1.

HOHaokTakoHTa-3(89),4,6,20(85),21,23,37(79),38,40,55(75),56,58-10nexaen (66) OBLI
BBIJICTICH TPU CHHTE3e coenuHeHus 64 w3 coemuuenus 55 (0.25 mmons, 139 wr), 6uc(l,3-
amuHOdTHI )agamanTana 3 (0.25 mmosb, 55.5 mr) B npucyrcteuu Pd(dba),; (23 mr, 16 mon%),

DavePhos (18 wmr, 18 wmon%), mpem-0yrunata uatpus (0.75 mmomb, 72 wmr) B 12 M
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abcomotHoro guokcana. DmoeHt CHCl,—MeOH - NHzBoan = 100:20:2. Beixox 15 mr (10%).
Cnekrp SIMP *H (CDCly), 8y, M.x.: 1.32-1.67 m (32H), 2.05 br.s (4H), 2.73 t (8H, 3J = 4.0 Hz),
2.79t (8H, ] = 5.8 Hz), 3.09 t (8H, 3J = 7.0 Hz), 3.51-3.64 m (32H), 6.52 d (8H, *J = 8.3 Hz),
7.10 t (8H, %J = 8.3 Hz), (NH-porons! He onpexenens). Crekrp SIMP **C (CDCls), 8¢, m.xa:
29.0 (4C), 32.7 (4C), 36.5 (2C), 38.8 (4C), 42.0 (8C), 43.8 (4C), 47.9 (2C), 53.8 (4C), 53.9 (4C),
60.1 (4C), 69.5 (4C), 70.6 (8C), 112.5 (8C), 127.8 (4C), 130.0 (8C), 147.5 (4C). Macc-criektp
MALDI-TOF: m/z 1233.8832 [M+H]". C76H113NgOs. Beruucineno m/z 1233.8783 [M+H]"

11,14,17,30,33,46,49,52,66,69,74,82-lonexkaokca-1,7,21,27,36,42,56,63-

27 22,2 41 157,61
OKTaa3arentamukiio[61.8.5.5 136 936 92225 3841 1576

3,5,22,24,38,40,57(77),58,60,78,85,87-nonexaen (67) ObL1 BBIACICH HPU CHHTE3C COCIUHCHHS

]OKTaOKTaKOHTa-

65 u3 coemunenus 55 (0.25 mmonb, 139 wmr), tpuokcamgmamuuaa 7 (0.25 Mmonb, 55 wmr) B
npucyrcteun Pd(dba), (23 mr, 16 mon%), BINAP (28 mr, 18 Mon%), mpem-0yTtunara HaTpus
(0.75 mmoutb, 72 mr) B 12 M1 abcomtoTHoro auokcana. DmoeHT CH,Cl:MeOH = 6:1. Beixox 29
mr (19%). Criextp SIMP 'H (CDCls), 8, M. 1.86 q (8H, *J = 5.8 Hz), 2.45 br.s (8H), 3.04 br.s
(8H), 3.18 t (8H, *J = 6.3 Hz), 3.38-3.72 m (48H), 3.89 br.s (8H), 4.49 br.s (4H), 6.56 d (8H, 3J =
7.8 Hz), 7.21 d (8H, 3J = 7.8 Hz). Cuextp SIMP *C (CDCls), 8¢, m.ii: 29.0 (4C), 42.1 (4C), 52.0
(4C), 54.9 (4C), 60.2 (4C), 67.2 (4C), 67.6 (4C), 69.0 (4C), 70.0 (4C), 70.1 (4C), 70.4 (4C),
112.5 (8C), 125.1 (4C), 131.4 (8C), 148.0 (4C). Macc-cnektp MALDI-TOF: m/z 1229.83
[M+H]". CegH109NgO12. Boruncineno m/z 1229.8162 [M+H]".

30,33,38,41-TeTpa0Kca-l,8,20,27-TeTpaa3arenTauuKﬂo[25.8.8.13'7.111’15.111'17.113'17.121'25]
okTarerpakonta-3(48),4,6,21(44),22,24-rekcaen (68) cuHTe3upoBaIK MO OOIIECH METOAUKE U3
coequHeHus 56 (0.25 mmonb, 149.5 wmr), ouc(1,3-amunoatun)anamantana 3 (0.25 mmons, 55.5
mr) B npucyrctBun Pd(dba); (11.5 mr, 8 mon%), BINAP (14 mr, 9 mon%), mpem-0Oytunara
Hatpus (0.75 mmonb, 72 mr) B 12 mu abcomoTHoro mauokcana. DmoeHt CH,Cl, — MeOH /
CH,Cl, — MeOH — NHzBozm = 5:1 — 100:20:1. Beixox 89 mr (54 %). Criextp SIMP *H (CDCls),
On, m.ai: 1.39 br.s (2H), 1.40-1.44 m (4H), 1.51 br.s (8H), 1.63 br.s (2H), 2.05 br.s (2H), 2.81 br.s
(8H), 3.12-3.16 m (4H), 3.58-3.63 m (20H), 6.44 dd (2H, 3J = 8.0 Hz, *J = 1.8 Hz), 6.54 d (2H,
3Jobs = 6.7 Hz), 6.75 br.s (2H), 7.03 t (2H, J = 7.7 Hz), (NH-nporous! e onpenenetsi). CriekTp
SIMP C (CDCly), 8¢, m.1: 29.0 (2C), 32.8 (2C), 36.6 (1C), 38.6 (2C), 42.2 (4C), 43.6 (2C), 47.0
(1C), 54.2 (4C), 60.3 (2C), 70.0 (4C), 70.7 (4C), 112.0 (2C), 112,6 (2C), 117.5 (2C), 128.7 (2C),
141.0 (2C), 148.5 (2C). Macc-cnektp MALDI-TOF: m/z 661.4720 [M+H]". CaoHe1N4Os.
Brranciaeno m/z 661.4693 [M+H]".

148



11,14,17,31,34,40-T'excaokca-1,8,21,28-
Terpaasarerpaunkio[26.8.6.1%7.1%?|rerparerpaxonra-3(44),4,6,22(43),23,25-rexcaen (69)
cuHTe3upoBaiu u3 coeaunenus 56 (0.25 mmonb, 150 mr), auokcamguamuna 4 (0.25 mmosns, 37
mr) B mpucyrcreun Pd(dba), (12 mr, 8 mon%), BINAP (14 mr, 9 mon%), tBuONa (0.75 mmois,
72 mr) B 12 mu abeomrotaoro auokcana. Dmoent CH,Cl, — MeOH = 10:1 — 3:1. Beixoa 83 mr
(57%). Crextp SIMP 'H (CDCls), 8y, m.i.: 2.73 br.s (8H), 3.23 t (4H, *J = 5.1 Hz), 3.34 br.s
(4H), 3.51 br.s (8H), 3.58 t (8H, 3J = 4.9 Hz), 3.62 s (4H), 3.68 t (4H, %] = 5.1 Hz), 6.45 br.s
(4H), 6.47 d (2H, 3J = 8.0 Hz), 7.07 t (2H, *J = 7.8 Hz), (NH npotous! He onpexesetst). CrekTp
SIMP *C (CDCls), 8¢, m.xx: 43.6 (2C), 52.8 (4C), 59.6 (2C), 67.3 (4C), 68.3 (4C), 69.4 (2C), 70.2
(2C), 110.9 (2C), 115.8 (2C), 118.0 (2C), 129.3 (2C), 138.1 (2C), 149.0 (2C). Macc-cnektp ESI-
TOF: m/z 587.3815 (M+H)+. C3oH51N4Og. Berancnieno m/z 587.3809 [M+H]+.

11,14,17,30,33,38,41-T'entaokca-1,8,20,27-teTpaa3arerpanukJio|25.8.8.13,7.121,25]-
neHTarerpakonTa-3(45),4,6,21(44),22,24-rexcaen (70) cuntesupoBaiu u3 coeauneHus 56 (1
MMOJib, 600 mr), Tpuokcaguamuaa 6 (1 mmonb, 192 mr) B npucyrcreum Pd(dba), (46 mr, 8
mMon%), BINAP (56 mr, 9 mon%), tper-Oyrumara Hatpus (3 mmosb, 344 mr) B 40 mi
abcomotHoro auokcana. Imoent CH,Cl, — MeOH = 10:1, 3:1. Beixox 96.2 mr (15 %). Cuektp
SIMP 'H (CDCls), 8y, M1 2.77 t (8H, 3J = 5.3 Hz), 3.29 t (4H, 3J = 5.1 Hz), 3.58 — 3.63 m
(CH,0, PhCH,N), 3.66 s (8H), 3.70 t (4H, %J = 5.1 Hz), 4.25 br.s (2H), 6.48 dd (2H, % = 7.8 Hz,
*J = 1.4 Hz), 6.58 d (2H, 3J = 7.2 Hz), 6.81 s (2H), 7.06 t (2H, J = 7.6 Hz). Crekrp SIMP **C
(CDCls3) ¢, m.a.: 43.5 (2C), 54.3 (4C), 60.1 (2C), 69.6 (2C), 70.0 (4C), 70.3 (2C), 70.6 (2C),
70.7 (4C), 110.8 (2C), 114.0 (2C), 117.8 (2C), 128.8 (2C), 140.8 (2C), 148.4 (2C). Macc-cuexTp
MALDI-TOF: m/z 631.4045. C34Hs5N407. Beraucineno m/z 631.4071 [M+H]".

12,15,18,32,35,40,43-T'entaokca-1,8,22,29-rerpaazarerpannkio[27.8.8.13. 13

rentarerpakonra-3(47),4,6,23(46),24,26-rekcan (71) cunte3upoBanu u3 coeaunenus 56 (0.25
MMOJIb, 149.5 mr), Tpuokcaguamuna 7 (0.25 mmonb, 55 mr) B mpucyrcreun Pd(dba), (11.5 mr, 8
mon%), BINAP (14 wmr, 9 mon%), mpem-6ytunara Hatpus (0.75 mmons, 72 mr) B 12 mn
abcomotHoro auokcana. dmoeHt CH,Cl, — MeOH= 10:1. Beixon 57 mr (35 %). Cnextp SIMP
'H (CDCls), 8y, m.z1.: 1.82 q (4H, 3J = 6.0 Hz), 2.92 br.s (8H), 3.18 t (4H, 3J = 6.4 Hz), 3.54-3.60
m (12H), 3.62-3.67 m (12H), 3.76 br.s (4H), 4.18 br.s (2H), 6.48 d (2H, *J = 7.2 Hz), 6.61 d (2H,
3) = 7.2 Hz), 6.75 br.s (2H), 7.05 t (2H, *J = 7.7 Hz). Crektp SIMP **C (CDCls), 8¢, m.x: 29.0
(2C), 41.4 (2C), 52.9 br (2C), 54.0 br (2C), 59.8 (2C), 67.3 br (4C), 68.5 br (4C), 69.5 (2C), 70.1
(2C), 70.5 (2C), 110.8 (2C), 115.1 (2C), 117.4 (2C), 129.3 (2C), 138.2 (2C), 149.0 (2C). Macc-

criextp ESI-TOF: m/z 659.4389 [M+H]". CssHsgN4O7. Brramciero m/z 659.4384 [M+H]".
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12,15,18,32,35,49,52,55,69,72,77,80,87,90-Terpanekaokca-1,8,22,29,38,45,59,66-

OKTaa3arenTamukJio [64.8.8.829’38. 13712327 14044 160,64

3(94),4,6,23(93),24,26,40(84),41,43,60(83),61,63-nonexaen (72) ObUT BBIACIECH IMPH CHHTE3E

]TeTpaHOHaKOHTa-

coenuaeHus 71 u3 coequnenus 56 (0.25 mmonb, 149.5 mr), Tpuokcaaunamuna 7 (0.25 Mmonb, 55
mr) B npucyrctBun Pd(dba); (11.5 mr, 8 mon%), BINAP (14 mr, 9 mon%), mpem-0Oytunara
Hatpus (0.75 mmonb, 72 Mr) B 12 mi abcomotHoro auokcana. Dmoent CH,Cl, — MeOH = 3:1.
Boixox 28 mr (17%). Cuextp SIMP *H (CDCly), 84, m.a.: 1.83 q (8H, % = 5.7 Hz), 2.81 br.s
(16H), 3.18 t (8H, 3J = 6.3 Hz), 3.50-3.68 m (64H), 4.56 br.s (4H), 6.46 d (4H, %] = 7.8 Hz), 6.55
d (4H, 3Jgs = 7.0 Hz), 6.73 s (4H), 7.05 t (4H, 3J = 7.5). Macc-cnekrp MALDI-TOF: m/z
1317.84 [M+H]+. C792H117NgO14. Beruncieno m/z 1317.8689 [M+H]+.

30,33,38,41-Terpaokca-1,8,20,27-rerpaasarentanuk.io[25.8.8.137 1111 11117 11317 121.29]
okrarerpakonrta-3(48),4,6,21(44),22,24-rekcaen (73) cunrezupoBanu u3 coequnenus 57 (0.25
MMoJb, 149.5 wmr), 6uc(l,3-amuHosTrn)anamanrada 3 (0.25 mmounb, 55.5 Mr) B mpucCyTCTBHU
Pd(dba); (11.5 mr, 8 Mmon%), BINAP (14 mr, 9 Mmoi1%), mpem-6ytunara natpus (0.75 mmois, 72
mr) B 12 mi abcomornoro amokcana. Dmoent CH,Cl, — MeOH/CH,Cl, - MeOH — NH3=
100:20:3. Bexox 26 mr (16%). Criextp SIMP *H (CDCls), 8, m.i.: 1.36-1.40 m (4H), 1.42 t (4H,
%) = 7.2 Hz), 1.49-1.55 m (6H), 1.63 br.s (2H), 2.03 br.s (2H), 2.71 t (8H, %1 = 4.9 Hz), 3.14 t
(4H, 3 = 7.2 Hz), 3.56 s (4H), 3.61 t (8H, 3J = 5.4 Hz), 3.63 s (8H), 6.53 d (4H, %J = 8.1 Hz),
7.17 d (4H, 81=81 Hz), (NH-mipotons! He onpenenenbl). Criektp SIMP 3¢ (CDCly), é¢c, m.n.:
29.0 (2C), 32.8 (2C), 36.7 (1C), 39.0 (2C), 42.6 (4C), 43.1 (2C), 45.2 (1C), 54.5 (4C), 59.6 (2C),
69.9 (4C), 70.8 (4C), 112.6 (4C), 128.0 (2C), 129.8 (4C), 147.4 (2C). Macc-cniektp MALDI-
TOF: m/z 661.4671 [M+H]". C40He1N4O4. Beramcieno m/z 661.4693 [M+H]".

11,14,17,30,33,38,41-Tentaokca-1,7,21,27-Trerpaasarerpanukio[25.8.8.23° 2722

rentarerpakonTa-3,5,22,24,44 46-rexcaen (74) CHHTE3UpOBaIM IO OOMICH METOIUKE U3
coeaunenus 57 (0.25 mmoins, 149.5 mr), Tpuokcaguamuna 7 (0.25 Mmosb, 55 Mr) B IpuCyTCTBUU
Pd(dba); (11.5 mr, 8 Mmon%), BINAP (14 mr, 9 Mmoni%), mpem-6ytunara Hatpus (0.75 mMouib, 72
mr) B 12 mut abcomotaoro auokcana. DmoeHT CH,Cl, — MeOH — NH3= 10:1,3:1. Beixog 59 mr
(36%). Criextp SIMP 'H (CDCls), 84, m.1: 1.80 br.s (4H), 2.70 br.s (8H), 3.13 br.s (4H), 3.34
br.s (4H), 3.50 br.s (8H), 3.58 s (8H), 3.63-3.69 m (12H), 6.50 d (4H, 3J = 8.1 Hz), 6.79 d (4H, *J
= 8.1 Hz), (NH-nipotons! He onpenenensl). Crektp IMP B3¢ (CDCly), 8¢, m.x: 28.9 (2C), 41.8
(2C), 52.2 (4C), 58.6 (2C), 66.8 (4C), 68.5 (4C), 69.7 (2C), 70.2 (2C), 70.4 (2C), 112.7 (4C),
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124.5 (2C), 130.5 (4C), 148.4 (2C). Macc-cnektp ESI-TOF: m/z 659.4375 [M+H]". C3sHsoN4O5.
Brruncieno m/z 659.4384 [M+H]™.

Huxaoaumep 75 ObLT BIIETEH NPU CHHTE3e coenuHeHus (3 u3 coenuuenus 57 (0.25 mmoub,
149.5 wr), 6uc(1,3-amunostuin)agamantana 3 (0.25 mmons, 55.5 mr) B npucyrcreun Pd(dba);
(11.5 mr, 8 Mont%), BINAP (14 mr, 9 mon%), mpem-6ytunara varpus (0.75 mmonb, 72 mr) B 12
w1 abcomorHoro auokcana. Dmoent CH,Cl, - MeOH — NHszsoau = 100:25:5. Beixoz 63 mr (38
%). Criextp SIMP 'H (CDCls), 81, M.x.: 1.32 br.s (4H), 1.39-1.43 m (8H), 1.43-1.63 m (20H),
2.03 br.s (4H), 2.78 t (16H, *J = 5.6 Hz), 3.07-3.10 m (8H), 3.55 s (8H), 3.57-3.63 m (32H), 6.52
d (8H, %3 = 8.1 Hz), 7.09 d (8H, 3J = 8.1 Hz), (NH-mporous! He onpexernetsr). Crexkrp SIMP °C
(CDCls3), dc, m.u: 28.9 (4C), 32.7 (4C), 36.4 (2C), 38.8 (4C), 42.0 (8C), 43.8 (4C), 47.9 (20),
53.4 (8C), 59.4 (4C), 70.0 (8C), 70.7 (8C), 112.5 (8C), 128.0 (4C), 130.0 (8C), 147.5 (4C).
Macc-ciekrp MALDI-TOF: m/z 1321.91 [M+H]". CgoH12:NgOg. Brruncneno m/z 1321.9307
[M+H]".

Cmanoapmuasn memoouxa naiiaouii-kamaiusupyemo2o amMuHuposanus kanuxc[4]apenos.

JIByropiyro KoJi0y ¢ 0OpaTHBIM XOJIOJAUIBHUKOM W MarHUTHOW MEIIAJIKOW 3aIOIHSITH aprOHOM,
nociue yero nomemtanu B Hee 2.3 3kB. (0.28-0.35 mmob) 6-6poMxuHOAMHA WK 1-OpoMiiupeHa,
Pd(dba), (16 mon%), BINAP (18 mon%), abcomtotabpiii AriokcaH (2 mut), kanukc[4]apen 76 nmu
83 (0.12-15 wmmomb), 3 »9kB. #-BuONa (0.36-0.45 wmmonw). Kunstumm ¢ oOpaTHbBIM
XONOIWIBHUKOM B TeueHue § 4. [Tocne oxnaxaeHus 10 KOMHATHOM TeMmepaTyphl J0OABIsUIIN B
peakiuoHHylo cMmech auxiopmeran (10 mi) u  oTQUIBTPOBBIBANIM OCAAOK, YHapHBaIU
pacTBOpUTENb B BaKyyMe, pPacTBOpsUIM OCTarok B auxjopmerane (10 mm), mocne yero
JOTIOTHATERHO  (unmbTpoBanm. [lociie ymapwBaHWsS pacTBOPUTENS XpomaTorpadupoBaim
OCTaTOK Ha CHJIMKarese, MUCIOJb3ys TocienoBaTenbHOCTh dmoeHToB CH,Cl,, CH,Cl,/MeOH

(100:1-3:1). LleneBble MpOAYKTHI MOJIYYaId B BUAE TBEPABIX (CTEKIO0OPA3HBIX) BEIIECTB.

5,11,17,23-Terpa-mpem-6yTun-25,27-nu(2-(XMHOJIUH-6-UJT)aAMHHOITOKCH )-26,28-

aunponokcukanankc[4]apen (konyc) (78) cunresuposanu u3 kaaukc[4]apena 76 (0.15 mmouns,
123 wmr), 6-0pomxunonuHa (0.35 mmomnb, 73 mr) B mpucyrctBuu Pd(dba), (16 mon%, 14 wr),
BINAP (18 mon%, 17 wmr), t-BuONa (0.45 mmons, 43 mr) B 2 Ma aOCONIOTHOIO JHOKCaHa.
Omroent: CH,Cl, — MeOH (20:1). Beixoa 119 mr (74%). Y®-cniektp (CH3CN): Amax = 360 HM
(Ige 3.86). Criextp SIMP *H (CDCls) 84, m.1.: 0.88 t (6H, J = 7.3 Hz), 0.89 s (18H), 1.32 s
(18H), 1.85 quintet (4H, *J = 7.6 Hz), 3.21 d (2H, 2J = 12.6 Hz), 3.66 br.s (4H), 3.81t (4H, J =

7.6 Hz), 4.26 t (4H, % = 5.4 Hz), 4.42 d (4H, %J = 12.6 Hz), 4.84 br.s (2H), 6.54 s (4H), 6.57 d
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(2H, %3 = 2.6 Hz), 6.98 dd (2H, *J = 9.0 Hz, *3 =2.6 Hz), 7.10 s (4H), 7.19 dd (2H, 3J = 8.3 Hz, %J
= 4.3 Hz), 7.78 d (2H, 3J = 8.3 Hz), 7.85 d (2H, %J = 9.0 Hz), 8.57 d (2H, %J = 4.3 Hz). Crextp
SIMP C (CDCl3) 8¢, m.1.; 10.2 (2C), 23.0 (2C), 31.1 (6C), 31.6 (6C), 33.5 (2C), 34.0 (2C), 44.0
(2C), 77.6 (2C), 102.8 (2C), 121.2 (2C), 121.6 (2C), 124.6 (4C), 125.7 (4C), 129.7 (2C), 130.1
(2C), 131.9 (4C), 133.8 (2C), 135.0 (4C), 142.6 (2C), 144.3 (2C), 145.4 (2C), 145.6 (2C), 146.3
(2C), 152.2 (2C), 153.6 (2C). Macc-criektp MALDI-TOF: m/z 1073.6825. C7oHggN4Os.
Brruncieno 1073.6884 [M+H]".

5,11,17,23-Terpa-mpem-6yTni-25,27-qu(3-(mupen-1-uir)aMuHonponokcu)-26,28-

aunponokcukanankc[4]lapen (yacTuunbiii Konyc) (84) cunrtesupoBanu u3 kanukc[4]apena 83
(0.12 mmomnb, 102 mr), 1-6pommupena (0.28 mmonb, 79 mr) B npucyrcreuu Pd(dba), (16 mon%,
11 mr), BINAP (18 mon%, 14 wmr), t-BuONa (0.36 mmoib, 35 mMr) B 2 mi abCOIOTHOTO
nuokcana. DmoeHT: CHLCly. Beixog 63 mr (42%). Y®-criektp (CH3CN): Amax = 371, 386, 411
uM (Ige 4.41). Crextp SIMP 'H (CDCls) 8, m.a.; 0.91-1.02 m (6H), 1.11 s (9H), 1.31 s (9H),
1.35 s (9H), 1.49 s (9H), 1.72-1.98 m (6H), 2.21 quintet (2H, %J = 6.3 Hz), 3.22d (2H, 2J = 12.5
Hz), 3.25-3.39 m (4H), 3.54-3.65 m (4H), 3.70-3.79 m (4H), 3.87 s (4H), 3.94 t (2H, 3J = 7.5
Hz), 4.31 d (2H, 2J = 12.5 Hz), 6.85 s (2H), 6.93 s (2H), 7.12 s (2H), 7.32 s (2H), 7.87-8.10 m
(16H), 8.20 d (2H, J = 7.5 Hz). Criextp SIMP **C (CDCls) ¢, m.i.: 10.4 (2C), 23.4 (2C), 31.3
(2C), 31.4 (6C), 31.6 (3C), 31.8 (3C), 33.7 (2C), 34.0 (2C), 37.5 br (1C), 38.3 (3C), 39.0 (1C),
42.4 br (1C), 70.5 (1C), 72.0 (1C), 76.0 (2C), 119.3 (1C), 119.4 (1C), 123.3 (2C), 124.5 (1C),
124.9 (1C), 125.0 (1C), 125.4 (2C), 125.5 (2C), 125.8 (2C), 125.9 (4C), 126.0 (2C), 126.2 (2C),
127.3 (2C), 127.5 (2C), 127.6 (1C), 132.2 (2C), 133.2 (2C), 133.5 (2C), 134.6 (2C), 143.4 (1C),
144.2 (2C), 145.0 (1C), 145.9 (1C), 1529 (1C), 153.2 (1C), 153.8 (2C), 155.1 (1C),
(4eTBepTUYHBIC aTOMBI yIIIepo/ia MUPEHOBOrO (parmMeHTa 3a uckitoueHnem Cl He omnpeeseHsl).

Macc-ciektp MALDI-TOF: m/z 1249.7834. CggH10:N20;4. Berancieno 1249.7761 [M+H]".

Cmanoapmuas memoouxa naiiaduii-Kamaiusupyemou Makpoyuxkiuzayuu kaiukc|4]apenos.

JIByropayro konly ¢ 0OpaTHBIM XOJOAMILHUKOM U MAarHUTHOW MEIIATKOM 3aIllOJHSIIN aprOHOM,
nocne 4ero momemanu B Hee 1 9kB. (0.15-0.25 mmonb) Ouc(OpomMOEH3MIT)3aMEIIEHHOTO
muazakpayH-apupa 54-57 (umknena 90, 91, 98-100, wim mmxmama 92, 93), wmm 3,3’°-
muopomoudennna, wim 2,7-nmuopomuadpranmmaa, Pd(dba), (16 mon%), BINAP (18 mon%),
abcomoTHBI guokcaH (7.5-12.5 wmur), 1 okB. xamukc[4]apena 76, 77, 80 wumu 104 (0.15-25
MMOJTb), 3 9kB. --BuONa (0.45-0.75 mmomnb). Kuniatunu ¢ 0OpaTHBIM XOJIOAMIBHIKOM B TEUEHUE
24 4. [locrne oxjaxaeHWS 10 KOMHATHON TeMIlepaTypbl JOOABISUIA B PEAKIIMOHHYIO CMEChH

muxiopmerad (10 M) U OTQUIBTPOBBIBANIM OCANOK, YHApUBAIM PACTBOPUTENb B BaKyyMe,
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pacTBOpsUIM OCTaTOK B auxyiopMmerade (10 Mi), mociie 4ero MOMOJHUTETHHO (HUIBTPOBAIIH.
[Tocne ymapuBaHus pacTBOPUTENS XpoMmaTorpadupoBalii OCTATOK HA CUJIMKArele, MCIOIb3Ys
nocienoBareabHoCcTh aoenToB CH,Clp,, CH,Clp/MeOH (100:1-3:1), CH,Cl,/MeOH/NH;3BoaH
(100:20:1-10:4:1). lleneBble MPOAYKTHI TMOJYYaJId B BHUAEC TBEPIbIX (CTEKIO0OpPA3HBIX) HIN

BA3KHUX MaCJ'IOO6pa3HBIX BE€IICCTB.

Maxkpoounuka 79 cunresupoBaau u3 kamukc[4]apena 77 (0.25 mmonb, 212 wmr), 3,3’-
nuopomoudennna (0.25 mmois, 78 mr) B npucyrcteuu Pd(dba), (16 mon%, 23 mr), BINAP (18
moa%, 28 wmr), t-BuONa (0.75 mmonb, 72 mr) B 12.5 mMa abCOMIOTHOrO AMOKCAHA. DIIIOCHT:
CH,Cl,. Beixox 47 mr (19%). Crexktp SIMP " (CDCl3) 6n, m.a1.: 0.65 t (6H, 8)=75 Hz), 1.01 s
(18H), 1.19 s (18H), 1.69 sextet (4H, 3J = 7.5 Hz), 2.40 quintet (4H, *J = 7.2 Hz), 3.13 d (4H, &
= 12.5 Hz), 3.50 t (4H, %3 = 7.3 Hz), 3.76 t (4H, %) = 7.7 Hz), 4.10 t (4H, 3 = 7.2 Hz), 4.43 d
(4H, 2J = 12.5 Hz), 6.61 d (2H, 3J = 8.0 Hz), 6.67 s (4H), 6.91 s (4H), 7.08 d (2H, %1 = 7.6 Hz),
7.20t (2H, ) = 7.7 Hz), 7.21 s (2H), (NH mpotons! He onpenenensr). Crekrp SIMP *3C (CDCl3)
d¢, m.a.: 10.0 (2C), 23.0 (2C), 30.1 (2C), 31.3 (10C), 31.5 (6C), 33.7 (2C), 33.9 (2C), 41.9 (2C),
72.7 (2C), 73.6 (2C), 109.1 (2C), 114.2 (2C), 115.9 (2C), 124.7 (4C), 125.1 (4C), 129.3 (2C),
133.3 (4C), 134.6 (4C), 142.1 (2C), 144.1 (2C), 144.7 (2C), 148.4 (2C), 152.7 (2C), 153.6 (2C).
Macc-criektp MALDI-TOF: m/z 997.6895. CegHgoN204. Brruncreno 997.6822 [M+H]".

Maxkpoounuka 81 cunresupoBamu u3 kamukc[4]apena 80 (0.195 mmomas, 165 wmr), 3,3°-
mubpombudenuna (0.195 mmons, 61 mr) B mpucyrcreuu Pd(dba), (16 mon%, 18 mr), BINAP (18
mMon%, 22 wr), t-BuONa (0.585 mmomnb, 57 mr) B 10 mu aGCOMIOTHOTO JHOKCaHA. DJIFOCHT:
CH,Cl, — MeOH (100 - 100:1). Beixox 71 mr (36%). Criekrp SIMP *H (CDCls) 8y, m.1.: 0.67 t
(6H, *J = 7.6 Hz), 1.00 sextet (4H, 3J = 7.4 Hz), 1.06 s (18H), 1.28 s (18H), 1.69 quintet (4H, 3J
= 7.4 Hz), 3.02 t (4H, 3J = 7.6 Hz), 3.17 t (4H, %J = 7.0 Hz), 3.29-3.33 m (4H), 3.82 d (4H, 20 =
16.2 Hz), 3.88 d (4H, %J = 16.2 Hz), 6.50 s (2H), 6.58 br.d (2H, 3Jops = 7.0 Hz), 6.87 d (2H, %) =
7.5 Hz), 6.99 s (4H), 7.00 s (4H), 7.14 t (2H, 3J = 7.7 Hz), (NH MIPOTOHBI HE OTPEICIICHBI).
Cuektp SIMP C (CDCl3) 8¢, m.x.: 9.7 (2C), 21.7 (2C), 31.4 (6C), 31.5 (6C), 31.7 (2C), 33.7
(2C), 33.9 (2C), 39.4 (4C), 41.5 (2C), 69.6 (2C), 71.8 (2C), 110.3 (2C), 114.1 (2C), 116.4 (2C),
126.2 (4C), 129.0 (2C), 133.1 (4C), 133.7 (4C), 143.4 (2C), 143.9 (2C), 144.4 (2C), 147.5 (2C),
154.8 (2C), 155.2 (2C). Macc-cniektp MALDI-TOF: m/z 997.6773. CggHggN2O4. Brrumcieno
997.6822 [M+H]".

Maxkpoounuka 82 cunresupoBanu u3 kKaiaukc[4]apena 80 (0.15 mmoms, 127 wr), 2,7-

nuopomuadTanuna (0.15 mmons, 43 mr) B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18
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mon%, 17 wmr), t-BuONa (0.45 mmonb, 43 mr) B 7.5 mur abCOMIOTHOTO JHOKCaHA. DJIFOCHT:
CH,Cl; — MeOH (100:1). Bsixox 14 mr (10%). Criextp SIMP *H (CDCl3) 8, m.1.: 0.69 t (6H, 3J
= 7.4 Hz), 0.85 s (18H), 1.01-1.07 m (4H), 1.27 s (18H), 1.77 br.s (4H), 3.28 t (4H, %1 = 8.0 Hz),
3.43 t (4H, *J = 6.8 Hz), 3.75 br.s (4H), 3.76-3.88 m (8H), 6.24 br.s (2H), 6.53 br.s (2H), 6.98 s
(8H), 7.35 d (2H, ®J = 7.8 Hz), (NH npotons! e onpexenens). Crexrp SIMP *C (CDCl3) &,
M. 9.9 (2C), 21.8 (2C), 29.7 (2C), 31.1 (6C), 31.6 (6C), 33.6 (2C), 33.8 (2C), 39.3 (4C), 41.6
br (2C), 69.7 (2C), 71.6 (2C), 104.6 br (2C), 114.4 br (2C), 126.1 (4C), 126.4 (4C), 128.0 (2C),
132.7 (4C), 133.1 (4C), 142.9 (2C), 144.1 (2C), 154.7 (2C), 155.4 (2C), (/IBa yeTBEpTHUYHBIX
aToma yriepoja HapTaauHOBOro (hparmenra He onpeaeineHsl). Macc-ciektp MALDI-TOF: m/z

971.65. CegHg7N2O4. Beruucneno 971.67 [I\/I+H]+.

Jupancuii-3aMellieHHbIi MakpoOuuka 85. B onHoropnyo koiady ¢ MarHMTHON MelIaKon
nomemmanu coenuHenne 81 (0.056 mmonb, 56 mr), mancun xmopua (0.14 mmonb, 38 wmr),
kapOoHnat kamus (0.17 mmons, 24 Mr) u qobaBisum 1 M1 anleToHUTpUIA. PeakmoHHYIO CMeCh
NepeMelMBAId pU KOMHATHOW TeMIlepaType B TEYeHHWE & U, TOcie 4ero paz0aBisuin
nuxiaopmeradoM (10 mut) 1 OoTGUIBTPOBBIBAIM OCAJ0OK, YHMAPUBAIM PACTBOPUTENH B BaKyyMme,
pacTBOpsUIM OCTaTOK B auxyiopmerane (10 i), mocie 4ero JOMOJHUTENBLHO (DUIBTPOBAIIH.
[Tocne ymapuBaHHsI pacTBOPHUTENS XpoMaTrorpa(upoBaIM OCTATOK Ha CHUJIMKAresie, MCIONb3Ys
nocienoBarenbHocTh AmoentoB CHLCly, CH,Cl,/MeOH (100:1-3:1). IeneBoit mpoayKT ObLT
BoizienieH ¢ amoentom: CH,Cl, — MeOH (100:1). Tlocie ynmapuBaHHsi pacTBOPUTEINS MPOAYKT
HPEICTaBIIsUT cO00H CTEKI000pa3HOe 3eIeHO-KOpruUHeBoe BemiecTBo. Beixox 28 mr (34%). Y-
criektp (CH3CN): Amax = 342 um (Ige 3.84). Criexrp SIMP *H (CDCl3) 8y, m.a.: 0.62 t (6H, 3J =
7.5 Hz), 0.91 s (18H), 0.92-1.00 m (4H), 1.24 s (18H), 1.53-1.62 m (4H), 2.88 s (12H), 3.14 t
(4H, %3 = 7.6 Hz), 3.25 t (4H, 3] = 7.9 Hz), 3.56 t (4H, *J = 7.6 Hz), 3.75 s (8H), 6.83 s (4H),
6.89 d (2H, %1 = 7.5 Hz), 6.93 s (4H), 6.94 d (2H, *J = 7.5 Hz), 7.06 5 (2H), 7.19t (2H, 33 = 7.5
Hz), 7.20 t (2H, ) = 7.8 Hz), 7.30 d (2H, % = 7.6 Hz), 7.46 t (2H, %1 = 8.0 Hz), 8.00 d (2H, %1 =
7.1 Hz), 8.24 d (2H, % = 8.6 Hz), 8.53 d (2H, *J = 8.1 Hz). Cuiextp SIMP *C (CDCls) 8¢, M.1.:
9.7 (2C), 21.8 (2C), 30.7 (2C), 31.5 (6C), 31.6 (6C), 33.6 (2C), 33.8 (2C), 39.3 (4C), 45.4 (4C),
48.6 (2C), 68.2 (2C), 715 (2C), 115.3 (2C), 120.1 (2C), 123.1 (2C), 125.8 (4C), 126.0 (4C),
126.5 (2C), 127.1 (2C), 127.9 (2C), 129.2 (2C), 129.3 (2C), 130.1 (2C), 130.2 (2C), 130.6 (2C),
133.2 (4C), 133.6 (4C), 135.7 (2C), 140.2 (2C), 141.6 (2C), 143.1 (2C), 143.5 (2C), 144.2 (2C),
151.6 (2C), 154.5 (2C), 154.7 (2C). Macc-cniektp MALDI-TOF: m/z 1463.7756. CgpH110N4OsSo.
Brrancneno 1463.7843 [M+H]".
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MaxkpoTpunuki 86 cunresupoBanu u3 coenurerus 54 (0.15 mmons, 83 mr), kanukc[4]apena
76 (0.15 mmomb, 123 mr), B npucyrctBun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmosb, 43 mr) B 7.5 Mt abcosroTHoro auokcana. DmtoeHt: CH,Cl, — MeOH -
NHsBoau (200:40:4 - 200:40:5). Beixoa 29 mr (16%). Cuekrp SIMP 'H (CDCl3) 6y, m.1.: 0.88 s
(18H), 0.93 t (6H, 3 = 7.4 Hz), 1.29 s (18H), 1.87 quintet (4H, 3J = 7.5 Hz), 2.71-2.77 m (8H),
3.16 d (4H, %3 =12.5 Hz), 3.52-3.68 m (24H), 3.82 t (4H, %J = 7.6 Hz), 4.08 t (4H, 3J = 6.1 Hz),
4.41d (4H, %) = 12.5 Hz), 6.50 d (2H, J = 8.0 Hz), 6.53 s (4H), 6.72 d (2H, %) = 7.2 Hz), 6.83 5
(2H), 7.05 s (4H), 7.07 t (2H, 3J =7.8 Hz), (NH nporous! He onpexenensl). Crextp SIMP C
(CDCls3) ¢, m.1.:10.3 (2C), 23.1 (2C), 31.1 (4C), 31.2 (6C), 31.7 (6C), 33.6 (2C), 34.0 (2C),
43.5 (2C), 54.1 (2C), 55.2 (2C), 60.8 (2C), 69.9 (2C), 70.6 (4C), 73.1 (2C), 77.6 (2C), 100.4
(2C), 114.0 (2C), 117.4 (2C), 124.6 (4C), 125.6 (4C), 128.1 (2C), 128.9 (2C), 132.2 (4C), 135.1
(4C), 144.2 (2C), 145.1 (2C), 148.5 (2C), 152.4 (2C), 153.7 (2C). Macc-cnekrp MALDI-TOF:
m/z 1213.8347. C7gH109N4O7. Beruncneno 1213.8296 [M+H]".

Maxporpunmka 87 cunrtezupoBanu u3 coeaunenus 55 (0.15 mmons, 83 mr), kanukc[4]apena
76 (0.15 mmostb, 123 mr), B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmoib, 43 mr) B 7.5 M abcosroTHoro aunokcana. DmroeHt: CH,Cl, — MeOH -
NH3Boxr (50:10:1). Beixox 27 mr (15%). Criektp SIMP *H (CDCls) 8y, m.1.: 0.81t (6H, %) = 7.4
Hz), 0.90 s (18H), 1.27 s (18H), 1.75 quintet (4H, 3J = 7.5 Hz), 2.65 br.s (4H), 2.72 br.s (4H),
3.17 d (4H, 2 = 12.5 Hz), 3.50-3.66 m (20H), 3.70 s (4H), 3.74 t (4H, *J = 7.7 Hz), 4.29 t (4H, %J
= 4.9 Hz), 442 d (4H, 23 = 12.5 Hz), 6.54 s (4H), 6.64 d (4H, *Jops = 8.0 Hz), 7.03 s (4H), 7.22 d
(4H, 3Jobs =8.0 Hz), (NH mporonsl He ompenenensr). Crextp SIMP C (CDCls) 8¢, m.x.; 10.1
(2C), 23.0 (2C), 31.0 (4C), 31.2 (6C), 31.6 (6C), 33.7 (2C), 34.0 (2C), 44.8 (2C), 55.1 (2C), 55.3
(2C), 60.2 (2C), 69.7 (2C), 69.9 (2C), 70.9 (2C), 73.6 (2C), 77.5 (2C), 112.9 (4C), 124.6 (4C),
125.6 (4C), 129.8 (4C), 130.1 (2C), 132.3 (4C), 134.9 (4C), 144.2 (2C), 145.0 (2C), 147.5 (2C),
152.6 (2C), 154.0 (2C). Macc-criektp MALDI-TOF: m/z 1213.8368. C7gH109N4O7. Borarcieno
1213.8296 [M+H]".

Maxkporpunmki 88 cunrtesupoBanu u3 coequrenus 56 (0.15 mmons, 90 mr), kanukc[4]apena
76 (0.15 mmorb, 123 mr), B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmonb, 43 mr) B 7.5 M abcomtoTHoro auokcana. DmoeHt: CH,Cl, — MeOH -
NHsBomx (100:20:1-100:20:2). Beixox 50 mr (27%). Crextp SIMP 'H (CDCls) 84, M.z 0.91 s
(18H), 0.96 t (6H, °J = 7.5 Hz), 1.25 s (18H), 1.85-1.93 m (4H), 2.76 t (4H, %J = 5.5 Hz), 2.80
br.s (4H), 3.15 d (2H, 2 = 12.4 Hz), 3.16 d (2H, %J = 12.6 Hz), 3.50-3.68 m (24H), 3.85 t (4H, %J

= 7.5 Hz), 4.08 t (4H, 3J = 6.1 Hz), 4.39 d (2H, %J = 12.6 Hz), 4.40 d (2H, %J = 12.4 Hz), 6.46
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br.d (2H, 3Jops = 7.1 Hz), 6.57 s (4H), 6.70 d (2H, 3J = 7.7 Hz), 6.75 s (2H), 7.06 t (2H, %1 =7.8
Hz), (lsa NH mporona He ompenenensr). Crexktp SIMP *3C (CDCls) 8¢, m.a.: 10.3 (2C), 23.1
(2C), 31.1 (4C), 31.2 (6C), 31.6 (6C), 33.7 (2C), 34.0 (2C), 43.6 (2C), 53.6 (2C), 54.6 (2C), 60.5
(2C), 70.1 (2C), 70.2 (2C), 70.6 (2C), 70.8 (2C), 73.2 (2C), 77.6 (2C), 110.4 (2C), 114.1 (2C),
117.6 (2C), 124.7 (4C), 125.5 (4C), 129.0 (2C), 132.4 (4C), 132.6 (2C), 134.9 (4C), 141.0 (2C),
145.1 (2C), 148.6 (2C), 152.6 (2C), 153.6 (2C). Macc-cniektp MALDI-TOF: m/z 1257.8489.
CgoH113N4Os. Brruncneno 1257.8558 [M+H]".

MaxkpoTpunuki 89 cunresupoBanu u3 coeaurerus 57 (0.15 mmons, 90 mr), kanukc[4]apena
76 (0.15 mmorb, 123 mr), B npucyrcteuu Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmonb, 43 mr) B 7.5 mu abcomoTHoro auokcana. dmoeHt: CH,Cl, — MeOH -
NHsBoxn (200:40:5). Beixon 24 mr (13%). Crexktp SIMP H (CDCls) &, m.a.: 0.82 t (6H, 3J =
7.5 Hz), 0.85 s (18H), 1.31 s (18H), 1.78 quintet (4H, 3J = 7.5 Hz), 2.74 br.s (4H), 2.79 br.s (4H),
3.16 d (4H, 2 = 12.6 Hz), 3.53-3.67 m (24H), 3.74 t (4H, *J = 7.5 Hz), 4.26 t (4H, %1 = 6.1 Hz),
439 d (4H, 2) = 12.6 Hz), 6.48 s (4H), 6.57 br.d (4H, *Jops = 7.8 Hz), 7.08 s (4H), 7.20 br.d (4H,
3Jobs = 7.8 Hz), (Isa NH nporona He onpenenensr). Crnexrp SIMP *C (CDCls) 8¢, m.a.; 10.2
(2C), 23.0 (2C), 31.0 (4C), 31.2 (6C), 31.7 (6C), 33.6 (2C), 34.1 (2C), 44.6 (2C), 53.7 (2C), 54.2
(2C), 59.3 (2C), 70.1 (2C), 70.7 (6C), 73.3 (2C), 77.6 (2C), 112.8 (4C), 124.6 (4C), 125.7 (4C),
128.2 (2C), 130.4 (4C), 132.0 (4C), 135.2 (8C), 144.2 (2C), 145.2 (2C), 152.4 (2C), 154.0 (2C).
Macc-criektp MALDI-TOF: m/z 1257.8622. CgoH113N4Og. Berancneno 1257.8558 [M+H]".

Maxkporpunmki 94 cuntesupoBanu u3 coequrenus 90 (0.15 mmons, 76 mr), kanukc[4]apena
76 (0.15 mmorb, 123 mr), B npucyrcteuu Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmoib, 43 mr) B 7.5 M abcomroTHoro amokcana. DmroeHt: CH,Cl, — MeOH -
NHssozx (100:20:3). Berxox 33 mr (19%). Criextp SIMP *H (CDCls) 8y, m.x.; 0.81 s (18H), 0.91
t (6H, 3J = 7.4 Hz), 1.35 s (18H), 1.83 quintet (4H, 3J = 7.4 Hz), 2.55-2.80 m (16H), 3.16 d (4H,
2] =12.6 Hz), 3.58 t (4H, %3 = 6.3 Hz), 3.80 t (4H, % = 7.6 Hz), 4.05 t (4H, *J = 6.3 Hz), 4.38 d
(4H, 2J = 12.6 Hz), 6.45 s (4H), 6.53 d (2H, 3 = 8.0 Hz), 6.63 s (2H), 6.73 d (2H, %1 = 7.2 H2),
7.12 t (2H, % = 7.7 Hz), 7.13 s (4H), (NH MPOTOHBI HEe omperaeneHsl). Macc-ciektp MALDI-
TOF: m/z 1167.8388. C7H107NgO4. Beruncneno 1167.8354 [M+H]+.

MaxkpoTpunmkia 95 cunresupoBanu u3 coenuHenus 91 (0.15 mmons, 76 mr), kamukc[4]apena

76 (0.15 mmomb, 123 mr), B npucyrctBun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),

t-BuONa (0.45 mmoib, 43 mr) B 7.5 M abcosroTHoro auokcana. DmoeHt: CH,Cl, — MeOH -

NHssoax (50:10:1). Boixox 35 mr (20%). Criextp SIMP *H (CDCls) 8y, M.z 0.79 t (6H, 33 = 7.5
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Hz), 0.83 s (18H), 1.32 s (18H), 1.70 quintet (4H, %J = 7.5 Hz), 2.48-2.80 m (16H), 3.16 d (4H,
2] = 12.8 Hz), 3.61 br.s (4H), 3.69 t (4H, 3J = 7.6 Hz), 4.38 br.s (4H), 4.40 d (4H, %J = 12.8 Hz),
6.46 s (4H), 6.76 d (4H, *Jops = 8.1 Hz), 7.10 s (4H), 7.16 d (4H, *Jos = 8.1 Hz), (NH mpotors!
ne onpezenenst). Crextp SIMP C (CDCls) 8¢, m.a.: 10.1 (2C), 22.9 (2C), 31.2 (6C), 31.3 (4C),
31.7 (6C), 33.6 (2C), 34.0 (2C), 44.3 (2C), 45.5 (2C), 46.2 (2C), 51.7 (2C), 52.9 (2C), 61.2 (2C),
735 (2C), 77.6 (2C), 113.1 (4C), 124.5 (4C), 125.7 (4C), 129.7 (4C), 130.2 (2C), 131.9 (4C),
135.3 (4C), 144.1 (2C), 145.1 (2C), 147.6 (2C), 152.4 (2C), 154.0 (2C). Macc-crexrp MALDI-
TOF: m/z 1167.8451. C76H107NgOs. Berumcineno 1167.8354 [M+H]".

Maxkporpummki 96 cuntesupoBanu u3 coequnenus 92 (0.15 mmons, 81 mr), kanukc[4]apena
76 (0.15 mmorb, 123 mr), B npucyrcteuu Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmoib, 43 mr) B 7.5 M abcosroTaoro auokcana. DmoeHt: CH,Cl, — MeOH -
NHssozm (50:10:1). Beixox 38 mr (21%). Criextp SIMP *H (CDCls) 8y, m.a.: 0.82 s (18H), 0.95 t
(6H, 3J = 7.2 Hz), 1.34 s (18H), 1.84 quintet (4H, *J = 7.4 Hz), 2.01 br.s (4H), 2.45-2.60 m (8H),
2.65-2.75 m (8H), 3.18 d (4H, 2J = 12.5 Hz), 3.50-3.54 m (8H), 3.81 t (4H, %J = 7.5 Hz), 4.09
br.s (4H), 4.37 d (4H, 2 = 12.5 Hz), 6.46 s (4H), 6.48 d (2H, ] = 8.0 Hz), 6.58 s (2H), 6.70 d
(2H, %3 =7.3 Hz), 7.07 t (2H, %1 = 7.7 Hz), 7.13 s (4H), (NH nporos! He onpexernetsl). CrekTp
SIMP *C (CDCls) 8¢, m.x.: 10.3 (2C), 23.0 (2C), 25.8 (2C), 31.1 (10C), 31.7 (6C), 33.5 (2C),
34.1 (2C), 43.2 (2C), 48.4 (2C), 50.0 (2C), 53.3 (4C), 60.3 (2C), 73.1 (2C), 77.8 (2C), 110.7
(2C), 114.8 (2C), 118.0 (2C), 124.6 (4C), 125.6 (2C), 125.9 (2C), 131.8 (4C), 135.4 (2C), 135.6
(2C), 140.0 (2C), 144.2 (2C), 145.4 (2C), 148.8 (2C), 152.1 (2C), 153.8 (2C). Macc-crektp
MALDI-TOF: m/z 1195.8607. C7gH111NgO4. Brraucneno 1195.8667 [M+H]".

Makporpumukia 97 cuntesupoBanu u3 coeaunenus 93 (0.15 mmons, 81 mr), kanukc[4]apena
76 (0.15 mmomb, 123 mr), B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmonb, 43 mr) B 7.5 M abcomtoTHoro auokcana. DmoeHt: CH,Cl, — MeOH -
NH3Boxs (100:20:2 - 100:20:3). Bexog 25 mr (14%). Criextp SIMP *H (CDCl3) 8y, m.1.: 0.81 t
(6H, ) = 7.5 Hz), 0.83 s (18H), 1.32 s (18H), 1.69 quintet (4H, 3J = 7.5 Hz), 1.80 br.s (4H), 2.53
br.s (2H), 2.64 br.s (8H), 2.73 br.s (8H), 3.16 d (4H, 2J = 12.6 Hz), 3.37 s (4H), 3.51-3.56 m
(4H), 3.67 t (4H, %1 = 7.6 Hz), 4.27 br.s (4H), 4.36 d (4H, 23 = 12.6 Hz), 4.46 t (2H, %1 = 5.7 Hz),
6.46 s (4H), 6.51 d (4H, 3Jops = 8.3 Hz), 7.10 s (4H), 7.11 d (4H, *Jops = 8.3 Hz). Criexrp SIMP
B3C (CDCl3) 8¢, m.a.: 10.2 (2C), 22.9 (2C), 25.2 (2C), 31.1 (6C), 31.3 (4C), 31.7 (6C), 33.6 (2C),
34.1 (2C), 44.4 (2C), 48.9 (2C), 51.9 br (6C), 60.1 (2C), 72.6 (2C), 77.5 (2C), 113.1 (4C), 124.6
(4C), 125.7 (4C), 130.0 (2C), 130.2 (4C), 131.8 (4C), 135.4 (4C), 144.2 (2C), 145.3 (2C), 147.7
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(2C), 152.3 (2C), 153.6 (2C). Macc-cniektp MALDI-TOF: m/z 1195.8739. CzsH111NgOa.
Brruncieno 1195.8667 [M+H]".

Maxkporpunmki 101 cunresuposanu u3 coequrenus 98 (0.17 mmons, 117 mr), kanukc[4]apena
76 (0.17 mmoims, 141 wmr), B npucyrcteuu Pd(dba), (16 moa%, 16 mr), BINAP (18 mo1%, 19 wmr),
t-BuONa (0.51 mmosb, 50 mr) B 8.5 Mt abcosroTaoro auokcana. DmtoeHt: CH,Cl, — MeOH -
NHssoxx (100:20:3). Boixox 34 mr (15%). Crexrp SIMP *H (CDCls) 8, m.a.; 0.81 t (6H, 3J =
7.1 Hz), 0.84 s (18H), 1.34 s (18H), 1.80 quintet (4H, %J = 7.5 Hz), 2.55-2.80 m (16H), 3.16 d
(4H, %) = 12.6 Hz), 3.42 s (4H), 3.52 s (4H), 3.70 t (4H, %1 = 5.4 Hz), 3.71 t (4H, 3J = 7.7 Hz),
4.26 1 (4H, %) = 5.4 Hz), 4.41 d (4H, %) =12.6 Hz), 6.46 s (4H), 6.48 br.s (2H), 6.54 br.d (2H, *J =
4.8 Hz), 6.94 s (2H), 7.07 t (2H, 3] = 8.0 Hz), 7.11 s (4H), 7.16-7.32 m (10H), (NH npoTons He
ompenenensl). Criekrp SIMP *C (CDCl3) 8¢, m.x.: 10.3 (2C), 23.0 (2C), 31.0 (4C), 31.1 (6C),
31.7 (6C), 33.6 (2C), 34.1 (2C), 44.1 (2C), 52.6 br (8C), 59.9 br (4C), 73.2 (2C), 77.7 (2C),
111.2 br (2C), 114.3 (2C), 118.1 (2C), 124.5 (4C), 125.7 (4C), 126.7 (2C), 128.1 (6C), 129.1
(4C), 131.8 (4C), 131.9 (2C), 135.3 (4C), 144.1 (2C), 145.1 (2C), 148.3 (2C), 148.8 (2C), 152.3
(2C), 154.1 (2C). Macc-cuekrp MALDI-TOF: m/z 1347.9159. CgoH119NgO4. Brrumcieno
1347.9293 [M+H]".

Maxkporpummki 102 cunresupoBanu u3 coequrenus 99 (0.15 mmons, 104 mr), kanukc[4]apena
76 (0.15 mmosb, 123 mr), B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmoib, 43 mr) B 7.5 M abcomroTHoro amokcana. DmroeHt: CH,Cl, — MeOH -
NHsBozxs (100:20:3). Beixox 24 mr (12%). Criektp IMP *H (CDCls) 8, m.x.: 0.80 t (6H, 3J =
7.3 Hz), 0.83 s (18H), 1.22 s (18H), 1.79 quintet (4H, 3J = 7.3 Hz), 2.70-3.10 m (16H), 3.18 d
(4H, %) = 12.5 Hz), 3.53 s (4H), 3.59 s (4H), 3.65 t (4H, %3 = 6.5 Hz), 3.77 t (4H, *J = 7.8 Hz),
423t (4H,3) = 6.5 Hz), 4.39 d (4H, 2 = 12.5 Hz), 6.60 s (4H), 6.71 d (4H, *Jgps = 7.7 Hz), 6.98
s (4H), 7.10 br.s (10H), 7.28 d (4H, %Joss = 7.7 Hz), (NH mpotons! He ompexenensi). Mace-
criektp MALDI-TOF: m/z 1347.9348. CgoH119NgO4. Berancieno 1347.9293 [M+H]".

Maxkporpumuka 103 cuntesupoBaiu w3 coemuHenus 100 (0.15 wmwmoms, 107 wr),
kanukc[4]apena 76 (0.15 mmons, 123 wmr), B nmpucyrcrBuu Pd(dba), (16 mon%, 14 mr), BINAP
(18 mon%, 17 mr), t-BuONa (0.45 mmomnb, 43 mr) B 7.5 Mt aOCOFOTHOTO JUOKCAaHA. DIFOCHT:
CH,Cl, — MeOH (10:1 — 3:1). Beixox 57 mr (28%). Cnektp SIMP 'H (CDCl3) 6y, m.a.: 0.82 s
(18H), 0.86 t (6H, % = 7.3 Hz), 1.19 br.s (18H), 1.31 s (9H), 1.35 s (9H), 1.82 br.s (4H), 2.61
br.s (8H), 3.20 d (2H, %J = 12.6 Hz), 3.22 d (2H, 2J = 12.5 Hz), 3.30 br.s (4H), 3.42 br.s (4H),

3.48 br.s (4H), 3.52-3.62 m (4H), 3.74 br.s (2H), 3.76-3.83 m (2H), 4.12 d (2H, %J = 12.6 Hz),
158



4.22 t (2H, 3J = 5.9 Hz), 4.41 br.s (2H), 4.47 d (2H, 2J = 12.5 Hz, 2H), 6.49 br.s (2H), 6.50 br.s
(2H), 6.62 br.s (4H), 6.71 br.s (2H), 7.06 br.t (2H, *J = 7.5 Hz), 7.14 s (2H), 7.22 s (2H), (NH
npoToHbl He ompenaenenbl). Macc-cniektp MALDI-TOF: m/z 1367.9487. CggH123NgOs.
Berancieno 1367.9402 [M+H]".

Maxkpoterpauuka 105 cunTesupoBanu u3 KaiukckpayH-3dupa 104 (0.23 mmons, 154 wmr),
coeaunenust 54 (0.23 mmonp, 128 mr) B npucyrcreuu Pd(dba), (16 mon%, 21 mr), BINAP (18
Moa%, 26 mr), t-BuONa (0.7 mmosnb, 67 mr) B 12 mi abcomorHoro auokcana. DimoeHt: CH,Cl,
— MeOH — NHgsBoan (100:35:6). Beixox 24 mr (10%). Crektp SIMP 'H (CDCl3) 6y, m.x.: 2.78
br.s (8H), 3.09 t (4H, % = 6.4 Hz), 3.42 t (4H, *J = 6.4 Hz), 3.45-3.65 m (24H), 3.87 s (8H), 6.36
d (2H, *J = 7.3 Hz), 6.59 d (2H, %J = 7.5 Hz), 6.73 s (4H), 6.90 t (4H, *J = 7.4 Hz), 7.03 t (2H, *J
= 7.9 Hz), 7.09 d (4H, 3 = 8.3 Hz), 7.11 d (4H, *J = 8.0 Hz), (NH mpotoHs! He onpe/escHb!).
Cuextp SIMP C (CDCl3) 8¢, m.1.: 38.2 (4C), 43.5 (2C), 54.1 (2C), 55.1 (2C), 55.3 (2C), 60.4
(2C), 68.1 (2C), 68.9 (2C), 69.4 (2C), 69.5 (2C), 69.7 (2C), 70.4 (2C), 70.6 (2C), 70.7 (2C),
109.8 (2C), 114.3 (2C), 117.4 (2C), 122.8 (2C), 128.1 (2C), 129.3 (8C), 133.7 (4C), 134.2 (4C),
148.4 (2C), 156.4 (2C), 156.5 (2C), (2 yeTBepTHYHBIX aTOMa YIiepojaa He ompeacieHsl). Macc-
cektp MALDI-TOF: m/z 1065.5876. Cg4HgiN4O10. Boruncieno 1065.5953 [M+H]".

Maxkporerpaumuki 107 cunTe3upoBanu u3 KanukckpayH-3dupa 104 (0.18 mmons, 120 wmr),
coenuuenus 56 (0.18 mmoins, 108 mr) B mpucyrcrBuu Pd(dba), (16 mon%, 17 mr), BINAP (18
moa%, 20 mr), t-BuONa (0.54 mmons, 52 mr) B 9 M abcomorHoro anokcana. DimoeHt: CH,Cl,
— MeOH — NHsozxn (100:35:6). Beixox 13 mr (5%). Criextp SIMP 'H (CDCls) 84, m.x.: 2.81
br.s (8H), 3.10 t (4H, %1 = 6.2 Hz), 3.43 t (4H, 3J = 5.7 Hz), 3.46-3.75 m (28H), 3.87 s (8H), 6.34
d (2H, 3 = 7.2 Hz), 6.58 br.d (2H, *Jops = 5.8 Hz), 6.64 s (2H), 6.90 br.t (4H, 3Jops = 6.3 Hz),
6.98 t (2H, %3 = 7.3 Hz), 7.10 br.s (8H), (NH npoToHbl He onpexaencHsl). Crnektp SIMP Bc
(CDCls3) ¢, m.a.: 38.2 (4C), 43.3 (2C), 53.8 (2C), 54.6 (2C), 59.8 (2C), 68.2 (2C), 68.8 (2C),
69.7 (4C), 70.6 (4C), 70.7 (6C), 110.0 (2C), 114.3 (2C), 117.5 (2C), 122.8 (4C), 128.2 (2C),
128.9 (4C), 129.4 (4C), 133.8 (4C), 134.2 (4C), 148.3 (2C), 156.3 (2C), 156.5 (2C), (2
YeTBEPTHYHBIX aToMa yriepoaa He ompezaeiensr). Macc-cnektp MALDI-TOF: m/z 1109.6288.
CesHasN4O11. Beruucneno 1109.6215 [M+H]+.

Maxkpoterpanuka 108 cunTesupoBanu u3 KanmukckpayH-3¢upa 104 (0.18 mmons, 120 wmr),
coeaunenust 56 (0.18 mmonb, 108 mr) B npucyrcrBuu Pd(dba), (16 mon%, 17 mr), BINAP (18
moa%, 20 mr), t-BuONa (0.54 mmois, 52 Mr) B 9 Mt abcomorHoro auokcana. DimoeHT: CH,Cl,

— MeOH — NHzBoan (10:4:1). Beixoa 19 mr (10%). Criextp SIMP 'H (CDCl3) 64, m.a.: 3.05 br.s
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(8H), 3.23 t (4H, %1 = 6.0 Hz), 3.49 t (4H, *J = 6.1 Hz), 3.51-3.76 m (28H), 3.83 s (8H), 6.52 br.d
(4H, 3Jops = 4.7 Hz), 6.80 t (2H, 33 = 7.0 Hz), 6.90 t (2H, 3J = 7.3 Hz), 7.00 d (4H, 3J = 7.6 Hz),
7.15d (4H, %3 = 7.6 Hz), 7.30 d (4H, *J = 8.0 Hz), (NH mpotors! He ompexernetsr). Crexktp SIMP
B3C (CDCl3) 8¢, m.i.: 30.1 (4C), 44.0 (2C), 53.8 (4C), 58.9 (2C), 67.9 (4C), 68.3 (2C), 69.8 (2C),
70.5 (6C), 70.8 (2C), 72.7 (2C), 112.6 (4C), 122.9 (4C), 129.5 (2C), 129.8 (4C), 130.0 (4C),
131.2 (4C), 133.7 (4C), 134.6 (4C), 148.1 (2C), 156.3 (2C), 156.7 (2C). Macc-ciiekrp MALDI-
TOF: m/z 1109.6137. Cg6HgsN4O11. Beruncneno 1109.6215 [M+H]+.

Maxkporpumukia 110 cuntesupoBanmu w3 coeauHenus 55 (0.216 wmwmoms, 120 wr),
kanukc[4]apena 80 (0.216 mmonb, 183 mr) B npucyrctBuu Pd(dba); (16 mon%, 20 mr), BINAP
(18 moa%, 24 wmr), t-BuONa (0.648 mmoib, 65 mr) B 11 M aOCOMIOTHOTO JTUOKCAHA. DIIFOCHT:
CH,Cl, — MeOH — NH3zBoau (100:20:1). Beixoa 15 mr (5%). Cnexrp SIMP ' (CDCl3) 6u, M.
0.57 t (6H, %J = 7.6 Hz), 0.87 quintet (4H, 3J = 7.5 Hz), 0.95 quintet (4H, 3J = 7.5 Hz), 1.26 s
(36H), 2.78-2.84 m (8H), 3.27 t (4H, *J = 7.9 Hz), 3.47-3.71 m (20H), 3.74 s (4H), 3.87 s (8H),
6.29 d (4H, Jos = 8.3 Hz), 6.97 s (8H), 7.07 d (4H, 3Jobs = 8.3 Hz), (NH mporons! He
openenensi). Criekrp SIMP °C (CDCl3) 8¢, m.a.: 9.9 (2C), 22.1 (2C), 30.4 (2C), 31.6 (6C), 31.7
(6C), 39.4 (4C), 41.1 (2C), 53.8 (2C), 54.2 (2C), 59.9 (2C), 67.2 (2C), 69.6 (2C), 70.6 (2C), 70.7
(2C), 71.5 (2C), 112.9 (4C), 125.1 (4C), 125.5 (4C), 129.6 (4C), 132.8 (4C), 133.0 (4C), 143.9
(2C), 144.0 (2C), 147.1 (2C), 1545 (2C), 155.0 (2C), (mBa 4eTBEepTHUHBIX aTOMa YrJepoja
OeH3MIbHOTO (parMeHTa OJHO3HA4YHO He ompeneneHbl). Macc-cniektp MALDI-TOF: m/z

1241.88. CgoH113N407. Beruncneno 1241.86 [M+H]".

Maxkporpummki 111 cunresupoBanu u3 coequnenus 56 (0.15 mmons, 90 mr), kanukc[4]apena
80 (0.15 mmosb, 127 mr), B npucyrcteun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr),
t-BuONa (0.45 mmomns, 43 mr) B 7.5 mu abcomorHoro auokcana. ImoeHt. CH,Cl, — MeOH
(3:1). Bexox 35 mr (18%). Crexrp SIMP *H (CDCl3) 84, m.x.: 0.61 t (6H, J = 7.5 Hz), 0.80-
0.98 m (8H), 1.23 s (18H), 1.27 s (18H), 2.86 t (8H, %1 = 7.0 Hz), 3.28 t (4H, *J = 7.9 Hz), 3.30 t
(4H, %3 = 7.2 Hz), 3.60br.s (12H), 3.61-3.72 m (12H), 3.86 s (8H), 6.42 br.d (2H, *Jos = 7.1 H2),
6.52 br.s (2H), 6.76 br.s (2H), 6.98 s (8H), 7.10 t (2H, %) = 7.6 Hz), (NH mporoHs! He
ompexenensi). Criekrp SIMP *C (CDCl3) 8¢, m.x.: 9.9 (2C), 22.2 (2C), 29.8 (2C), 31.5 (6C), 31.7
(6C), 33.9 (4C), 39.2 (4C), 41.4 (2C), 53.7 (4C), 60.1 (2C), 68.4 (2C), 70.0 (4C), 70.6 (4C), 71.9
(2C), 111.3 (2C), 113.5 (2C), 118.0 (2C), 125.6 (4C), 125.9 (4C), 129.0 (2C), 132.9 (4C), 132.3
(4C), 143.7 (4C), 148.4 (2C), 1545 (2C), 154.9 (2C), (nBa 4eTBEpTUYHBIX aTOMa yriepoja
OeH3WIBHOTO crelicepa He ompeaenensl). Macc-cnektp MALDI-TOF: m/z  1285.8954.

C32H117N408. Brraucneno 1285.8871 [|\/|+H]+
160



MaxkpoTrpunmka 112 cunrtesupoBanu u3 coenunenus 57 (0.25 mmonsb, 150 mr), kanukc[4]apena
80 (0.25 mmoub, 212 mr) B pucyrcteun Pd(dba), (16 mon%, 23 mr), BINAP (18 mo0:1%, 28 mr),
t-BuONa (0.75 mmoib, 72 mr) B 12 mu abcomorrnoro auokcana. dmroeHt: CH,Cl, — MeOH —
NHssoax (20:5:1). Bexox 16 mr (5%). Crextp SIMP *H (CDCl3) 8, m.i.: 0.58 t (6H, 3J = 7.5
Hz), 0.82-0.97 m (8H), 1.24 s (18H), 1.27 s (18H), 2.69 br.s (8H), 3.27 t (4H, 3] = 7.3 Hz), 3.45 t
(4H, %3 = 7.5 Hz), 3.51-3.64 m (16H), 3.65 s (4H), 3.83 br.s (4H), 3.86 s (8H), 6.36 d (4H, *Jops =
7.8 Hz), 6.97 s (8H), 7.10 d (4H, 3Jobs = 7.8 Hz), (NH mpotous! He onpexenens). Crekrp SIMP
BC (CDCls) 8¢, m.1.: 9.9 (2C), 22.0 (2C), 30.0 (2C), 31.5 (6C), 31.6 (6C), 33.9 (4C), 39.3 (4C),
41.1 (2C), 54.8 (4C), 59.6 (2C), 67.2 (2C), 69.8 (4C), 70.6 (2C), 71.0 (4C), 112.8 (4C), 125.1
(4C), 125.5 (4C), 128.1 (2C), 129.6 (4C), 132.8 (4C), 133.0 (4C), 143.9 (2C), 144.0 (2C), 147.1
(2C), 154.4 (2C), 154.9 (2C). Macc-cnektp MALDI-TOF: m/z 1285.8933. CgyH117N4Os.
Berancieno 1285.8871 [M+H]".

JuaaHcui-npou3Boanoe Makporpunukiaa 113. B ogHoropnyro koinOy ¢ MarHUTHOU
Memmankoi nmomemntanu coeauHenue 111 (0.026 mmons, 33 mr), gancun xmopua (0.65 mmoib, 18
mr), kapoonat kanus (0.13 Mmmounb, 18 mr) u gobasnsanu 0.5 M aneroHuTpuia. PeakimoHHyo
CMECh MepeMelInBalii IpU KOMHATHOW TemImepaType B T€UeHHE & 4, MOocje 4yero pa30aBisuiu
nuxyopMeraHoM (10 mi1) ¥ OTGUIBTPOBBIBATIM OT OCAAKa, OCaJ0K MPOMBIBAIN AUXJIOPMETAHOM
(5-10 M), oObemuHEHHBIE OpraHuyeckue (pakiuu yrmapuBagd B Bakyyme. MaciaooOpa3HbIil
OCTaTOK pacTBOpsuin B auxjopmerane (5-10 mm) u mpombiBamu Bomod (3x5-10 mo),
OpPraHMYECKCKHUM CIION OTAensau, a 00beIMHEHHbIE BOJHBIE CJIOU 3KCTPArMpOBAINA XJIOPUCTHIM
metwiieHoM  (3x10-20  mi). Opranuueckue ¢pakiuu OOBEAMHSIIM W CYHIMJIM  HaJ
MOJIEKYIISPHBIMU cuTaMu 4A,| pacTBOpHTeNs yHapuBaiu B BAKYyMe H MONydany coeaunerne 113
B BHJIE CTEKJIOOOPA3HOTO BEIIECTBA KOPUUHEBO-3€JICHOTO I1BeTa. Brixos coctaBmi 43 mr (95%).
Y®-criektp (CH3CN): Amax = 342 1M (Ige 3.75). Criextp SIMP *H (CDClg) 8y, m.1.: 0.67 t (6H,
3] = 7.3 Hz), 0.86 s (18H), 1.08 br.s (4H), 1.26 s (18H), 1.72 br.s (4H), 2.60 br.s (8H), 2.84 s
(12H), 3.12 br.s (4H), 3.29 t (4H, *J = 7.3 Hz), 3.44-3.72 m (32H), 6.59 br.s (2H), 6.65 s (4H),
6.82 br.s (2H), 6.90 br.s (2H), 6.92 s (4H), 7.02 br.t (2H, *Jops = 5.8 Hz), 7.05 d (2H, %1 = 7.3
Hz), 7.21-7.25 m (2H), 7.38 t (2H, %J = 7.9 Hz), 7.96-8.03 m (4H), 8.47 d (2H, %J = 8.3 Hz).
Cuektp SIMP C (CDCl3) 8¢, m.ai.; 9.9 (2C), 22.3 (2C), 29.7 (2C), 31.4 (6C), 31.5 (6C), 33.4
(2C), 33.8 (2C), 38.8 (4C), 45.4 (6C), 48.1 (2C), 53.5 (4C), 58.2 (2C), 68.2 (2C), 69.7 (4C), 70.7
(4C), 72.2 (2C), 115.0 (2C), 120.2 (2C), 123.0 (2C), 125.8 (4C), 126.2 (4C), 127.6 (2C), 128.4
(2C), 128.8 (4C), 129.8 (2C), 130.3 (2C), 130.7 (2C), 132.8 (2C), 132.9 (4C), 133.4 (4C), 1345
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(2C), 138.3 (2C), 141.0 (2C), 143.4 (2C), 143.4 (4C), 151.4 (2C), 154.3 (2C), 154.6 (2C). Macc-
CIICKTP MALDI-TOF: m/z 1751.95. CloenggNﬁolzsz. Beruncneno 1751.99 [M+H]+.

Obwas memoouxa Kamaiumu4ecko2o aMuHUpPOBAaHUs 2al02eHMBEHUINPOUIBOOHBIX NOPPHUPUHOS
114, 115, 120-122, 133.

B nByropiyro xosly, 3aoTHEHHYIO aprOHOM U CHA0KEHHYI0 MAarHUTHOW MEIIAIKOW, TOMEeaIn
rajyioreH(peHuIpon3BoaHOe TopdUpUHA, HEOOXOIUMOE KOJMYECTBO MaJUIaJIUEBOTO WU
MEJHOTO KaTallu3aTropa, JIMTaHj, J00aBIsIM PACCUYUTAHHOE KOJUYECTBO COOTBETCTBYIOUIETO
aMuHa, pactBopurens U ocHoBanus. Cmech HarpeBamu (mpu 100°C B ciyuae auokcana, npu
140°C B cayuae JIM®DA) npu nepeMelnrBanuu B Teuenue 24-48 u. Ilocie oXiaxiaeHus 10
KOMHATHOW TeMIlepaTypsl JOOABISIIM B PEAKIMOHHYIO cMech mauxyopmeran (10 wur) wm
OT(QUIBTPOBBIBAIM OCAJ0K, YMApUBaId PACTBOPUTENIb B BaKyyMe, pacTBOPSIJIM OCTaTOK B
muxiopmerane (10 wmu), mocnme dero nmomonHUTenbHO GuibTpoBanu. [locne ymapuBanus
pacTBOpUTENs XpoMaTorpagupoBad OCTATOK HAa CUIIMKArese, UCHOJb3Ys MOCIeI0BaTeIbHOCTh
amoentoB CH,Cl,, CH,Cl,/MeOH (100:1-3:1), CH,Cl,/MeOH/NH;3Boga (100:20:1-10:4:1).
[leneBble TPOAYKTHI TOJIYYadHd B BHJE TBEPIBIX (KPUCTALIMICCKUX WIIH CTEKIOOOpA3HBIX)

TCMHOOKPAIICHHBIX BCIICCTB.

IIpousBoanoe mopdupuna 116 cunresupoBanu u3 noppupuna 114 (0.11 mmons, 83 wmr),
tpuokcaauamuna 7 (0.33 mmons, 73 mr) B npucyrcteuu Pd(dba); (5 mr, 8 m01%), BINAP (6 mr,
9 Mmon%), tBuONa (0.2 MMoib, 20 Mr) B 2 mut abcosroTHoro auokcana. JmoeHt CH,Cl, — MeOH
- NH3Boan = 100:20:3. Beixoa 16 mr (16%). Cnextp AMP 'H (CDCl3), 8y, m.a.: 0.98 t (6H, 8 =
7.3 Hz), 1.55 sextet (4H, 3J = 7.4 Hz), 1.75 quintet (4H, 3J = 7.3 Hz), 1.90 br.s (2H), 1.99 quintet
(2H, 3J = 5.6 Hz), 2.27 quintet (4H, 3J = 7.5 Hz), 2.52 s (6H), 3.20 br.s (2H), 3.39 br.s (2H), 3.47
s (6H), 3.49-3.60 m (8H), 3.56 s (6H), 3.62 br.s (2H), 3.68 t (2H, *J = 5.4 Hz), 3.96 t (4H, 3J =
7.3 Hz), 7.04 d (2H, *Jops = 8.2 Hz), 7.72 d (2H, Jops = 8.2 Hz), 9.81 s (1H), 9.96 s (2H), (Tpu
NH nporona He ompenenensr). Macc-cniektp MALDI-TOF: m/z 890.4753. Cs;H7oNeO3Zn.
Brrancieno m/z 890.4801 [M]".

IpousBoanoe nopdupuna 117 cuntesupoanu u3 nopdupuna 115 (0.15 mmomns, 120 wmr),
nponan-1,3-quamuna 1 (0.45 mmons, 33 wmr) B npucyrctBum Cul (3 mr, 10 mon%), 2-
(n300yTHpHI)HHKIOrekcanona (6 mr, 20 mon%), Cs,CO3 (0.225 mmoins, 75 mr) B 1 mur JIM®DA.
Bsixoz 55 mr (50%). Criextp SIMP 'H (CDCl3), 8y, m.x.: 0.98 br.s (6H), 1.55 br.s (4H), 1.71 br.s
(4H), 2.03 br.s (2H), 2.30 br.s (4H), 2.45 br.s (6H), 2.57 br.s (2H), 3.48-3.58 br.m (18H), 6.34

br.s (1H), 6.70 br.s (1H), 7.20 br.s (1H), 7.35 br.s (1H), 9.85 s (1H), 9.98 s (2H), (tpu NH
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npoToHa He omnpenenensl). Macc-ciektp MALDI-TOF: m/z 744.3803. C4sHs6NgZn. Beruucieno
m/z 744.3858 [M]".

IIpousBoanoe nopdupuna 118 cunresuposanu u3 nopdupuna 115 (0.15 mmons, 120 mr),
tpuokcaguamuda 7 (0.3 mmons, 66 wmr) B mpucyrcrBum Cul (3 wmr, 10 moa%), 2-
(n300yTHpHI)HHKIOrekcaHoHa (6 mr, 20 mon%), Cs,CO3 (0.225 mmoutb, 75 mr) B 1 mut JIM®DA.
Amoent CH,Cl, - MeOH = 3:1. Beixox 14 mr (10%). Crexrp SIMP *H (CDCl3), 8y, m..: 0.96 t
(6H, 3 = 7.3 Hz), 1.55 sextet (4H, %3 = 7.1 Hz), 1.67-1.78 m (6H), 1.95 quintet (2H, %J = 5.9
Hz), 2.28 quintet (4H, 3J = 7.2 Hz), 2.60 s (6H), 2.91 br.s (2H), 3.17 br.s (2H), 3.23 q (2H, *J =
6.1 Hz), 3.38-3.64 m (8H), 3.52 s (6H), 3.58 s (6H), 3.66 br.s (2H), 3.96-4.04 m (4H), 6.99 d
(1H, 33 = 7.7 Hz), 7.32 s (1H), 7.38 br.d (1H, 3Js = 6.6Hz), 7.47 t (1H, %) = 7.6 Hz), 9.87 s
(1H), 10.00 s (2H), (tpu NH mporona He ompeaencusl). Macc-ciektp MALDI-TOF: m/z
890.4865. Cs,H70NgO3Zn. Berancneno 890.4801 [M]".

IpounsBoaHoe moppupuna 123 cuntesupoBanm u3 noppupuna 120 (0.1 mmons, 96 wmr),
npormnan-1,3-quamuna 1 (0.3 mmoins, 22 mr) B npucyrcrsuu Pd(dba), (2.5 mr, 4 mon%), BINAP
(3 mr, 4.5 mon%), tBuONa (0.3 mmoitb, 29 mr) B 1 mut abcomorrnoro auokcana. dmoent CH,Cl,
— MeOH - NHsBoanu = 100:20:3. Beixox 46 mr (49%). Criextp SIMP 'H (CDCls), 8y, m.1.: -2.30
br.s (2H), 1.00 t (12H, 3J = 7.3 Hz), 1.57 sextet (8H, J = 7.3 Hz), 1.77 quintet (8H, *J = 7.3 Hz),
1.88 quintet (4H, *J = 6.4 Hz), 2.25 quintet (8H, *Jops = 5.8 Hz), 2.65 s (12H), 2.93 t (4H, ] = 6.4
Hz), 3.37 t (4H, J = 6.4 Hz), 4.03 t (8H, 3Jops = 5.8 Hz), 6.92 d (4H, 3Jgps = 8.1 Hz), 7.80 d (4H,
3Jobs = 8.1 Hz), 10.26 s (2H), (6 NH mpororos ne onpexerensr). Crexrp SIMP °C (CDCly), 8¢,
m.a: 14.2 (4C), 14.9 (4C), 22.8 (4C), 26.7 (4C), 32.5 (6C), 33.0 (4C), 40.2 (2C), 42.4 (2C), 96.6
(2C), 111.9 (4C), 118.4 (2C), 131.1 (2C), 133.5 (4C), 136.5 (4C), 141.3 (4C), 142.8 (4C), 145.9
(4C), 148.5 (2C). Macc-cniektp MALDI-TOF: m/z 942.7058. CgHgsNg. Brrurcneno 942.6975
[M]".

IMpousBoanoe moppupmna 125 cunresupoBanu u3 nopdupuna 122 (0.05 mmons, 48 wr),
tpuokcaauamuna 7 (0.2 mmons, 44 mr) B npucyrcreuu Pd(dba), (4.5 mr, 16 mon%), DavePhos
(3.5 mr, 18 mon%), tBuONa (0.15 mmomnb, 15 Mr) B 3 M aOCONOTHOTO TUOKCaHA. DIFOCHT
CH,Cl,-MeOH-NH3Boan = 100:20:2. Beixox 9 mr (15%). Criektp SIMP 'H (CDCl3), 6y, M.11.: -
2.45 br.s (2H), 0.95 t (12H, 33 = 7.1 Hz), 1.31 quintet (4H, *J = 5.8 Hz), 1.53 sextet (8H, 3J = 7.2
Hz), 1.72 quintet (8H, %J = 7.2 Hz), 1.96 quintet (4H, %J = 6.2 Hz), 2.19 quintet (8H, %J = 7.2
Hz), 2.66 s (12H), 2.88 t (4H, *J = 6.2 Hz), 3.03 t (4H, %] = 6.3 Hz), 3.16 t (4H, Jops = 4.9 Hz),

3.33 t (4H, *Jops = 4.6 Hz), 3.37 t (4H, 3J = 6.3 Hz), 3.41-3.67 m (12H), 3.98 t (8H, 3 = 7.0 Hz),
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7.02 d (2H, 33 = 7.7 Hz), 7.27 s (2H), 7.39 br.d (2H, 3Jops = 6.7 Hz), 7.50 br.t (2H, 3Jgps = 6.8
Hz), 10.21 s (2H), (6 NH nporonoB He onpenenensi). Macc-ciektp MALDI-TOF: m/z 1234.91.
C76H114N306. Brruncieno 1234.89 [|\/|]+

IIpousBoanoe nmoppupuna 126 cunresupoBanu u3 mopupuna 122 (0.05 mmons, 48 wmr),
nuokcaauamuna 5 (0.2 mmons, 41 mr) B npucyrcreuu Pd(dba); (4.5 mr, 16 mon%), DavePhos
(3.5 mr, 18 mon%), tBuONa (0.15 mmomab, 15 Mr) B 3 Mi1 aOCONIOTHOTO JHOKCAaHA. DJIOCHT
CH,Cl, — MeOH - NHsoau = 100:20:2. Beixox 18 mr (30%). Cuexrp SIMP 'H (CDCl3), oy,
ML -2.43 br.s (2H), 0.97 t (12H, ) = 7.0 Hz), 1.43 quintet (4H, %J = 6.6 Hz), 1.49-1.57 m
(12H), 1.69-1.76 m (12H), 1.95 quintet (4H, 3J = 5.9 Hz), 2.21 br.quintet (8H, 3Joss = 6.2 Hz),
2.53t (4H, %3 = 7.0 Hz), 2.68 s (12H), 3.14 br.t (4H, *Jops = 5.1 Hz), 3.25-3.45 m (12H), 3.57 br.t
(4H, 3Jops = 4.6 Hz), 4.00 t (8H, %3 = 7.0 Hz), 7.02 d (2H, 3J = 7.1 Hz), 7.30 s (2H), 7.43 br.d
(2H, 3Jobs = 5.6 Hz), 7.51 t (2H, 3J = 7.3 Hz), 10.20 (2H), (6 NH npOTOHOB HE ONpeeNeHbI).
Crextp SIMP °C (CDCly), 8¢, m.ii: 14.2 (4C), 14.4 (4C), 22.8 (4C), 26.3 (2C), 26.4 (2C), 26.7
(4C), 29.5 (2C), 32.5 (6C), 33.0 (4C), 39.4 (2C), 42.3 (2C), 68.7 (2C), 69.4 (2C), 70.5 (2C), 70.8
(2C), 96.6 (2C), 112.7 (2C), 118.1 (2C), 118.6 (2C), 122.8 (2C), 128.2 (2C), 136.4 (4C), 141.2
(4C), 143.0 (4C), 145.0 (4C), 148.0 (2C), (nBa 4eTBEepTHUYHBIX aTOMa YIJIepPO/a HE OMPEICIICHbI).
Macc-cniektp MALDI-TOF: m/z 1202.91. C76H114NgO4. Beraucnerno 1202.90 [M]".

IIpousBoanoe noppupuna 129 Obu1 BeIJICNIEH NPU CUHTE3€ coennHenus 125 u3 nopdupuna 122
(0.05 mmoutb, 48 mr), nuokcaauamuna 5 (0.2 mmosb, 41 mr) B mpucyrcteuu Pd(dba), (4.5 mr, 16
mMon%), DavePhos (3.5 mr, 18 mon%), tBuONa (0.15 mmomab, 15 mMr) B 3 Ma abCOMIOTHOTO
nuokcana. DmoeHT CHLCly - MeOH = 3:1. Beixox 7 mr (12%). Crnektp SIMP 'H (CDCly), 6y,
M.I.: -2.45 br.s (2H), 0.95 t (12H, 3J = 7.1 Hz), 1.52 sextet (8H, *J = 7.2 Hz), 1.68-1.75 m (10H),
1.90 quintet (2H, %J = 6.7 Hz), 2.18 quintet (8H, 3] = 6.9 Hz), 2.64 s (12H), 2.87 br.s (2H), 2.94
br.s (2H), 3.14 br.s (2H), 3.28 t (2H, *J = 6.2 Hz), 3.37 br.s (2H), 3.56 br.s (6H), 3.96 br.s (8H),
7.04d (1H, %) = 7.8 Hz), 7.28 s (1H), 7.41 d (1H, %3 = 7.1 Hz), 7.48 t (1H, J = 7.6 Hz), 7.60 t
(1H, 33 = 7.5 Hz), 7.93 d (1H, %) = 8.2 Hz), 8.01 d (1H, % = 8.1 Hz), 8.27 s (1H), 10.22 s (2H),
(tpu NH mpotona ne ompenenensl). Macc-ciektp MALDI-TOF: m/z 1094.66. CgsHg1BrNgOs.
Brruncneno 1094.63 [M]".

IIpousBoanoe noppupuna 130 Obu1 BEIJIENIEH IPU CUHTE3€e coeanHeHus 126 u3 nopdupuna 122
(0.05 mmomn, 48 mr), nuokcaguamuna 5 (0.2 mmotb, 41 mr) B npucyrcteuu Pd(dba); (4.5 mr, 16
moa%), DavePhos (3.5 mr, 18 mon%), tBuONa (0.15 mmomas, 15 mr) B 3 mMa abCoIOTHOTO

nuokcana. Dmoent CH,Cl, - MeOH = 10:1-3:1. Beixoa 10 mr (18%). Criektp SIMP 'H (CDCls),
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i, M.L: -2.35 br.s (2H), 0.95 br.t (12H, 3Jgps = 6.2 Hz), 1.25-1.63 br.m (14H), 1.72 br.s (8H),
1.90 br.s (2H), 2.20 br.t (8H, 3Jos = 7.0 Hz), 2.65 s (12H), 2.94-3.65 br.m (12H), 3.97 br.s (8H),
7.01 br.d (1H, 3Jops = 7.0 Hz), 7.27 s (1H), 7.40 br.d (1H, 3Joss = 6.1 Hz), 7.50 br.t (1H, 3Jops =
7.0 Hz), 7.60 br.t (1H, Jgps = 7.2 Hz), 7.95 d (1H, 3J = 7.5 Hz), 8.03 d (1H, 3J = 8.2 Hz), 8.28 s
(1H), 10.23 s (2H), (tpu NH mportona He ompenencHsl). Macc-ciektp MALDI-TOF: m/z
1078.65. CggHo1BrNgO». Brrunciieno 1078.64 [M]+.

Konnrorar 134 cunresuposanu u3 nopdupuna 133 (0.15 mmois, 113 mr), coeaunenus 15 (0.15
MMOJIb, 64 mr) B mpucyrcrBuu Pd(dba), (7 mr, 8 mon%), BINAP (8.5 mr, 9 mon%), tBuONa
(0.23 mmoutb, 22 mr) B 2 mut abcommoTHoro auokcana. dimroeHt CH,Cl, - MeOH = 10:1. Temuo-
KPACHBIM KpHCTAUIMYecKuil mopomok, T. . 148-150°C. Beixox 24 mr (15%). Y®-crekrp
(CH3CN): Amax = 409 um (lge 5.55), 539 (4.32), 574 (4.13). Cnextp SIMP 'H (CDCl3), 8y, M.1.:
0.97 t (6H, J = 7.3 Hz), 1.51 sextet (4H, J = 7.3 Hz), 1.69 quintet (4H, J = 7.4 Hz), 2.12 quintet
(4H, J =7.4 Hz), 2.25 br.s (2H), 2.51 s (6H), 2.70-3.50 br.m (26H), 3.11 br.s (2H), 3.34 t (2H, J
= 6.2 Hz), 3.41 s (6H), 3.43 s (6H), 3.71 t (4H, J = 7.4 Hz), 6.06 br.s (1H), 6.27 br.s (2H), 6.80 t
(1H, Jobs = 6.9 Hz), 6.92 d (1H, Jops = 6.8 Hz), 7.14 s (1H), 7.32 d (1H, Jops = 6.2 Hz), 7.44 t (1H,
J = 7.6 Hz), 9.42 s (1H), 9.82 s (2H), (Jlsa NH nporona He ompexnenensi). Crekrp SIMP °C
(CDCly), 8¢, m.a: 11.5 (2C), 12.1 (2C), 14.1 (2C), 15.1 (2C), 22.7 (2C), 26.3 (2C), 28.5 (1C),
32.4 (2C), 33.0 (2C), 41.6 (1C), 41.7 (1C), 51.9 (2C), 57.3 (1C), 68.8 (2C), 69.4 (4C), 69.6 (4C),
95.8 (1C), 96.7 (2C), 102.6 (1C), 112.5 (1C), 118.8 (1C), 123.0 (2C), 128.0 (1C), 135.6 (20),
137.8 (2C), 138.4 (2C), 140.9 (2C), 144.4 (1C), 146.8 (2C), 146.9 (2C), 147.5 (2C), 147.7 (2C),
149.1 (1C), 149.2 (1C), (4 dyerBepTHUHBIX aToMa YIJepoia HE OIpeieicHbl). Macc-CrekTp
MALDI-TOF: m/z 1095.5976. Cg4HgsN;OsZn. Beruncierno 1095.5904 [M]".

Konsbtorat 135 cunrezupoBanu u3 nopdupuna 121 (0.11 mmons, 111 mr), coenunenus 15 (0.22
MMOJIb, 94 Mr) B mpucytctBun Pd(dba), (5 mr, 8 mon%), BINAP (6 mr, 9 mon%), tBuONa (0.33
MMOJIb, 32 Mr) B 2 M1 abcomroTHoro auokcana. dimroeHt CH,Cl, — MeOH - NH3eoau = 100:35:6
- 10:4:1. Beixox 28 mr (15%). TeMHO-KpacHBIi KPUCTAJUTMYECKUH MOPOIIOK, T. 1. 128-130°C.
V®-ciektp (CH3CN): Amax = 417 um (Ige 4.80), 546 (3.45), 578 (3.17). Crmektp SIMP 'H
(CDCly), oy, m.a.: 0.96 t (12H, J = 7.3 Hz), 1.53 sextet (8H, J = 7.0 Hz), 1.73 quintet (8H, J =
6.8 Hz), 2.01 br.s (4H), 2.18 quintet (8H, J = 6.4 Hz), 2.56 s (12H), 2.70 br.s (8H), 3.21 br.s
(4H), 3.35-3.68 m (48H), 3.94 t (8H, J = 7.1 Hz), 6.44 d (2H, Jops = 5.4 Hz), 6.63 d (4H, Jobs =
7.0 Hz), 6.93 d (4H, Jobs = 7.8 Hz), 7.10 t (2H, J = 7.8 Hz), 7.77 d (4H, Jops = 7.8 Hz), 10.10 s
(2H), (4 NH mporona se ompenernensr). Crextp SIMP °C (CDCL), 8¢, m.n:  14.2 (4C), 15.5

(4C), 22.8 (4C), 26.7 (4C), 29.6 (2C), 32.5 (4C), 33.1 (4C), 42.0 (2C), 42.2 (2C), 53.6 (4C), 59.3
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(2C), 69.7-70.6 m (20C), 97.0 (2C), 111.7 (2C), 112.0 (4C), 114.3 (2C), 118.4 (2C), 128.7 (2C),
129.0 (4C), 133.7 (4C), 138.2 (4C), 142.8 (4C), 146.2 (4C), 148.2 (2C), 148.4 (4C), (4
YeTBEPTUYHBIX aroma yriepoia He ompenenensl). Macc-ciektp MALDI-TOF: m/z 1707.03.

C100H142N10010Zn. Beraucieno 1707.0202 [M]+

Konnrwrar 136 cunresupoBaiu u3 nopdupuna 120 (0.1 mmons, 96 mr), coenunenust 14 (0.2
MMOJIb, 76 mr) B mpucyrcrBuu Pd(dba), (9 mr, 16 mon%), BINAP (11 mr, 18 m0:1%), tBUONa
(0.3 Mmmomb, 29 mr) B 1 mi abcomotHoro auokcana. Dmoent CH,Cl, — MeOH - NHgBoau =
100:20:3. Boixox 32 mr (20%). Y®-crekrp (CH3CN): Amax = 410 1w (Ige 5.03). Crexrp SIMP *H
(CDCls3), 64, m.a.: -2.40 br.s (2H), 0.95 t (12H, J = 7.2 Hz), 1.51 sextet (8H, J = 7.3 Hz), 1.71
quintet (8H, J = 7.4 Hz), 2.15 quintet (4H, J = 5.8 Hz), 2.19 quintet (8H, J = 7.1 Hz), 2.61 s
(12H), 2.84 br.s (8H), 3.42 t (4H, J = 6.3 Hz), 3.53 t (4H, J = 6.1 Hz), 3.64 br.s (36H), 3.98 t
(8H,J=7.0Hz), 6.60d (2H, J = 7.6 Hz), 6.69 d (2H, Jons = 7.1 Hz), 6.86 br.s (2H), 6.98 d (4H,
Jobs = 8.1 Hz), 7.17 t (2H, J = 7.7 Hz), 7.79 d (4H, Jops = 8.1 Hz), 10.20 s (2H), (4 NH npotona
ne onpexenenst). Crekrp SIMP *C (CDCls), 8¢, m.z: 14.2 (4C), 14.9 (4C), 22.8 (4C), 26.7 (4C),
29.5 (2C), 32.5 (4C), 33.0 (4C), 42.2 (2C), 42.4 (2C), 54.4 (4C), 60.7 (2C), 69.9 (4C), 70.2 (4C),
70.5 (4C), 70.9 (4C), 96.6 (2C), 111.1 (2C), 112.0 (4C), 113.7 (2C), 118.1 (4C), 122.5 (2C),
129.1 (2C), 133.5 (4C), 136.5 (4C), 141.3 (4C), 142.8 (4C), 145.8 (2C), 148.3 (2C), 148.4 (2C),
(4 yeTBepTUUYHBIX aTOMa yriepojaa He onpeneneHbl). Macc-cniektp MALDI-TOF: m/z 1557.04.
CosH136N100s. Beramcieno 1557.0543 [M]".

Obwas memoouka Kamaiumuiecko2o apuiupo8anus MaKpoyukios u mMakpoouyukios 4- u 3-
opompenunnopupunamamu yunxa 114 u 133.

B nByropayro kon0y, 3aloJIHEHHYIO apTOHOM M CHa0KEHHYI0 MAarHUTHON MEIIaIKOU, MoMeIaiu
rajioreH(peHunnpon3BogHoe  mopdupuHa,  HEOOXOIMMOE  KOINMYECTBO  MAJIaJAHEBOTO
KaTajau3aTopa, JUTaH], JOOaBISUTH PACCYMTAHHOE KOJMISCTBO COOTBETCTBYIOMIETO MAKPOITUKIIA
WIM MaKpOOWIIMKIIA, JWOKCaHa W mpem-OyTtmiiata HaTpus. CMech IEepeMeluBaIN TpU
KursiueHuu B TedeHue 24 4. [locrme oxnakIeHus MO0 KOMHATHOM TemmepaTypbl N0OaBIsuIH B
peakumoHHyl0 cMech auxiopmeraH (10 M) W OTOUIBTPOBBIBAIIM OCANOK, YHapUBAIU
pacTBOpUTENb B BaKyyMe, pPacTBOpsUIM OCTarok B auxjopmerane (10 mi), mocne uyero
JOTIOTHATEBHO  (punmbTpoBanm. [lociie ymapuBaHWS pacTBOPHUTENS XpomaTorpadupoBaim
OCTaTOK Ha CHJIMKAarese, MUCIOJb3ys TocienoBareabHocTh dmoeHToB CH,Cl,, CH,Cl,/MeOH
(100:1-3:1), CH,Cl,/MeOH/NH3sBomnu (100:20:1-10:4:1). LleneBbie MpOAYKTHI MOTyYaad B BUJIS

TBEP/BIX (KPUCTATUTMUECKUX UM CTEKIO00PA3HbIX) TEMHOOKPALICHHBIX BEILIECTB.
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Tpucmakpouuka 138 cunresupopaiin u3 nopupuna 114 (0.25 mmons, 189 Mmr), coenuneHus
137 (0.125 mmous, 46 mr) B npucyrcteuu Pd(dba), (16 mon%, 12 mr), DavePhos (18 mon%, 9
mr), t-BuONa (0.375 mmonb, 36 Mr) B 3 mut abcomtotHoro auokcana. DmoeHT: CH,Cly. Boixon
58 mr (27%). Y-criektp (CH3CN): Amax = 409 um (Ige 5.07). Crextp SIMP *H (CDCls) 8y, M.z
0.97-1.03 (12H, 4 tpumera ¢ °J = 7.1-7.2 I'ny), 1.47-1.57 M (8H), 1.60-1.70 M (8H), 1.98-2.07 m
(8H), 2.08-2.35 (4H, 4 kBunTera ¢ °J = 6.0-6.8 I'rr), 2.60 ¢ + 2.65 ¢ + 2.69 ¢ + 2.77 ¢ (12H), 3.28
c+329¢+330c+331lc+332c+3.38c+343c+ 347 c (24H), 3.45-3.57 m (8H), 3.60 T
(J=58Tu) +3.661(J=561Tu)+3751(31=5.8Tu) (4H), 4.08 T (I =6.9'y) +4.17 v (*J
=6.8Tu)+4221(C1=72Tw)+4311(31=6.8Twu) (4H), 711 1 (I =71Tu) +7.25 1 (J =
7.2Tu) +7.32 1 3J = 7.5 I'n)) (2H), 7.33-7.94 M (12H), 8.96-8.99 M (2H), 9.65 ¢ + 9.68 ¢ + 9.72
¢ (4H). Cuextp SIMP C (CDCls) 8¢, m.a. (B obmactu 100-150 M. B CBS3U C HalHuueM
HECKOJIbKUX CHUTHAJIOB JUIS KaXKJOT0 HEIKBUBAICHTHOI'O aTOMa YIJIepoJia, MPEAOI0KUTEIBHO,
BBUJIYy HAJIMYUsI HECKOJIBKUX KOH(POPMEPOB, HE MPUBOAATCS MHTETPAIbHBIC HHTCHCUBHOCTH H3-
3a HEBO3MO)KHOCTH TOYHOTO OTHeceHus curHanoB): 11.29 (4C), 12.05 + 12.11 + 12.19 (4C),
14.14 (4C), 15.54 + 15.61 (4C), 22.69 (4C), 26.04 (4C), 28.08 + 28.22 + 28.38 (2C), 32.31 (4C),
32.76 (4C), 49.45 + 49.53 + 49.61 (2C), 65.17 (2C), 68.50 + 68.64 + 68.71 + 68.86 (2C), 70.20 +
70.31 + 70.38 +70.49 + 70.66 (2C), 95.56 (2C), 96.62 (4C), 119.35-119.69 m, 120.14-121.42 wm,
125.83 + 125.97, 126.80, 128.04 + 128.13, 129.30 + 129.37 + 129.45, 133.94 + 134.01, 135.26,
137.39-137.91 ™, 140.60, 143.31 + 143.47, 145.39 + 145.45, 146.62 + 146.66, 147.14 — 147.57
M, 148.99 + 149.07 + 149.14 + 149.28. CnexTpsl u ux ¢parMeHTsl npuBeaeHsl Ha Puc. 1142 u
[143. Macc-cniekrp MALDI-TOF: m/z 1710.85. Cy96H122N1003Zn;. Berurcieno 1710.83 [M]".

Bucmakpouuka 139 Obl10 BbIENEeHO MpU cuHTe3e coeannenus 138 u3 mopdupuna 114 (0.25
MmO, 189 mr), coemunenust 137 (0.125 mmons, 46 mr) B npucyrcrsun Pd(dba), (16 mon%, 12
mr), DavePhos (18 mon%, 9 mr), t-BuONa (0.375 mmoi1b, 36 Mr) B 3 Mi1 aOCOTFOTHOTO JUOKCAHA.
Omoent: CH,Cl, — MeOH (100:1).Beixon 36 mr (28%). TemMHO-KpacHBIH KpHUCTALTHYSCKUN
mopomok, . mwr. 188-192°C. V®-ciektp (CH3CN): Amax = 411 uwm (Ige 5.27). Crexrp SIMP 'H
(CDCl3) 8, m.1.: 098t (33 = 7.3 Hz) + 1.00 t (3J = 7.3 Hz) (6H), 1.48-1.59 m (4H), 1.62-1.78 m
(6H), 2.02-2.13 m (4H), 2.15-2.24 m (2H), 2.59 s + 2.71 s (6H), 2.96 br.s + 3.09 br.s (2H), 3.16-
3.64 m (10H), 3.38 s + 3.49 s + 3.53 5 + 3.54 5 (12H), 3.79t (2H, 3J = 7.1 Hz), 4.08 t 31 = 6.7
Hz) + 4.27 t (3J = 4.8 Hz) (2H), 5.60 br.s + 5.99 br.s (1H), 6.67 t (3J = 7.1 Hz) + 6.80 m (1H),
6.90 t (33 =8.1 Hz) + 7.07 t (3 = 7.6 Hz) (1H), 7.29-7.83 (10H), 9.22 s + 9.46 s (1H), 9.80 s +
9.89 s (2H). Cnektp SIMP B3C (CDCls) 8¢, m.a. (B o6macti 100-150 M.A. B CBS3M C HAIMYHEM
HECKOJIbKAX CHUTHAJIOB JUIS KaXKJIOTO HEIKBHBAJICHTHOIO aTOMa YIriIepoja, MPEanoioKUTEeIbHO,

BBUAY HAJIWYNA HCCKOJIBKUX KOH(bOpMepOB, HC MMPUBOJATCA MHTCTPAJIbHBIC MHTCHCUBHOCTH U3-
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3a HEBO3MOKHOCTH TOYHOTO OTHeceHus curHamoB). 11.39 + 11.53 (2C), 12.09 + 12.19 (20C),
14.14 (2C), 15.45 + 15.54 (2C), 22.71 + 22.77 (2C), 26.20 + 26.32 (2C), 27.40 (1C), 27.88 +
27.99 (1C), 32.33 (2C), 32.82 + 32.97 (2C), 40.03 (1C), 49.33 (1C), 62.63 (1C), 68.26 + 68.36
(1C), 70.13 — 70.83 m (4C), 95.75 + 95.81 (1C), 96.65 + 96.78 (2C), 111.25-117.92 m, 119.47-
122.39 m, 125.89-129.09 m, 129.60, 133.64-134.28 m, 135.42 + 135.48, 137.62-138.19 m,
140.77 + 140.92, 141.62, 143.00, 144.97 + 145.33, 146.80-147.02 m, 147.49-147.73, 148.79 +
149.20. Macc-cniekrp MALDI-TOF: m/z 1040.5214. Cg4H76N6O3Zn. Boeruuciaeno 1040.5270
[M]".

Tpucmakpouuka 141 cunresupoBanu u3 nopupuna 114 (0.2 mmons, 151 mr), coenuHeHHus
140 (0.1 mmomnb, 34 mr) B npucyrcruu Pd(dba); (16 mon%, 9 mr), DavePhos (18 mon%, 7 mr),
t-BuONa (0.3 mmoinb, 30 mr) B 1.5 mu abcomornoro guokcana. Dmoent: CH,Cl, — MeOH
(100:1). Beixox 30 mr (18%). TeMHO-KpacHbIH KPUCTAIMYECKUH NOPOIIOK, T. . 330-335°C.
Y®-criektp (CH3CN): Amax = 410 um (Ige 5.66). Crexrp SIMP *H (CDCl3) 8, m.x.: 0.97 br.s
(12H), 1.30 br.s (8H), 1.73 br.s (8H), 2.06 br.s (4H), 2.26 br.s (20H), 3.10-4.20 br.m (44H), 4.42
br (4H), 7.38 br (2H), 7.57 br. (6H), 7.71 br.s (2H), 7.94 br.s (4H), 10.02 br.s (6H). Macc-criektp
MALDI-TOF: m/z 1684.78. C104H120N1003Zn,. Beraucieno 1684.81 [M]".

Bucmakpouuka 142 Obi10 BbIIENEHO Mpu cuHTe3e coeauHeHus 141 u3 mopdupuna 114 (0.2
MMoutb, 151 mr), coenunenus 140 (0.1 mmons, 34 mr) B nmpucyrctuu Pd(dba), (16 mon%, 9 mr),
DavePhos (18 moa%, 7 wmr), t-BuONa (0.3 mmoms, 30 mr) B 1.5 M1 aGcomrOTHOrO IHOKCaHa.
Omoent: CHyCly. Beixog 12 mr (12%). TeMHO-KpacHBIN KPUCTAIMYECKUN TOPOIIOK, T. TUI.
215-217°C. Criexrp SIMP 'H (CDCl3) 8, m.1.: 0.99 t (6H, %J = 6.4 Hz), 1.52-1.60 m (4H), 1.74
br.s (4H), 2.06 br.s (2H), 2.13-2.21 m (4H), 2.28 br.s (2H), 2.43 s (6H), 3.31 br.s (2H), 3.46 s
(6H), 3.50 s (6H), 3.50-3.84 m (16H), 3.98 br.s (4H), 4.12 br.s (2H), 6.80 br.s (1H), 7.13 d (1H,
) = 9.3 Hz), 7.30-7.37 m (3H), 7.42-7.92 m (6H), 9.87 s (2H), 10.13 (1H). Macc-crektp
MALDI-TOF: m/z 1014.5049. C¢;H74NsO3Zn. Beruncneno 1014.5114 [M]".

Bucmakpouuka 142a cunresuposanu u3 nopdupuna 133 (0.2 mmons, 151 Mr), coenuHeHus
140 (0.1 mmomns, 34 mr) B nmpucyrcruu Pd(dba),; (16 mon%, 9 mr), DavePhos (18 mon%, 7 mr),
t-BuONa (0.3 mmoinb, 30 mr) B 1.5 mu abcomorroro guokcana. Dmoent: CH,Cl, — MeOH
(50:1). Beixon 10 mr (6%). TeMHO-KpacHBIA KPHCTAIUIMUECKUH TOpoInoK, T. mi. 148-150°C.
Cnekrp SIMP 'H (CDCls) 8y, m.1.: 0.97 t (6H, 2J = 7.3 Hz), 1.55 sextet (4H, ] = 7.4 Hz), 1.72
quintet (4H, 2J = 7.2 Hz), 1.83 br.quintet (2H, 3Jops = 5.7 Hz), 2.13 br.s (2H), 2.24 quintet (4H, 3J

= 7.3 Hz), 2.67 s (6H), 3.45-3.60 m (8H), 3.55 s (12H), 3.60-3.65 m (4H), 3.66-3.71 m (2H),
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3.71-3.75 m (2H), 3.92 t (4H, % = 7.4 Hz), 4.00 t (2H, 3J = 6.5 Hz), 4.20 t (2H, *J = 7.5 Hz),
7.01d (1H, 33 =8.2 Hz), 7.50 dd (1H, ) = 8.7 Hz, “J = 2.3 Hz), 7.59 d (1H, *J = 7.2 Hz), 7.62-
7.68 m (3H), 7.74 s (1H), 7.77 d (1H, *J = 7.2 Hz), 7.90 s (1H), 8.44 s (1H), 9.81 s (1H), 10.04 s
(2H), (NH nporons! He onpegernenst). Crnexrp SIMP *C (CDCls) 8¢, m.x.: 11.6 (2C), 12.2 (2C),
14.1 (2C), 15.7 (2C), 22.8 (2C), 26.5 (2C), 27.7 (1C), 29.7 (1C), 32.4 (2C), 32.9 (2C), 43.2 (1C),
49.5 (1C), 68.1 (1C), 69.5 (1C), 70.3 (1C), 70.6 (1C), 71.0 (1C), 71.2 (1C), 96.6 (1C), 97.3 (2C),
112.0, 118.8, 121.0, 121.3, 124.1, 126.5, 127.8, 128.4, 128.6, 128.8, 128.9, 135.8, 136.2, 137.9,
138.3, 138.8, 141.4, 1415, 145.6, 146.1, 146.9, 147.1, 147.3, 148.1, 148.4 (e Bce cCUrHambl
YETBEPTUUYHBIX aTOMOB YTIJIEpOAA, OTHOCAIIHUECA K HOp(i)I/IpI/IHOBOMy MaKpOnuKiy, OJHO3HAYHO
OTHECeHbI W umHTerpupoBanbl). Macc-ciektp MALDI-TOF: m/z 1014.5189. CgH74NgO3Zn.
Brrancieno 1014.5114 [M]".

Tpucmakpouuka 143 cunresupoBanu u3 nophupuna 121 (0.1 mmoinb, 102 mr), coequHeHus
137 (0.2 mmonsb, 74 mr) B npucyrcrBuu Pd(dba); (16 mon%, 9 mr), DavePhos (18 mon%, 7 mr),
t-BuONa (0.3 mmouts, 29 mr) B 2 mut abcosrotHoro auokcana. diroent: CH,Cl, — MeOH (100:1).
Boixoz 14 mr (9%). TeMHO-KpacHBIN KPUCTAILIMYECKUHI TOPOIIOK, T. 11, 195-200°C. Y ®-cniektp
(CH3CN): Amax = 416 um (Ige 5.29). Crextp SIMP *H (CDCls) 8y, m.1.: 1.00 t (12H, 3J = 7.3 Hz),
1.54-1.61 m (12H), 1.78 quintet (8H, 3J = 7.4 Hz), 2.17-2.26 m (12H), 2.63 s (12H), 3.24 br.t
(4H, 3Jops = 4.7 Hz), 3.31 br.s (4H), 3.33-3.63 m (16H), 3.67 br.t (4H, *Jops = 4.9 Hz), 4.00 br.s
(8H), 4.21 t (4H, 3] = 6.1 Hz), 5.70 br.s (2H), 6.12 br.s (2H), 6.90 d (2H, 3J = 7.2 Hz), 7.00 t
(2H, %3 = 7.1 Hz), 7.16 d (2H, %3 = 7.3 Hz), 7.28 d (2H, 3J = 8.5 Hz), 7.36-7.43 m (8H), 7.87 d
(4H, %) = 7.6 Hz), 10.14 s (2H), (NH nporous! He onpexnenenst). Crexrp SIMP *C (CDCls) &,
M. 14.2 (4C), 15.4 (4C), 22.9 (4C), 26.9 (4C), 27.8 (2C), 27.9 (2C), 32.7 (4C), 33.2 (4C), 42.9
(2C), 49.1 (2C), 68.5 (2C), 70.5 (2C), 70.7 (2C), 70.8 (2C), 70.9 (2C), 80.0 (2C), 97.2 (2C),
111.2 (2C), 113.1 (2C), 116.9 (2C), 118.9 (2C), 120.2 (4C), 120.4 (2C), 129.0, 129.1, 134.1
(4C), 137.2, 137.9, 141.9, 143.1, 146.3, 147.2, 147.5, 148.1, 149.3, (6 4eTBEpTUUHBIX aTOMOB
yriepoaa OupeHMITFHBIX (PParMeHTOB HE ONPENIEICHbI, He BCE CUTHAJIBI YETBEPTUYHBIX aTOMOB
yriepoja, OTHOCSIIMECS K TMOpQUPHUHOBOMY MAaKpOLMKIY, OJHO3HAYHO OTHECEHBl U
uHTerpuposanbl). Macc-cniekrp MALDI-TOF: m/z 1596.9069. CiooH124NgOsZn. Brrumcneno
1596.8935 [M]".

Bucmakpouunka 144 Owiio BbIIENeHO Npu cuHTe3e coeauHeHus 143 u3 mopdupuna 121 (0.1
MMoJIb, 102 mr), coequnenus 137 (0.2 mmons, 74 mr) B npucyrctBuu Pd(dba); (16 mon%, 9 mr),
DavePhos (18 mon%, 7 wmr), t-BuONa (0.3 mmomb, 29 Mr) B 2 mur abCOFOTHOTO JTHOKCaHA.

Omoent: CHLCl; — MeOH (500:1). Beixox 20 mr (16%). TeMHO-KpacHBIN KpUCTAUTMYECKHIMA
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nopowox, T. wi. 148-150°C. Y®-ciekrp (CH3CN): Amax = 414 uwm (Ige 5.28). Crexrp SIMP ‘H
(CDCl3) 84, m.i.: 0.98 t (6H, %3 = 7.1 Hz), 0.99 t (6H, *J = 7.1 Hz), 1.52-1.60 m (10H), 1.70-1.80
m (8H), 2.16-2.25 m (10H), 2.45 s (6H), 2.61 s (6H), 3.13 br.t (2H, 3Joss = 4.5 Hz), 3.23 br.s
(2H), 3.33-3.60 m (8H), 3.65 br.t (2H, 3Jops = 5.3 Hz), 3.93-4.02 m (8H), 4.20 t (2H, *J = 6.1
Hz), 5.49 br.s (1H), 5.91 br.s (1H), 6.87 d (1H, *J = 7.3 Hz), 6.93 t (1H, 3J = 7.3 Hz), 7.14 d (1H,
3] =7.2 Hz), 7.27 d (1H, ) = 8.7 Hz), 7.31-7.40 m (5H), 7.70-7.80 m (2H), 7.84 d (2H, %1 = 8.0
Hz), 8.08 d (2H, %J = 8.0 Hz), 10.14 s (2H), (NH MPOTOHBI HE OMpeeneHbl). Macc-CreKTp
MALDI-TOF: m/z 1228.6770. C7gHgsNsOsZn. Beraucieno 1228.6835 [M]*.

TerpamakpouukJy 145 Obu10 BBIACICHO TP CHHTE3e coennHenus 143 u3 nopdupuna 121 (0.1
Mmouib, 102 mr), coenunenus 137 (0.2 mmonb, 74 mr) B npucyrctuu Pd(dba); (16 mon%, 9 mr),
DavePhos (18 mon%, 7 wmr), t-BuONa (0.3 mmomas, 29 Mr) B 2 mir abCOJIFOTHOrO JHOKCaHA.
Amoent: CH,Cl, — MeOH (200:1). Boixog 11 mr (9%). Criextp SIMP *H (CDCls) 8y, m.a.; 0.96 t
(6H, *J = 7.1 Hz), 0.98 t (18H, 33 = 6.9 Hz), 1.56 br.s (16H), 1.75 br.s (16H), 1.84-1.94 m (6H),
2.20 br.s (18H), 2.63 s (12H), 2.67 s (12H), 3.22 t (2H, J = 5.6 Hz), 3.40-3.78 m (24H), 3.92
br.s (4H), 3.99 br.s (12H), 4.22 br.s (6H), 6.50 d (2H, *J = 7.8 Hz), 6.60 d (2H, %J = 7.3 Hz), 6.82
s (2H), 6.90 t (2H, 3J = 7.8 Hz), 7.02 s (2H), 7.19 t (2H, % = 7.5 Hz), 7.21 t (2H, 3J = 7.7 Hz),
7.32-7.52 m (11H), 7.89-8.10 m (8H), (NH mporousr He ompenenensr). Crexrp SIMP *C
(CDCls3) é¢, m.u.: 14.04 (2C), 14.18 (6C), 15.45 (4C), 15.52 (4C), 22.84 (8C), 26.81 (8C), 27.55
(2C), 28.26 (1C), 28.74 (1C), 32.52 (2C), 32.59 (6C), 33.10 (8C), 42.61 (1C), 47.66 (1C), 52.79
(1C), 53.40 (1C), 68.73 (1C), 70.55 (4C), 70.78 (2C), 70.94 (4C), 71.12 (1C), 97.45 (4C); (8
apoOMaTH4ecKoil 00JacTH CUTHAIBl aTOMOB YIJIEpOAa HEJOCTATOYHO XapPaKTEPUCTHUYECKHE B
CBA3M C OOJBUIMM KOJMYECTBOM AaTOMOB yrjiepoja, oO0JaJaloluX O4YeHb OJIM3KUMU
XMUMHYECKUMH CIBUTaMH W 00pasyromux ciokHbie MyipTuruiers); 110.53, 110.81, 111.20,
112.31, 115.31, 115.98, 116.41, 120.19-120.47 m, 129.24, 129.34, 129.49, 133.31, 134.02,
134.11, 134.28, 138.13, 142.63, 143.01, 143.34-143.46 m, 144.82, 146.38, 147.71, 148.18,
148.88, 149.21. Macc-cniektp MALDI-TOF: m/z 2455.42. Cis6H190N1206Zn0;. Beramcieno
2455.35 [M]".

IMenramakpouuka 146 ObUTO BBIAEICHO MpH cuHTe3e coenuuenus 143 nu3 moppupuna 121 (0.1
Mmoutb, 102 mr), coenunenus 137 (0.2 mmonb, 74 mr) B nmpucyrctuu Pd(dba); (16 mon%, 9 mr),
DavePhos (18 mon%, 7 wmr), t-BuONa (0.3 mmoab, 29 Mr) B 2 Ma aOCONIOTHOIO JHOKCaHa.
Amoent: CH,Cl, — MeOH (100:1). Beixog 13 mr (9%). Criextp SIMP *H (CDCls) 8y, m.a.; 1.00 t
(24H, 3J = 7.1 Hz), 1.51-1.65 m (20H), 1.72-1.83 m (16H), 2.17 br.s (8H), 2.13-2.28 m (16H),

3.07 br.s (4H), 3.30-3.48 m (24H), 3.57 br.t (4H, 3Jeps = 4.4 Hz), 3.64 t (8H, 3J = 5.4 Hz), 4.00
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br.s (16H), 4.20 br.s (8H), 5.80 s (2H), 6.06 s (1H), 6.07 s (1H), 6.33 s (2H), 6.87 d (2H, %1 = 8.5
Hz), 7.05 t (2H, 3J = 7.5 Hz), 7.13 d (2H, 3J = 7.6 Hz), 7.27-7.52 m (20H), 7.86 d (4H, *J = 7.6
Hz), 7.97 d (4H, 3J = 7.5 Hz), 10.15 s (4H), (NH nporons! He onpexnenerst). Crextp SIMP *C
(CDCls3) é¢, m.a.: 14.22 (8C), 15.41 (4C), 15.51 (4C), 22.86 (8C), 26.88 (8C), 27.44 (2C), 27.87
(2C), 28.32 (2C), 32.66 (8C), 33.25 (8C), 42.96 (2C), 49.06 (2C), 49.46 (2C), 68.7 (2C), 70.3-
70.9 m (16C), 97.14 (4C); (B apoMaTH4ECKO¥ 00JACTH CUTHAIIBI ATOMOB YIJIEpO/ia HEIOCTATOYHO
XapaKTEPUCTHUCCKUE H3-3a YIIUPEHHUS YacTH CHTHAJIOB W HEBO3MOXKHOCTH  TOYHOM
uaeHTU(UKAIIMY YeTBEPTUYHBIX aToMOB yriepona); 111.61, 111.88, 113.36, 116.47, 117.27,
118.80, 118.88, 119.34, 119.68, 119.98, 120.46, 120.61, 120.87, 121.17, 128.61, 128.87, 129.42,
136.81, 137.56, 137.99, 141.45, 141.82, 143.14, 143.20, 143.41, 146.31, 147.49, 147.84, 148.05,
148.20, 149.15. Macc-cniektp MALDI-TOF: m/z 2823.64. Ci7gH218N1409Zn,. Breramcieno
2823.56 [M]".

Terpamakpouuxa 147 cunresuposanu u3 nopdupuna 114 (0.3 mmons, 226 Mr), coenuHEHHUS
61 (0.15 mmonb, 92 mr) B npucyrctBun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 wmr),
t-BuONa (0.45 mmouts, 43 Mr) B 5 Mt abcomotaoro guokcana. Dimoent. CH,Cl, — MeOH (10:1).
Bbixox 68 mr (23%). Criektp SIMP 'H (CDCls) 8y, M1 0.97 t (12H, *J = 6.8 Hz), 1.49 sextet
(8H, %) = 7.0 Hz), 1.63 quintet (8H, %J = 6.2 Hz), 2.01-2.14 m (12H), 2.34 br.s (8H), 2.56 s
(12H), 3.15-3.46 m (24H), 3.31 s (12H), 3.36 s (12H), 3.47-3.65 m (16H), 6.76-6.80 m (4H),
7.30-7.85 m (10H), 7.90-7.96 m (4H). Macc-cnektp MALDI-TOF: m/z 1955.05.
C118H146N1206Z1;. Beruncneno 1955.01 [M]".

Terpamaxkpouuxa 148 cuaresnpoBanu u3 noppupuna 114 (0.348 Mmmons, 262 Mr), cCoeTMHEHHS
71 (0.174 mmomb, 115 mr) B npucyrcreun Pd(dba); (16 mon%, 16 mr), DavePhos (18 mon%, 12
mr), t-BuONa (0.522 mmonb, 50 mr) B 3.5 M abcomoTtHOro auokcana. JmroeHt:. CH,Cl, —
MeOH (10:1). Beixox 70 mr (20%). TeMHO-KpacHBIN KPUCTAUTHYECKHIA MOPOIIOK, T. TWI. 145-
150°C. Y®-criekrp (CH3CN): Amax = 409 um (Ige 5.49). Criextp SIMP *H (CDCls) 84, m.ax.: 0.97 t
(12H, %) = 7.2 Hz), 1.52 sextet (8H, 3J = 7.1 Hz), 1.67 quintet (8H, 3J = 6.9 Hz), 2.11 quintet
(8H, *J = 6.6 Hz), 2.19 quintet (4H, ] = 6.4 Hz), 2.34 br.s (8H), 2.50 s (12H), 2.87 br.s (8H),
3.00 br.s (8H), 3.23-3.51 m (12H), 3.35 s (24H), 3.69 br.s (4H), 3.79 br.s (4H), 3.86 t (4H, %] =
7.6 Hz), 6.70 br.s (4H), 6.96 br.s (4H), 7.32-7.40 m (4H), 7.47-7.57 m (4H), 9.35 s (2H), 9.70 s
(4H). Criexrp SIMP **C (CDCls) 8¢, m..: 11.4 (4C), 12.0 (4C), 14.1 (4C), 15.3 (4C), 22.7 (4C),
26.3 (4C), 27.8 (2C), 32.3 (4C), 32.9 (4C), 49.1 (2C), 53.2 (4C), 58.4 (2C), 68.0 (2C), 68.2 (4C),
69.1 (4C), 69.6 (2C), 70.0 (2C), 95.8 (2C), 96.6 (4C), 113.3, 119.6, 121.7, 125.5, 126.0, 127.8,

129.9, 135.4, 137.7, 140.8, 145.0, 146.6, 147.4, 147.6, (6 4eTBepTUYHBIX aTOMOB YIJIEpOja HE
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OonmpeacI€CHbl, HEC BCC CHUTIHaJbl YCTBCPTHUYHBIX AaTOMOB YIJIEPOJA, OTHOCAIOHUECA K

nopGUPUHOBOMY MAKPOIIMKIY, OJHO3HAYHO OTHECEHBl M WHTErPUPOBaHbI). Macc-CIeKTp

MALDI-TOF: m/z 1998.99. C120H150N12072n2. Brruncineno 1999.03 [M+H]+.

Terpamakpouukia 149 cunresupoBanu u3 noppupuna 133 (0.316 Mmmois, 238 Mr), coeTUHCHHUS
70 (0.158 mmoub, 100 mr) B mpucyrcteuu Pd(dba),; (16 mon%, 15 mr), DavePhos (18 mon%, 11
mr), t-BuONa (0.5 mmosb, 48 mr) B 2 mu abcomtotHoro auokcana. Dmoent: CH,Cl, — MeOH
(10:1). Beixox 33 mr (11%). Crextp SIMP 'H (CDCls) 8y, m.ai.; 0.99 t (12H, 3J = 7.1 Hz), 1.52
br.sextet (8H, *J = 6.0 Hz), 1.65 br.s (8H), 2.04 br.s (8H), 2.37 br.s (8H), 2.60 s (12H), 3.08 br.s
(8H), 3.27-3.60 m (24H), 3.33 s (12H), 3.35 s (12H), 3.66 br.s (8H), 3.78 br.s (4H), 6.46 br.s
(2H), 6.85 br.s (2H), 6.93 br.s (2H), 7.13 br.s (2H), 7.29 br.d (2H, *Jos = 7.8 Hz), 7.41 br.s (2H),
7.54-7.62 m (2H), 7.71 br.d (2H, Jps = 7.5 Hz), 9.65 s (4H), 9.77 s (2H). Cuextp SIMP **C
(CDCls) ¢, m.a.: 11.3 (4C), 12.0 (4C), 14.1 (4C), 15.3 (4C), 22.7 (4C), 26.1 (4C), 32.3 (40),
32.9 (4C), 51.9 (2C), 52.5 (4C), 58.2 (2C), 67.9-70.6 m (14C), 95.6 (2C), 96.6 (4C), 119.1,
120.2, 121.3, 122.2, 126.7, 127.8, 129.0, 135.3, 137.3, 137.6, 140.7, 145.0, 146.3, 146.5, 146.7,
147.4, 147.7, 148.0, (6 4eTBepTHYHBIX aTOMOB YIJiepoja HE ONPEICICHBI, HE BCE CHTHAJIBI
YEeTBEPTUYHBIX aTOMOB YIJIEPOJa, OTHOCAIIMECS K TMOPPUPUHOBOMY MAKPOIUKIY, OJHO3HAYHO
oTHeCeHb W uHTerpupoBanbl). Macc-criektp MALDI-TOF: m/z 1971.03. Ci18H146N1207Zn;.
Brrancieno 1971.00 [M+H]".

Tpucmaxpouuxki 150 ObU10 BhIETICHO TIpH CHHTe3e coenuneHns 149 u3 noppupuna 133 (0.316
MMOJIb, 238 mr), coequnenus 70 (0.158 mmonb, 100 mr) B mpucyrcreun Pd(dba), (16 mon%, 15
mr), DavePhos (18 mon%, 11 mr), t-BuONa (0.5 mmouib, 48 Mr) B 2 Mi1 aOCOTFOTHOTO THOKCAHA.
Omoent: CH,Cl, — MeOH (5:1). Boixox 33 mr (16%). TeMHO-KpacHBIH KpPHCTATHYECKUI
nopomoxk, T. mwi. 147-152°C. Y®-ciekrp (CH3CN): Amax = 411 uwm (Ige 5.32). Crexrp SIMP 'H
(CDCl3) 84, .. 0.98 t (6H, 3J = 7.3 Hz), 1.55 sextet (4H, *J = 7.4 Hz), 1.72 quintet (4H, %J =
7.4 Hz), 2.23 quintet (4H, %J = 7.4 Hz), 2.40 br.s (8H), 2.61 s (6H), 2.90 br.s (8H), 3.08 br.s
(8H), 3.15 br.s (4H), 3.33 br.s (4H), 3.35 s (4H), 3.45 s (6H), 3.49 s (6H), 3.62 br.t (4H, *Jobs =
4.6 Hz), 3.89 t (4H, %] = 5.6 Hz), 6.49 br.s (2H), 6.79 br.s (2H), 7.16 br.s (4H), 7.28 d (1H, 3J =
7.7Hz),7.56 t (1H, %1 = 7.6 Hz), 7.64 s (1H), 7.74 d (1H, %) = 6.9 Hz), 9.70 s (1H), 9.84 s (2H),
(NH mportonsr He ompenenensl). Macc-criektp MALDI-TOF: m/z 1300.6934. CzsH100NsO7Zn.
Brraucneno 1300.7006 [M+H]".

Konnrorar 151 cunresupoBanu u3 mophupuna 114 (0.3 mmons, 226 mr), kamukc[4]apena 77

(0.15 mmous, 127 mr) B mpucyrcreun Pd(dba), (16 mon%, 14 mr), BINAP (18 mon%, 17 mr), t-
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BuONa (0.45 mmons, 43 mr) B 2 Mt abcommtoTHOoro auokcana. dmoent: CH,Cl, — MeOH (20:1).
Beixon 184 mr (56%). TeMHO-KpacHBIA KPHCTAIMYECKUM MOPOWIOK, T. i 240-245°C. Y-
criektp (CH3CN): Amax = 408 1M (Ige 5.63). Criextp SIMP *H (CDCl3) 8y, m.x.: 1.00 t (6H, 3J =
7.2 Hz), 1.08 t (12H, %3 = 7.1 Hz), 1.25 s (18H), 1.26 s (18H), 1.57 sextet (8H, %1 = 7.0 Hz), 1.67
quintet (8H, 2J = 7.1 Hz), 1.96 quintet (8H, %J = 7.0 Hz), 2.16 quintet (4H, 3J = 7.3 Hz), 2.60 br.s
(4H), 2.64 s (12H), 3.22 br.s (16H), 3.35 d (4H, 2J = 12.3 Hz), 3.48 s (12H), 3.64 br.s (4H), 3.99
t (8H, 3 = 7.0 Hz), 4.27 br.s (4H), 4.62 d (4H, 2 = 12.3 Hz), 6.95 s (4H), 7.00 s (4H), 7.19 d
(2H, 3J = 7.6 Hz), 7.23 s (2H), 7.40 br.s (2H), 7.60 br.t (2H, *Jops = 7.1 Hz), 8.48 s (2H), 9.53 5
(4H), (NH nporous! He onpezaenenbi). Criektp SIMP *H (CDCl3) 8y, m.a.: 10.3 (2C), 11.1 (4C),
12.0 (4C), 14.2 (4C), 15.1 (4C), 22.7 (4C), 23.5 (2C), 25.7 (4C), 31.2 (2C), 31.5 (12C),32.3
(4C), 32.7 (4C), 33.9 (4C), 41.7 (2C), 72.9 (2C), 77.1 (2C), 95.0 (2C), 96.4 (4C), 112.1 (20),
119.0 (2C), 119.9 (2C), 123.5 (2C), 125.0 (4C), 125.1 (4C), 128.0, 133.6, 133.9, 134.7, 137.5
(4C), 137.8 (4C), 140.1, 144.4, 144.6, 144.8, 146.4, 146.5, 146.8, 147.6, 153.5 (4C) (ue Bce
CUTHAJIBI YETBEPTHYHBIX aTOMOB YIJIEPOJ]Ia, OTHOCAIIUECS K TMOPOUPHHOBOMY MAKPOILUKIY U
q)eHI/IJII)HBIM KOJIbLla KaJIUKCAapCHa, OJHO3HAYHO OTHCCCHBI U I/IHTerI/IpOBaHBI).

Macc-ciekrp MALDI-TOF: m/z 2187.18. C140H174N1904Zn,. Berancneno 2187.23 [M+H]".

Konnrorar 152 cunresupoBanu u3 nopdupuna 133 (0.2 mmoins, 151 mr), kamukc[4]apena 80
(0.1 mmomb, 85 mr) B mpucyrcteuu Pd(dba); (16 mon%, 9 mr), BINAP (18 mon%, 11 wmr), t-
BuONa (0.3 mmostb, 29 mr) B 1 mia abcomotHoro auokcana. DmoeHt: CH,Cl, — metponeiinbrii
s¢up (1:1). Berxoa 18 mr (8%). TeMHO-KpaCHBIM KPUCTAIUINYECKHI MOPOIIOK, T. 11, 228-230°C.
Cnextp SIMP *H (CDCl3) &, m.i.: 0.61 t (6H, 3J = 7.4 Hz), 0.96 t (12H, 3J = 7.1 Hz), 1.25 s
(18H), 1.30 s (18H), 1.30 s (18H), 1.46-1.56 m (12H), 1.60-1.70 m (12H), 2.04 quintet (8H, %J =
7.5 Hz), 2.33 s (12H), 3.04 t (4H, %) = 7.3 Hz), 3.29 t (4H, 3J = 7.8 Hz), 3.31 s (12H), 3.32 s
(12H), 3.50-3.58 m (12H), 3.86 s (8H), 6.82 d (2H, % = 7.2 Hz), 6.86 s (2H), 6.87 d (2H, 3J =
6.8 Hz), 6.97 s (4H), 7.04 s (4H), 7.25 t (2H, %] = 7.6 Hz), 9.04 s (2H), 9.56 s (4H), (NH
npoToHb! He onpezenensl). Criektp SIMP °C (CDCls) 8¢, m.a.; 9.9 (2C), 11.4 (4C), 11.9 (4C),
14.2 (4C), 15.0 (4C), 22.0 (2C), 22.7 (4C), 26.2 (4C), 30.1 (2C), 31.5 (6C), 31.8 (6C), 32.4 (4C),
32.9 (4C), 33.9 (2C), 34.0 (2C), 39.3 (4C), 41.3 (2C), 68.0 (2C), 71.7 (2C), 95.6 (2C), 96.5 (4C),
111.7 (2C), 118.8 (2C), 119.9 (2C), 123.1 (2C), 125.5 (4C), 125.8 (4C), 127.8 (2C), 132.9 (4C),
133.3 (4C), 135.2, 137.4, 137.9, 140.5, 143.8, 144.0, 144.2, 146.3, 146.4, 147.1, 147.2, 147 .4,
154.6 (2C), 155.0 (2C) (He Bce CUTHAIBI YETBEPTUYHBIX aTOMOB YIJIEPOJ]a, OTHOCAIIMECS K
NoppUPHHOBOMY MaKpOIHMKIY U (DEHMIBHBIM KOJIbIAa KaJHKCapeHa, OJHO3HAYHO OTHECEHBI W
uHTerpupoBansl). Macc-ciektp MALDI-TOF: m/z 2187.19. Ci40H174N1004Zn;,. Beraucieno

2187.23 [M+H]".
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Konnrwrar 153 6bu1 BhiZIcTCH Tpu cuHTE3e coeaubenust 152 w3 nopdupuna 133 (0.2 mmosb,
151 wmr), kanukc[4]apena 80 (0.1 mmonsb, 85 mr) B mpucyrcreuu Pd(dba); (16 mon%, 9 wmr),
BINAP (18 mon%, 11 wmr), t-BuONa (0.3 mmoab, 29 Mr) B 1 M abCOMIOTHOrO JHOKCaHA.
Omoent: CH,Cl, — merponeiinsiii 3¢up (1:1). Beixog 30 mr (20%). TemHO-KpacHBIi
KPUCTAUIMYECKHI MOpomoK, T. mwi1. 183-185°C. Cnekrp SIMP 'H (CDCl3) 6u, m.a.: 0.84-0.99 m
(12H), 1.13 s (18H), 1.29 s (9H), 1.36 s (9H), 1.47-1.90 m (14H), 2.05 quintet (2H, %1 = 7.7 Hz),
2.15 quintet (4H, 3 = 7.8 Hz), 2.41 t (2H, % = 7.2 Hz), 2.61 s (6H), 2.78 t (2H, 3J = 6.8 Hz),
3.26 d (2H, 2J = 12.9 Hz), 3.47 s (6H), 3.52 s (6H), 3.53-3.60 m (4H), 3.77 t (4H, 3J = 7.5 Hz),
3.81-3.93 m (8H), 4.22 d (2H, 2J = 12.9 Hz), 6.93 s (2H), 7.02 s (2H), 7.07 s (2H), 7.08 br.s
(1H), 7.12 s (1H), 7.16 s (2H), 7.39 d (1H, %) = 7.2 Hz), 7.48 t (1H, 3J = 7.9 Hz), 9.51 s (1H),
9.93 s (2H), (NH u NH, nporons! ue onpexnenensr). Crekrp SIMP **C (CDCls) 8¢, m.a.: 10.4
(2C), 11.5 (2C), 12.2 (2C), 14.2 (2C), 15.2 (2C), 22.8 (2C), 23.0 (2C), 26.4 (2C), 29.4 (2C), 31.4
(6C), 31.5 (3C), 31.7 (3C), 32.4 (2C), 32.9 (2C), 33.9 (1C), 34.0 (3C), 39.0 (4C), 40.6 (2C), 68.9
(2C), 75.4 (2C), 96.1 (1C), 97.0 (2C), 111.9 (1C), 118.4 (1C), 122.9 (1C), 124.4 (2C), 125.6
(2C), 125.9 (2C), 127.0 (2C), 128.1 (1C), 129.2, 132.8, 133.2, 133.9, 135.8, 137.9, 138.6, 141.0,
141.8, 144.2, 1445, 145.6, 147.0, 147.1, 147.4, 147.7, 147.9, 149.8 (1C), 152.8 (2C), 154.1 (1C)
(HE BCe CHTHAIbl YETBEPTHYHBIX aTOMOB YIJIEPOJA, OTHOCSIIMECS K MOPPHUPHHOBOMY
MaKpOLIUKIY W (PEHHILHBIM KOJIbIa KAIMKCApEHa, OJHO3HAYHO OTHECEHBI W MHTETPUPOBAHBI).

Macc-cniektp MALDI-TOF: m/z 1516.91. CggH128NsO4Zn. Beruncneno 1516.93 [M+H]".

Kounbrorar 154 nonyunnu npu obpadotke coenunenus 151 (176 mr, 0.08 mMMonb) Gonbiium
n30bITKOM TpupTOpyKCycHON KHchnoThl (1 wmi) B nuxsopmerane (1 mi1) mpu KOMHATHOM
temneparype B TeueHue 12 4. Beixong 160 mr (99%), TemHO-KpacHOe TBepaoe BemiecTBo. Y D-
criektp (CH3CN): Amax = 399 uwM (Ige 5.26). Criextp SIMP *H (CDCls) 8y, m..: -3.30 br. s (2H), -
3.15 br. s (2H), 0.65 s (9H), 0.86 t (3H, *J = 6.8 Hz), 1.26 s (27H), 1.34 sextet (8H, 3J = 7.0 Hz),
1.42 quintet (2H, 3J = 6.2 Hz), 1.63 quintet (8H, *J = 7.2 Hz), 2.00 quintet (4H, 3J = 8.0 Hz),
2.06 s (6H), 2.21 quintet (8H, 3J = 7.1 Hz), 2.45 s (6H), 2.71 d (2H, 2J = 13.1 Hz), 2.86 d (2H, %J
= 12.1 Hz), 3.21 s (6H), 3.43-3.56 m (6H), 3.47 s (6H), 3.49 s (6H), 3.65 d (2H, 2J = 12.1 Hz),
3.54 s (6H), 3.73 t (4H, %3 = 8.2 Hz), 3.88 t (4H, %J = 6.7 Hz), 3.90 t (4H, %J = 6.3 Hz), 4.01 d
(2H, 2J = 13.1 Hz), 6.22 d (2H, % = 7.7 Hz), 6.27 s (2H), 6.30 s (2H), 6.56 s (2H), 6.91 5 (2H),
6.94 d (2H, %) = 7.2 Hz), 7.11-7.16 m (4H), 9.74 s (2H), 10.08 s (2H), 10.14 s (2H), NH
npoTons! He onpexenenst. Crekrp SIMP *C (CDCls) 8¢, m.a.: 9.5 (1C), 11.3 (2C), 11.6 (2C),
12.2 (2C), 12.3 (2C), 14.1 (4C), 14.2 (2C), 14.6 (2C), 22.6 (2C), 22.7 (2C), 26.0 (2C), 26.4 (2C),

28.1 (2C), 29.4 (2C), 29.4 (6C), 30.9 (6C), 31.6 (2C), 32.0 (2C), 32.1 (2C), 32.2 (2C), 32.6 (2C),
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32.8 (2C), 33.5 (2C), 34.0 (1C), 34.1 (1C), 41.0 (2C), 74.6 (2C), 76.4 (1C), 95.4 (2C), 96.4 (4C),
109.5 (2C), 119.6, 120.3, 121.7, 124.4, 124.8, 124.9, 125.4, 127.8, 129.8, 131.4, 131.8, 135.6,
136.0, 137.2, 137.7, 137.8, 139.9, 140.4, 141.6, 142.3, 142.8, 143.4, 143.6, 144.4, 144.9, 145.0,
145.2, 145.4, 146.2, 147.1, 150.4 (2C), 153.8 (1C) (He Bce cHUTHaJBI aTOMOB YIJIEpPOJa,
OTHOCSIIHECS K TOPGUPUHOBOMY MAKPOIMKITY U (PeHHUIIbHBIM KOJIbLIA KATMKCAPEHA, OTHO3HAYHO
OoTHeceHbl M uHTerpupoBanbl). Macc-cniektp MALDI-TOF: m/z 2021.40. Ci37H172N1004.
Brrancieno 2021.36 [M+H]".

Obwas memoouxa Y®-cnexmpogomomempuueckozo u Gryopumempuyeckoeo mumpo8anus
JIUSAHO08 KAMUOHAMU MEeMAaJLIo8.

B cnekTpodoToMeTpUUecKyl0 KIOBETY IOMEIIAIH PAacTBOP COOTBETCTBYIOUICTO JIMIAHIA B
aueronutpuie (Tadn. 11) u mobGaBisii pacTBOp COOTBETCTBYIOLIETO MEPXJIOpaTa MeTailia B
aueronutpuie ¢ marom 0.05-0.3 3kB. ¢ mocreneHHbIM yBenuuenueM mara 10 0.5 skB. Ilocie
KQKIOro JO00ABICHHS pacTBOpa COJNM MeTaula PEeTHCTPUPOBAIM  CIEKTppl YO n
¢uyopecuenimu. [lonyueHHble TaHHbIE 00padaThiBaiM ¢ MOMOIINBIO mporpammbl Specfit [231]
JUISl BBIYKCIICHHSI COCTaBa O0Pa3yIOIIUXCsl KOMIUICKCOB M KOHCTAHT UX YCTOWYHMBOCTH (IaHHbBIC

npuBeeHsl B maparpade 3.6. B Tadm. 10 va crp. 128-129).

Tadoauua 11. YO u ¢ryopumeTpuueckoe TUTPOBAHUE JIMTAHIOB.

Jlurang Konnenrpanus nuranga, M | Konnenrpanus conn metamia, M
78 1.6x107 1.0x10%
84 4.2x10° 1.0x107
85 1.6x107 1.0x10%
113 1.6x107 1.0x10*
134 3.8x10”" 1.0x107
135 3.3x10° 1.0x107
136 6.4x10°" 1.0x107
138 1.3x10°® 1.0x107
139 7.7x107 1.0x107
141 3.8x10” 1.0x107
143 3.1x10” 1.0x107
144 9.1x10”" 1.0x107
148 3.2x10” 1.0x107
150 4.6x10” 1.0x107
151 3.6x10” 1.0x107
154 7.1x10”7 1.0x107
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5. BeIiBOoabI

1. Paspaboran wmetox Cu(l)-kartamu3upyeMoro aMHHHUPOBAHUS HOJOCH3UI3aMEIICHHBIX
azakpayH-3()UpOB HU30BITKOM JHAMUHOB M OKCAaJUaMHUHOB, TOKa3aHO, 4TO 3((EeKTUBHOCTH
o0pa3oBaHUsl  NPOM3BOIHBIX JAHHBIX  MAaKPOLMKIOB, COJEpXAIIUX JUAMHHOBBIE U
OKCa/INaMUHOBBIE TMOJAH/bI, 3aBUCUT OT IIOJIOKEHUS aToMa HoJa B OEH30JIbHOM KOJbIE U
CTPOCHHMS  HCXOOHBIX  (OKCa)IMaMUHOB.  ODTUM  JXK€  METOJOM  CHHTE3UPOBAHbI
Ouc(azakpayH)IpOU3BOIHBIE OKCAAMAMUHOB TPU APYrOod CTEXMOMETPHM MCXOJHBIX PEarcHTOB.
YCTaHOBIEHO, YTO  ONTHUMAJBHOM  KATAIUTUYECKOM  CHUCTEMOM  Id  IIOJIy4YeHUus
(OKCa)IMaMHHOBBIX TMPOU3BOIHBIX a3akpayH-3¢upoB sBisercss Cul/L-ponun/EtCN, a mst
CUHTE3a Ouc(azakpayH)IpOU3BOIHBIX OKCaJMaMHUHOB — Cul/2-u300yTHPHIIIIHKIIO-
rexcanon/JIM®A.

2. Bmepsbie ocymectBieHo N-apuiaupoBaHWe HWMHIA30jla W HPUPOAHBIX AMHHOKHCIOT
rajioreH0eH30JIaMd B yCIOBUSIX MEIHOTO KaTallu3a B Cpefe MONMITUIICHIJIMKONEH Mpu
MUKPOBOJTHOBOM OOJy4€HUU; ONTUMU3HPOBAHBI YCIOBUS PEAKIMU B YaCTH MCTOYHHUKA MEIH,
IPUPOIBI JIUTAaH/a, MOJIEKYIIsipHOTO Beca [ID1, TemmnepaTypbl U BpeMEHH IPOTEKaHUS PEaKIUH.
Haiineno, 4to onTuUMaNbHOW KaTaJTUTHYECKON cHUCTeMOW Iyisi mojydeHus N-apuamMuaazooB
sisiercss CUO/L-ructuaun/II21-400, a ais cunTe3a N-apHImpOM3BOMHBIX AMHUHOKHCIOT —
Cu,O/TIBI-400. YcTaHOBIEGHO BIMSIHUE 3aMECTUTENEH B apuIMOAMAE Ha BBIXOJ MPOAYKTOB N-
apUIMpPOBAaHUS MMUAA30J1a, IMOKA3aHO, YTO YCIEHMHOCTb N-apuiIMpOBaHUS aMHUHOKHCIOT B
CHJIBHOW CTETICHU 3aBHCUT OT X CTPOCHHS.

3. IlponeMoHCTpUpOBaHA BO3MOXKHOCTH IMOJMYYCHHS HOBOTO CEMEHCTBA MaKpOOHITMKINYECKHX
coenunennit  Pd(0)-karamusupyembim  amuHupoBaHueM N,N’-Ouc(OpomMOeH3MIT)3aMEeIICHHBIX
Ja3aKkpayH-3(UpPOB OKCaJMaMHUHAMH, YCTAaHOBJIEHA 3aBHCHUMOCTbH BBIXOJ0B MAaKpOOHUIIMKIIOB U
MaKpOTPHUITUKIIOB OT CTPOSHUS HCXOAHBIX COSAMHEHHH.

4. ITokazaHa BO3MOXHOCTh CHHTE3a MakpoOuIkinieckux coeaunennii Pd(0)-katanusupyembim
apwimpoBaHueM 3,3’ -1uopoMOudeHnIoM u 2,7-1uOpoMHAPTATHHOM AHaMHHOKAIUKC[4]apeHoB,
HaxoAAUMxcsi B KOHpopManuu koHyc u 1,3-ampTepHar; npu BBeneHun B peakiuto N,N’-
61c(OpOoMOEH3MIT)ITPOU3BOHBIX  JIMA3aKpayH-3QUPOB U  TETpaa3aMakpOIMKIOB (IIMKJIEHA,
[IUKJIaMa) TOJYYeH HOBBIM THII MaKpOTPUIMKINYECKAX COCOMHEHWH. J[Ba mpencraBUTENs
YKa3aHHBIX MaKPOIOJUIUKIOB MOAU(PHUIIMPOBaHB! PIyopoOpHBIMU TPYIIAMU - JAHCUIBHBIMU
3aMECTHTEISIMH.

5. C HCIIOJIb30BaHUEM naJjiaqui-KaTaau3upyeMoro AMUHUPOBAHUS me30-

(6bpomdenui)3zamenieHHoro nopuprHa TMAMUHONPOU3BOAHBIMH a3aKkpayH-3(pupoB pazpaboTaH
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METOJl CHHTe3a OHC- ¥ TPHCMAKPOUMKINYECKUX KOHBIOIAaTOB, IIPEICTABISIIONIMX COOOM
reTepONOIUTONHBIC TUTAHIBI.

6. PazpaGoran KaTtanuTU4YECKUH METOJ BBEICHUSA CYOBEIWHUI] MOPPHUPUHOB B MOJEKYIIBI
MaKpOOUIIMKIIOB Ha OCHOBE JAMa3akpayH-3(pupoB W B auamuHokaiukc[4]apeHsl. B pesynbrate
HOJYYeHBl TETepPOIOIHINKINYECKUE COCIMHEHHS HOBOTO THIA, OOJIQJA0MINe LECHHBIMU
(IIyOpeceHTHBIMH U PEENTOPHBIMUA CBOWCTBAMH.

7. Metonamu criektpockonuu YD u GuryopecIeHIINY MPOBEICHO HcceoBaHue 16 OTydeHHBIX
MAaKpOIIOJIUIMKIIOB B MPHCYTCTBUU MEPXJIOPATOB 18 MeTanioB, 0OHapyKEHO 4 MepCreKTHBHBIX
¢uyopecuenTHeix xemocencopa Ha Cu(ll), MCIONB3YIOIMUX HONHOE M CENCKTUBHOE TYIICHHE
¢uryopecueHIIMM B MPUCYTCTBUM KAaTHOHOB JaHHOTO METala W OOJIAJaroIIuX BEChbMa HHU3KUM

npeaesnoM OOHApYKEHHUs, a TakkKe 6 (IIyOpeCUEHTHBIX MOJICKYISIPHBIX M KOJOPHUMETPHUECKUX

npo6 Ha katronsl Cu(ll), Al(I1), Fe(ll), Cr(l11), Pb(1l) u Zn(II).
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11.
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